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Foreword

Studying the history of consumer electronics is nothing short of fascinating. The landscape is filled
with countless stories of product successes and failures— fickle consumer adoptions, clever market-
ing campaigns that outsmart the best technologies, better packaging winning over better technology,
and products that are simply ahead of their time.

This book was not written to trace the history of consumer electronics. Rather, it discusses the
current state of the art of digital consumer devices. However, it is almost certain that what is consid-
ered leading edge today will eventually become another obsolete product in a landfill—a casualty of
continued technological advances and progress. But make no mistake, although technological
advances may render today’s products obsolete, they are the lifeblood of the digital consumer
revolution.

Pioneers and visionaries such as Boole, Nyquist, and Shannon well understood the benefits of
digital technologies decades before digital circuits could be manufactured in a practical and cost-
effective manner. Only through advances in semiconductor technology can the benefits of digital
technology be realized. The role of semiconductor technology in driving digital technologies into
consumer’s hands is shown by looking at computer history.

The first computers were built of vacuum tubes and filled an entire room. They cost millions of
dollars, required thousands of watts to power, and had mean time between failures measured in
minutes. Today, that same level of computing power, using semiconductor technology, fits in the
palm of your hand. It takes the form of a hand-held calculator that can operate from available light
and, in many cases, is given away for free. Semiconductor advances enable products to be built that
are significantly more powerful than their predecessors and sell at a fraction of the price.

But semiconductor technology is only the basic fabric upon which the digital consumer product
is built. As you read this book, it’s important to realize that there are many elements that factor into
the success of a product. Building and delivering a successful consumer product requires the align-
ment of dynamics such as infrastructure, media, content, “killer” applications, technologies,
government regulation/deregulation, quality, cost, consumer value, and great marketing.

Just as the availability of “killer” software applications was key to the growth of the personal
computer, the Internet is a main driver behind the success of many of today’s—and tomorrow’s—
digital consumer devices. The ability to exchange digital media (i.e., music, data, pictures, or video)
between information appliances and personal computers has become a key component of today’s
consumer revolution. The success of today’s digital consumer revolution is based on the infrastruc-
ture that was created by yesterday’s consumer successes. This dynamic is sometimes referred to as
the “virtuous cycle”’—the logical antithesis of the vicious cycle.



Foreword

In the case of the Internet, the virtuous cycle means that more bandwidth drives greater capabil-
ity, which drives new applications, which drive an increased demand for more bandwidth.
Mathematically, the numerator of the fraction—capabilities—continues to grow while the denomina-
tor—cost—continues to shrink as semiconductor technology advancements drive costs down. The
result of this equation is a solution that tends towards infinity. This is why consumer digital electron-
ics continues to grow at such an explosive rate.

However, there are key elements such as consumer acceptance and governmental regulation/
deregulation that can negatively affect this explosive growth. A good example of government
regulation is illustrated by personal digital audio recording.

Over 20 years ago Digital Audio Tape (DAT) was developed and introduced into the consumer
market. DAT allowed consumers to make high-quality digital recordings in the home using 4mm
DAT tape cartridges. The Recording Institute Association of America, RIAA, was opposed to this
development. They claimed that this new format would enable rampant bootleg recordings that
would cause irreversible financial damage to the music industry.

Perhaps the argument was somewhat melodramatic since no consumer recording technology up
until that time had any real measurable impact on music sales. However, the impact of that argument
stalled the widespread introduction of DAT for almost 10 years. The result is that DAT never realized
anything near its market potential. Today, over 20 years later, CD RD/WR has become the premier
consumer digital audio recording technology. And history continues to prove that this format has had
no measurable effect on media sales.

Another phenomenon that has impacted product success is the delivery of consumer technology
ahead of available content. This was the case with the introduction of color television. It was
available years before there was any widespread availability of color television programming. The
added cost of color television without color programming almost killed the product.

The most recent case of this phenomenon has been seen in the slow introduction of HDTV—
high definition television. Here, the absence of high definition programming and the high cost of
HDTYV television sets have significantly impacted the adoption rate. HDTV is just now seeing some
growth resulting from wide-range acceptance of the DVD and the gradual transition to HDTV
programming format.

The term “digital consumer devices” covers a wide range of topics and products that make up
today’s consumer technology suite. Through Mr. Dhir’s insights and expertise in this market, you are
provided with a comprehensive review of an exciting and dynamic topic that most of us rely upon
daily. This book will help you navigate the vast landscape of new consumer technologies and gain a
better understanding of their market drivers.

Robert Bielby
Senior Director, Strategic Solutions Marketing, Xilinx, Inc.
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Preface

Introduction

The consumer electronics market is flooded with new products. In fact, the number of new consumer
devices that has been introduced has necessitated entirely new business models for the production
and distribution of goods. It has also introduced major changes in the way we access information and
interact with each other.

The digitization of technology—both products and media—has led to leaps in product develop-
ment. It has enabled easier exchange of media, cheaper and more reliable products, and convenient
services. It has not only improved existing products, it has also created whole new classes of products.

For example, improvements in devices such as DVRs (digital video recorders) have revolution-
ized the way we watch TV. Digital modems brought faster Internet access to the home. MP3 players
completely changed portable digital music. Digital cameras enabled instant access to photographs
that can be emailed within seconds of taking them. And eBooks allowed consumers to download
entire books and magazines on their eBook tablets.

At the same time, digital technology is generating completely new breeds of products. For
example, devices such as wireless phones, personal digital assistants (PDAs) and other pocketsize
communicators are on the brink of a new era where mobile computing and telephony converge.

All this has been made possible through the availability of cheaper and more powerful semicon-
ductor components. With advancements in semiconductor technology, components such as
microprocessors, memories, and logic devices are cheaper, faster, and more powerful with every
process migration. Similar advances in programmable logic devices have enabled manufacturers of
new consumer electronics devices to use FPGAs and CPLDs to add continuous flexibility and
maintain market leadership.

The Internet has brought about similar advantages to the consumer. Communication tasks such
as the exchange of emails, Internet data, MP3 files, digital photographs, and streaming video are
readily available today to everyone.

This book is a survey of the common thinking about digital consumer devices and their related
applications. It provides a broad synthesis of information so that you can make informed decisions
on the future of digital appliances.

Organization and Topics

With so many exciting new digital devices available, it is difficult to narrow the selections to a short
list of cutting edge technologies. In this book I have included over twenty emerging product catego-
ries that typify current digital electronic trends. The chapters offer exclusive insight into digital

Xvii
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consumer products that have enormous potential to enhance our lifestyles and workstyles. The text in
each chapter follows a logical progression from a general overview of a device, to its market dynam-
ics, to the core technologies that make up the product.

Chapter 1 is an introduction to the world of digital technologies. It outlines some of the key
market drivers behind the success of digital consumer products.

Chapter 2 reviews the fundamentals of digitization of electronic devices. It presents an in-depth
understanding of the market dynamics affecting the digital consumer electronics industry.

Digital TV and video are growing at very fast pace. Chapter 3 deals extensively with these
products and includes in-depth coverage on set-top boxes, digital video recorders and home-enter-
tainment systems.

Chapter 4 discusses the emerging digital audio technologies such as MP3, DVD-Audio and
Super Audio CD (SACD).

Chapter 5 explains next generation cellular technologies and how cell phones will evolve in the
future.

The popularity of gaming consoles is growing because of the availability of higher processing
power and a large number of games in recent years. Chapter 6 overviews the main competitive
products—Xbox, PlayStation 2 and GameCube.

The digital videodisc (DVD) player continues to be the fastest growing new product in consumer
electronics history. Chapter 7 describes how a DVD player works and provides an insight into the
three application formats of DVD.

While consumer devices perform a single function very well, the PC remains the backbone for
information and communication exchange. Chapters 8 and 9 provide extensive coverage of PC and
PC peripheral technologies.

Chapter 10 includes an overview of the various alternative display technologies including digital
CRT, Flat panel displays, LCD’s, PDP and DLP technologies.

Chapter 11 presents details on digital imaging—one of the fastest growing digital applications.
It describes the market and the technology beneath digital cameras and camcorders.

Chapter 12 describes market, application, technology, and component trends in the web terminal
and web pad products areas.

PDAs and other handheld products constitute one of the highest growth segments in the con-
sumer market. Chapter 13 describes the market dynamics and technology details of these devices.

Chapter 14 focuses on the developments in screenphone and videophone products.

Telematics technology has made a broad change to the facilities available to us while we travel.
Chapter 15 discusses the market dynamics and challenges of the evolving telematics industry.

Chapter 16 provides details on the emerging category of eBook products which promise to
change the way we access, store and exchange documents.

Changes occurring in consumer devices such as VCRs, pagers, wireless email devices, email
terminals, and NetTVs are discussed in Chapter 17.

Chapter 18 covers key technologies that continue to change the consumer landscape such as set-
top boxes which distribute voice, video, and data from the high-speed Internet to other consumer
devices.

Chapter 19 provides a synopsis of the book and highlights some of its key trends and takeaways.

Xviii



Preface

Who Should Read this Book

This book is directed to anyone seeking a broad-based familiarity with the issues of digital consumer
devices. It assumes you have some degree of knowledge of systems, general networking and Internet
concepts. It provides details of the consumer market and will assist you in making design decisions
that encompass the broad spectrum of home electronics. It will also help you design effective
applications for the home networking and digital consumer devices industry.
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CHAPTER

Generation D—The Digital Decade

The Urge to Be Connected

Humans have an innate urge to stay connected. We like to share information and news to enhance
our understanding of the world. Because of this, the Internet has enjoyed the fastest adoption rate of
any communication medium. In a brief span of 5 years, more than 50 million people connected to
the web. Today we have over 400 million people connected and sharing information. In fact, in 2003
we exchanged 6.9 trillion emails! Thanks to the Internet, we’ve become a “connected society.”

The Internet has created a revolution in the way we communicate, share information, and
perform business. It is an excellent medium for exchanging content such as online shopping informa-
tion, MP3 files, digitized photographs, and video-on-demand (VoD). And its effect on business has
been substantial. For example, a banking transaction in person costs a bank $1.07 to process, while
the same transaction costs just a cent over the Internet. This translates into reduced time, lower cost,
lower investment in labor, and increased conveniences to consumers.

The dynamics of the networking industry are also playing into homes. We are demanding faster
Internet access, networked appliances, and improved entertainment. Hence, there is an invasion of
smart appliances such as set-top boxes, MP3 (MPEG type III) players, and digital TVs (televisions)
into today’s homes.

The digitization of data, voice, video, and communications is driving a consumer product
convergence, and this convergence has given birth to the need for networked appliances. The ability
to distribute data, voice, and video within the home has brought new excitement to the consumer
industry.

The Internet, combined with in-home networking and “smart,” connected appliances, has
resulted in Generation D—the Digital Decade. Our personal and business lives have come to depend
on this digital revolution.

Our Daily Lives
Ten years ago cell phones were a luxury and personal digital assistants (PDAs) and web pads were
unheard of. Now our lives are filled with digital consumer devices.

Remember the post-it notes we left everywhere to remind us of important tasks? They’ve been
replaced by the PDA which tracks all our activities. The digital camera helps us save pictures in
digital format on our PCs and on CDs (compact disks). And we use the Internet to share these
pictures with friends and family around the world. Our music CDs are being replaced with MP3
audio files that we can store, exchange with friends, and play in a variety of places.

Thanks to our cell phones, the Internet is constantly available to us. Renting cars and finding
directions are easy with the use of auto PCs now embedded in most cars. No more looking at maps
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and asking directions to make it from the airport to the hotel. And we no longer need to stand in line
at the bank. Through Internet banking from our PCs, we can complete our financial transactions with
the click of a few buttons.

While email was one step in revolutionizing our lives, applications such as Yahoo! Messenger,
MSN Messenger, and AOL Instant Messenger provide the ability to communicate real-time around
the world. Applications such as Microsoft NetMeeting allow us to see, hear, and write to each other
in real time, thus saving us substantial travel money. Digital consumer devices such as notebook PCs,
DVDs (digital versatile disk), digital TVs, gaming consoles, digital cameras, PDAs, telematics
devices, digital modems, and MP3 players have become a critical part of our everyday lives.

So what has enabled us to have this lifestyle? It is a mix of:

Digital consumer devices
Broadband networking technologies
Access technologies

Software applications
Communication services.

These items provide us with the communication, convenience, and entertainment that we’ve
come to expect.

The Digitization of Consumer Products

In the first 50 years of the 20™ century, the mechanical calculator was developed to process digital
information faster. It was supercharged when the first electronic computers were born. In the scant 50
years that followed we discovered the transistor, developed integrated circuits, and then learned how
to build them faster and cheaper.

With the advent of commodity electronics in the 1980s, digital utility began to proliferate beyond
the world of science and industry. Mass digital emergence was at hand and the consumer landscape began
a transition from an industrial-based analog economy to an information-based digital economy. Thus
was born the PC, the video game machine, the audio CD, graphical computing, the Internet, digital
TV, and the first generation of dozens of new digital consumer electronic products.

Today digital data permeates virtually every aspect of our lives. Our music is encoded in MP3
format and stored on our hard drives. TV signals are beamed from satellites or wired through cable
into our homes in MPEG (Moving Pictures Experts Group) streams. The change from an analog
CRT (cathode-ray tube) TV to digital TV provides us with better, clearer content through high-
definition TV. The move from photographs to digital pictures is making the sharing and storage of
image content much easier. The move from analog to digital cellular phones provides clearer, more
reliable calls. And it enables features such as call waiting, call forwarding, global roaming, gaming,
video communications, and Internet access from our cellular phones. We monitor news and invest-
ments over the Internet. We navigate the planet with GPS (global positioning satellites) guided
graphical moving maps. We record pictures and movies in Compact FLASH. We buy goods, coordi-
nate our schedules, and send and receive email from the palms of our hands. All these applications
have been enabled by the move from analog to digital formats.

Why Digitization?
What’s driving this digital firestorm? There are three answers to this question: utility, quality, and
affordability.
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By its nature digital data can be replicated exactly and distributed easily, which gives it much
more utility. (With analog formatted data, every subsequent generation deteriorates.) For example,
through digital technology you can quickly and easily send a copy of a picture you’ve just taken to
all your friends.

Digital content has several quality advantages as well. It exhibits less noise as illustrated by the
lack of background hiss in audio content. It also enables superior image manipulation as seen in
shadow enhancement, sharpness control, and color manipulations in medical imaging.

Economically, digital data manipulation is much less expensive since it is able to leverage
semiconductor economies of scale. It becomes better and more affordable every year. For example,
an uncompressed, photographic quality digital picture requires less than 20 cents of hard drive space
to store.

The digital revolution is growing rapidly. The digitization of consumer products has led not only
to the improvement of existing products, but to the creation of whole new classes of products such as
PVRs (personal video recorders), digital modems, and MP3 players.

Digital products are synonymous with quality, accuracy, reliability, speed, power, and low cost.
Simply stated, anything that is digital is superior.

Converging Media
Communication is not about data or voice alone. It includes voice, data, and video. Since digital
media offers superior storage, transport and replication qualities, the benefits of analog to digital
migration are driving a demand for digital convergence. The different media types are converging
and benefiting from the advantages of digital media. We find a demand for its capabilities in an ever-
expanding range of devices and applications:
B Digital data (the world wide web)
Digital audio (CDs, MP3)
Digital video (DVD, satellite TV)
HDTYV (high definition TV)
Digital communications (the Internet, Ethernet, cellular networks, wireless LANSs, etc.)
For example, the circuit-switched network was the primary provider of voice communication.
However, the far cheaper data network (Internet backbone) accommodates voice, data and video
communication over a single network. Digital convergence has allowed availability of all these
media types through a host of consumer devices.

Faster and Cheaper Components
The availability of faster and cheaper components is fueling the digital revolution. Everyday con-
sumer appliances are now embedded with incredible computing power. This is due to Moore’s law,
which predicts that the number of transistors on a microprocessor will approximately double every
12 to 18 months. Hence, every generation of new products yields higher computing power at lower
costs.

Moore’s law, coupled with process migration, enables certain component types to provide more
gates, more features, and higher performance at lower costs:

B Memory

B FPGAs (field programmable gate arrays)

B ASICs (application specific integrated circuits)
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B ASSPs (application specific standard products)

B  Microprocessors

The microprocessor, for example, has seen no boundaries and continues to expand beyond speeds
of 3 GHz. While it remains to be seen what computing power is truly needed by the average con-
sumer, this development has enabled the embedding of smart processors into every electronic
device—from a toaster to an oven to a web tablet. It has allowed software developers to provide the
highest quality in communication, entertainment, and information. And it enables programmable
logic devices such as FPGAs and CPLDs, memory and hard disk drives to offer more power at lower
costs.

Broadband Access—The Fat Internet Pipe

What started as a healthy communication vehicle among students, researchers, and university
professors is today the most pervasive communications technology available. The Internet has
positively affected millions of people around the world in areas such as communication, finance,
engineering, operations, business, and daily living. Perhaps the Internet’s best-known feature is the
World Wide Web (the Web), which provides unlimited resources for text, graphics, video, audio, and
animation applications.

Unfortunately, many people who access the Web experience the frustration of endless waiting for
information to download to their computers. The need for fast access to the Internet is pushing the
demand for broadband access. We are moving from phone line dial-up to new and improved connec-
tivity platforms. Demand for high-speed Internet access solutions has fueled the proliferation of a
number of rival technologies that are competing with each other to deliver high-speed connections to
the home. The bulk of these connections are delivered by technologies based on delivery platforms
such as:

Cable

DSL

ISDN

Wireless local loop
Ethernet

Fiber

Satellite or Powerline

Telecommunication, satellite, and cable companies are looking for ways to enhance their
revenue sources by providing high-speed Internet access. While the average phone call lasts three
minutes, an Internet transaction using an analog modem averages over three hours and keeps the
circuits busy. This increased traffic requires more circuits, but comes with no incremental revenue
gain for the service provider.

Phone companies had to look for new techniques for Internet access. One such technology is
DSL, which offers several advantages. While phone lines are limited to speeds up to 56 Kb/s (kilo-
bits per seconds) that many find inadequate, broadband communications offer much higher transfer
rates. And broadband connections are always on, which means users don’t have to go through a slow
log-on process each time they access the Internet.
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Home Networking

Many of us don’t realize that there are already several computers in our homes—we just don’t call
them computers. There are microchips in refrigerators, microwaves, TVs, VCRs (videocassette
recorders), and stereo systems. With all of these processors, the concept of home networking has
emerged. Home networking is the distribution of Internet, audio, video, and data between different
appliances in the home. It enables communications, control, entertainment, and information between
consumer devices.

The digitization of the different smart appliances is pushing the need for the Internet which, in
turn, is fueling the demand for networked appliances. Several existing networking technologies such
as phonelines, Ethernet, and wireless are currently used to network home appliances. Home network-
ing will enable communications, control, entertainment, and information exchange between
consumer devices.

The Day of the Digital Consumer Device

While many believe that the day of the PC is over, this is not the case. The PC will survive due to its
legacy presence and to improvements in PC technology. The PC of the future will have increased
hard disk space to store audio, image, data and video files. It will provide access to the Internet and
control the home network. It will be a single device that can provide multiple services as opposed to
many recently introduced appliances that provide one unique benefit. In general, hardware and
software platforms will become more reliable.

The digitization of the consumer industry is leading to convergence and allowing consumers to
enjoy the benefits of the Internet. The digital decade introduces three types of product usage that
shape the market for new electronics devices—wireless, home networking and entertainment.
Wireless products will be smart products that enable wireless, on-the-go communications at all times
for voice, video and data. Home networking products such as gateways will extend PC computing
power to all smart devices in the home. In the entertainment area, digital technology is enabling
tremendous strides in compression and storage techniques. This will enable us to download, store,
and playback virtually any size content.

Digital technologies will continue to enable wireless convenience through consumer products
and provide better communication, information, and entertainment.

Bringing it All Together
This book examines the different consumer devices that are emerging to populate our homes. It
previews the digital home of the future and describes the market and technology dynamics of
appliances such as digital TVs, audio players, cellular phones, DVD players, PCs, digital cameras,
web terminals, screen phones, and eBooks.

This book also provides information, including block diagrams, on designing digital consumer
devices. And it explains how solutions based on programmable logic can provide key advantages to
the consumer in flexibility, performance, power, and cost.
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Digital Consumer Devices

Introduction

The average home is being invaded—by faster and smarter appliances. Traditional appliances such as
toasters, dishwashers, TVs, and automobiles are gaining intelligence through embedded processors.
Our cars have had them for years. Now, they appear in our children’s toys, our kitchen appliances,
and our living room entertainment systems. And their computing power rivals that of previous
generation desktop computers.

In addition, drastic price reductions are bringing multiple PCs into our homes. This has created
the need for high-speed, always-on Internet access in the home. The PC/Internet combination not
only serves as a simple communication tool, it also enables vital applications like travel, education,
medicine, and finance. This combination also demands resource sharing. Data, PC peripherals (i.e.,
printers, scanners) and the Internet access medium require device networking to interact effectively.
These requirements have helped spawn a new industry called home networking.

This chapter provides a peek into the consumer home and shows how the landscape of digital
consumer devices is evolving. It describes the types of digital consumer devices that are emerging
and how they interact with each other.

The Era of Digital Consumer Devices

The home product industry is buzzing with new digital consumer devices. They are also called
information appliances, Internet appliances, intelligent appliances, or iAppliances. These smart
products can be located in the home or carried on the person. They are made intelligent by embedded
semiconductors and their connection to the Internet. They are lightweight and reliable and provide
special-purpose access to the Internet. Their advanced computational capabilities add more value and
convenience when they are networked.

Although the PC has long dominated the home, it has been error-prone, which has hindered its
penetration into less educated homes. This compares with the television or the telephone, which have
seen much wider adoption not only among the educated, but also the uneducated and lower-income
households. This has led to the introduction of digital consumer devices. They are instant-on devices
that are more stable and cheaper than PCs when developed for a specific application. They can also
be more physically appropriate than a large, bulky PC for certain applications.

Since they are focused on functionality, digital consumer devices generally perform better than a
multi-purpose PC for single, specific functions. Web surfing is the most popular application, with
other applications such as streaming media and online gaming growing in popularity. These devices
are easier to use than PCs, simple to operate, and require little or no local storage.



Digital Consumer Devices

Digital consumer devices encompass hardware, software, and services. They are designed
specifically to enable the management, exchange, and manipulation of information. They are enabled
by technologies such as:

Internet convergence and integration
Wired and wireless communications
Software applications
Semiconductors technology
Personal computing

Networking

Consumer electronics

Digital consumer devices also enable a broader range of infotainment (information and entertain-
ment) by providing for services such as accessing email, checking directions when on the road,
managing appointments, and playing video games.

Examples of key digital consumer devices
The following list includes some of the more common digital consumer devices.

Audio players — MP3 (Internet audio), CD, SACD, DVD-Audio player
Digital cameras and camcorders

Digital displays (PDP, LCD, TFT)

Digital TVs (SDTV, HDTV)

Digital VCRs or DVRs (digital video recorder) or personal video recorders (PVR)
DVD players

EBooks

Email terminals

Energy management units, automated meter reading (AMR) and RF metering
Gaming consoles

Internet-enabled picture frames

Mobile phones

NetTVs or iTV-enabled devices

PDAs and smart handheld devices

Robot animals

Screen phones or video phones

Security units

Set-top boxes

Telematic or auto PCs

Web pads, fridge pads, Web tablets

Web terminals

White Goods (dish washer, dryer, washing machine)

While PCs and notebook PCs are not traditionally considered digital consumer devices, they
have one of the highest penetration rates of any consumer product. Hence, this book will cover
digital consumer devices as well as PCs and PC peripherals.

Market Forecast

The worldwide acceptance and shipment of digital consumer devices is growing rapidly. While
market forecasts vary in numbers, market data from several research firms show exploding growth in
this market.
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Market researcher IDC (International Data Corporation) reports that in 2003, 18.5 million digital
consumer device units shipped compared with 15.7 million units of home PCs. Dataquest-
GartnerGroup reports that the worldwide production of digital consumer devices has exploded from
1.8 million units in 1999 to 391 million units in 2003. Complementing the unit shipment, the world-
wide revenue forecast for digital consumer devices was predicted to grow from $497 million in 1999
to $91 billion in 2003.

The digital consumer device segment is still emerging but represents exponential growth poten-
tial as more devices include embedded intelligence and are connected to each other wirelessly. The
digital consumer device space includes:

B [Internet-enabling set-top boxes
Screen phones
Internet gaming consoles
Consumer Internet clients
Digital cameras
Smart handheld devices (personal and PC companions, PDAs, and
vertical industry devices)

B High-end and low-end smart phones

B Alphanumeric pagers

Bear Sterns believes that the market for these products will grow to 475 million by 2004 from
roughly 88 million in 2000. The market for digital consumer devices will grow from 100 million-
plus users and $460 billion in the mid-1990s to over 1 billion users and $3 trillion by 2005.

The high-tech market research firm Cahners In-Stat finds that the digital consumer devices
market will heat up over the next several years with sales growing over 40% per year between 2000
and 2004. Predicted worldwide unit shipments for some key digital consumer devices are:

B DVD players growing to over 92 million units by 2005.

B Digital cameras growing to 41 million units and digital camcorders growing to 20 million
units by 2005.

Digital TV growing to 10 million units by 2005.

Smart handheld devices growing to 43 million units by 2004.

Gaming consoles reaching 38 million units by 2005.

DVRs growing to 18 million units by 2004.

Internet audio players growing to 17 million units by 2004.

NetTVs growing to 16 million units by 2004.

Email terminals, web terminals and screen phones reaching 12 million units by 2004.
PDAs growing to 7.8 million units by 2004.

Digital set-top boxes growing to over 61 million units by 2005.

Mobile handsets reaching 450 million units by 2005.

The Consumer Electronics Association (CEA) reports that the sales of consumer electronics
goods from manufacturers to dealers surpassed $100 billion in 2002 and was expected to top $105
billion in 2003. This will set new annual sales records and represent the eleventh consecutive year of

growth for the industry. The spectacular growth in sales of consumer electronics is due in large part
to the wide variety of products made possible by digital technology. One of the categories most
affected by the digital revolution has been the in-home appliance, home information, and mobile
electronics product categories. CEA predicts strong growth in the video appliance category in 2004,
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with products such as digital televisions, camcorders, set-top boxes, personal video recorders, and
DVD players leading the charge. By 2005, worldwide home-network installations are expected to
exceed 40 million households and the total revenues for such installations are expected to exceed
$4.75 billion.

Certainly the digital consumer device is seeing significant market penetration. But a critical
issue plaguing the market is the widespread perception that digital consumer devices are focused on
failed products such as Netpliance i-opener and 3Com Audrey. However, the market is not consider-
ing the success of handheld (PDA) or TV-based devices (set-top boxes, digital TVs, etc.). Internet
handheld devices, TV-based devices and Internet gaming consoles are the most popular consumer
devices based on both unit shipments and revenues generated.

Market Drivers
The most influential demand driver for digital consumer devices is infotainment acceleration. This is
the ability to access, manage, and manipulate actionable information at any time and any place.

Most people feel that the PC takes too long to turn on and establish an Internet connection. Users
want instant-on devices with always-on Internet access. Moreover, people want the ability to take
their information with them. For example, the Walkman allows us to take our music anywhere we go.
The pager makes us reachable at all times. And the mobile phone enables two-way communication
from anywhere Interconnected, intelligent devices yield a massive acceleration in communication
and data sharing. They also drastically increase our productivity and personal convenience.

Digital consumer devices are only now coming into their own because the cost of information
must be reasonable compared to the value of that information. Technology is finally tipping the
balance. Cost can be measured in terms of ease-of-use, price, and reliability. Value translates into
timeliness of information delivery, usefulness, and flexibility. The convergence of several technolo-
gies enables vendors to introduce appliances that are simple-on-the-outside and complex-on-the-
inside. Buyers can now obtain value at an affordable price.

The Integrated Internet
The development of the Internet has been key to the increases in information acceleration. This is
best illustrated by the exponential growth in Internet traffic. The ongoing development of Internet
technologies is enabling the connection of every intelligent device, thus speeding the flow of
information for the individual. This linkage is also making possible the introduction of Internet-
based services. For example, consumers are realizing the benefit of integrated online travel planning
and management services. They can make real-time changes based on unforeseen circumstances and
send that information automatically to service providers over the Internet. If a flight is early, this
information is passed from the airplane’s onboard tracking system to the airline’s scheduling system.
From there, it is sent to the passenger’s car service which automatically diverts a driver to the airport
20 minutes early to make the pickup.

Today, many find it difficult to imagine life without the Internet. Soon, it will be hard to imagine
life without seamless access to information and services that doesn’t require us to be “on-line” for
Internet access.
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Semiconductors
Advances in semiconductor technology have produced low-power silicon devices that are small,
powerful, flexible, and cheap. Such innovation has created advances such as system-on-a-chip (SoC)
technology. Here, multiple functions such as micro-processing, logic, signal processing, and memory
are integrated on a single chip. In the past, each of these functions was handled by a discrete chip.
Smaller chips that execute all required functions have several advantages. They allow smaller
product form factors, use less power, reduce costs for manufacturers, and offer multiple features. In
addition, many can be used for multiple applications and products depending on the software placed
on top. There are several companies specifically designing chips for digital consumer devices
including Xilinx, Motorola, ARM, MIPS, Hitachi, Transmeta, and Intel. This trend in semiconductor
technology allows new generations of consumer products to be brought to market much faster while
lowering costs. With process technologies at 90-nm (0.09 micron) and the move to 12-inch (300-mm)
wafers, the cost of the devices continues to see drastic reduction. In addition, integration of specific
features allows processors to consume less power and enhance battery life. This provides longer
operation time in applications such as laptop PCs, web tablets, PDAs, and mobile phones.

Software and Middleware

New software architectures like Java and applications like the wireless application protocol (WAP)
micro-browser are proving key to enabling digital consumer devices. For example, the Java platform
and its applications allow disparate devices using different operating systems to connect over-wire
and wireless networks. They enable the development of compact applications or applets for use on
large (e.g., enterprise server) or small (e.g., smart phone) devices. These applets can also be used
within Web pages that support personal information management (PIM) functions such as e-mail and
calendars. Other middleware technologies such as Jini, UPnP, HAVi, and OSGi also contribute to
increased production of digital consumer devices. And the move toward software standards in
communications (3G wireless, Bluetooth, wireless LANs) and copyrights makes it easier to produce
and distribute digital devices.

Storage

The demand for low-cost storage is another key market driver for digital consumer devices. Here, the
declining cost per megabyte (MB) lowers the cost of delivering a given product. The lower cost
results in new storage products for both hard drives and solid state memory such as DRAM, SRAM,
and flash memory. Also hard drive technology continues to embrace lower costs and this is fueling
new products such as set-top boxes and MP3 players.

Communications

Wired and wireless communications are gradually becoming standardized and less expensive. They
are driven by market deregulation, acceptance of industry standards, and development of new
technologies. They provide advantages for rapid, convenient communication. For example, the
advent of 2.5G and 3G wireless will enable greater transfer rates. And new wireless technologies
such as IEEE 802.11b/a/g and HiperLAN2 could be used to connect public areas (hotels and air-
ports), enterprises, and homes. These LAN technologies evolved from enterprise data networks, so
their focus has been on increasing data rates since over two-thirds of network traffic is data. To that
end, newer wireless LAN technologies are designed to provide higher quality of service.
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Phases of Market Acceptance
While huge growth is predicted for digital consumer devices, the acceptance of these products will
be in phases.

In the pre-market acceptance phase there is:

Hype and debate

Few actual products

Limited business models
Limited Web pervasiveness
Less technology ammunition

The acceptance of these products will lead to:

Rise of the digital home

Broader range of products

Diversification of business models

Heightened industry support

Increased bandwidth for home networking and wireless
Maturation of the Internet base

Success Factors and Challenges
Some of the factors contributing to the success of digital consumer devices are:

Services are key to the business model. The success of some products such as web tablets
requires the development of thorough business models to provide real value. The key is to
offer low-cost solutions backed by partnerships and sustainable services.

Product design must achieve elegance. Consumers often buy products that are functionally
appealing and possess design elegance. For example, thinner PDAs will achieve higher
success than bigger ones.

Branding and channels are important because customers hesitate to buy products that do not
have an established name and supply channel.

Industry standards must be adopted in each area to enable adjacent industries to develop
products. For example, wired and wireless data communications are becoming standardized
and less expensive. They are driven by market deregulation, acceptance of industry stan-
dards, and development of new broadband and networking technologies. Critical
technologies such as broadband (high-speed Internet) access, wireless, and home network-
ing must hit their strides.

Industry and venture capital investment must be heightened.

New product concepts must gain significant consumer awareness. (Consumers who do not
understand the value and function of a tablet PC, for example, will not be encouraged to buy
one.)

The Internet must be developed as a medium for information access, dissemination, and
manipulation.

Advances in semiconductor technology that enabled development of inexpensive SoC
technologies must continue.

Development of software platforms such as Java must continue.

The functionality of multiple devices must be bundled. Multiple-function products can be
very compelling. (Caveat: Bundling functionality is no guarantee of market acceptance,
even if the purchase price is low. Because there is no formula for what users want in terms
of function, form factor, and price, an opportunity exists for new product types in the market.)
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Some of the major outstanding issues affecting the growth of the market are:

Single-use versus Multi-use — The three design philosophies for digital consumer device

are:

e Single-purpose device, like a watch that just tells time.

e  Moderately integrated device such as pagers with email, phones with Internet access,
and DVD players that play multiple audio formats.

e  All-purpose device such as the PC or the home entertainment gateway.

Note that there is no clear way to assess each category before the fact. One must see the

product, the needs served, and the customer reaction.

Content Integration — How closely tied is the product solution to the desired data? Can

users get the data they want, when they want it, and in the form they want it? Can they act

on it in a timely fashion? Digital consumer devices allow this, but not without tight integra-

tion with the information sources.

Replacement or Incremental — Are the products incremental or do they replace existing

products? Most products represent incremental opportunities similar to the impact of the

fractional horsepower engine. Some legacy product categories provide benefits over new

categories like the speed of a landline connection and clarity of full-screen documents. Also,

how many devices will users carry? Will users carry a pager, a cell phone, a wireless e-mail

device, a PDA, a Walkman tape, and a portable DVD player?

How Much Complexity — There is no rule on how much complexity to put into a device.

But there is a tradeoff, given power and processing speeds, between ease-of-use and power.

While most devices today have niche audiences, ease-of-use is key to mass audience

acceptance.

Access Speeds, Reliability, and Cost — Issues facing Internet access via mobile digital

consumer devices include:

e Establishing standards

e Developing successful pricing models

e Improving reliability and user interfaces

e Increasing geographical coverage.

Business Model — What is the right business model for a digital consumer devices com-

pany? A number of business models such as service subscription, on-demand subscription,

technology licensing, and up-front product purchase can be successful. Investors should

focus on whether a company is enabling a product solution and whether the company is

unlocking that value.

Industry Standards — Industry standards have not yet been determined in many areas such

as software platform, communication protocol, and media format. This increases the risk for

vendors investing in new products based on emerging technologies. And it raises the risk for

users that the product they purchase may lose support as in the case of the DIVX DVD

standard. It also raises incompatibility issues across geographies. In most areas, however,

vendors are finding ways to manage ompatibility problems and standards bodies are gaining

momentum.

Functional Requirements
Some of the key requirements of digital consumer devices to gain market acceptance include:

Ubiquity — The prevalence of network access points.
Reliability — Operational consistency in the face of environmental fluctuation such as noise
interference and multi-path.
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B Cost — Affordable for the mass market.

Speed — Support of high-speed distribution of media rich content (>10 Mb/s)

B Mobility/portability — Support of untethered devices. The ability to access and manipulate
actionable information at any time and in any place is a must.

B QoS (Quality of Service) — Scalable QoS levels for application requirements of individual
devices.

B Security — User authentication, encryption, and remote access protection.

B Remote management — Enabled for external network management (queries,
configuration, upgrades).

B Ease-of-use — Operational complexity must be similar to existing technologies such as TVs
and telephones.

What About the Personal Computer?
Technology, not economics, is the Achilles’ heel of the PC. Until the arrival of the digital consumer
device, access to the Web and e-mail was the exclusive domain of the PC. Digital consumer devices
are clearly being marketed now as an alternative to the PC to provide network services. Previously,
volume economics gave the PC an edge. But it has weaknesses such as:
B [ong boot-up time
Long Internet connection time
Inability to be instant-on
Not always available
Not easy to use
Not truly portable
Failure-prone
Expensive
B Complicated software installations
This has created an opportunity for a new wave of consumer products. Users want instant-on appli-
ances that leverage their connection to the Internet and to other devices.

Digital consumer devices provide Internet access and they are low cost, consumer focused, and
easy to use. The acceptance of these appliances is causing PC manufacturers to reduce prices.
However, the PC will not go away because of the infrastructure surrounding it and its productivity.
We have entered the era of PC-plus where the PC’s underlying digital technology extends into new
areas. For example, the notebook PC continues to survive because of its valuable enhancements and
its plummeting prices. It is the ideal home gateway given its capabilities and features such as storage
space and processor speeds.

Digital Home

With the invasion of so many digital consumer devices and multiple PCs into the home, there is a big
push to network all the devices. Data and peripherals must be shared. The growing ubiquity of the
Internet is raising consumer demand for home Internet access. While many digital home devices
provide broadband access and home networking, consumers are not willing to tolerate multiple
broadband access technologies because of cost and inconvenience. Rather, consumers want a single
broadband technology that networks their appliances for file sharing and Internet access.

Home networking is not new to the home. Over the past few years, appliances have been networked
into “islands of technologies.” For example, the PC island includes multiple PCs, printer, scanner,
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and PDA. It networks through USB 1.1, parallel, and serial interfaces. The multimedia island
consists of multiple TVs, VCR players, DVD players, receivers/amplifiers, and speakers. This island
has been connected using IEEE 1394 cables. Home networking technologies connect the different
devices and the networked islands.

The digital home consists of:

Broadband Access — Cable, xDSL, satellite, fixed wireless (IEEE 802.16), powerline,
Fiber-to-the-home (FTTH), ISDN, Long Reach Ethernet (LRE), T1

Residential Gateways — Set-top boxes, gaming consoles, digital modems, PCs, entertain-
ment gateways

Home Networking Technologies —

e No new wires — phonelines, powerlines

e New wires — I[EEE 1394, Ethernet, USB 2.0, SCSI, optic fiber, IEEE 1355

e Wireless — HomeRF, Bluetooth, DECT, IEEE 802.11b/a/g, HiperLAN2, IrDA
Middleware Technologies — OSGi, Jini, UPnP, VESA, HAVi

Digital Consumer Devices — Digital TV, mobile phones, PDAs, web pads, set-top box,
digital VCRs, gaming consoles, screen phones, auto PCs/telematics, home automation,
home security, NetTV, PCs, PC peripherals, digital cameras, digital camcorders, audio
players (MP3, other Internet, CD, DVD-Audio, SACD), email terminals, etc.

King of All—The Single All-Encompassing Consumer Device

Will there ever be a single device that provides everything we need? Or will there continue to be
disparate devices providing different functionality? As ideal as a single-device solution would be, the
feasibility is remote because of these issues:

Picking the Best in Class — Users often want to have more features added to a particular
device. But there is a tendency to prefer the best-in-class of each category to an all-in-one
device because of the tradeoffs involved. For example, a phone that does everything gives up
something, either in battery life or size.

Social Issues — How do consumers use devices? Even though there is a clock function in a
PDA, a wireless e-mail device, and a phone, we still use the wristwatch to find the time.
This is due to information acceleration and the fact that we do not want to deal with the
tradeoffs of a single device. But we do want all devices to communicate with each other and
have Internet protocol (IP) addresses so that we see the same times on all the clock sources.
Size versus Location — There is a strong correlation between the size of a device and the
information it provides. For example, we don’t want to watch a movie on our watch, or
learn the time from our big-screen TV. Also, we would prefer a wired connection for speed,
but we will access stock quotes on a PDA when there is no alternative.

Moore’s Law Implications — We never really get the device we want because once we get
it, they come out with a better, faster, and sleeker one. For example, when we finally got the
modem of all modems—at 14.4K—they introduced the 28.8K version. The key issue is not
the device, but the continuation of Moore’s and Metcalfe’s Laws.

However, having the king of all devices—also known as the gateway—does provide a benefit. It
introduces broadband access and distributes it to multiple devices via home networking. It is also has
a unique platform which can provide massive storage for access by these devices. And it provides
features such as security at the source of broadband access.
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Summary

The era of digital convergence is upon us. From pictures to e-mail, from music to news, the world
has gone digital. This digital explosion and media convergence has given birth to several digital
consumer devices which provide communication, connectivity and conveniences. The landscape of
tomorrow’s home will look very different as consumer devices grow into smarter appliances that are
networked to increase productivity and provide further conveniences. Market researchers predict that
digital consumer devices will out-ship consumer PCs by 2005 in the U.S. While there are several
new-product issues that need to be addressed, the high-volume digital consumer devices will be
PDAs, set-top boxes, digital TVs, gaming consoles, DVD players, and digital cameras.
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CHAPTER

Digital Television and Video

Introduction

Digital television (TV) offers a way for every home, school, and business to join the Information
Society. It is the most significant advancement in television technology since the medium was
created almost 120 years ago. Digital TV offers more choices and makes the viewing experience
more interactive.

The analog system of broadcasting television has been in place for well over 60 years. During
this period viewers saw the transition from black and white to color TV technology. This migration
required viewers to purchase new TV sets, and TV stations had to acquire new broadcast equipment.
Today the industry is again going through a profound transition as it migrates from conventional TV
to digital technology. TV operators are upgrading their existing networks and deploying advanced
digital platforms.

While the old analog-based system has served the global community very well, it has reached its
limits. Picture quality is as good as it can get. The conventional system cannot accommodate new
data services. And, an analog signal is subject to degradation and interference from things such as
low-flying airplanes and household electrical appliances.

When a digital television signal is broadcast, images and sound are transmitted using the same
code found in computers—ones and zeros. This provides several benefits:

Cinema-quality pictures

CD-quality sound

More available channels

The ability to switch camera angles

Improved access to new entertainment services

Many of the flaws present in analog systems are absent from the digital environment. For
example, both analog and digital signals get weaker with distance. While a conventional TV picture
slowly degrades for viewers living a long distance from the broadcaster, a digital TV picture stays
perfect until the signal becomes too weak to receive.

Service providers can deliver more information on a digital system than on an analog system.
For example, a digital TV movie occupies just 2% of the bandwidth normally required by an analog
system. The remaining bandwidth can be filled with programming or data services such as:

Video on demand (VoD)
Email and Internet services
Interactive education
Interactive TV commerce
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Eventually, all analog systems will be replaced by digital TV. But the move will be gradual to
allow service providers to upgrade their transmission networks and manufacturers to mass-produce
sufficient digital products.

History of Television

Television started in 1884 when Paul Gottlieb patented the first mechanical television system. It
worked by illuminating an image via a lens and a rotating disc (Nipkow disc). Square apertures were
cut out of the disc which traced out lines of the image until the full image had been scanned. The
more apertures there were, the more lines were traced, producing greater detail.

In 1923 Vladimir Kosma Zworykin replaced the Nipkow disc with an electronic component. This
allowed the image to be split into more lines, which produced greater detail without increasing the
number of scans per second. Images could also be stored between electronic scans. This system was
named the Iconoscope and patented in 1925.

J.L. Baird demonstrated the first mechanical color television in 1928. It used a Nipkow disc with
three spirals, one for each primary color—red, green and blue. However, few people had television
sets at that time so the viewing experience was less than impressive. The small audience of viewers
watched a blurry picture on a 2- or 3-inch screen.

In 1935 the first electronic television system was demonstrated by the Electric Musical Industries
(EMI) company. By late 1939, sixteen companies were making or planning to make electronic
television sets in the U.S.

In 1941, the National Television System Committee (NTSC) developed a set of guidelines for the
transmission of electronic television. The Federal Communications Commission (FCC) adopted the
new guidelines and TV broadcasts began in the United States. In subsequent years, television
benefited from World War II in that much of the work done on radar was transferred directly to
television set design. Advances in cathode ray tube technology are a good example of this.

The 1950s heralded the golden age of television. The era of black and white television com-
menced in 1956 and prices of TV sets gradually dropped. Towards the end of the decade, U.S.
manufacturers were experimenting with a wide range of features and designs.

The sixties began with the Japanese adoption of the NTSC standards. Towards the end of the
sixties Europe introduced two new television transmission standards:

B Systeme Electronique Couleur Avec Memoire (SECAM) is a television broadcast standard
in France, the Middle East, and most of Eastern Europe. SECAM broadcasts 819 lines of
resolution per second.

B Phase Alternating Line (PAL) is the dominant television standard in Europe. PAL delivers
625 lines at 50 half-frames per second.

The first color televisions with integrated digital signal processing technologies were marketed
in 1983. In 1993 the Moving Picture Experts Group (MPEG) completed definition of MPEG-2 Video,
MPEG-2 Audio, and MPEG-2 Systems. In 1993 the European Digital Video Broadcasting (DVB)
project was born. In 1996 the FCC established digital television transmission standards in the United
States by adopting the Advanced Television Systems Committee (ATSC) digital standard. By 1999
many communication mediums had transitioned to digital technology.
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Components of a Digital TV System
Behind a simple digital TV is a series of powerful components that provide digital TV technology.
These components include video processing, security and transmission networks.
A TV operator normally receives content from sources such as local video, cable, and satellite
channels. The content is prepared for transmission by passing the signal through a digital broadcast-
ing system. The following diagram illustrates this process.

Note that the components shown are logical units and do not necessarily correspond to the
number of physical devices deployed in the total solution. The role of each component shown in
Figure 3.1 is outlined in the following category descriptions.
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Figure 3.1: Basic Building Blocks of a Digital Broadcasting System

Compression and Encoding

The compression system delivers high quality video and audio using a small amount of network
bandwidth by minimizing information storage capacity. This is particularly useful for service
providers who want to ‘squeeze’ as many digital channels as possible into a digital stream.

A video compression system consists of encoders and multiplexers. Encoders digitize, compress
and scramble a range of audio, video and data channels. They allow TV operators to broadcast
several digital video programs over the same bandwidth that was formerly used to broadcast a single
analog video program. Once the signal is encoded and compressed, an MPEG-2 data stream is
transmitted to the multiplexer. The multiplexer combines the outputs from the various encoders with
security and program information and data into a single digital stream.

Modulation
Once the digital signal has been processed by the multiplexer, the video, audio, and data are modu-
lated (amalgamated) with the carrier signal. The unmodulated digital signal from the multiplexer has
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only two possible states—zero or one. By passing the signal through a modulation process, a number
of states are added that increase the data transfer rate. The modulation technique used by TV
operators depends on the geography of the franchise area and the overall network architecture.

Conditional access system

Broadcasters and TV operators interact with viewers on many levels, offering a greater program
choice than ever before. The deployment of a security system, called conditional access, provides
viewers with unprecedented control over what they watch and when. A conditional access system is
best described as a gateway that allows viewers to access a virtual palette of digital services.

A conditional access system controls subscribers’ access to digital TV pay services and secures
the operator’s revenue streams. Consequently, only customers who have a valid contract with the
network operator can access a particular service. Using today’s conditional access systems, network
operators can directly target programming, advertisements, and promotions to subscribers. They can
do this by geographical area, market segment, or viewers’ personal preferences. Hence, the condi-
tional access system is a vital aspect of the digital TV business.

Network Transmission Technologies
Digital transmissions are broadcast through one of three systems:

B Cable network

B TV aerial

B Satellite dish

Different service providers operate each system. If cable television is available in a particular
area, viewers access digital TV from a network based on Hybrid fiber/coax (HFC) technology. This
refers to any network configuration of fiber-optic and coaxial cable that redistributes digital TV
services. Most cable television companies are already using it. HFC networks have many advantages
for handling next-generation communication services—such as the ability to simultaneously
transmit analog and digital services. This is extremely important for network operators who are
introducing digital TV to their subscribers on a phased basis.

Additionally, HFC meets the expandable capacity and reliability requirements of a new digital
TV system. The expandable capacity feature of HFC-based systems allows network operators to add
services incrementally without major changes to the overall network infrastructure. HFC is essen-
tially a ‘pay as you go’ architecture. It matches infrastructure investment with new revenue streams,
operational savings, and reliability enhancements.

An end-to-end HFC network is illustrated in Figure 3.2.

HFC network architecture is comprised of fiber transmitters, optical nodes, fiber and coaxial
cables, taps, amplifiers and distribution hubs. The digital TV signal is transmitted from the head-end
in a star-like fashion to the fiber nodes using fiber-optic feeders. The fiber node, in turn, distributes
the signals over coaxial cable, amplifiers and taps throughout the customer service area.

Customers who have aerials or antennas on their roofs are able to receive digital TV through one
of the following wireless technologies:

B Multi-channel multi-point distribution system (MMDS) — MMDS is a relatively new
service used to broadcast TV signals at microwave frequencies from a central point or head-
end to small, rooftop antennas. An MMDS digital TV system consists of a head-end that
receives signals from satellites, off-the-air TV stations, and local programming. At the head-
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end the signals are mixed with commercials and other inserts, encrypted, and broadcasted.
The signals are then re-broadcast from low-powered base stations in a diameter of 35 miles
from the subscriber’s home. The receiving rooftop antennas are 18 to 36 inches wide and
have a clear line of site to the transmitting station. A down converter, usually a part of the
antenna, converts the microwave signals into standard cable channel frequencies. From the
antenna the signal travels to a special set-top box where it is decrypted and passed into the
television. Today there are MMDS-based digital TV systems in use all around the U.S. and
in many other countries including Australia, South Africa, South America, Europe, and
Canada.

B Local multi-point distribution system (LMDS) — LMDS uses microwave frequencies in
the 28 GHz frequency range to send and receive broadband signals which are suitable for
transmitting video, voice and multimedia data. It is capable of delivering a plethora of
Internet- and telephony-based services. The reception and processing of programming and
other head-end functions are the same as with the MMDS system. The signals are then re-
broadcast from low-powered base stations in a 4 to 6 mile radius of the subscribers’ homes.
Signals are received using a six-square-inch antenna mounted inside or outside of the home.
As with MMDS, the signal travels to the set-top box where it is decrypted and formatted for
display on the television.
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B Terrestrial — Terrestrial communications, or DTT, can be used to broadcast a range of
digital services. This system uses a rooftop aerial in the same way that most people receive
television programs. A modern aerial should not need to be replaced to receive the DTT
service. However, if the aerial is out of date, updating may be necessary. Additionally, DTT
requires the purchase of a new digital set-top box to receive and decode the digital signal.
DTT uses the Coded Orthogonal Frequency Division Multiplexing (COFDM) modulation
scheme. COFDM makes the terrestrial signal immune to multi-path reflections. That is, the
signal must be robust enough to traverse geographical areas that include mountains, trees,
and large buildings.

B Satellite — Digital television is available through direct broadcast satellite (DBS) which can
provide higher bandwidth than terrestrial, MMDS or LMDS transmission. This technology
requires a new set-top box and a satellite dish because existing analog satellite dishes are
unable to receive digital TV transmissions. The fact that satellite signals can be received
anywhere makes service deployment as easy as installing a receiver dish and pointing it in
the right direction. Satellite programmers broadcast, or uplink, signals to a satellite. The
signals are often encrypted to prevent unauthorized reception. The are then sent to a set-top
box which converts them to a TV-compatible format.

Digital TV Standards

The standard for broadcasting analog television in most of North America is NTSC. The standards
for video in other parts of the world are PAL and SECAM. Note that NTSC, PAL and SECAM will
all be replaced over the next ten years with a new suite of standards associated with digital
television.

International organizations that contribute to standardizing digital television include:

B Advanced Television Systems Committee (ATSC)

B Digital Video Broadcasting (DVB)

The Advanced Television Systems Committee was formed to establish a set of technical stan-
dards for broadcasting television signals in the United States. ATSC digital TV standards include
high-definition television, standard definition television, and satellite direct-to-home broadcasting.
ATSC has been formally adopted in the United States where an aggressive implementation of digital
TV has already begun. Additionally, Canada, South Korea, Taiwan, and Argentina have agreed to use
the formats and transmission methods recommended by the group.

DVB is a consortium of about 300 companies in the fields of broadcasting, manufacturing,
network operation and regulatory matters. They have established common international standards for
the move from analog to digital broadcasting. DVB has produced a comprehensive list of standards
and specifications that describe solutions for implementing digital television in areas such as trans-
mission, interfacing, security, and interactivity for audio, video, and data.

Because DVB standards are open, all compliant manufacturers can guarantee that their digital
TV equipment will work with other manufacturers’ equipment. There are numerous broadcast
services around the world using DVB standards and hundreds of manufacturers offering DVB-
compliant equipment. While the DVB has had its greatest success in Europe, the standard also has
implementations in North and South America, China, Africa, Asia, and Australia.
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SDTV and HDTV Technologies

DTV is an umbrella term that refers to both high-definition television (HDTV) and standard defini-
tion television (SDTV). DTV can produce HDTV pictures with more image information than
conventional analog signals. The effect rivals that of a movie theater for clarity and color purity.
HDTYV signals also contain multi-channel surround sound to complete the home theatre experience.
Eventually, some broadcasters will transmit multiple channels of standard definition video in the
same spectrum amount now used for analog broadcasting. SDTV is also a digital TV broadcast
system that provides better pictures and richer colors than analog TV systems. Although both
systems are based on digital technologies, HDTV generally offers nearly six times the sharpness of
SDTV-based broadcasts.

Consumers who want to receive SDTV on their existing television sets must acquire a set-top
box. These devices transform digital signals into a format suitable for viewing on an analog-based
television. However, consumers who want to watch a program in HDTV format must purchase a new
digital television set.

Commonly called wide-screen, HDTVs are nearly twice as wide as they are high. They present
an expanded image without sacrificing quality. Standard analog televisions use squarer screens that are
3 units high and 4 units wide. For example, if the width of the screen is 20 inches, its height is about
15 inches. HDTYV screens, however, are about one third wider than standard televisions, with screens
that are 9 units high by 16 wide. Current analog TV screens contain approximately 300,000 pixels
while HDTYV televisions have up to 2 million pixels.

In addition to classifying digital TV signals into HDTV and SDTYV, each has subtype classifica-
tions for lines of resolution and progressive interlaced scanning.

A television picture is made up of horizontal lines called lines of resolution, where resolution is
the amount of detail contained in an image displayed on the screen. In general, more lines mean
clearer and sharper pictures. Clearer pictures are available on new digital televisions because they
can display 1080 lines of resolution versus 525 lines on an ordinary television.

Progressive scanning is when a television screen refreshes itself line-by-line. It is popular in
HDTYVs and computer monitors. Historically, early TV tubes could not draw a video display on the
screen before the top of the display began to fade. Interlaced scanning overcomes this problem by the
way it refreshes lines. It is popular in analog televisions and low-resolution computer monitors.

Digital Set-top Boxes

Most consumers want to take advantage of the crystal-clear sound and picture quality of DTV, but
many cannot afford a new digital television set. To solve the problem, these viewers can use a set-top
box that translates digital signals into a format displayable on their analog TVs. In many countries,
service providers are retrofitting subscribers’ analog set-top boxes with new digital set-top boxes.
Additionally, some countries are pushing second-generation set-top boxes that support a range of
new services.

A set-top box is a type of computer that translates signals into a format that can be viewed on a
television screen. Similar to a VCR, it takes input from an antenna or cable service and outputs it to a
television set. The local cable, terrestrial, or satellite service provider normally installs set-top
boxes.
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The digital TV market can be broadly classified into these categories:

Analog set-top boxes — Analog set-top boxes receive, tune and de-scramble incoming
television signals.

Dial-up set-top boxes — These set-top boxes allow subscribers to access the Internet through
the television. An excellent example is the NetGem Netbox.

Entry-level digital set-top boxes — These digital boxes can provide traditional broadcast
television complemented by a Pay Per View system and a very basic navigation tool. They
are low cost and have limited memory, interface ports, and processing power. They are
reserved for markets that demand exceptionally low prices and lack interactivity via
telephone networks.

Mid-range digital set-top boxes — These are the most popular set-top boxes offered by TV
operators. They normally include a return path, or back channel, which provides communi-
cation with a server located at the head-end. They have double the processing power and
storage capabilities of entry-level types. For example, while a basic set-top box needs
approximately 1 to 2MB of flash memory for coding and data storage, mid-range set-top
boxes normally include between 4MB and 8MB. The mid-range set-top box is ideal for
consumers who want to simultaneously access a varied range of multimedia and Internet
applications from the home.

Advanced digital set-top boxes — Advanced digital set-top boxes closely resemble a
multimedia desktop computer. They can contain more than ten times the processing power
of a low-level broadcast TV set-top box. They offer enhanced storage capabilities of
between 16-32 MB of flash memory in conjunction with a high-speed return path that can
run a variety of advanced services such as:

Video teleconferencing

Home networking

IP telephony

Video-on-demand (VoD)

High-speed Internet TV

Advanced set-top box subscribers can use enhanced graphical capabilities to receive high-
definition TV signals. Additionally, they can add a hard drive if required. This type of
receiver also comes with a range of high-speed interface ports which allows it to serve as a
home gateway.

There is uncertainty about the development of the digital set-top box market in the coming years.
Most analysts predict that set-top boxes will evolve into a residential gateway that will be the
primary access point for subscribers connecting to the Internet.

Components of a Digital Set-top Box

The set-top box is built around traditional PC hardware technologies. It contains silicon chips that
process digital video and audio services. The chips are connected to the system board and communi-
cate with other chips via buses. Advanced digital set-top boxes are comprised of four separate
hardware subsystems: TV, conditional access (CA), storage, and home networking interfaces (see
Figure 3.3).

The TV subsystem is comprised of components such as:

Tuner

Channel modulator

Demultiplexer

MPEG-2 audio and video decoders
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Graphics hardware

CPU
Memory

The tuner in the box receives a digital signal from a cable, satellite, or terrestrial network and
converts it to base-band. Tuners can be divided into three broad categories:
Broadcast In-band (IB) — Once a signal arrives from the physical transmission media, the
IB tuner isolates a physical channel from a multiplex and converts it to baseband.
Out Of Band (OOB) — This tuner facilitates the transfer of data between the head-end
systems and the set-top box. OOB tuners are widely used in cable set-top boxes to provide a
medley of interactive services. OOB tuners tend to operate within the 100 - 350 MHz

1.

2.

frequency band.

Return path — This tuner enables a subscriber to activate the return path and send data back
to an interactive service provider. It operates within the 5 to 60 MHz frequency band.

The baseband signal is then sampled to create a digital representation of the signal. From this
digital representation, the demodulator performs error correction and recovers a digital transport

layer bitstream.
A transport stream consists of a sequence of fixed-sized transport packets of 188 bytes each.
Each packet contains 184 bytes of payload and a 4-byte header. The header field is a critical 13-bit
program identifier (PID) that identifies the transport stream in which the packet belongs. The
transport demultiplexer selects and de-packetizes the audio and video packets of the desired program.
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Figure 3.3: Hardware Architecture of a Digital Set-top Box
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Once the demultiplexer finishes its work, the signal is forwarded to three different types of decoders:

1. Video — Changes the video signal into a sequence of pictures which are displayed on the

television screen. Video decoders support still pictures and are capable of formatting
pictures for TV screens with different resolutions.

2. Audio — Decompresses the audio signal and sends to the speakers.

3. Data — Decodes interactive service and channel data stored in the signal.

The graphics engine processes a range of Internet file formats and proprietary interactive TV file
formats. Once rendered by the graphics engine, the graphics file is often used to overlay the TV’s
standard video display. The power of these processors will continue to increase as TV providers
attempt to differentiate themselves by offering new applications such as 3D games to their subscriber
base.

The following modem options are available to set-top box manufacturers:

B Standard telephone modem for terrestrial, satellite and MMDS environments.

B  Cable modem for a standard cable network.

The system board’s CPU typically provides these functions:

B [nitializing set-top box hardware components.

B Processing a range of Internet and interactive TV applications.

B Monitoring hardware components.

B Providing processing capabilities for graphic interfaces, electronic program guides,

and user interfaces.

Processing chipsets contain electronic circuits that manage data transfer within the set-top box
and perform necessary computations. They are available in different shapes, pin structures, architec-
tures, and speeds. The more electronic circuits a processor contains, the faster it can process data.
The MHz value of the set-top box processor gives a rough estimate of how fast a processor processes
digital TV signals. 300-MHz chips are now becoming standard as demand from service providers
increases.

A set-top box requires memory to store and manipulate subscriber instructions. In addition, set-
top box elements like the graphics engine, video decoder, and demultiplexer require memory to
execute their functions. Set-top boxes use both RAM and ROM. Most functions performed by a set-
top box require RAM for temporary storage of data flowing between the CPU and the various
hardware components. Video, dynamic, and non-volatile RAM are also used for data storage.

The primary difference between RAM and ROM is volatility. Standard RAM loses its contents
when the set-top box is powered off; ROM does not. Once data has been written onto a ROM chip,
the network operator or the digital subscriber cannot remove it. Most set-top boxes also contain
EPROMs and Flash ROM.

A digital set-top box also includes a CA system. This subsystem provides Multiple Service
Operators (MSOs) with control over what their subscribers watch and when. The CA system is
comprised of a de-encryption chip, a secure processor, and hardware drivers. The decryption chip
holds the algorithm section of the CA. The secure processor contains the keys necessary to decrypt
digital services. The condition access system drivers are vendor-dependent.

The ability to locally store and retrieve information is expected to become very important for
digital TV customers. While storage in first-generation set-top boxes was limited to ROM and RAM,
high capacity hard drives are beginning to appear. Their presence is being driven by the popularity of
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DVR technology, among other things. They allow subscribers to download and store personal
documents, digital movies, favorite Internet sites, and e-mails. They also provide for:

1. Storing the set-top box’s software code.

2. Storing system and user data (such as user profiles, configuration, the system registry and

updateable system files).

3. Storing video streams (PVR functionality).

Some set-top boxes support home networking technology While Ethernet is the most popular
technology, we can expect to see Bluetooth, DECT, IEEE 1394, USB 2.0, and HomePNA in future
boxes.

Economically, set-top box manufacturers must design to a network operator’s unique require-
ments, so costs are high. To overcome this, several manufacturers are beginning to use highly
integrated chips that incorporate most required functionality in a single chip.

Market Outlook

Digital set-top boxes continue to be one of the fastest-growing products in the consumer electronics
marketplace. A report from Gartner Dataquest estimates that the digital set-top box market will grow
to 61 million units by 2005. They represent a huge revenue-earning potential for content owners,
service providers, equipment manufacturers, and consumer-oriented semiconductor vendors.

Many industry experts are predicting that set-top boxes will evolve into home multimedia
centers. They could become the hub of the home network system and the primary access to the
Internet. The set-top market is very dynamic and will change dramatically over the next few years.
We are already seeing a convergence of technology and equipment in TV systems such as the
addition of a hard drive to store and retrieve programs. Such changes will continue to occur as the
market expands.

Integrated Digital Televisions
An integrated digital television contains a receiver, decoder and display device. It combines the
functions of a set-top box with a digital-compatible screen. While the digital set-top box market is
increasing steadily, the integrated TV set market remains small. The main reason is that the business
model adopted by digital services providers is one of subsidizing the cost of set-top boxes in return
for the customer’s one- or two-year TV programming subscription. This is consistent with the model
adopted by mobile phone companies. The subsidized model favors customers in that their up-front
cost is minimal.
Additionally, integrated TVs lag behind digital set-top boxes in production and penetration of
worldwide TV households due to the following facts:
B Worldwide production of analog TV sets is still growing.
B FEach analog TV set has an estimated life span of 10 to 15 years. Consumers are unlikely to
throw away a useable TV set in order to move to digital TV.
B [ow-cost digital set-top boxes offer an easier route to the world of digital TV than high-cost
digital TV sets.
B Set-top boxes will remain the primary reception devices for satellite, terrestrial, and cable
TV services.
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Digital Home Theater Systems
A typical home theater includes:

B Targe-screen TV (25 inches or larger)
Hi-fi VCR
VCR or DVD player
Audio/video receiver or integrated amplifier
Four or five speakers

According to CEA market research, nearly 25 million households—about 23% of all U.S.
households—own home theater systems. Perhaps the most important aspect of home theater is the
surround sound. This feature places listeners in the middle of the concert, film, TV show, or sporting
event. The growing interest in home theater is driven in large part by an interest in high-quality
audio. High-resolution audio formats such as multi-channel DVD—Audio and Super Audio CD
(SACD)—have emerged. Both offer higher resolution than CD, multi-channel playback, and extras
like liner notes, lyrics and photos.

Digital Video Recorders

While the potential for personalized television has been discussed for years, it has failed to capture
viewers’ imaginations. This is beginning to change because some of the larger broadcasting compa-
nies have begun to develop business models and technology platforms for personal TV.

The concept of personalizing the TV viewing experience has become more attractive with
offerings from companies like TiVo that sell digital video recorders (DVRs). Similar to a VCR, a
DVR can record, play, and pause shows and movies. However, a DVR uses a hard disk to record
television streams. DVRs also use sophisticated video compression and decompression hardware.
Hard disk recording offers a number of benefits including:

B Storing data in digital format — Because the hard drive stores content digitally, it main-
tains a higher quality copy of content than a VCR based system. While an analog tape
suffers some loss with each recording and viewing, the quality of a digital recording is
determined by the DVR’s file format, compression, and decompression mechanisms.

B ‘Always-On recording’ — The storage mechanism is always available to record; you don’t
have to hunt for a blank tape. Like a PC, a DVR can instantly determine and inform you of
disk space available for recording. In addition, a DVR can prompt you to delete older
material on the hard disk to free up space.

B Content management — A DVR file management system lets you categorize and search for
particular programs and video files. Rather than trying to maintain labels on tapes, you can
instantly browse DVR contents. (This is especially helpful for people who do not label tapes
and have to play the first few minutes of every tape to recall its contents!)

DVRs are also optimized for simultaneous recording and playback. This lets the viewer pause
live television, do an instant replay, and quick-jump to any location on the recording media. To do
this on a VCR, rewind and fast forward must be used excessively. Coupled with a convenient elec-
tronic program guide and a high-speed online service, DVRs can pause live television shows,
recommend shows based on your preferences, and automatically record your favorite shows. Taking
this a step further, some DVRs can preemptively record shows that might be of interest to you. They
do so by monitoring the shows you frequently watch and identifying their characteristics. It can then
record other shows with similar characteristics.
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Core Technologies
A DVR is like a stripped-down PC with a large hard disk. A remote is used to select a program to
record, then the DVR captures and stores these programs on its hard disk for future viewing. A DVR
box is comprised of both hardware and software components that provide video processing and
storage functions. The software system performs these functions:
B Manage multiple video streams.
B Filter video and data content.
B ] earn viewers’ program preferences
B Maintain programming, scheduling, and dial-up information.
Current DVR software providers include TiVo, SonicBlue, Microsoft, and Metabyte.
The DVR’s tuner receives a digital signal and isolates a particular channel. The signal is then:
B Encoded to MPEG-2 for storage on a local hard drive.
B Streamed off the hard drive.
B Transformed from MPEG-2 into a format viewable on your television.

The process of storing and streaming video streams from the hard disk allows viewers to pause
live television. The length of the pause is determined by the amount of hard drive storage. While
most DVRs use standard hard disks, some manufacturers are optimizing their products for storing
and streaming MPEG-2 video streams. For instance, Seagate technology is using Metabyte’s MbTV
software suite to control the DVR’s disc drive recording features. This enables optimization of video
stream delivery and management of acoustic and power levels.

The DVR’s CPU controls the encoding and streaming of the MPEG-2 signal. Companies like IBM
are positioning products such as the PowerPC 400 series processors for the DVR market. Eventually,
CPUs will include software applications that encode and decode the MPEG-2 video stream.

Figure 3.4 shows a detailed block diagram of a digital video recorder.
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Market Outlook

Currently, there are only a few million homes worldwide that own a DVR. With all the benefits of
DVR technology, why is the number so low? The answer lies the technology and pricing structure
for the components required to manufacture DVRs. The DVR is expensive when compared to a $99
DVD player or $69 VCR. At present, prices start at about $300 and go up to $2000 for a model that
can store hundreds of hours of TV shows. And many of them incur a $10 monthly service fee on top
of the purchase price—the last straw for many consumers.

For starters, a DVR requires a large hard disk to store real-time video. Large hard disks have
been available for some time but they have been far too expensive for use in digital consumer
products. However, this situation is changing as hard disk capacity continues to increase while costs
decrease, making high-capacity disks inexpensive enough for DVRs.

Another key DVR component is the video processing subsystem. This system is responsible for
simultaneously processing an incoming digital stream from a cable or satellite network, and stream-
ing video streams off a hard disk. Due to the complexity of this system, many manufacturers find it
difficult to design cost-effective video processing chipsets. This too has begun to change, as manu-
facturers are incorporating all required functionality into a single chip. Multi-purpose chips foretell a
steep price decline for DVR technology in the future

Two other factors are also acting as a catalyst to promote these types of digital devices. The first
is rapid consumer adoption of DVD and home theater systems, indicating high consumer interest in
quality digital video. Analog VCRs are unable to offer these capabilities. Second, digital set-top box
manufacturers have started to integrate DVR capabilities into their products. These boxes are
providing an ideal platform for DVR features. Sheer market size is creating a whole new wave of
growth for DVR-enabled systems.

Informa Media forecasts that by 2010, nearly 500 million homes globally will have DVR
functionality; 62% will be digital cable customers, 18% digital terrestrial, 13% digital satellite and
7% ADSL.

Geographically, the United States is the initial focus for companies bringing DVRs to market.
This is changing, however, with the announcement by TiVo and British Sky Broadcasting Group to
bring the firm’s recording technology to the United Kingdom for the first time.

While the benefits of the DVR are very compelling, it is a new category of consumer device and
there are issues that could limit its success. For instance, if the DVR disk drive fails, the subscriber
can’t access services. This would lead to loss of revenue and customer loyalty for the operator.

To get around the high prices and recurring fees, some consumers are building their own DVRs.
Basically, creation of a DVR from a PC requires the addition of a circuit board and some software to
receive and process TV signals. The hard drive from a PC can be used for program storage. And
personalized TV listings are available for free from several Internet sites such as tvguide.com and
zap2it.com.

Summary

In its simplest form, television is the conversion of moving images and sounds into an electrical
signal. This signal is then transmitted to a receiver and reconverted into visible and audible images
for viewing. The majority of current television systems are based on analog signals. As viewers
demand higher quality levels and new services, the analog format is proving inefficient. Digital TV
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offers fundamental improvements over analog services. For instance, where an analog signal de-
grades with distance, the digital signal remains constant and perfect as long as it can be received.
The advent of digital TV offers the general public crystal clear pictures, CD quality sound, and
access to new entertainment services.

A set-top box can be used to access digital TV. Once a relatively passive device, it is now
capable of handling traditional computing and multimedia applications. A typical set-top box is built
around traditional PC hardware technologies.

The biggest advance in video in recent years has been the DVR. Similar to a VCR, a DVR stores
programs on a hard drive rather than on recording tape. It can pause and instant-replay live TV. It can
also let the consumer search through the electronic program guides for specific shows to watch and
record. After considerable hype in the early DVR market, expectations have cooled. But analysts still
believe that DVR will be the main attraction in interactive TV.
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Audio Players

Introduction

Today’s music formats are very different from those of a few years ago. In the past, the vinyl record
format lasted a relatively long time. In comparison, the life of the cassette format was shorter. Today
the popular CD (compact disc) format is facing extinction in even less time. The late 1990s saw the
introduction of the MP3 (MPEG Layer III) format, which has gained prominence because of its ease-
of-use and portability. MP3 music files can be stored in the hard drive of a PC or flash memory of a
portable player. However, the number of competing recording standards has increased as the number
of music vendors vying for market prominence has risen. Some of the emerging audio technologies
are MP3, DVD-A (DVD-Audio), and SACD (Super Audio CD).

In general, music producers favor two types of media format—physical and Internet-based.
Physical media formats include CD,- MiniDisc, SACD, and DVD-Audio. Internet media formats
include MP3, Secure MP3, MPEG2 AAC, and SDMI. These will be explained in later sections of this
chapter.

The Need for Digital Audio—Strengths of the Digital Domain

The first recording techniques by Thomas Edison and others were based on a common process—the
reproduction of an audio signal from a mechanical or electrical contact with the recording media.
After nearly 100 years, analog audio has reached a mature state and nearly all of its shortcomings
have been addressed. It can offer no further improvements without being cost-prohibitive.

The very nature of the analog signal leads to its own shortcomings. In the analog domain the
playback mechanism has no means to differentiate noise and distortion from the original signal.
Further, every copy made introduces incrementally more noise because the playback/recording
mechanism must physically contact the media, further damaging it on every pass. Furthermore, total
system noise is the summation of all distortion and noise from each component in the signal path.
Finally, analog equipment has limited performance, exhibiting an uneven frequency response (which
requires extensive equalization), a limited 60-dB dynamic range, and a 30-dB channel separation that
affects stereo imaging and staging.

Digital technology has stepped in to fill the performance gap. With digital technology, noise and
distortion can be separated from the audio signal. And a digital audio signal’s quality is not a
function of the reading mechanism or the media. Performance parameters such as frequency re-
sponse, linearity, and noise are only functions of the digital-to-analog converter (DAC). Digital audio
parameters include a full audio band frequency response of 5 Hz to 22 kHz and a dynamic range of
over 90-dB with flat response across the entire band.
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The circuitry upon which digital audio is built offers several advantages. Due to circuit integra-
tion, digital circuits do not degrade with time as analog circuits do. Further, a digital signal suffers no
degradation until distortion and noise become so great that the signal is out of its voltage threshold.
However, this threshold has been made intentionally large for this reason. The high level of circuit
integration means that digital circuitry costs far less than its analog counterpart for the same task.
Storage, distribution, and playback are also superior in digital media technology. The only theoreti-
cal limitation of digital signal accuracy is the quantity of numbers in the signal representation and
the accuracy of those numbers, which are known, controllable design parameters.

Principles of Digital Audio
Digital audio originates from analog audio signals. Some key principles of digital audio are sam-
pling, aliasing, quantization, dither, and jitter as described in the following sections.

Sampling

Sampling converts an analog signal into the digital domain. This process is dictated by the Nyquist
sampling theorem, which dictates how quickly samples of the signal must be taken to ensure an
accurate representation of an analog signal. Furthermore, it states that the sampling frequency must
be greater than or equal to the highest frequency in the original analog signal. The sampling theorem
requires two constraints to be observed. First, the original signal must be band-limited to half the
sampling frequency by being passed through an ideal low-pass filter. Second, the output signal must
again be passed through an ideal low-pass filter to reproduce the analog signal. These constraints are
crucial and will lead to aliasing if not observed.

Aliasing

Aliasing is audible distortion. For a frequency that is exactly half the sampling frequency, only two
samples are generated, since this is the minimum required to represent a waveform. The modulation
creates image frequencies centered on integer multiples of Fs. These newly generated frequencies are
then imaged, or aliased, back into the audible band. For a sampling rate of 44.1 kHz, a signal of 23 kHz
will be aliased to 21.1 kHz. More precisely, the frequency will be folded back across half the
sampling frequency by the amount it exceeds half the sampling frequency—in this case, 950 Hz.

Quantization

Once sampling is complete, the infinitely varying voltage amplitude of the analog signal must be
assigned a discrete value. This process is called quantization. It is important to note that quantization
and sampling are complementary processes. If we sample the time axis, then we must quantize the
amplitude axis and vice versa. Unfortunately, sampling and quantization are commonly referred to as
just quantization, which is not correct. The combined process is more correctly referred to as
digitization.

In a 16-bit audio format, a sinusoidal varying voltage audio signal can be represented by 216 or
65,536 discrete levels. Quantization limits performance by the number of bits allowed by the
quantizing system. The system designer must determine how many bits create a sufficient model of
the original signal. Because of this, quantizing is imperfect in its signal representation whereas
sampling is theoretically perfect. Hence, there is an error inherent in the quantization process
regardless of how well the rest of the system performs.
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Dither

Dither is the process of adding low-level analog noise to a signal to randomize, or confuse, the
quantizer’s small-signal behavior. Dither specifically addresses two problems in quantization. The
first is that a reverberating, decaying signal can fall below the lower limit of the system’s resolution.
That is, an attempt to encode a signal below the LSB (Least Significant Bit) results in encoding
failure and information is lost. The second problem is that system distortion increases as a percent of
a decreasing input signal. However, dither removes the quantization error from the signal by relying
on some special behavior of the human ear. The ear can detect a signal masked by broadband noise.
In some cases, the ear can detect a midrange signal buried as much as 10 to 12 dB below the broad-
band noise level.

Jitter
Jitter is defined as time instability. It occurs in both analog-to-digital and digital-to-analog conver-
sion. For example, jitter can occur in a compact disc player when samples are being read off the disc.
Here, readings are controlled by crystal oscillator pulses. Reading time may vary and can induce
noise and distortion if:

B The system clock pulses inaccurately (unlikely)

B There is a glitch in the digital hardware

B  There is noise on a signal control line

To combat the fear of jitter, many questionable products have been introduced. These include
disc stabilizer rings to reduce rotational variations and highly damped rubber feet for players.
However, a system can be designed to read samples off the disc into a RAM buffer. As the buffer
becomes full, a local crystal oscillator can then clock-out the samples in a reliable manner, indepen-
dent of the transport and reading mechanisms. This process—referred to as time-base correction—is
implemented in quality products and eliminates the jitter problem.

Digital Physical Media Formats

Physical media formats include vinyl records, cassettes, and CDs. Today CD technology dominates
the industry. In 2001 alone over 1 billion prerecorded CDs were sold in the U.S., accounting for 81%
of prerecorded music sales. It took 10 years for the CD format to overtake the cassette in terms of
unit shipments. Popular digital physical music media formats include CD, MD, DVD-A, and SACD
as discussed in the following sections.

Compact Disc

The compact disc player has become hugely popular, with tens of millions sold to date. CD players
have replaced cassette players in the home and car and they have also replaced floppy drives in PCs.
Whether they are used to hold music, data, photos, or computer software, they have become the
standard medium for reliable distribution of information.

Understanding the CD

A CD can store up to 74 minutes of music or 783,216,000 bytes of data. It is a piece of injection-
molded, clear polycarbonate plastic about 4/100 of an inch (1.2 mm) thick. During manufacturing,
the plastic is impressed with microscopic bumps arranged as a single, continuous spiral track. Once
the piece of polycarbonate is formed, a thin, reflective aluminum layer is sputtered onto the disc,
covering the bumps. Then a thin acrylic layer is sprayed over the aluminum to protect it.
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Cross-section of a CD

A CD’s spiral data track circles from the inside of the disc to the outside. Since the track starts at the
center, the CD can be smaller than 4.8 inches (12 cm). In fact, there are now plastic baseball cards
and business cards that can be read in a CD player. CD business cards can hold about 2 MB of data
before the size and shape of the card cuts off the spiral.

The data track is approximately 0.5 microns wide with a 1.6 micron track separation. The
elongated bumps that make up the track are 0.5 microns wide, a minimum of 0.83 microns long, and
125 nm high. They appear as pits on the aluminum side and as bumps on the side read by the laser.
Laid end-to-end, the bump spiral would be 0.5 microns wide and almost 3.5 miles long.

CD Player
A CD drive consists of three fundamental components:
1. A drive motor to spin the disc. This motor is precisely controlled to rotate between
200 and 500 rpm depending on the track being read.

2. A laser and lens system to read the bumps.

3. A tracking mechanism to move the laser assembly at micron resolutions so the beam

follows the spiral track.

The CD player formats data into blocks and sends them to the DAC (for an audio CD) or to the
computer (for a CD-ROM drive). As the CD player focuses the laser on the track of bumps, the laser
beam passes through the polycarbonate layer, reflects off the aluminum layer, and hits an optoelec-
tronic sensor that detects changes in light. The bumps reflect light differently than the “lands” (the
rest of the aluminum layer) and the sensor detects that change in reflectivity. To read the bits that
make up the bytes, the drive interprets the changes in reflectivity.

The CD’s tracking system keeps the laser beam centered on the data track. It continually moves
the laser outward as the CD spins. As the laser moves outward from the center of the disc, the bumps
move faster past the laser. This is because the linear, or tangential, speed of the bumps is equal to the
radius times the speed at which the disc is revolving. As the laser moves outward, the spindle motor
slows the CD so the bumps travel past the laser at a constant speed and the data is read at a constant
rate.

Because the laser tracks the data spiral using the bumps, there cannot be extended gaps where
there are no bumps in the track. To solve this problem, data is encoded using EFM (eight-fourteen
modulation). In EFM, 8-bit bytes are converted to 14 bits and EFM modulation guarantees that some
of those bits will be 1s.

Because the laser moves between songs, data must be encoded into the music to tell the drive its
location on the disc. This is done with subcode data. Along with the song title, subcode data encodes
the absolute and relative position of the laser in the track.

The laser may misread a bump, so there must be error-correcting codes to handle single-bit
errors. Extra data bits are added to allow the drive to detect single-bit errors and correct them. If a
scratch on the CD causes an entire packet of bytes to be misread (known as burst error), the drive
must be able to recover. By interleaving the data on the disc so it is stored non-sequentially around
one of the disc’s circuits, the problem is solved. The drive reads data one revolution at a time and un-
interleaves the data to play it. If a few bytes are misread, a little fuzz occurs during playback.

When data instead of music is stored on a CD, any data error can be catastrophic. Here, addi-
tional error correction codes are used to insure data integrity.
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CD Specifications
Sony, Philips, and Polygram jointly developed the specifications for the CD and CD players. Table 4.1
contains a summary of those spec standards.

Table 4.1: Specifications for the Compact Disc System

Functions Specifications

Playing time 74 minutes, 33 seconds maximum

Rotation Counter-clockwise when viewed from readout surface
Rotational speed 1.2 —1.4 m/sec. (constant linear velocity)
Track pitch 1.6 ym

Diameter 120 mm

Thickness 1.2 mm

Center hole diameter 15 mm

Recording area 46 mm - 117 mm

Signal area 50 mm - 116 mm

Minimum pit length 0.833 um (1.2 m/sec) to 0.972 um (1.4 m/sec)

Maximum pit length 3.05 um (1.2 m/sec) to 3.56 pum (1.4 m/sec)

Pit depth ~0.11 um
Pit width ~0.5 um
Material Any acceptable medium with a refraction index of 1.55

Standard wavelength 780 nm (7,800 A)

Focal depth +2 um

Number of channels 2 channels (4 channel recording possible)
Quantization 16-bit linear

Quantizing timing Concurrent for all channels

Sampling frequency 44.1 KHz

Channel bit rate 4.3218 Mb/s

Data bit rate 2.0338 Mb/s

Data-to-channel bit ratio | 8:17

Error correction code Cross Interleave Reed-Solomon Code (with 25%
redundancy)
Modulation system Eight-to-fourteen Modulation (EFM)
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MiniDisc

MiniDisc™ (MD) technology was pioneered and launched by Sony in 1992. It is a small-format
optical storage medium with read/write capabilities. It is positioned as a new consumer recording
format with smaller size and better fidelity than audio. MiniDisc was never meant to compete with
the CD; it was designed as a replacement for the cassette tape. Its coding system is called ATRAC
(Adaptive Transform Acoustic Coding for MiniDisc).

Based on psychoacoustic principles, the coder in a MiniDisc divides the input signal into three
sub-bands. It then makes transformations into the frequency domain using a variable block length.
The transform coefficients are grouped into non-uniform bands according to the human auditory
system. They are then quantized on the basis of dynamics and masking characteristics. While
maintaining the original 16-bit, 44.1-kHz signal, the final coded signal is compressed by an approxi-
mate ratio of 1:5.

In 1996, interest in the MiniDisc from the consumer market increased. While MD technology
has been much slower to take off in the U.S., it enjoys a strong presence in Japan because:

B Most mini-component systems sold in Japan include an MD drive

B Portable MD players are offered by several manufacturers in a variety of designs

B Sony has advertised and promoted this technology through heavy advertisements and low

prices for players and media.

In 2003 the forecast for MiniDisc player shipments for the home, portable, and automobile
market was expected to exceed 3.7 million units in the U.S.

DVD-Audio

The first popular optical storage medium was the audio CD. Since then the fields of digital audio and
digital data have been intertwined in a symbiotic relationship. One industry makes use of the other’s
technology to their mutual benefit. It took several years for the computer industry to realize that the
CD was the perfect medium for storing and distributing digital data. In fact, it was not until well into
the 1990s that CD-ROMs became standard pieces of equipment on PCs. With the latest developments
in optical storage, the record industry is now looking to use this technology to re-issue album
collections, for example. The quest for higher fidelity CDs has spawned a number of standards that
are battling with the CD to become the next accepted standard. Among these are DVD-A, SACD, and
DAD (digital audio disc).

DVD-A is a new DVD (digital versatile disc) format providing multi-channel audio in a lossless
format. It offers high-quality two-channel or 5.1 channel surround sound. The winning technology
could produce discs with 24-bit resolution at a 96-kHz sampling rate, as opposed to the current 16-
bit/44.1-kHz format.

When DVD was released in 1996, it did not include a DVD-Audio format. Following efforts by
the DVD Forum to collaborate with key music industry players, a draft standard was released in early
1998. The DVD-Audio 1.0 specification (minus copy protection) was subsequently released in 1999.
DVD-A is positioned as a replacement for the CD and brings new capabilities to audio by providing
the opportunity for additional content such as video and lyrics. A DVD-Audio disc looks similar to a
normal CD but it can deliver much better sound quality. It allows sampling rates of 44.1, 88.2, 176.4,
48, 96, and 192 kHz with a resolution of 16, 20, or 24 bits. While the two best sampling rates can
only be applied to a stereo signal, the others can be used for 5.1 surround sound channels with
quadrupled capacity. Even though a DVD-Audio disc has a storage capacity of up to 5 GB, the
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original signal takes even more space. To account for this, DVD-Audio uses a type of lossless
packing called Meridian Lossless Packing (MLP) applied to the PCM (pulse code modulation) bit
stream.

DVD-Audio includes the option of PCM (pulse code modulation) digital audio with sampling
sizes and rates higher than those of audio CD. Alternatively, audio for most movies is stored as
discrete, multi-channel surround sound. It uses Dolby Digital or Digital Theatre Systems (DTS)
Digital Surround audio compression similar to the sound formats used in theatres. DTS is an audio
encoding format similar to Dolby Digital that requires a decoder in the player or in an external
receiver. It accommodates channels for 5.1 speakers—a subwoofer plus five other speakers (front
left, front center, front right, rear left, and rear right). Some say that DTS sounds better than Dolby
because of its lower compression level. As with video, audio quality depends on how well the
processing and encoding was done. In spite of compression, Dolby Digital and DTS can be close to
or better than CD quality.

Like DVD-Video titles, we can expect DVD-Audio discs to carry video. They will also be able to
carry high-quality audio files and include limited interactivity (Internet, PCs). The capacity of a dual
layer DVD-Audio will be up to at least two hours for full surround sound audio and four hours for
stereo audio. Single-layer capacity will be about half these times.

As part of the general DVD spec, DVD-Audio is the audio application format of new DVD-
Audio/Video players. It includes:

B Pulse code modulation
High-resolution stereo (2-channel) audio
Multi-channel audio
Lossless data compression
Extra materials, which include still images, lyrics, etc.

Pulse Code Modulation (PCM)

Digitizing is a process that represents an analog audio signal as a stream of digital 1’s and 0’s. PCM
is the most common method of digitizing an analog signal. It samples an analog signal at regular
intervals and encodes the amplitude value of the signal in a digital word. The analog signal is then
represented by a stream of digital words.

According to digital sampling theory, samples must be taken at a rate at least twice as fast as the
frequency of the analog signal to be reproduced. We can hear sounds with frequencies from 20 Hz to
20,000 Hz (20 kHz), so sampling must be performed at least at 40,000 Hz (or 40,000 times per
second) to reproduce frequencies up to 20 kHz. CD format has a sampling frequency of 44.1 kHz,
which is slightly better than twice the highest frequency that we can hear. While this method is a
minimum requirement, it can be argued mathematically that twice is not fast enough. Hence, higher
sampling frequencies in PCM offer better accuracy in reproducing high-frequency audio information.
Compared to PCM, the CD format’s sampling frequency is barely adequate for reproducing the
higher frequencies in the range of human hearing.

Another critical parameter in PCM is word length. Each sample of the analog signal is character-
ized by its magnitude. The magnitude is represented by the voltage value in an analog signal and by
a data word in a digital signal. A data word is a series of bits, each having a value of 1 or 0. The
longer the data word, the wider the range (and the finer the gradations of range values) of analog
voltages that can be represented. Hence, longer word length enables a wider dynamic range of
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sounds and finer sound nuances to be recorded. The CD format has a word length of 16 bits, which is
enough to reproduce sounds with about 96 dB (decibels) in dynamic range.

While most people think that the 44.1-kHz sampling rate and the 16-bit word length of audio
CDs are adequate, audiophiles disagree. High fidelity music fans say that audio CD sounds “cold”
and exhibits occasional ringing at higher frequencies. That is why consumer electronics manufactur-
ers have designed the DVD-Audio format. Even the average listener using DVD-Audio format on a
properly calibrated, high-quality system can hear the differences and the improvement over CD format.

High-Resolution Stereo (2-Channel) Audio

DVD-Audio offers much higher resolution PCM. DVD-Audio supports sampling rates up to 192 kHz
(or more than four times the sampling rate of audio CD). It also supports up to a 24-bit word length.
The higher sampling rate means better reproduction of the higher frequencies. The 192-kHz sam-
pling rate is over nine times the highest frequency of the human hearing range. One can hear the
quality improvement on a high- quality, well-balanced music system. Though DVD-Audio supports
up to 192-kHz sampling, not all audio program material has to be recorded using the highest rate.
Other sampling rates supported are 44.1, 48, 88.2 , and 96 kHz.

With a word length up to 24 bits, a theoretical dynamic range of 144 dB can be achieved.
However, it is not possible to achieve such high dynamic ranges yet, even with the best components.
The limiting factor is the noise level inherent in the electronics. The best signal-to-noise ratio that
can be achieved in today’s state-of-the-art components is about 120 dB. Hence, a 24-bit word length
should be more than enough for the foreseeable future. Though DVD-A can support word lengths of
16 and 20 bits, high-resolution stereo usually uses a word length of 24 bits.

Multi-Channel Audio

Another characteristic of DVD-Audio format is its capability for multichannel discrete audio
reproduction. Up to six full-range, independent audio channels can be recorded. This allows us not
just to hear the music, but to experience the performance as if it were live in our living room. No
other stereo music programs can approach this feeling.

Usually, the sixth channel serves as the low frequency effects (LFE) channel to drive the
subwoofer. But it is also a full frequency channel. It can serve as a center surround channel (placed
behind the listener) or as an overhead channel (placed above the listener) for added dimensionality to
the soundstage. The application and placement of the six audio channels are limited only by the
imagination of the artist and the recording engineer.

Note that multichannel DVD-Audio does not always mean six channels or 5.1 channels. Some-
times it uses only four channels (left front, right front, left surround, and right surround), or three
channels (left front, center, right front). Multichannel DVD-Audio can use up to 192 kHz and up to a
24-bit word length to reproduce music. Practically speaking, it usually uses 96 kHz sampling due to
the capacity limitation of a DVD-Audio disc. (Six-channel audio uses three times the data capacity
of a two-channel stereo when both use the same sampling rate and word length.) DVD-Audio uses
data compression to accommodate the high-resolution stereo and/or multi-channel digital information.

Lossless Data Compression

There are two types of compression:
B Lossy — data is lost at the compression stage, such as MPEG-2, Dolby Digital, and DTS.
B Lossless — data is preserved bit-for-bit through the compression and decoding processes.
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To efficiently store massive quantities of digital audio information, the DVD Forum has ap-
proved the use of Meridian’s Lossless Packing (MLP) algorithm as part of the DVD-Audio format.
Hence, no digital information is lost in the encoding and decoding process, and the original digital
bitstream is re-created bit-for-bit from the decoder.

Extra Materials

The DVD-Audio format supports tables of contents, lyrics, liner notes, and still pictures. Addition-
ally, many DVD-Audio titles are actually a combination of DVD-Audio and DVD-Video—called
DVD-Audio/Video. Record labels can use the DVD-Video portion to include artist interviews, music
videos, and other bonus video programming. Similarly, DVD-Audio discs may actually include
DVD-ROM content that can be used interactively on a PC with a DVD-ROM drive.

Backward Compatibility with DVD-Video Players

A DVD-Audio player is required to hear a high-resolution stereo (2-channel) or a multichannel PCM
program on the DVD-Audio disc. The Video portion on an Audio/Video disc contains a multichannel
soundtrack using Dolby Digital and/or optionally DTS surround sound which can be played back by
existing DVD-Video players. The DVD-Video player looks for the DVD-Video portion of the disc
and plays the Dolby Digital or DTS soundtracks. Dolby Digital and DTS soundtracks use lossy
compression and do not feature high-resolution stereo and multichannel information. However,
consumers are pleased with how the music sounds in DVD-Video audio formats, particularly with
DTS.

DVD-Audio Market

The DVD-Audio market will grow quickly as manufacturers scramble to add features to keep their
DVD offerings at mid-range prices. By 2004, over 27 million DVD-Audio/Video players will ship.
Most manufacturers of mid-range players will offer DVD-Audio/Video players, not DVD Video-only
players. Very few DVD-Audio-only players will ship during this period since these products will be
popular only among audiophiles and in the automotive sound arena. To date, not many music titles
have been released to DVD-Audio since the format’s launch in the summer of 2000. Record labels
have just recently entered the DVD-Audio market with some releases.

Sales of DVD-Audio player shipments in 2003 for the home, portable, and automobile market
are expected to be 5.7 million units in the U.S. With competition from the SACD camp, consumers
will hesitate buying into the DVD-Audio format now. However, we might see universal players that
can play both DVD-Video and DVD-Audio discs. However, these should not be expected for some
time. Some affordable universal players promise the ability to play SACD, DVD-Audio, DVD-Video,
CD, CD-R, and CD-RW. These players will offer high-resolution stereo and multichannel music with
multiple formats.

Super Audio Compact Disc (SACD)
Super Audio CD is a new format that promises high-resolution audio in either two-channel stereo or
multi-channel audio. It represents an interesting and compelling alternative to the DVD-Audio
format. But unlike DVD-Audio, it does not use PCM. Instead, SACD technology is based on Digital
Stream Direct (DSD), whose proponents claim is far superior to PCM technology.

SACD is said to offer unsurpassed frequency response, sonic transparency, and more analog-like
sound reproduction. As much promise as SACD holds, the technology is still new and has not yet
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gained mainstream status. Very few stereo and multichannel titles are available in SACD. It is fully
compatible with the CD format and today’s CDs can be played in next-generation SACD players.
While DVD-Audio is positioned as a mass-market option, SACD is considered an audiophile format.
SACD technology was jointly developed by Sony and Philips to compete with DVD-Audio. The
format is the same size as CD and DVD media, but offers potential for higher sampling rates.

Using DSD, the bit stream of the SACD system is recorded directly to the disc, without convert-
ing to PCM. Unlike PCM, DSD technology uses a 1-bit sample at very high sampling rates (up to
2,822,400 samples per second), which is 64 times faster than the audio CD standard. Using noise
shaping, the final signal has a bandwidth of more than 100 kHz and a dynamic range of 120 dB.
Since this technique is much more efficient than PCM, it will allow for up to 6 independent, full
bandwidth channels with lossless packing. The implication is that DSD will be able to better repro-
duce the original analog audio signal.

The Disc

The SACD disc looks like an audio CD disc and resembles a DVD in physical characteristics and
data capacity. A single-layer SACD disc has a single, high-density layer for high-resolution stereo
and multi-channel DSD recording. A dual-layer SACD disc has two high-density layers for longer
play times for stereo or multi-channel DSD recordings. There is also a hybrid SACD disc that
features a CD layer and a high-density layer for stereo and multi-channel DSD recording. The
hybrid SACD looks like an ordinary audio CD to existing CD players and can be played in any CD
player. However, the CD player would only reproduce CD-quality stereo sound, not the high-
resolution, multichannel DSD tracks of the high-density layer.

Backward Compatibility

When present, the hybrid CD layer makes the SACD disc CD player-compatible. If you buy a hybrid
SACD title, you could play it in any CD player or in your PC’s CD-ROM drive. However, this cannot
be done for DVD-Audio albums. Conversely, SACD discs cannot contain video content as do DVD-
Audio/Video discs. Nevertheless, the SACD format is a strong contender for the new high-resolution
audio format.

Not all SACD titles or discs will be pressed with the hybrid CD layer option since they are
significantly more expensive to make. Those that feature the hybrid CD layer construction are clearly
marked as “Hybrid SACD” or “compatible with all CD players.” All SACD players can play regular
audio CDs so current CD collections will be SACD-compatible.

SACD Players

The first stereo-only Super Audio CD players made their debut in 1999. It was not until late 2000
that multichannel SACD discs and players appeared. Initially, SACD technology was marketed to
audiophiles since the prices of the first SACD players were quite high. Now, entry-level, multichan-
nel SACD players can be purchased for as low as $250.

A stereo-capable audio system is all that’s needed for stereo DSD playback. For multichannel
DSD playback, a multichannel-capable SACD player is required. In addition, a 5.1-channel receiver
or preamplifier with 5.1-channel analog audio inputs and an ‘analog direct’ mode is necessary. To
prevent signal degradation, the analog direct mode allows the analog audio signals to pass without
additional analog-to-digital (A/D) and digital-to-analog (D/A) conversions in the receiver or
preamplifier.
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In 2003, Super Audio CD player shipments for the home, portable and automobile markets are
expected to exceed 1 million units in the U.S.

Internet Audio Formats

An Internet audio player is a device or program that plays music compressed using an audio com-
pression algorithm. The best-known compression algorithm is MP3. Internet audio formats are
gaining popularity because they remove the middlemen and lead to higher revenues and market
share. Hence, major music labels are looking to leverage this format. Internet audio players are
available as Macintosh and PC applications and as dedicated hardware players including in-dash
automotive players.

The most popular player is the portable MP3 player, which resemble a Walkman™ or a pager.
Portable MP3 players store music files in flash memory. They typically come with 32 or 64 MB of
flash memory and can be expanded to 64 MB and beyond via flash card. For PC usage, music is
transferred to the player using a parallel or USB cable.

Analysts predict tremendous growth in the market for portable Internet audio players. They
expect online music sales to rise to $1.65 billion, or nearly 9% of the total market and over 10
million users by 2005. This compares to a mere $88 million in annual domestic sales of retail music,
or less than 1% of the total music market in 1999.

The Internet audio market is seeing increased support from consumer electronics vendors
because of the growing popularity of digital downloads. In spite of the growth forecasts, the follow-
ing issues will impact product definition and limit market growth rate:

B Music file format — While MP3 is the dominant downloading format, other formats are

emerging.

B Copyright protection — New formats were designed to provide copyright protection for the

music industry.

B Feature set supported by players —

Internet audio formats include MP3, Secure MP3, MPEG2 AAC, Liquid Audio, Windows Media
Player, a2b, EPAC, TwinVQ, MPEG-4, Qdesign Music Codec, and SDMI. The following sections
provide details on these formats.

MPEG-1
The Moving Pictures Experts Group (MPEG) was set up under the International Organization for
Standardization (ISO) to provide sound and video compression standards and the linkage between
them.

The audio part of MPEG-1 describes three layers of compression:

1. LayerI-1:4

2. LayerII -1:6to 1:8

3. Layer III - 1:10 to 1:12

These layers are hierarchically compatible. Layer III decoders can play all three layers, while
Layer II decoders can play Layer I and Layer II bitstreams. A Layer I decoder plays only Layer I
bitstreams. MPEG specifies the bitstream format and the decoder for each layer, but not the encoder.
This was done to give more freedom to the implementers and prevent participating companies from
having to reveal their business strategies. Nevertheless, the MPEG-group has submitted some C-
language source for explanation purposes.
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All three layers are built on the same perceptual noise-shaping standard and use the same
analysis filter bank. To ensure compatibility, all the compressed packets have the same structure—a
header explaining the compression followed by the sound signal. Hence, every sequence of audio
frames can be used separately since they provide all necessary information for decoding. Unfortu-
nately, this increases the file size. The ability to insert program-related information into the coded
packets is also described. With this feature, items such as multimedia applications can be linked in.

MP3 (MPEG-1 Layer lll Audio Coding)

The three layers of MPEG-1 have different applications depending on the bit rate and desired
compression ratio. The most popular has been Layer III, called MP3. The name MP3 was imple-
mented when making file extensions on the Windows platform. Since the typical extension consists
of three letters, “MPEG-1 Layer III” became “MP3”. Unfortunately, the name has resulted in
confusion since people tend to mix the different MPEG standards with the corresponding layers.
And, ironically, an MPEG-3 spec does not exist. Table 4.2 shows some of the different Layer III
parameters.

Table 4.2: Typical Performance Data of MPEG-1 Layer Il

Quality Bandwidth Mode Bit Rate Compression
Ratio
Telephone 2.5 KHz Mono 8 Kb/s 1:96
Short-wave 2.5 KHz Mono 16 Kb/s 1:48
AM radio 7.5 KHz Mono 32 Kb/s 1:24
FM radio 11 KHz Stereo 56-64 Kb/s 1:24-26
Near-CD 15 KHz Stereo 96 Kb/s 1:16
CD >15 KHz Stereo 112-128 Kb/s 1:12-14

Layer III enhancements over Layers I and II include:

B Nonuniform quantization

B Usage of a bit reservoir

B Hoffman entropy coding

B Noise allocation instead of bit allocation

These enhancements are powerful and require better encoders than do the other layers. But
today, even the cheapest computer easily manages to process such files. Each layer supports decod-
ing audio sampled at 48, 44.1, or 32 kHz. MPEG 2 extends this family of codes by adding support
for 24, 22.05, or 16 kHz sampling rates as well as additional channels for surround sound and
multilingual applications.

MP3 supports audio sampling rates ranging from 16 to 48 kHz and up to five main audio
channels. It is a variable-bit codec where users can determine the sampling rate for encoded audio.
Higher sampling rates mean better fidelity to the original audio, but result in less compression. The
better the quality, the larger the resulting files, and vice versa. For most listeners, MP3 files encoded
at reasonable rates (96 or 120 Kb/s) are indistinguishable from CDs.
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Secure MP3
Note that MP3 has no built-in security and no safeguards or security policies to govern its use.
However, secure MP3 is working to add security to the format. Some of the security approaches are:
B Packing the MP3 files in a secure container that must be opened with a key. The key can be
associated with a particular system or sent to the user separately. However, issues such as
key tracking and lack of consumer flexibility remain problematic.
B Using encryption technology combined with the encoded file. The key could be the drive
ID. Information held in the encryption code ensures copyright protection, establishment of
new business models, and the specific uses of songs.
Music label companies are not MP3 fans due to the free distribution of MP3 music files by
ventures such as Napster and Gnutella. Hence, secure MP3 may offer a solution for distributing
music over the Internet securely with revenue protection.

MPEG-2

MPEG-2 BC became an official standard in 1995. Carrying the tag BC (Backward-Compatible), it
was never intended to replace the schemes presented in MPEG-1. Rather, it was intended to supply
new features. It supports sampling frequencies from 16 kHz to 22.05 kHz and 24 kHz at bit rates
from 32 to 256 Kb/s for Layer I. For Layers II and III, it supports sampling frequencies from 8 to 160
Kb/s. For the coding process, it includes more tables to the MPEG-1 audio encoder.

MPEG-2 is also called MPEG-2 multichannel because it includes the addition of multichannel
sound. MPEG-1 only supports mono and stereo signals, and it was necessary to design support for 5.1
surround sound for coding movies. This includes five full bandwidth channels and one low frequent
enhancement (LFE) channel operating from 8 kHz to 100 kHz. For backward compatibility, it was
necessary to mix all six channels down to a stereo signal. Hence, the decoder can reproduce a full
stereo picture.

MPEG-2 AAC (Advanced Audio Coding)

Dolby Laboratories argued that MPEG-II surround sound was not adequate as a new consumer
format and that it was limited by the backward compatibility issues. So MPEG started designing a
new audio compression standard, originally thought to be MPEG-3. Since the video part of the new
standard could easily be implemented in MPEG-2, the audio part was named MPEG-2 AAC. Issued
in 1997, the standard features Advanced Audio Coding (AAC) which represents sound differently
than PCM does. Note that AAC was called NBC (Non-Backward-Compatible) because it is not
compatible with MPEG-1 audio formats.

AAC is a state-of-the-art audio compression technology. It is more efficient than MP3. Formal
listening tests have demonstrated its ability to provide slightly better audio quality. The essential
benefits of AAC are:

B A wider range of sampling rates (from 8 kHz to 96 kHz)

B Enhanced multichannel support (up to 48 channels)

B Better quality

B Three different complexity profiles

Instead of the filter bank used by previous standards, AAC uses Modified Discrete Cosine Transform
(MDCT). Leveraging Temporal Noise Shaping, this method shapes the distribution of quantization
noise in time by prediction in the frequency domain. Together with a window length of 2048 lines per
transformation, it yields compression that is approximately 30% more efficient than that of MPEG-2 BC.
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Since MPEG-2 AAC was never designed to be backward-compatible, it solved the MPEG-2 BC
limitation when processing surround sound. In addition, MPEG changed the highly criticized
transport syntax. It left the encoding process to decide whether to send a separate header with all
audio frames. Hence, AAC provides a much better compression ratio relative to former standards. It
is appropriate in situations where backward compatibility is not required or can be accomplished
with simulcast. Formal listening tests have shown that MPEG-2 AAC provides slightly better audio
quality at 320 Kb/s than MPEG-2 BC provides at 640 Kb/s. At this point, it is expected that MPEG-2
AAC will be the sound compression system of choice in the future.

With time, AAC will probably be the successor of MP3. AAC can deliver equivalent quality to
MP3 at 70% of the bit rate (70% of the size at a rate of 128 Kb/s). And it can deliver significantly
better audio at the same bit rate. Like MPEG-1 audio encoding standards, AAC supports three levels
of encoding complexity. Perhaps the best indication of its significance is its use as the core audio
encoding technology for AT&T’s a2b, Microsoft’s WMA, and Liquid Audio.

MPEG-4

MPEG-4 was developed by the same group that supported MPEG-1 and MPEG-2. It has better
compression capabilities than previous standards and it adds interactive support. With this standard
MPEG wants to provide a universal framework that integrates tools, profiles, and levels. It not only
integrates bitstream syntax and compression algorithms, but it also offers a framework for synthesis,
rendering, transport, and integration of audio and video.

The audio portion is based on MPEG-2 AAC standards. It includes Perceptual Noise Substitution
(PNS) which saves transmission bandwidth for noise-like signals. Instead of coding these signals, it
transmits the total noise-power together with a noise-flag. The noise is re-synthesized in the decoder
during the decoding process. It also provides scalability, which gives the encoder the ability to adjust
the bit rate according to the signal’s complexity.

Many developers are interested in synthesizing sound based on structured descriptions. MPEG-4
does not standardize a synthesis method; it standardizes only the description of the synthesis. Hence,
any known or unknown sound synthesis method can be described. Since a great deal of sounds and
music are already made through synthesis methods, the final audio conversion can be left for the end
computer by using MPEG-4.

Text-To-Speech Interfaces (TTSI) have existed since the advent of personal computers. MPEG-4
will standardize a decoder capable of producing intelligible synthetic speech at bit rates from 200 b/s
to 1.2 Kb/s. It will be possible to apply information such as pitch contour, phoneme duration,
language, dialect, age, gender and speech rate. MPEG-4 can also provide sound synchronization in
animations. For example, the animation of a person’s lips could easily be synchronized to his/her lips
so that they correspond regardless of the person’s language or rate of speech.

An MPEG-4 frame can be built up by separated elements. Hence, each visual element in a
picture and each individual instrument in an orchestral sound can be controlled individually. Imagine
you’re listening to a quintet playing Beethoven and you turn off one of the instruments and play that
part yourself. Or you choose which language each actor speaks in your favorite movie. This concept
of hypertextuality offers unlimited possibilities.
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MPEG-7

By 1996 the MPEG consortium found that people were finding it difficult to locate audiovisual
digital content on worldwide networks because the web lacked a logical description of media files.
The consortium remedied this problem with the Multimedia Content Description Interface, or
MPEG-7 for short. MPEG-7 describes media content. For example, if you hum lines of a melody into
a microphone connected to your computer, MPEG-7 will search the web and produce a list of
matching sound files. Or you can input musical instrument sounds and MPEG-7 will search for and
display sound files with similar characteristics. MPEG-7 can also be used with Automatic Speech
Recognition (ASR) for similar purposes. In this capacity, MPEG-7 provides the tools for accessing
all content defined within an MPEG-4 frame.

RealAudio G2
RealAudio 1.0 was introduced in 1995 to provide fast downloads with conventional modems. The
latest version is called RealAudio G2 and features up to 80% faster downloads than its predecessors.
It offers improved handling of data loss while streaming. The available bandwidth on the web may
vary and this can result in empty spaces in the sound being played. With RealAudio G2, data packets
are built up by parts of neighboring frames so they overlap each other. One package may contain
parts of several seconds of music. If some packets are lost, the possible gap will be filled in by an
interpolation scheme, similar to interlaced GIF-pictures. And even if packets are lost, the engine will
still produce a satisfactory result

RealAudio G2 is optimized for Internet speeds of 16 Kb/s to 32 Kb/s, with support for rates from
6 Kb/s to 96 Kb/s. This allows a wide range of bit rates as well as the ability to constantly change bit
rate while streaming. Due to its success, RealNetworks has expanded the scope offerings for sound
and video transfer as well as for multimedia platforms such as VRML and Flash. They are also
working on a light version of MPEG-7 to describe the content of the media being played. However,
RealNetworks products suffer from a lack of public source code and limitations in the free coding
tools. Consumers might reject it as too expensive. And even big companies would rather use tools
such as AAC or Microsoft Audio that are free and easily available

Microsoft—Audio v4.0 and Windows Media Player
Microsoft has been intimately involved with audio and has incorporated multimedia in its operating
systems since Windows 95. It provides basic support for CDs and WAV files and for the recently-
introduced MS Audio format. Windows Media Player, for example, is a proprietary multimedia
platform shipped with Windows that has a default front end for playing audio and video files.
Currently, Microsoft is aggressively developing new technologies for the secure download of music.
WMA (Windows Media Audio) recently developed a codec that is twice as effective as MP3. It
is a variable-rate technology with new compression technology that provides high quality in very
small files. It has licensed its codec to other software providers and has incorporated WMA on
server-side technology in Windows NT Server OS (royalty-free). Microsoft is also working on
support for other Microsoft products such as PocketPC OS for hand-held devices and set-top boxes.

Liquid Audio
The Liquid Audio Company was formed in 1996. It developed an end-to-end solution to provide
high-quality, secure music. It enables music to be encoded in a secure format, compressed to a
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reasonable file size, purchased online, downloaded, and played. It also included back-end solutions
to manage and track payments—a sort of clearinghouse for downloaded music.

The company worked with Dolby Labs to create a compression format that retains high fidelity
to the original. The compression format encodes music better than MP3 does, resulting in files that
average about 0.75 MB per minute while retaining very high quality. As part of the security technol-
ogy, content owners can encode business rules and other information into the songs. Options include
artwork and promotional information that appears on the player while the music plays. It can also
include lyrics or other song information, a time limit for playback, and even a URL for making a
purchase. One possible application is the presentation of a Web site to promote CDs. The site could
distribute a full song for download with a time limit for playback. While the song plays the Web site
name can be featured prominently to invite the listener to place an order for the full CD.

The Liquid Music Network includes over 200 partners and affiliates including Sony, Hewlett-
Packard, lomega, S3/Diamond Multimedia, Sanyo, Texas Instruments, and Toshiba. The network has
been hindered by its PC-only playback capabilities, but has recently gained support from silicon
vendors and consumer electronics companies.

azb

a2b format is a compression and security technology supported by AT&T. The web site promotes the
a2b codec with free players and available content. It has a limited installed base of players and little
momentum in the market, thus preventing a2b from becoming a widely supported format.

EPAC (Enhanced Perceptual Audio Codec)

EPAC is a codec developed by Lucent Technologies (Bell Labs). It compresses audio at a rate of
1:11. Tt is supported by Real Networks in its popular G2 player, but few content owners and distribu-
tors support it.

TwinVQ (Transform-domain Weighted Interleave Vector Quantization)

This compression technology, targeted at download applications, was originally developed by
Yamaha. It has been incorporated, along with AAC, into the MPEG-4 specification. The underlying
algorithms are significantly different from the algorithm used in MP3. It has attracted high industry
interest due to its quality and compression capabilities. The codec can compress audio at rates of
1:18 to 1:96 that implies a near CD-quality file size of about 0.55 MB per minute.

Qdesign Music Codec

Based in British Columbia, Qdesign developed a high-quality, streaming audio codec. It is distrib-
uted by Apple Computer as part of its QuickTime media architecture. It gives excellent quality at
dialup data rates.

SDmi

The Secure Digital Music Initiative (SDMI) is a forum of more than 180 companies and organiza-
tions representing information technology, music, consumer electronics, security technology, the
worldwide recording industry, and Internet service providers. SDMI’s charter is to develop open
technology specifications that protect the playing, storing, and distributing of digital music.
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In June of 1999 SDMI announced that they had reached a consensus on specifications for a new
portable music player. This spec would limit digital music consumers to two options:

B Users could transfer tracks from CDs they purchased onto their own players.

B Users could pay for and download music from the Internet from its legitimate publisher.

The proposed version 1.0 specification provides for a two-phase system. Phase I commences
with the adoption of the SDMI Specification. Phase II begins when a screening technology is
available to identify pirated songs from new music releases and refuses playback.

During Phase I SDMI-compliant portable devices may accept music in all current formats,
whether protected or unprotected. In early 2000 record companies started imprinting CD content
with a digital watermark that secured music against illegal copying. In Phase II, consumers wishing
to download new music releases that include new SDMI technology would be prompted to upgrade
their Phase I device to Phase II in order to play or copy that music. As an incentive to upgrade—with
music now secured against casual pirating—music companies may finally be ready to put their music
libraries on line.

The new proposal’s impact on MP3 is far less than it might have been. The Big 5—Sony Music
Entertainment, EMI Recorded Music, Universal Music Group, BMG Entertainment and Warner
Music Group—had initially advocated making SDMI-compliant players incompatible with MP3
files. However, they may agree to a security scheme that is backward-compatible with the MP3
format. If so, consumers will be able to copy songs from their CDs and download unprotected music,
just as they do now.

The open technology specifications released by SDMI will ultimately:

B Provide consumers with convenient access to music available online and in new, emerging

digital distribution systems.

B FEnable copyright protection for artists’ works.

B  Promote the development of new music-related business and technologies.

Components of MP3 Portable Players

Portable MP3 players are small and at present cost between $100-$300. They leverage a PC for
content storage, encoding, and downloading. MP3 home systems must support multiple output
formats and have robust storage capabilities. Automotive versions require broad operating environ-
ment support, specific industrial design specifications, and multiple format support including radio
and CD. Product differentiation trends include adding Bluetooth capability, user interface, video,
games, and day-timer features. Figure 4.1 shows a block diagram of a typical MP3 player.

The most expensive components in an MP3 player are the microprocessor/digital signal proces-
sor (DSP) and the flash memory card. The MP3 songs are downloaded into flash memory via the PC
parallel port, USB port, or Bluetooth. The user interface controls are interpreted by the main control
logic. The song data is manipulated to play, rewind, skip, or stop. The main control logic interfaces
directly to the MP3 decoder to transfer MP3 data from the flash memory to the MP3 decoder.
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Figure 4.1: MP3 Block Diagram

Flash Memory
Flash memory has enabled the digital revolution by providing for the transfer and storage data. Flash
memory cards have become the dominant media storage technology for mobile devices requiring
medium storage capacities. The largest application markets for flash cards are digital audio (MP3)
players, digital still cameras, digital camcorders, PDAs, and mobile cellular handsets. Flash memory
remains the de facto choice for MP3 storage.

The five most popular flash standards are:
CompactFlash
SmartMedia
Memory Stick
MultiMediaCard (MMC)
Secure Digital Card

Recently, shortages of flash cards and rising prices may have stunted the growth of the MP3
player market. Manufacturers are beginning to turn to hard disk drives and to Iomega’s Clik drives to
increase storage capacity.

Even with the increased availability of these alternatives, flash cards will continue to dominate
the market. The density of flash cards in MP3 players will rise steadily over the next few years. By
2004 most players shipped will contain 256 MB or 512 MB cards.

Internet Audio Players — Market Data and Trends
Sales of portable digital music players will drastically increase over the next few years. MP3 player
sales soared to $1.25 billion by the end of 2002. By 2004 the worldwide market for portable digital
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audio players (MP3 and other formats) will grow to more than 10 million units and to just under $2
billion in sales. This compares to a mere $125 million for MP3 player sales in 1999. The sales will
top more than 25 million units for digital music players (portable, home, automotive) by 2005.

With the arrival of portable MP3 players, the market for portable CD players has for the first
time started to see a decrease in unit sales in the U.S. The MP3 player market is concentrated in
North America with over 90% of worldwide shipments last year occurring in the United States and
Canada. Over the next few years MP3 player sales will climb with increasing worldwide Internet
access penetration levels.

Some market trends in the Internet audio player industry are:

There is tremendous consolidation at every level, thus increasing the market power for the
remaining large music labels. This consolidation occurs because corporations are seeking
economies of scale and profitability in a mature industry. This, in turn, prompts artists and
independent labels to search for new ways to promote and distribute music. Efficient
systems provide lower costs and higher profits for the labels. The new medium provides the
opportunity for promotion and exposure to artists.

Communication, entertainment, and information are transitioning from analog to digital.
The shift has been occurring in the music industry for decades via CD formats as consumers
expect greater fidelity, depth, and range in music. Also, digitization makes it easier to copy
without losing quality. PCs aid this transition by making digital files easy to store and
replicate.

The Internet has become a superb distribution channel for digital data. It is serving as a new
medium for music promotion and distribution.

Digital compression benefits the Internet audio player industry. Reducing music files to a
fraction of their size makes them easier to manage and distribute without sacrificing quality.
Nontraditional and experimental business models are being implemented. Knowledge of
consumer information reduces the distance between the fans and the artists. Focused
marketing allows closer relationships while increasing profits. Electronic distribution allows
per-play fees, limited-play samples, and subscription models.

Broadband (high-speed) access to the home will promote electronic music distribution over
the Internet.

The Internet audio market will probably not converge on a single standard any time soon. In
fact, it will probably get more fragmented as it grows. Each standard will be optimized for
different applications, bit rates, and business agendas of the media providers.

Users will want players that support multiple standards. An essential component of a player
is the range of music that it makes available. This trend has begun with recent announce-
ments of products that support multiple standards and have the ability to download support
for new standards. It will be important for audio players to support physical formats such as
CD, DVD-Audio, and SACD since consumers cannot afford three players for three formats.
Another emerging trend is support for metadata in music standards. Metadata is non-music
data included in the music files. It includes data such as track information and cover art. A
potential use for metadata is advertisements.

Copyright protection is the biggest issue hindering the growth of Internet music distribution.
MP3 files can be easily distributed across the Internet using web page downloads or email.
Since MP3 has no inherent copy protection, once it is made available on the web everyone
has access to it at no charge. The recording industry represented by the Recording Industry
Association of America (RIAA) sees the combination of MP3 and the Internet as a
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Pandora’s box that will result in widespread piracy of copyrighted material. The RIAA
believes the threat is significant enough that it took legal action to block the sale of the
Diamond Rio in late 1998. The fear of piracy has limited the availability of legitimate MP3
material and tracks from emerging and mainstream artists.

Several trends will spur growth of the portable digital music player market:

B More available hardware — Over the past 12 months more than 50 manufacturers an-
nounced new portable music players.

B Greater storage capacity — The density of flash cards, which are the most common storage
media for MP3 players, is steadily increasing. Most players now offer 64 MB of storage—
about one hour’s worth of music.

B More storage options — Cheaper alternatives to flash cards (hard disk drives, Iomega’s Clik
drives) are becoming available.

B More digital music files — Legal or not, Napster, Gnutella, and other file sharing sites have
increased awareness and availability of digital music.

Other Portable Audio Products

Sales of traditional cassette and CD headphone stereos, Internet audio headphone portables, and
boomboxes are expected to exceed $3.2 billion in 2003. Sales continue to grow because, at prices as
low as $29, headphone CD players have become viable gifts for teens and pre-teens. Sales also grew
because anti-shock technologies have reduced player mis-track, making them more practical when
walking, hiking or working out.

Another growth booster is the launch of the first headphone CD players capable of playing back
MP3-encoded CDs. In the boombox category, factory-level sales of CD-equipped models will
continue to grow at 4.6%. Cassette boomboxes will continue their downward spiral, dropping 34%.
Within the CD-boombox segment, sales of higher priced three-piece units (featuring detachable
speakers) will fall 25% as consumers opt increasingly for more powerful tabletop shelf systems
whose prices have grown increasingly affordable.

Convergence of MP3 Functionality in Other Digital Consumer Devices
MP3 technology will proliferate as manufacturers integrate it into other electronics devices. Several
manufacturers are combining MP3 functionality into consumer devices such as cellular phones,
digital jukeboxes, PDAs, wristwatches, automotive entertainment devices, digital cameras, and even
toasters. Convergence between CD and DVD players has already been popular for several years. This
convergence will move further to players that incorporate DVD-Video, CD, DVD-Audio, and SACD.
And next generation portable players will support multiple Internet audio formats.

PC-Based Audio

Though PC-based audio has existed for over 20 years, only during the past two years have personal
computers become widely used to play and record popular music at the mainstream level. Sound card
and computer speaker sales are strong. Many fans are abandoning their home stereos in favor of PCs
with high storage capacity because they are ideal for storing music for portable MP3 players.

The home audio convergence and the shift to the PC will continue as new home audio network-
ing products hit the market. These devices will call up any digital audio file stored on a home PC and
play it in any room of a house—through an existing home theater system or through a separate pair
of powered speakers. If the PC has a cable modem or DSL connection, the home networking prod-
ucts can even access Internet streamed audio.
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It is easy to store CDs on a computer hard drive. Software for CD “ripping” has been available
for several years. The process is as simple as placing a disc in a CD-ROM drive and pressing start.
Some titles even let users tap into online databases containing song information and cover art. After
the CDs are stored, users can use a remote control to access custom play-lists or single tracks. Add
the ability to retrieve Internet streamed audio - a radio broadcast or an overseas sporting event, for
example - and the benefits of convergence emerge.

Digital entertainment is migrating from the computer room to the living room. PCs of the future
will provide for the distribution of broadband signals to the homes through residential gateways -
cable or DSL connections. The technology will quickly move beyond audio to provide whole-house
digital video access to movies and shows that are stored on a PC or on the Internet.

“Thin” operating systems such as PocketPC are also appearing in home theater components.
While some fear domination by a single OS manufacturer, standardization will permit interaction
among different component brands. For example, with a touch of a remote button devices such as the
television, stereo and lighting systems will synchronize. And this will not even require custom
programming.

In the coming years, the PC as we know it will disappear. Instead of a multi-function box, the
home computer will become a powerful information server for everyday devices. Consumers must
prepare to experience a new dimension in home audio access, one that will dramatically change our
media consumption habits.

Internet Radio

The Internet also extended its reach to influence the design of home radios, turning AM/FM radios
into AM/FM/Internet radios. Internet radios are available that enable consumers to stream music
from thousands of websites without having to sit near an Internet-enabled PC. Today the selection of
Internet radios is expanded to include devices from mainstream audio suppliers and computer-
industry suppliers. Internet radios are showing up in tabletop music systems and in audio components
intended for a home’s audio-video system. Some connect to super fast broadband modems to achieve
live streaming with the highest possible sound quality.

Digital Audio Radio

The digital revolution has also come to radio. In 2001 Sirius Satellite Radio and XM Satellite Radio
delivered up to 100 channels of coast-to-coast broadcasting via satellite. The first terrestrial AM and
FM radio stations could soon begin commercial digital broadcasting if the Federal Communications
Commission authorizes digital conversion.

Online Music Distribution
Record companies have always been paranoid about piracy. This was rarely justified until the digital
age made high-fidelity copying a ubiquitous reality. First came the MP3 compression format. Then
came the Internet which made electronic content distribution worldwide viable. Next, portable
players appeared. Finally, sites such as Napster, AudioGalaxy, Gnutella, and LimeWire appeared as
venues for easy file sharing.

These technologies and services disrupted the long-established business model for the $50-
billion-a-year recording industry. The system was threatened and shareholders worried that stock
values would collapse. Companies replied by suing. Shortly after Diamond Multimedia Systems
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launched the Rio 300 MP3 player in the fall of 1998, the RIAA sued to have the device taken off the
market, alleging that it was an illegal digital recording device. The Rio 300 wasn’t the first MP3
player, but it was the first one marketed and sold heavily in the United States. The suit triggered a
media blitz that portrayed the RIAA as the bad guy. Ironically, the media displayed pictures of the
match-box-size Rio everywhere, bringing it to the attention of many who didn’t know about MP3
players.

The RIAA dropped its suit after a federal circuit court agreed with Diamond that Rio did not fit
the law’s definition of an illegal digital recording device. That news triggered another sales surge
with major consumer electronics companies such as Creative Technology, Thomson Multimedia, and
Samsung Electronics jumping on the bandwagon. MP3 file-sharing Web sites, including Napster,
became favorite stops for music lovers.

In late 1999 the RTAA sued Napster on copyright infringement, bringing more media attention
and spurring sales of even more portable players. A federal court ruling stopped Napster, but not
before three billion files were swapped illegally. Although MP3 player sales slowed a bit, other
websites picked up where Napster left off. During all the years that people were downloading free
MP3 files, only 2% of U.S. households ever paid for downloaded music. The record companies are
fearful of losing control over content. They are looking at SDMI and other secure schemes as a
possible solution for protecting the playing, storing, and distributing of digital music.

The copyright infringement lawsuits have been settled, with Napster and MP3.com being
purchased by separate labels. These types of deals and partnerships between consumer electronics
vendors, music labels, Internet portals, retailers, and online music players will enable legitimate
online music distribution channels. The key ingredients in a successful online music service will be
an easily negotiable interface with a broad array of content accessible from any device at a reason-
able price. It would be comprised of a paid service that approximates the convenience and ubiquity
of a Napster, but with better file quality and a broader range of services. Forecasts predict that the
number of music service provider users in the U.S. will exceed 10 million by 2005 and revenues will
exceed $1.6 billion.

Summary

By 1981 the vinyl LP was more than 30 years old and the phonograph was more than 100 years old.
It was obvious that the public was ready for a new, advanced format. Sony, Philips, and Polygram
collaborated on a new technology that offered unparalleled sound reproduction—the CD. Instead of
mechanical analog recording, the discs were digital. Music was encoded in binary onto a five-inch
disc covered with a protective clear plastic coating and read by a laser.

Unlike fragile vinyl records, the CD would not deteriorate with continued play, was less vulner-
able to scratching and handling damage, held twice as much music, and did not need to be flipped
over. It was an immediate sensation when it was introduced in 1982. By 1988 sales of CDs surpassed
vinyl as the home playback medium of choice. It passed the pre-recorded cassette in sales in 1996.
But the CD could only play back digital music. Now accustomed to the perfection of digital music
playback, consumers demanded the ability to record digitally as well. In 1986 Sony introduced
Digital Audio Tape (DAT), followed by MiniDisc in 1992. Philips countered that same year with
DCC (Digital Compact Cassette). None of these formats caught on simply because none of them
were CD. The recordable CD was unveiled in 1990, but the first consumer CD-R devices would not
be introduced until the mid-1990s.
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With the success of the DVD player and the definition of a DVD format audio specification,
DVD-Audio is one of the most popular of emerging formats. A similar audio format—Super Audio
CD—is also being introduced. The arrival of MP3 and similar formats has introduced several
exciting trends, one of which is the distribution of music over the Internet. Changes in the
multibillion dollar audio music market will spell success for some technologies and failure for
others. At the very least, we are guaranteed to see improved sound quality and more secure and easy
distribution of music in the coming years.
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Cellular/Mobile Phones

Introduction

The wireless industry includes electronics systems such as pagers, GPS, cordless telephones, note-
book PCs with wireless LAN functionality, and cellular phones. Cellular handset phones represent
the largest and most dynamic portion of the wireless communication market. No product has become
as dominant in unit shipments as the cellular phone. It has evolved from being a luxury for urgent
communications to a platform that provides voice, video, and data services. It’s now a necessity for
both business and personal environments.

Definition

The term cellular comes from a description of the network in which cellular or mobile phones
operate. The cellular communications system utilizes numerous low-power transmitters, all intercon-
nected to form a grid of “cells.” Each ground-based transmitter (base station) manages and controls
communications to and from cellular phones in its geographic area, or cell. If a cellular phone user is
traveling over a significant distance, the currently transmitting cell transfers the communications
signal to the next adjacent cell. Hence, a cellular phone user can roam freely and still enjoy uninter-
rupted communication. Since cellular communications rely on radio waves instead of on a fixed-
point wired connection, a cellular phone can be described as a radiophone. The dependence on radio
waves is the common denominator for wireless communications systems.

Wireless and cellular roots go back to the 1940s when commercial mobile telephony began. The
cellular communications network was first envisioned at Bell Laboratories in 1947. In the United
States cellular planning began in the mid-1940s, but trial service did not begin until 1978. It was not
until 1981 in Sweden that the first cellular services were offered. Full deployment in America did not
occur until 1984. Why the delay? The reasons are limited technology, Bell System ambivalence,
cautiousness, and governmental regulation. The vacuum tube and the transistor made possible the
early telephone network. But the wireless revolution began only after low-cost microprocessors,
miniature circuit boards, and digital switching became available. Thus, the cellular phone industry
can still be considered a “young” electronic system segment—much younger than the PC industry,
which began in the mid-1970s.

Landscape—Migration to Digital and 3G

History—The Wireless Beginning

Although CB (Citizens Band) radio and pagers provided some mobile communications solutions,
demand existed for a completely mobile telephone. Experiments with radio telephones began as far
back as the turn of the century, but most of these attempts required the transport of bulky radio
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transmitters or they required tapping into local overhead telephone wires with long poles. The first
practical mobile radio telephone service, MTS (Mobile Telephone Service), began in 1946 in St.
Louis. This system was more like a radio walkie-talkie - operators handled the calls and only one
person at a time could talk.

The idea of permanent “cells” was introduced in 1947, the same year radio telephone service
was initiated between Boston and New York by AT&T. Automatic dialing—making a call without the
use of an operator—began in 1948 in Indiana. But it would be another 16 years before the innovation
was adopted by the Bell system.

The Bell Labs system (part of AT&T then) moved slowly and with seeming lack of interest at
times toward wireless. AT&T products had to work reliably with the rest of their network and they
had to make economic sense. This was not possible for them with the few customers permitted by the
limited frequencies available at the time. The U.S. FCC was the biggest contributor to the delay,
stalling for decades on granting more frequency space. This delayed wireless technology in America
by perhaps 10 years. It also limited the number of mobile customers and prevented any new service
from developing. But in Europe, Scandinavia, Britain, and Japan where state-run telephone compa-
nies operated without competition and regulatory interference, cellular came more quickly. Japanese
manufacturers equipped some of the first car-mounted mobile telephone services, their technology
being equal to what America was producing.

During the next 15 years the introduction of the transistor and an increase in available frequen-
cies improved radio telephone service. By 1964 AT&T developed a second-generation cell phone
system. It improved Mobile Telephone Service to have more of the hallmarks of a standard tele-
phone, though it still allowed only a limited number of subscribers. In most metropolitan service
areas there was a long waiting list. The idea of a mobile phone was popularized by Secret Agent 86,
Maxwell Smart, who used a shoe phone on the TV spy spoof, “Get Smart.” In 1973 Motorola filed a
patent for a radio telephone system and built the first modern cell phone. But the technology would
not reach consumers until 1978.

First There Was Analog

The first cellular communications services (first generation, or 1G) were analog systems. Analog
systems are based on frequency modulation (FM) using bandwidths of 25 kHz to 30 kHz. They use a
constant phase variable frequency modulation technique to transmit analog signals.

Among the most popular of analog wireless technologies is AMPS (Advanced Mobile Phone
System), developed by Bell Labs in the 1970s. It operates in the 800-MHz band and uses a range of
frequencies between 824 MHz and 894 MHz for analog cell phones. To encourage competition and
keep prices low, the U. S. government required the presence of two carriers, known as carrier A and
B, in every market. One of the carriers was normally the local phone company. Carriers A and B are
each assigned 832 frequencies—790 for voice and 42 for data. A pair of frequencies, one for transmit
and one for receive, makes up one channel. The frequencies used are typically 30 kHz wide. 30 kHz
was chosen because it provides voice quality comparable to a wired telephone.

The transmit and receive frequencies of each voice channel are separated by 45 MHz to keep
them from cross-interference. Each carrier has 395 voice channels as well as 21 data channels for
housekeeping activities such as registration and paging. A version of AMPS known as Narrowband
AMPS (NAMPS) incorporates some digital technology, which allows the system to carry about three
times as many calls as the original version. Though it uses digital technology, it is still considered

55



Chapter 5

analog. AMPS and NAMPS operate in the 800-MHz band only and do not offer features such as e-
mail and Web browsing.

When AMPS service was first fully initiated in 1983, there were a half million subscribers across
the U.S. By the end of the decade there were two million cell phone subscribers. But demand far out-
stripped the supply of frequency bands and cell phone numbers.

First-generation analog networks are gradually being phased out. They are limited in that there
can only be one user at a time per channel and they can’t provide expanded digital functionality
(e.g., data services). Also, these systems could not contain all the potential wireless customers.
Companies began researching digital cellular systems in the 1970s to address these limitations. It
was not until 1991, however, that the first digital cellular phone networks (second generation, or 2G)
were established.

Along Comes Digital

Digital cell phones use analog radio technology, but they use it in a different way. Analog systems do
not fully utilize the signal between the phone and the cellular network because analog signals cannot
be compressed and manipulated as easily as digital. This is why many companies are switching to
digital—they can fit more channels within a given bandwidth.

Digital phones convert a voice into binary information (1s and Os) and compress it. With this
compression, between three and 10 digital cell phone calls occupy the space of a single analog call.
Digital cellular telephony uses constant frequency variable phase modulation techniques to transmit
its analog signals. With this technology digital cellular can handle up to six users at a time per
channel compared to one user at a time with analog. This is especially critical in densely populated
urban areas. Thus, digital technology helped cellular service providers put more cellular subscribers
on a given piece of transmission bandwidth. The cost to the service provider of supplying digital
cellular services to users can be as little as one-third the cost of providing analog services. Besides
reduced costs to the service provider, digital cellular technology also offers significant benefits to the
user. These benefits include encryption capability (for enhanced security), better voice quality, longer
battery life, and functionality such as paging, caller ID, e-mail, and FAX.

In the 1970s digital cellular research concentrated on narrow-band frequency division multiple
access (FDMA) technology. In the early 1980s the focus switched to time division multiple access
(TDMA) techniques. In 1987 narrow-band TDMA with 200 kHz channel spacing was adopted as the
technology of choice for the pan-European GSM digital cellular standard. In 1989 the U.S. and Japan
also adopted the narrow-band TDMA. More recently cellular networks are migrating to CDMA (code
division multiple access) technology.

The three common technologies used to transmit information are described in the following
section:

B Frequency division multiple access (FDMA) — Puts each call on a separate frequency.
FDMA separates the spectrum into distinct voice channels by splitting it into uniform
chunks of bandwidth. This is similar to radio broadcasting where each station sends its
signal at a different frequency within the available band. FDMA is used mainly for analog
transmission. While it is capable of carrying digital information, it is not considered to be an
efficient method for digital transmission.

B Time division multiple access (TDMA) — Assigns each call a certain portion of time on a
designated frequency. TDMA is used by the Electronics Industry Alliance and the Telecom-

56



Cellular/Mobile Phones

munications Industry Association for Interim Standard 54 (IS-54) and Interim Standard 136
(IS-136). Using TDMA, a narrow band that is 30 kHz wide and 6.7 milliseconds long is split
into three time slots. Narrow band means “channels” in the traditional sense. Each conversa-
tion gets the radio for one-third of the time. This is possible because voice data that has
been converted to digital information is compressed to take up significantly less transmis-
sion space. Hence, TDMA has three times the capacity of an analog system using the same
number of channels. TDMA systems operate in either the 800 MHz (IS-54) or the 1900
MHz (IS-136) frequency band. TDMA is also used as the access technology for Global
System for Mobile communications (GSM).

B Code division multiple access (CDMA) — Assigns a unique code to each call and spreads it
over the available frequencies. Multiple calls are overlaid on each other on the channel.
Data is sent in small pieces over a number of discrete frequencies available for use at any
time in the specified range. All users transmit in the same wide-band chunk of spectrum but
each phone’s data has a unique code. The code is used to recover the signal at the receiver.
Because CDMA systems must put an accurate time-stamp on each piece of a signal, they
reference the GPS system for this information. Between eight and ten separate calls can be
carried in the same channel space as one analog AMPS call. CDMA technology is the basis
for Interim Standard 95 (IS-95) and operates in both the 800 MHz and 1900 MHz frequency
bands. Ideally, TDMA and CDMA are transparent to each other. In practice, high-power
CDMA signals raise the noise floor for TDMA receivers and high-power TDMA signals can
cause overloading and jamming of CDMA receivers.

With 1G (analog) cellular networks nearing their end and 2G (digital) ramping up, there is much
discussion about third-generation (3G) cellular services. 3G is not expected to have a significant
impact on the cellular handset market before 2002-03. While 3G deployments are currently under-
way, 2.5G is being considered as the steppingstone for things to come. The evolution of the digital
network from 2G, to 2.5G, to 3G is described next.

2G

Second-generation digital systems can provide voice/data/fax transfer as well as other value-added
services. They are still evolving with ever-increasing data rates via new technologies such as
HSCSD and GPRS. 2G systems include GSM, US-TDMA (IS_136), cdmaOne (IS-95), and PDC.
US-TDMA/PDC have been structured atop existing 1G analog technology and are premised on
compatibility and parallel operation with analog networks. GSM/IS-95, however, are based on an
entirely new concept and are being increasingly adopted worldwide.

2.5G
2.5G technologies are those offering data rates higher than 14.4 Kb/s and less than 384 Kb/s. Though
these cellular data services may seem like a steppingstone to things to come, they may be with us
much longer than some cellular carriers want to believe.

2.5G technologies accommodate cellular nicely. First, they are packet-based as opposed to 2G
data services, which were generally connection based. This allows for always-on services. And since
no real connection needs to be established, latency in sending data is greatly reduced. Second, since
2.5G services don’t require new spectrum or 3G licenses, the carrier’s cost to deploy these services is
modest. This might make them cheaper for consumers. Third, enabling handsets for 2.5G services
are fairly inexpensive, typically adding less than $10 to the handset cost.
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3G

3G (third generation) mobile communications systems include technologies such as cdma2000,
UMTS, GPRS, WCDMA, and EDGE. The vision of a 3G cellular system was originally articulated
by the International Telecommunications Union (ITU) in 1985. 3G is a family of air-interface
standards for wireless access to the global telecommunications infrastructure. The standards are
capable of supporting a wide range of voice, data, and multimedia services over a variety of mobile
and fixed networks. 3G combines high-speed mobile access with enhanced Internet Protocol (IP)-
based services such as voice, text, and data. 3G will enable new ways to communicate, access
information, conduct business, and learn.

3G systems will integrate different service coverage zones including macrocell, microcell, and
picocell terrestrial cellular systems. In addition, they support cordless telephone systems, wireless
access systems, and satellite systems. These systems are intended to be a global platform and provide
the infrastructure necessary for the distribution of converged services. Examples are:

B Mobile or fixed communications
Voice or data
Telecommunications
Content
Computing

To enhance the project, the ITU has allocated global frequency ranges to facilitate global
roaming and has identified key air-interface standards for the 3G networks. It has also identified
principal objectives and attributes for 3G networks including:

B increasing network efficiency and capacity.

B anytime, anywhere connectivity.

B high data transmission rates: 44 Kb/s while driving, 384 Kb/s for pedestrians, and 2 Mb/s for

stationary wireless connections.

B interoperability with fixed line networks and integration of satellite and fixed-wireless

access services into the cellular network.

B worldwide seamless roaming across dissimilar networks.

B bandwidth on demand and the ability to support high-quality multimedia services.

B increased flexibility to accommodate multiple air-interface standards and frequency bands

and backward compatibility to 2G networks.

The ITU World Radio Conference (WRC) in 1992 identified 230 MHz on a global basis for IMT-
2000, including both satellite and terrestrial components. However, following unexpectedly rapid
growth in both the number of mobile subscribers and mobile services in the 1990s, the ITU is
considering the need for additional spectrum since WRC 2000. The currently identified frequency
bands are:

B 806 — 960 MHz

® 1,710 - 1,885 MHz,
® 1,885-2,025 MHz
= 2,110 -2,200 MHz
® 2,500 - 2,690 MHz

Of the five 3G air-interface standards approved by the ITU, only two—cdma2000 and Wideband
CDMA—have gained serious market acceptance.
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Digital technologies are organized into these categories:

2G — GSM, TDMA 1S-136, Digital-AMPS, CDMA, cdmaOne, PDC, PHS, and iDEN, PCS
2.5G — GSM, HSCSD (High Speed Circuit Switched Data), GPRS (General Packet Radio
Service), EDGE (Enhanced Data Rate for GSM Evolution), and cdma2000 1XRTT

3G - cdma2000 1XEV, W-CDMA, TDMA-EDGE, and cdma2000 3XRTT

Some of the key digital wireless technologies are:

CDMA - Code Division Multiple Access, known in the U.S. as Inc. and as 1S-95. The
Telecommunications Industry Association (TIA) adopted the CDMA standard in 1993.

It was developed by Qualcomm and characterized by high capacity and small cell
radius. It uses the same frequency bands and supports AMPS, employing spread-spectrum
technology and a special coding scheme.
cdmaOne — This is considered a 2G technology mobile wireless technology. It is used by
member companies of the CDMA Development Group to describe wireless systems comply-
ing with standards including the IS-95 CDMA air interface and the ANSI-41 network
standard for switch interconnection. CdmaOne describes a complete wireless system that
incorporates the ANSI-41 network standard for switch interconnection. The IS-95A protocol
employs a 1.25-MHz carrier, operates in radio-frequency bands at either 800 MHz or 1.9
GHz, and supports data speeds up to 14.4 Kb/s. IS-95B can support data speeds up to 115
Kb/s by bundling up to eight channels.
cdma2000 — 3G wireless standard that is an evolutionary outgrowth of cdmaOne. It provides
a migration path for current cellular and PCS operators and has been submitted to the ITU
for inclusion in IMT-2000. Cdma2000 offers operators who have deployed a 2G cdmaOne
system a seamless migration path to 3G features and services within existing spectrum
allocations for both cellular and PCS operators. Cdma2000 supports the 2G network aspect
of all existing operators regardless of technology (cdmaOne, IS-136 TDMA, or GSM). This
standard is also known by its ITU name IMT-CDMA Multi-Carrier (1X/3X). Cdma2000 has
been divided into 2 phases. First phase capabilities are defined in the 1X standard which
introduces 144 Kb/s packet data in a mobile environment and faster speeds in a fixed
environment. Cdma2000 phase two, known as 3X, incorporates the capabilities of 1X and:

° supports all channel sizes (5 MHz, 10 MHz, etc.).

e  provides circuit and packet data rates up to 2 Mb/s.

e  incorporates advance multimedia capabilities.

e includes a framework for advanced 3G voice services and vocoders (voice compression
algorithm codecs), including voice over packet and circuit data.

CDPD - Cellular Digital Packet Data. It refers to a technology that allows data packets to

be sent along idle channels of CDPD cellular voice networks at very high-speeds during

pauses in conversations. CDPD is similar to packet radio technology in that it moves data in

small packets that can be checked for errors and retransmitted.

CT-2 - A 2G digital cordless telephone standard that specifies 40 voice channels (40

carriers times one duplex bearer per carrier).

CT-3 - A 3G digital cordless telephone standard that is a precursor to DECT.

D-AMPS - Digital AMPS, or D-AMPS, is an upgrade to the analog AMPS. Designed to

address the problem of using existing channels more efficiently, D-AMPS (IS-54) employs

the same 30 KHz channel spacing and frequency bands (824 - 849 MHz and 869 - 894

MHz) as AMPS. By using TDMA, IS-54 increases the number of users from one to three per

channel (up to 10 with enhanced TDMA). An AMPS/D-AMPS infrastructure can support

analog AMPS or digital D-AMPS phones. Both operate in the 800 MHz band.
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DECT - Initially, this was Ericsson’s CT-3, but it grew into ETSI’s Digital European
Cordless Standard. It is intended to be a far more flexible standard than CT-2 in that it has
120 duplex voice channels (10 RF carriers times 12 duplex bearers per carrier). It also has a
better multimedia performance since 32 Kb/s bearers can be concatenated. Ericsson is
developing a dual GSM/DECT handset that will be piloted by Deutsche Telekom.

EDGE - Enhanced Data for GSM Evolution. EDGE is an evolution of the US-TDMA
systems and represents the final evolution of data communications within the GSM stan-
dard. EDGE uses a new enhanced modulation scheme to enable network capacity and data
throughput speeds of up to 384 Kb/s using existing GSM infrastructure.

FSK - Frequency Shift Keying. Many digital cellular systems rely on FSK to send data back
and forth over AMPS. FSK uses two frequencies, one for 1 and the other for 0. It alternates
rapidly between the two to send digital information between the cell tower and the phone.
Clever modulation and encoding schemes are required to convert the analog information to
digital, compress it, and convert it back again while maintaining an acceptable level of
voice quality.

GPRS - General Packet Radio Service. It is the first implementation of packet-switched
data primarily for GSM-based 2G networks. Rather than sending a continuous stream of
data over a permanent connection, packet switching utilizes the network only when there is
data to be sent. GPRS can send and receive data at speeds up to 115 Kb/s. GPRS network
elements consists of two main elements - SGSN (Service GPRS Support Node) and GGSN
(Gateway GPRS Support Node).

GSM - Global System for Mobile Communications. The first digital standard developed to
establish cellular compatibility throughout Europe. Uses narrow-band TDMA to support
eight simultaneous calls on the same radio frequency. It operates at 900, 1800, and 1900
MHz. GSM is a technology based on TDMA which is the predominant system in Europe,
but is also used worldwide. It operates in the 900 MHz and 1.8 GHz bands in Europe and
the 1.9 GHz PCS band in the U.S. It defines the entire cellular system, not just the air
interface (TDMA, CDMA, etc.). GSM provides a short messaging service (SMS) that
enables text messages up to 160 characters to be sent to and from a GSM phone. It also
supports data transfer at 9.6 Kb/s to packet networks, ISDN, and POTS users. GSM is a
circuit-switched system that divides each 200 KHz channel into eight 25 KHz time slots. It
has been the backbone of the success in mobile telecoms over the last decade and it contin-
ues to evolve to meet new demands. One of GSM’s great strengths is its international
roaming capability, giving a potential 500 million consumers a seamless service in about
160 countries. The imminent arrival of 3G services is challenging operators to provide
consumer access to high-speed, multimedia data services and seamless integration with the
Internet. For operators now offering 2G services, GSM provides a clear way to make the
most of this transition to 3G.

HSCSD - High Speed Circuit Switched Data. Introduced in 1999, HSCSD is the final
evolution of circuit-switched data within the GSM environment. It enables data transmission
over a GSM link at rates up to 57.6 Kb/s. This is achieved by concatenating consecutive
GSM timeslots, each of which is capable of supporting 14.4 Kb/s. Up to four GSM timeslots
are needed for the transmission of HSCSD.

IDEN - Integrated Digital Enhanced Network.

IMT-2000 — International Mobile Telecommunication 2000. This is an ITU (International
Telecommunications Union) standards initiative for 3G wireless telecommunications
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services. It is designed to provide wireless access to global telecommunication infrastructure
through satellite and terrestrial systems, serving fixed and mobile phone users via public and
private telephone networks. IMT-2000 offers speeds of 144 Kb/s to 2 Mb/s. It allows
operators to access methods and core networks to openly implement their technologies,
depending on regulatory, market and business requisites. IMT-2000 provides high-quality,
worldwide roaming capability on a small terminal. It also offers a facility for multimedia
applications (Internet browsing, e-commerce, e-mail, video conferencing, etc.) and access to
information stored on PC desktops.

IS-54 — TDMA-based technology used by the D-AMPS system at 800 MHz.

IS-95 — CDMA-based technology used at 800 MHz.

IS-136 — The wireless operating standard for TDMA over AMPS. It was previously known
as D-AMPS (Digital AMPS). It was also known as US TDMA/IS-136 which was the first
digital 2G system adopted in the U.S.

PCS - Personal Communications Service. The PCS is a digital mobile phone network very
similar to cellular phone service but with an emphasis on personal service and extended
mobility. This interconnect protocol network was implemented to allow cellular handset
access to the public switched telephone network (PSTN). While cellular was originally
created for use in cars, PCS was designed for greater user mobility. It has smaller cells and
therefore requires a larger number of antennas to cover a geographic area. The term “PCS”
is often used in place of “digital cellular,” but true PCS means that other services like
messaging (paging, fax, email), database access, call forwarding, caller ID, and call waiting
are bundled into the service.

In 1994 the FCC auctioned large blocks of spectra in the 1900-MHz band. This frequency
band is dedicated to offering PCS service access and is intended to be technology-neutral.
Technically, cellular systems in the U.S. operate in the 824-MHz to 894-MHz frequency
bands. PCS operates in the 1850-MHz to 1990-MHz bands. While it is based on TDMA,
PCS has 200-kHz channel spacing and eight time slots instead of the typical 30-kHz channel
spacing and three time slots found in digital cellular. PCS networks are already operating
throughout the U.S.

GSM 1900 is one of the technologies used in building PCS networks—also referred to
as PCS 1900, or DCS 1900. Such networks employ a range of technologies including GSM,
TDMA, and cdmaOne. Like digital cellular, there are several incompatible standards using
PCS technology. CDPD, GSM, CDMA, and TDMA cellular handsets can all access the PCS
network provided they are capable of operating in the 1900-MHz band. Single-band GSM
900 phones cannot be used on PCS networks.

PDC - Personal Digital Cellular. This is a TDMA-based Japanese digital cellular standard
operating in the 800-MHz and 1500-MHz bands. To avoid the lack of compatibility between
differing analog mobile phone types in Japan (i.e., the NTT type and the U.S.-developed
TACS type), digital mobile phones have been standardized under PDC. In the PDC standard,
primarily six-channel TDMA (Time Division Multiple Access) technology is applied. PDC,
however, is a standard unique to Japan and renders such phone units incompatible with
devices that adopt the more prevalent GSM standard. Nevertheless, digitalization under the
standard makes possible ever-smaller and lighter mobile phones which, in turn, has spurred
market expansion. As a result, over 93% of all mobile phones in Japan are now digital.

PHS - Personal Handy Phone System. Soon after PDC was developed, Japan developed
PHS. It is considered to be a low-tier TDMA technology.
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TDMA - Time Division Multiple Access was the first U.S. digital standard to be developed.
It was adopted by the TIA in 1992 and the first TDMA commercial system began operating
in 1993. It operates at 800 MHz and 1900 MHz and is used in current PDC mobile phones.
It breaks voice signals into sequential, defined lengths and places each length into an
information conduit at specific intervals. It reconstructs the lengths at the end of the conduit.
GSM and US-TDMA standards apply this technique. Compared to the FDMA (Frequency
Division Multiple Access) applied in earlier analog mobile phones, TDMA accommodates a
much larger number of users. It does so by more finely dividing a radio frequency into time
slots and allocating those slots to multiple calls. However, a shortage in available channels
is anticipated in the near future so a more efficient system adopting CDMA is currently
being developed under IMT-2000.

UMTS - Universal Mobile Telephone Standard. It is the next generation of global cellular
which should be in place by 2004. UMTS proposes data rates of < 2Mb/s using a combina-
tion of TDMA and W-CDMA. IT operates at about 2 GHz. UMTS is the European member
of the IMT-2000 family of 3G cellular mobile standards. The goal of UMTS is to enable
networks that offer true global roaming and can support a wide range of voice, data, and
multimedia services. Data rates offered by UMTS are 144 Kb/s for vehicles, 384 Kb/s for
pedestrians, and 2 Mb/s for stationary users.

W-CDMA - Wideband Code Division Multiple Access standard. Also known as UMTS, it
was submitted to the ITU for IMT-2000. W-CDMA includes an air interface that uses
CDMA but isn’t compatible for air and network interfaces with cdmaOne, cdma2000, or IS-
136. W-CDMA identifies the IMT-2000 CDMA Direct Spread (DS) standard. W-CDMA is a
3G mobile services platform based on modern, layered network-protocol structure, similar
to GSM protocol. It was designed for high-speed data services and for internet-based
packet-data offering up to 2 Mb/s in stationary or office environments. It also supports up to
384 Kb/s in wide area or mobile environments. It has been developed with no requirements
on backward compatibility with 2G technology. In the radio base station infrastructure-level,
W-CDMA makes efficient use of radio spectrum to provide considerably more capacity and
coverage than current air interfaces. As a radio interface for UMTS, it is characterized by
use of a wider band than CDMA. It also offers high transfer rate and increased system
capacity and communication quality by statistical multiplexing. W-CDMA efficiently uses
the radio spectrum to provide a maximum data rate of 2 Mb/s.

WLL - Wireless Local Loop. It is usually found in remote areas where fixed-line usage is
impossible. Modern WLL systems use CDMA technology.

WP-CDMA - Wideband Packet CDMA is a technical proposal from Golden Bridge
Technology that combines WCDMA and cdma2000 into one standard.

UWC-136 — UWC-136 represents an evolutionary path for both the old analog Advanced
Mobile Phone System (AMPS) and the 2G TIA/EIA-136 technologies. Both were designed
specifically for compatibility with AMPS. UWC-136 radio transmission technology pro-
poses a low cost, incremental, evolutionary deployment path for both AMPS and TIA/EIA
operators. This technology is tolerant of its frequency band of 500 MHz to 2.5 GHz.

Standards and Consortia

Success of a standard is based on industry-wide support of that standard. Open standards are also key
for a vital communications industry. Some of the key standards bodies promoting next-generation
cellular technologies are discussed next.
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3GPP

The Third Generation Partnership Project (3GPP) is a global collaboration agreement that brings
together several telecommunications standards bodies known as “organizational partners.” The
current organizational partners are ARIB, CWTS, ETSI, T1, TTA, and TTC.

Originally, 3GPP was to produce technical specs and reports for a globally applicable 3G mobile
system. This system would be based on evolved GSM core networks and radio access technologies
supported by the partners. In this case, Universal Terrestrial Radio Access (UTRA) for both Fre-
quency Division Duplex (FDD) and Time Division Duplex (TDD) modes. The scope was
subsequently amended to include the maintenance and development of the GSM technical specifica-
tions and reports including evolved radio access technologies such as GPRS and EDGE.

3GPP2
The Third Generation Partnership Project 2 (3GPP2) is a 3G telecommunications standards-setting
project comprised of North American and Asian interests. It is developing global specifications for
ANSI/TIA/EIA-41.

3GPP2 was born out of the International Telecommunication Union’s IMT-2000 initiative which
covered high speed, broadband, and Internet Protocol (IP)-based mobile systems. These systems
featured network-to-network interconnection, feature/service transparency, global roaming, and
seamless services independent of location. IMT-2000 is intended to bring high-quality mobile
multimedia telecommunications to a worldwide market by:

B increasing the speed and ease of wireless communications.

B responding to problems caused by increased demand to pass data via telecommunications.

B providing “anytime, anywhere” services.

The UMTS Forum
The UMTS Forum is the only body uniquely committed to the successful introduction and develop-
ment of UMTS/IMT-2000 3G mobile communications systems. It is a cross-industry organization
that has more than 260 member organizations drawn from mobile operator, supplier, regulatory,
consultant, IT, and media/content communities worldwide.
Some UMTS objectives are:
B Promote global success for UMTS/3G services delivered on all 3G system technologies
recognized by the ITU.
B Forge dialogue between operators and other market players to ensure commercial success
for all.
B Present market knowledge to aid the rapid development of new service.

Geography-Dependent Standards Bodies
Standards bodies govern the technical and marketing specifications of cellular and telecommunica-
tion interests. The European Telecommunications Standards Institute (ETSI) is defining a standard
for 3G called the UMTS. The Japan Association of Radio Industries and Business (ARIB) primarily
focuses on WCDMA for IMT-2000. In Canada, the primary standards development organization is
the Telecommunications Standards Advisory Council of Canada (TSACC).

The American National Standards Institute (ANSI) is a U.S. repository for standards considered to
be semi-permanent. The United States Telecommunications Industry Association (TTIA) and T1 have
presented several technology proposals on WCDMA, TDMA UWC-136 (based upon D-AMPS IS-136),
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and cdma2000 (based upon IS-95). ANSI accredits both TIA and T1. The primary standards working
groups are TR45 (Mobile and Personal Communications 900 and 1800 Standards) and TR46 (Mobile
and Personal Communications 1800 only standards).

Standards development organizations in Asia include the Korean Telecommunications Technol-
ogy Association (TTA) and the China Wireless Telecommunications Standards Group (CWTS).

Market Data

The Yankee Group predicted that global handset unit sales would exceed 498.5 million in 2003,
542.8 million in 2004, and 596 million in 2005. New network technologies will drive the introduc-
tion of new services and applications that will create demand among consumers for the latest cell
phone models. The introduction of new network features will drive sales for devices and personalized
applications, and new data services will drive increased demand.

Other analysts predict 1.4 billion subscribers by the end of 2004, and 1.8 billion by the end of
2006. This compares to the estimate of 60 million cellular subscribers in 1996.

Some of the developing countries are seeing faster growth in the wireless subscriber base than
developed countries. This is because the digital cellular access provides better quality and cheaper
service compared to landline phones.

Today the market is dominated by 2G technologies such as GSM, TDMA IS-136, cdmaOne, and
PDC. This is changing to a market that will be dominated by 2.5G and 3G technologies. It is be-
lieved that by 2006, 56% of subscribers—nearly 1 billion—will be using 2.5G or 3G technologies.
GPRS terminals are forecast to be the largest 2.5G market—nearly 625 million terminals will be
shipped by 2004. For the same year cellular terminals based on 3G will ship nearly 38 million
terminals.

Market Trends

Cell phones provide an incredible array of functions and new ones are being added at a breakneck
pace. You can store contact information, make task lists, schedule appointments, exchange e-mail,
access the Internet, and play games. You can also integrate other devices such as PDAs, MP3 players,
and GPS receivers. Cell phone technology will evolve to include some of the trends discussed next.

Smart Phones—Converging Cellular Phones, Pagers and PDAs

A smart phone combines the functions of a cellular phone, pager, and PDA into a single, compact,
lightweight device—a wireless phone with text and Internet capabilities. It can handle wireless
phone calls, hold addresses, and take voice mail. It can also access the Internet and send and receive
e-mail, page, and fax transmissions. Using a small screen located on the device, users can access
information services, task lists, phone numbers, or schedules.

The smart phone market is growing at a phenomenal rate. As the mobile workforce evolves, a
premium is being placed on mobility and “anytime, anywhere” data access. In 2002, analysts
predicted nearly 400 million cell phone subscribers worldwide. Since that time, smart phone produc-
tion rose 88% to meet increased demand.

Although smart phones have been around since 1996, they are just coming of age. As wireless
technology takes off, manufacturers have begun vying for a slice of the smart phone pie. Telecom
majors Nokia, Qualcomm, and Motorola were among the earliest contenders offering Web-enabled
phones. Now, new companies are dedicating themselves wholly to the production of smart phones.
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Smart phone technology has also led to a spate of joint ventures. The latest is a merger between
software giant Microsoft and telecomm company LM Ericsson. The alliance calls for joint develop-
ment of mobile phones and terminals equipped with Microsoft’s Mobile Explorer micro-browser and
mobile e-mail for network operators. Microsoft will also develop a more sophisticated Mobile
Explorer for smart phones based on an optimized version of Windows PocketPC.

So far, the primary obstacle to wide adoption of smart phones has been a lack of content de-
signed for their tiny screens. There is also a lack of support for color or graphics. However, over the
past year several content providers (AOL-Time Warner, Reuters, etc.) and Internet portals have
announced efforts to close the gap. Early last year, CNN and Reuters both announced content
delivery plans aimed at smart phones. Soon web sites with location- and topic-specific information
will be available from any WAP (Wireless Application Protocol)-enabled smart phone. The sites will
deliver proximity-based listings of real-world stores. This will provide smart phone users with
relevant, local merchant information such as store hours, specials, and parking information.

Conflicting wireless standards have so far limited the growth of the smart phone segment in the
U.S. Many vendors still employ analog cellular technology which does not work with smart phones.
Although vendors are trying to move to digital technology, they are unable to reach a consensus on
which specific technology to use. In Europe and Asia, GSM is the digital cellular technology of
choice. However, in the U.S. GSM is just one of several technologies vying for acceptance. Until
standardization is achieved, smart phones may be slow to catch on.

Video or Media Phones
Following e-mail, fax-mail, and voice-mail, video-mail is seen as the evolutionary step for cellular
terminals. Sending and receiving short text messages is currently one of the fastest growing uses for
mobile phones. Within the next few years it will also be used to send video messages as 3G mobile
phones become available

First generation videophones are just coming to the market. These PDA-cell phone convergence
devices incorporate a small camera in the terminal that can record short visual images to be sent to
other compliant wireless devices. Handsets in the future will include voice, video, and data commu-
nications. They will have full-PDA capabilities including Internet browsing, e-mail, and handwriting
recognition.

Imaging Phones

The imaging phone can carry strong emotional attachment because it allows the sharing of experi-
ences through communication. It facilitates person-to-person or person-to-group multimedia
communication based on self-created content. It includes excellent messaging and imaging, an easy-
to-use interface, and a compact and attractive design. It is fun and can be personalized for individual
use.

Bluetooth-Enabled Cell Phones

Bluetooth is a personal area networking standard that is inexpensive and power-friendly. It offers
short-range radio transmission for voice and data. It uses frequency-hopping technology on the free,
2.4 GHz industrial, scientific, and medical (ISM) band. It was developed to allow a user to walk into
a room and have a seamless, automatic connection with all other devices in that room. These devices
could include cellular phones, printers, cameras, audio-visual equipment, and mobile PCs. Bluetooth
enables mobile users to easily connect a wide range of computing and telecommunications devices
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without the need for cables. Also, it connects without concern for vendor interoperability. Other
Bluetooth applications include synchronization, email, Internet and Intranet access, wireless head-
sets, and automobile kits for hands-free communication while driving. Bluetooth radios, which
theoretically are placed inside every connected device, are about the size of a quarter and can
transfer data at 728 Kb/s through walls and around corners. The Bluetooth standard was established
by the Bluetooth special interest group (SIG) in July 1999 by founding companies Intel, IBM,
Toshiba, Ericsson, and Nokia. Today it is supported by over 2000 companies.

Cellular terminals represent the biggest single opportunity for Bluetooth in its development.
Initial development of Bluetooth technology allows for a transmission range of only 10 m. But its
next stage of development will allow transmission over a distance up to 100 m. The penetration of
Bluetooth into cellular terminals is forecast to rise from (1% in 2000) to 85% by 2005. This corre-
sponds to an increase in shipments of Bluetooth-enabled cellular terminals from 4 million in 2000 to
over 900 million in 2005.

Mobile phones represent the single largest application for Bluetooth technology. They allow
Bluetooth-enabled headsets and handsets to communicate without the need for wires. This will
enable drivers to safely use their phones while driving, for example. And from a health perspective,
the phones will be located away from the brain, a subject which has generated much discussion over
the last few years.

Mobile workers are a key target market for all Bluetooth products. Bluetooth will enable mobile
workers to link their PDAs and portable computers to the Internet and to access their mobile termi-
nals without the need for a cable link. However, mobile workers today represent only a small portion
of the total cellular subscriber base. Although mobile workers may drive early sales of Bluetooth
cellular phones, this application alone will not drive massive Bluetooth cellular terminal application
volumes. For high volumes to be achieved, users must switch to communication with headsets or by
a number of the other applications.

Cordless terminals could be replaced by data-function terminals that can link to cellular net-
works. They could interface with an access point in the home to route calls via the PSTN network.
Bluetooth could also link smart phones into the PSTN via conveniently located public access points
for accessing email and other Internet services. Use of Bluetooth local radio standard and infrared
links will allow mobile phones to communicate with shop terminals. This could lead to a revolution
in shopping, going far beyond the replacement of credit cards.

Wireless LANs—Friend or Foe
Wireless LANs (WLANSs) provide high-bandwidth, wireless connectivity for a corporate network.
They seamlessly provide a connection to the Internet and the ability to access data anywhere,
anytime for the business user. Wireless LANs combine data connectivity with user mobility to
provide a good connectivity alternative to business customers. WLANSs enjoy strong popularity in
vertical markets such as healthcare, retail, manufacturing, and warehousing. These businesses enjoy
productivity gains by using handheld terminals and notebook PCs to transmit information to central-
ized hosts for processing. With their growing popularity, cellular phone manufacturers and operators
wonder if WLANSs will eat into the profit potential of flashier 3G mobile carriers.

The growing ubiquity of WLANSs will likely cause wireless carriers to lose nearly a third of 3G
revenue as more corporate users begin using WLANs. The growth of public WLAN “hotspots” in
airports, hotels, libraries, and coffee shops will increase WLAN revenue to over $6 billion by 2005
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with over 15 million users. This compares to over $1 million earned by WLANs in 2000. Over 20
million notebook PCs and PDAs are shipped every year, showing the potential for WLAN networks.
They pose a real threat to cellular carriers. Fueling the increased interest in WLANS is the growing
availability of fast Internet access and the increasingly common use of wireless networks in homes
and office. In comparison to the rise of WLANSs, the handheld market is in a free-fall and mobile
carriers are stumbling. In addition, the slow introduction of intermediate 2.5G mobile technology is
aiding a 10% decline in cell phone sales.

WLANS are an attractive alternative to mobile 3G because of their convenient installation and
ease of use. And they enable consumers to use the larger screens on their notebook PCs for better
viewing. In contrast to the reported $650 billion spent worldwide by carriers to get ready for 3G,
setting up a WLAN hotspot requires very little. An inexpensive base station, a broadband connection,
and an interface card using the WLAN networking standard are all that’s needed. And WLAN cards
are readily available for laptops, PDAs, and smart phones. However, the two technologies use
different radio frequencies and are targeting different markets. Where 3G is mostly phone-based and
handles both voice and data, WLAN is purely data-driven.

While carriers have invested heavily in 3G, they are more financially sound. WLANs do not have
the capital to compete with Cingular, Sprint, NTT DoCoMo, British Telecom, or AT&T. Examples
such as the failure of WLAN provider MobileStar (VoiceStream recently purchased MobileStar) do
not bode well for the technology. It is unlikely that WLANSs will expand outdoors beyond a limited
area, such as a corporate campus. WLANSs are a potentially disruptive technology. While network
equipment providers will see a huge demand of WLAN products, WLAN network operators must
determine ways to charge subscribers.

WLANS still face technical and regulatory issues. For instance, there are already potential
interference issues between IEEE 802.11b and Bluetooth. These issues will only worsen as the
technologies become more widely deployed. Also, WLAN security needs improvement. The Wired
Equivalency Privacy (WEP) standard is the encryption scheme behind 802.11 technology. However,
WEP encryption must be installed manually and has been broken. Hence, next-generation WLAN
specifications are implementing higher security standards. While carriers will survive WLAN
competition, the cost of recent auctions of 3G airwaves may lead to WLAN encroachment on
potential profit from 3G services.

Rather than being viewed as a threat, WLAN could help introduce consumers to the wireless
world. Today’s WLANS are about five times faster and more accurate than 3G will be. It is unlikely
that a 3G network could ever be cost-effectively upgraded to speeds on par with WLANS. To serve
demanding applications, 3G wireless network operators need public wireless LANs. 3G operators
and public WLAN operators must start working together to ensure their mutual success. This
cooperation will enable public WLANS to obtain sufficient coverage to be truly useful. Wireless
operators need the WLANS to offload heavy indoor traffic. Like wireless operators, WLAN operators
need subscription control, roaming agreements, and centralized network management. There are
significant e-commerce opportunities for WLAN operators, most notably location-dependant,
targeted promotions. Public WLANSs could serve as a distribution point for multimedia. In the future,
the market will see an introduction of products that switch between 3G and WLAN technologies to
provide seamless coverage.
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From a cost benefit viewpoint the use of the combined technologies could gain traction. But
from the technology and market perspective the implementation of such convergence seems unlikely.
To begin with, 3G offers wide area mobility and coverage. Each base station typically covers a 5-10
mile radius and a single wide area cell is typically equivalent to 10,000 WLAN cells. In contrast,
WLAN offers mobility and coverage across shorter distances—typically less then 150 feet. The two
technologies address different market needs and are more likely to share the nest than to compete for
it. While WLANSs offer many benefits at a local level, they will never match the benefits of wireless
access to the Internet since they were never intended to. There is also the question of air interfaces—
while Bluetooth and some WLAN technologies share the 2.4 GHz and 5 GHz frequency bands, 3G
does not. The question of access arises. Unless wireless manufacturers develop devices that unite 3G
and WLAN and combine their air interfaces, convergence will never happen.

Whatever the result, WLANs have a bright future. They offer a range of productivity, conve-
nience, and cost advantages over traditional wired networks. Key players in areas such as finance,
education, healthcare, and retail are already benefiting from these advantages. With the corporate
success of IEEE 802.11b or WiFi, the WLAN market is slowly advancing. WiFi operates at 2.4 GHz
and offers as much as 11 Mb/s data speed. With the arrival of next-generation 5 GHz technologies
such as HiperLAN2 and IEEE 802.11a, faster (up to 54 Mb/s) and better service will be addressed.
Consumers, corporate travelers, and vertical market employees will see a better alternative in
services at home and in public areas. WLANSs have the capability to offer a true mobile broadband
experience for Internet access, entertainment, and voice. Mobile operators may not be able to offer
this for a while. 3G mobile phone operators will need public WLANSs to offload heavy indoor traffic
from their lower speed, wide area networks. Though WLANs may pose a threat to 3G revenue, 3G is
still some years away and WLANSs are already available. The longer the delay in 3G introduction, the
greater will be the usage of WLANS.

A comparison of wireless technologies such as Bluetooth, WLANSs, and cellular reveals room for
each standard. Bluetooth provides a low-cost, low-power, wireless cable replacement technology.
WLANS provide a good solution for bandwidth-intensive distribution of data and video. However,
WLANS will require too many base stations or access points to provide similar coverage as cellular.
Cellular technologies will focus on broad geographical coverage with moderate transfer rates for
voice and data services. Personal, local, and wide area networks are well covered by the three
technologies.

Touch Screen and Voice Recognition as Dominant User Interfaces

The alphanumeric keypad has been the most dominant user interface. With the emergence of the
wireless Internet and the issue of cellular handset size, manufacturers must provide a way to incorpo-
rate maximum screen display with minimal terminal size.

It is predicted that voice recognition will become the dominant user interface in the future. In the
interim a touch screen is projected to co-exist with voice to provide functions that are not currently
possible with voice recognition alone. Touch screen has been widely available for a few years, but
has only recently been used on mobile phones. With the right software interface it allows a novice to
easily interact with a system.

A number of products are coming to market that have a touch screen display and a voice recog-
nition address book. This will allow cellular handset manufacturers to eliminate alphanumeric
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keypads. Inputs to the handset will be via touch screen, voice recognition, or a combination of both.
This will maximize the screen area for data applications and optimize the handset size.

Once reserved for specialized applications, voice input technology is now being developed for
the mobile and commercial markets. Voice activation is projected to become standard in the next
generation of terminals. As phones shrink in size their keyboarding capabilities are becoming too
limited for useful web surfing. Voice recognition solves this problem.

Dual Band vs. Dual Mode
Travelers will probably want to look for phones that offer dual band, dual mode, or both

B Dual band — A dual band phone can switch frequencies. It can operate in both the 800 MHz
and 1900 MHz bands. For example, a dual band TDMA phone could use TDMA services in
either an 800-MHz or a 1900-MHz system.

B Dual mode — “Mode” refers to the type of transmission technology used. A phone that
supported AMPS and TDMA could switch back and forth as needed. One of the modes must
be AMPS to give you analog service where digital support is unavailable.

®  Dual band/Dual mode — This allows you to switch between frequency bands and transmis-
sion modes as needed.

Changing bands or modes is done automatically by phones that support these options. Usually
the phone will have a default option set, such as 1900 MHz TDMA. It will try to connect at that
frequency with that technology first. If it supports dual bands, it will switch to 800 MHz if it cannot
connect at 1900 MHz. If the phone supports more than one mode, it will try the digital mode(s) first,
and then switch to analog.

Some tri-mode phones are available; however, the term can be deceptive. It may mean that the
phone supports two digital technologies such as CDMA and TDMA, as well as analog. It can also
mean that it supports one digital technology in two bands and also offers analog support. A popular
version of the tri-mode phone has GSM service in the 900-MHz band for Europe and Asia, and the
1900-MHz band for the United States. It also has analog service.

Multi-mode/band

A multi-mode terminal is a cellular phone that operates with different air interfaces. It offers wider
roaming capabilities and it can use different networks under different conditions for different
applications.

There is no single cellular standard available in every country worldwide, and certain standards
are only used in a small number of countries. When travelling to foreign countries, cellular subscrib-
ers often find that there are no cellular networks on which their terminals work. For example, a
cdmaOne user from the U.S. could not use a cdmaOne terminal on any networks within the European
Union. In the EU there are no cdmaOne networks. Similarly, a Japanese user could not use a PDC
terminal except in Japan because there are no PDC networks outside Japan. In many countries such
as China, the U.S., and Russia, individual digital cellular networks do not provide nationwide
coverage. However, combinations of networks using different standards do give nationwide cellular
coverage. Terminals that can operate under a number of different standards have to be used to
address this problem.

The next generation of networks will reveal the availability of services and features in specific
areas. Multi-mode terminals will allow adoption of higher data rates where they can be accessed.
When operators begin to upgrade their networks for faster data rates and increased services, this may
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not be done across the operators’ whole service area. The initial investment to do so would be too
high. Operators will probably offer the new network technologies in areas of high cellular subscriber
penetration first. This will enable them to offer the advanced services to as wide a customer base as
possible with the smallest investment. This is expected to occur with the change from 2G to 2.5G and
from 2.5G to 3G services.

The ability to offer connection to different networks under different conditions for different
applications is the driving force for multi-mode terminals. It will allow users from one network (e.g.,
2@G) to have higher data rates, extra features, and more services in another network (e.g., 3G).

Multi-mode combinations already exist in the mass market. CdmaOne/AMPS and TDMA/AMPS
combinations are present in the U.S. and PDC/GSM combinations are present in Japan. The European
market has not seen many multi-mode terminals because of the omnipresence of GSM between
European nations. With the launch of 2.5G and 3G networks, future dual mode phone markets are
projected to consist of 2G/2.5G, 2G/3G, and 2.5G/3G technologies.

Positioning Technologies

Mobile Internet location-based services are key to unlocking the potential of non-voice services.
Without location, web services are more suited to the PC than a mobile phone. Location awareness
and accurate positioning are expected to open up a vast new market in mobile data services. It it has
been demonstrated with GPS that future localization of information with up to four meters of
accuracy will be possible with handsets. Positioning systems will enable m-commerce and mobile
Internet. It will also enable the location of 911 calls from a mobile phone. At the same time, it is
unclear how to define a coherent strategy for adding location to consumer and business services.
Positioning technologies are not new, but they have not been quickly accepted by the cellular
industry. This has been due mainly to limitations with infrastructure technology or the cost of
deployment. Also, there has not been high public demand for such technologies considering the high
price for terminals that adopt such technology.

Wireless Data

Wireless data capability is slowly being added to mobile appliances. But the wireless networks to
which the devices are connecting and the speeds at which those connections are made will determine
what services may be offered.

Today’s wireless networks can be divided into analog and digital systems. Digital systems
provide cheaper and more advanced voice and data transmission. Currently the world’s wireless
networks are divided into a number of incompatible standards such as GSM, CDMA, and TDMA. As
a result there is no unified global network. Network carriers will not be able to implement a network
standard compatible across geographies before the introduction of 3G wireless (1-2 Mb/s through-
put). This technology is expected to roll out in the next 2-3 years in Europe and Asia and in the next
3-4 years in the United States.

Digital systems can carry data using circuit-switched technology or packet-switched technology.
Circuit-switched technology establishes a dedicated link between sender and receiver to provide
better data transmission, but cannot be shared by others. Packet-switched technology is always online
and sends and receives data in small packets over a shared link. Because of competitive issues, U.S.
wireless carriers have rolled out incompatible wireless networks. These make it difficult for users to
roam and for device makers to offer globally compatible devices.
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The following sections show how networks have approached wireless data services.

B Carriers using CDMA and TDMA networks who want to leverage existing wireless network

assets offer wireless data with speeds between 9.6 Kb/s and 14.4 Kb/s

B (Carriers with GSM networks have developed their own standard, GPRS, for wireless packet-

switched data transmission with speeds of 115 Kb/s

B Terrestrial data networks such as American Mobile’s DataTAC system, BellSouth Wireless

Data’s Mobitex system, and Metricom’s Ricochet system use packet data for wireless data
transmission between 19.2 Kb/s and 128 Kb/s.

Packet data service in the U.S. currently offers the best wireless data coverage and speed. Packet
data carriers include American Mobile Satellite and BellSouth Mobile. On the horizon is the avail-
ability of evolved 2G and 3G wireless data service that offers broadband speeds over wireless
networks. 3G would require the rollout of a completely new network. This might be possible in small
regions in Europe and Asia, but it would be an enormous undertaking in the U.S. A number of 2.5G
services may be rolled out over the next three years in the U.S. that allow 128 Kb/s transfer speeds.
This would enable wireless streaming audio, video, and multimedia content.

The GPRS, mentioned earlier, is of special interest. It is a 2.5G technology that effectively
upgrades mobile data transmission speeds of GSM to as fast as 115 Kb/s from current speeds of 9.6
Kb/s to 38.4 Kb/s. The higher speed is expected to be especially useful for emerging PDA applica-
tions. The full commercial launch of GPRS services occurred in mid-2001, which was concurrent
with the launch of a new range of GPRS-enabled phones and PDAs.

Connecting Wireless Networks and the Internet

Wireless data transmission connects the mobile user to the carrier’s network. To connect that network
to data located on the Internet or with an enterprise, data networking protocols must be integrated
over the wireless networks, or a gateway connecting the wireless and external networks must be
built. Most carriers have chosen to use Internet protocols (TCP/IP) as the basis for connecting
wireless devices with the Internet and with other external networks.

There are currently three ways to connect mobile devices to data residing on the Internet or to

external networks:

B One-Way Wireless Access — Data such as brief messages and alerts can be sent out in one
direction from the network to the device.

B  Serial Port or USB — Data are downloaded via serial port or USB to a personal consumer
device during synchronization with a connected device. The user can then access, manipu-
late, and repost to the network or Internet upon the next synchronization.

B Two-Way Wireless Messaging — Data can be sent wirelessly between a user’s mobile
consumer device and another device via the Internet or a network. This allows users to
seamlessly access and manipulate data residing on the network via their mobile devices.

While the first two are more commonly used, two-way wireless will be the most compelling

method over the next few years and will drive the creation of many applications and services that
leverage this mobile connectivity.

WAP

The Wireless Application Protocol (WAP) is an open, global specification that empowers wireless
device users to instantly access information and services. It will enable easy, fast delivery of infor-
mation and services to mobile users on high-end and low-end devices such as mobile phones, pagers,
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two-way radios, and smart phones. WAP works with most wireless networks such as:

®  CDPD
CDMA
GSM
PDC
PHS
TDMA
FLEX
ReFLEX
IDEN
TETRA
DECT
DataTAC
Mobitex

WAP is both a communications protocol and an application environment. It can be built on any
operating system including PalmOS, EPOC, Windows PocketPC, FLEXOS, OS/9, and JavaOS. It can
also provide service interoperability between different device families.

WAP includes a micro browser and a network server. With minimal risk and investment, opera-
tors can use WAP to decrease churn, cut costs, and increase revenues. Technology adoption has been
slowed by the industry’s lack of standards that would make handheld products Internet compatible.
WAP provides a de facto global open standard for wireless data services.

WAP is similar to HTML as it transformed the Internet into the World Wide Web. The protocols
are similar and will allow wireless devices to be a simple extension of the Internet. WAP was defined
primarily by wireless equipment manufacturers and has support from all major, worldwide standards
bodies. It defines both the application environment and the wireless protocol stack.

The WAP standard allows Internet and database information to be sent direct to mobile phone
screens. It is an open standard so information can be accessed from any WAP-compliant phone. It
uses the Wireless Mark-up Language (WML) to prepare information for presentation on the screen.
The graphics are simplified and the phones can call up existing Internet content. And like HTML,
WAP includes links to further information.

M-Commerce

Cellular operators are increasingly looking to m-Commerce (Mobile Electronic Commerce) to attract
new business and maintain existing business. M-Commerce is forecast to progress from the e-
commerce services available today (via fixed data line services such as the Internet) to mobile data
services such as WAP.

Alliances among operators, content providers, financial institutions, and service administrators
will build this market. Examples of initial services being offered are links to cinema Internet sites for
purchasing movie tickets and a platform allowing purchases from any site on the Internet. Mobile
devices will also be used to handle short-distance transactions to point-of-sale machines.

i-mode

Japan is the first country to offer mobile Internet through its i-mode service. I-mode is a packet-
based mobile Internet service which allows users to connect to the Internet without having to dial up
an Internet service provider. Considering its over 25 million subscribers, it is surprising that this has
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been achieved at the slow network speed of 9.6 Kb/s. It is text-based with limited capabilities to send
low-quality still images. The service is fairly inexpensive considering that the network is packet
based, meaning charges are not based on airtime but on volume of data transmitted or received.

In addition to voice and e-mail, there is a plethora of information and content services available
such as retrieving summarized newspaper texts, making travel arrangements, finding an apartment or
a job, playing games, or downloading ringing tones for mobile phone. Mobile e-mail is a hit with
Japanese teenagers who can use truncated text to converse with each other while in earshot of parents
or teachers!

The service is based on compact HTML which has successfully promoted and differentiated i-
mode from WAP-based services. Since it is a subtext of HTML, users with a homepage can reformat
their web pages for i-mode access.

There are a number of factors that contribute to i-mode’s success in comparison to other services
in Japan. It is easier to use and has better quality content. NTT DoCoMo, i-mode’s service provider,
provides aggressive advertising. And market factors such as the demand for internet access services,
timing, and the proliferation of short message service (SMS) and e-mails.

I-mode is also very entertainment orientated—entertainment content accounts for 55% of its
total access. This includes limited-functionality games, musical tunes for the phone’s incoming ring,
daily horoscopes, and cartoon characters for the phone’s display.

Comparatively low value-added content accounts for over 50% of total access with the majority
of users in their teens and 20’s. This indicates that i-mode demand is still in a boom and has yet to
stabilize.

As other functionality such as file attachments, faster network speeds, and e-commerce transac-
tions are added, new services and applications will be developed. If prices stay stable and usage
remains simple, i-mode will be used for more value-added applications by a broader group of users.

Technologically, i-mode is not particularly revolutionary but its marketing strategy is. By using a
subtext of HTML, NTT DoCoMo has enabled content providers to readily reformat their web sites
for i-mode access. This has undoubtedly contributed to rapid i-mode content development. Also,
NTT DoCoMo offers billing and collection services to content providers. And, Internet access is easy
and the packet-based fee structure is reasonable. Currently, NTT DoCoMo is in discussion with U.S.
operators with a view toward launching i-mode mobile Internet services in America.

E-mail and SMS (Short Messaging Service)

SMS allows short text messages to be exchanged between cellular phones. E-mail service basically
comes standard with a web-enabled cellular terminal. To access e-mail the terminal and network
must be able to connect and deliver e-mail from a standard POP account. Although SMS has been
available for a few years, the service available with this technique is very limited. It has a 160-
character text limit and transfers only data between cellular terminals. E-mail via a cellular phone,
however, enables communication with other cellular phone users (as with SMS) and with anyone
who has Internet access via cellular phone, personal computer, television, PDA, etc.

Initial deployment of the service in Japan has proved extremely popular. If this trend continues
in Europe, the demand for e-mail through cellular phones will be huge. And as e-mail becomes more
sophisticated with the ability to send pictures and video clips via handsets, cellular phone email
service will continue to gain in popularity.
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Other cellular phone trends

Color LCDs have started to appear in the market.

With handset prices continuing to fall, the disposable cellular handset market is slowly
becoming a reality.

Handsets have reached the ideal size.

Battery life has continued to improve with higher standby times.

Integration of an MP3 player

FM and digital radio capability

Embedded digital camera capability

Smart card readers for online purchases and verification

TV reception

Enhanced multimedia messaging

Entertainment (ring tones, logos, etc.)

Vertical markets (logistics and sales force automation)

Satellite handset phone systems could impact the cellular handset market. Satellite phone
systems can transmit at very high rates which will offer satellite phone users similar
capabilities as 3G cellular—video, conferencing, etc. The failure of Iridium LLC, which
filed for bankruptcy in 1999 with only 50,000 subscribers, has seen limited success and bad
press for satellite phones. However, other satellite phone service operators are looking to
reach about 10 million users by 2006.

Components of a Mobile/Cellular Handset
Cell phones are extremely intricate devices. Modern digital cell phones can process millions of
calculations per second to compress and decompress the voice stream.

The typical handset contains the subsystems described in the next sections.

DSP/Baseband Processor and Analog codec subsection — The digital baseband and analog
section includes:

Channel and speech encoding/decoding

Modulation/demodulation

Clock

D/A and A/D conversion

Display

RF interfacing.

This section performs high-speed encoding and decoding of the digital signal and manages
the keypad and other system-level functions. For analog voice and radio signals to become
digital signals that the DSP can process, they must be converted in the analog baseband
section. The voice and RF codecs perform analog-to-digital and digital-to-analog conversion
and filtering. The handset processor is responsible for functions such as keyboard entry,
display updates, phonebook processing, setup functions, and time functions. These functions
are typically handled by an 8-bit or 16-bit micro-controller, but increasingly the processor is
being integrated into the baseband chip.

Memory — This includes SRAM, EEPROM and flash. Flash is a non-volatile memory that
provides random access to large amounts of program information or code. There are two
types of flash memories—NAND and NOR. NAND is better suited for serial access of large
amounts of data. SRAM is much faster than flash and is used as low-power/low-density
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RAM for cache. ROM and flash memory provide storage for the phone’s operating system
and customizable features such as the phone directory.

B RF section — The RF section includes the RF/IF transmitter and receiver ICs, RF power
amplifiers, PLLs, synthesizers, and VCOs. These components receive and transmit signals
through the antenna. RF functions include modulation, synthesis, up and down conversion,
filtering, and power amplification.

B Battery and/or power management — This section supplies and controls power distribution
in the system since different components often operate at different voltages. The power
management unit also controls power-down and stand-by modes within the handset and
regulates the transmitter power of the handset’s power amp. Phones spend the majority of
their time waiting for a call, when much of the phone’s circuitry is not required and can be
placed in a low-power standby state. When a call comes through, the power management
system powers-up the sleeping components to enable the call. During the call, the power
management section continuously adjusts the phone’s transmitted power to the level
required to maintain the connection to the base station. Should the handset get closer to the
base station, the handset’s output power is reduced to save battery power. The power
management function also regulates the battery charging process and feeds battery charge
state information to the phone’s processor for display. The charging and monitoring compo-
nents for Lithium-ion batteries are typically the most complex so these types of batteries
usually contain power management chips embedded in the battery housing. Conversely,
Nickel-Metal-Hydride and Nickel-Cadmium batteries typically have control chips embed-
ded within the phone itself.

B Display — Cell phone displays can be color or monochrome. Some are backlit, some
reflective, while others are organic electroluminescent displays.

B Operating system — Several vendors have announced operating systems for the cell phones.
Microsoft has introduced the PocketPC 2002 Phone Edition which is a PDA operating
system based on Windows CE 3.0.

B Keypad/keyboard

B Microphone and speaker

A mobile handset block diagram is shown in Figure 5.1.
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Figure 5.1: Mobile Handset Block Diagram
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Summary

People with talking devices can now be seen everywhere. Cellular phones are the most convenient
consumer device available. And mobile phones are really just computers—network terminals—
linked together by a gigantic cellular network.

Cellular technology started as an analog (1G) network but is migrating to digital. Just as the 2G
digital cellular technology is ramping up, there is much discussion about third-generation (3G)
cellular services. While 3G deployments are currently underway, 2.5G is being seen as the
steppingstone for things to come. 2G, 2.5G, and 3G networks are all made up of combinations of
technologies that prevail in different geographies. The vision of 3G includes global and high-speed
mobile access with enhanced IP-based services such as voice, video, and text.

The cell phone was initially a basic voice access system with a monochrome display, but is
evolving to include voice, video, text, image access with color display, Internet access, and inte-
grated digital camera. Other evolving wireless technologies such as Bluetooth and wireless LANs are
looking to complement next-generation cellular technologies. The future for wireless and mobile
communications remains very bright and undoubtedly a host of new applications will be generated in
the years to come.
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Gaming Consoles

Gaming consoles are among the most popular consumer devices to come on the market in the last
few years. While they have existed for a while, their popularity is growing because of higher process-
ing power and a larger number of available games. While several companies have introduced gaming
consoles, the current market has three main hardware providers—Microsoft, Nintendo, and Sony.

Definition

Gaming consoles deliver electronic game-based entertainment. They feature proprietary hardware
designs and software operating environments. They include a significant base of removable, first and/
or third party software libraries. Gaming consoles are marketed primarily for stationary household
use. They rely on AC power for their primary energy source and they must typically be plugged into
an external video display such as a television. Examples of popular gaming consoles include the
Nintendo GameCube, Sony PlayStation2, and Microsoft Xbox. They can also provide Internet and
email access. Gaming consoles are platform independent from PCs, video-game consoles, and
NetTVs. They are also media independent from Internet, cable television, and DBS.

Note that certain consoles are excluded from this definition:

B Machines with embedded software only (i.e., containing no removable software)

B Those without a significant library of external first and/or third party title support. (Ex-
amples: Milton Bradley’s Pocket Yahtzee and embedded LCD pocket toys from Tiger
Electronics)

B Systems geared for development, hobbyist, or other non-mass-entertainment use (Example:
Sony’s Yaroze)

B Those not targeted primarily as a gaming device (e.g., interactive DVD players)

Handheld gaming devices are designed for mobile household use. They rely on DC (battery)

power and they include an embedded video display such as a LCD. Examples include the Nintendo
GameBoy Color and Nintendo GameBoy Advance.

Market Data and Trends

Currently there are about 29 million console players, 11 million PC game players, and 7 million who
play both. There are clear differences in content so there is limited customer overlap. And the
consumer pool is large enough to allow for multiple companies to do well.

IDC predicts that for 2003 shipments of and revenue from game consoles in the U.S. will exceed
21.2 million units and U.S. $2.3 billion, respectively. This is down from a peak of $3.2 billion in
2001. The worldwide shipment of game consoles is forecast to exceed 40 million units for the same
year.
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According to the Informa Media Group, the worldwide games industry is expected to grow 71%
from $49.9 billion in 2001 to $85.7 billion in 2006. This includes everything from arcades to game
consoles to PC games, set-top box games, and cell phone games. Analysis by the investment bank
Gerard Klauer Mattison predicts that worldwide console sales will double in the next five years to a
total of 200 million units. There should also be new opportunities for game startups within this fast-
growing market, especially for wireless games and devices.

Market Trends
Some of the market trends for gaming consoles are:

Generation Y is entering the teenage years with a keen interest in games and interactive
entertainment

The growing pervasiveness of the Internet will help online gaming.

Online gaming with high-speed access and in-home gaming between consoles and PCs will
increase demand for home networking and broadband access solutions.

Market Accelerators

Market momentum — The momentum driving today’s video game market cannot be
underestimated. Growth beyond the hardcore gamer has given the market a much-needed
boost in exposure and revenue. While the hardcore gamer is still important, continual
market growth will be driven by the casual gamer. This has led to tremendous momentum,
priming the market for the launch of next-generation hardware and games as well as related
products including videos, toys, and gaming paraphernalia.

Games — The availability of high-quality games along with the launch of a new platform
can significantly accelerate video game platform sales. Conversely, it can also inhibit
growth. The importance of games as a purchase factor cannot be underestimated. In many
cases the games, not the platform, sell the new technology. For instance, the long-term
popularity of older-generation platforms such as PlayStation and Nintendo 64 has been
sustained in part by the continued introduction of quality and original game titles. Efforts to
expand into other demographic segments will result in new and innovative games that will,
in turn, spur market growth.

New functionality — Better games will be a primary driver for console sales. Over the long
term these new platforms will have greater appeal because of:

e Additional features such as DVD-video and online capabilities.

e The potential for the console to exist as a set-top box and residential gateway.

Market Inhibitors

Limited success of on-line, console-based gaming — Quality of service (QoS) and high-
bandwidth connection to the Internet are required to enable real-time, high-speed video
exchange online gaming. The slow growth of high-speed broadband limits online gaming.
Low-cost PCs — With the prices of PCs plummeting, consumers are encouraged to own
multiple PCs. Moore’s Law allows availability of features, performance improvements, and
lower prices—all of which make the PC a gaming platform.

Higher prices — With prices of consoles and games remaining high, consumers must
consider the number of years they will be keeping their gaming console. In comparison, a
PC provides more benefits and functionality than a gaming device.

Lack of games — Improved hardware technology has been and will continue to be an
attractive selling point for next-generation consoles. But the availability of new and original
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titles will be just as important, if not a more important. Gaming consoles will come under
fire for a lack of games that take advantage of improved hardware. A lack of games could
inhibit growth—a problem that has historically been encountered by the release of new
products.

B Poor reputation — Although much of the negativity surrounding the video game industry
after the school shootings in 1999 has subsided, the threat of negative publicity remains
problematic. The Interactive Digital Software Association (IDSA) has taken many steps to
mitigate negative publicity through special studies and lobbying efforts. Despite evidence
that video games are not linked to violent behavior, the link remains and does not promise
to go away anytime soon. If and when acts of violence do surface, fingers are sure to point
to the video game industry.

B Market confusion — The availability of three mainstream video game console platforms and
the continued availability of older platforms give consumers much choice. However, this
choice could cause confusion and lead to buyer hesitation. This may be particularly prob-
lematic because the software industry hesitates to introduce games for specific platforms
while awaiting public response. And consumers could delay purchasing existing products
while waiting for the introduction of new, powerful competitive systems and features such
as broadband.

Key Players

Microsoft Corporation

While relatively new to the market, Microsoft has a number of products in the home consumer space
including its Xbox gaming platform. Xbox hardware is built with an impressive Intel processor, a
custom-designed Microsoft graphics processor with Nvidia memory, and a hard disk drive. It
supports HDTV and includes a DVD, four I/O ports for the game controller, and an Ethernet port.

Nintendo

Based in Japan, Nintendo was the original developer of the Nintendo 64 and the more recent
Nintendo GameCube systems. The company has stated that it is not pursuing a home gateway
strategy and that it will stick to games only.

Sega
Based in Japan, Sega brought to market the Dreamcast, a second-generation 128-bit gaming console
with:
CD player
Built-in 56K modem for Internet play
Internet access and e-mail
Expansion slots for home networking.

Although Sega has exited the market to concentrate on gaming software, it was first to market
with its second-generation game console. The company also provides accessories such as a keyboard,
extra memory, and various controllers.

After Sega ceased production of the Dreamcast gaming console, the company refashioned itself
as a platform-agnostic game developer. By the end of the year Sega will bring its games to handheld
devices (such as PDAs and cell phones), set-top boxes, and even rival consoles. In addition Sega
agreed to deliver Dreamcast chip technology to set-top box manufacturers to enable cable subscribers
to play Dreamcast games. Sega has been the number three video game console supplier and has been
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hemorrhaging money since the introduction of Dreamcast in 1999. The release of Microsoft’s Xbox
most likely influenced Sega’s move to exit the game console market.

Sony

Based in Japan, Sony Computer Entertainment Inc. is positioning itself as the consumer’s one-stop
shop for home consumer devices ranging from entertainment to personal computing. Sony has
overcome a number of challenges to create a unified network of consumer devices and digital
services. It brought together diverse parts of the company to work together on a single, cohesive
Internet strategy. Sony is positioning its 128-bit PlayStation2 as a gateway into the home from which
it can offer Internet access, value-added services, and home networking. Its home networking would
use USB or iLink (also called IEEE 1394 or FireWire) ports to connect devices. PlayStation2
contains a DVD player that could enable digital video playback and could, in time, include an
integrated digital video recorder. With its added functionality the Playstation2 is leaving the “game
console” designation behind.

Game of War

Strategic differences between the superpowers of the video game console industry are surfacing as
they launch the next versions of their products. In the battle for control of the living room, the
contenders are:

B Nintendo, who has a lock on the market for kids who think games are just another toy.

B Sony, who is pushing the convergence of different forms of entertainment like DVDs and

games.

B Microsoft who is making its pitch to game artists and aficionado players.

The Xbox management team has used the “game is art” statement for entering the console
market, even though Sony sold 20 million PlayStation2 units before Microsoft sold its first Xbox.
Sony drew its line in the sand with the PlayStation2 launch in March 2000 while Microsoft launched
the Xbox in November 2001. Meanwhile, Nintendo had a double-barreled blast since it launched its
GameBoy Advance and GameCube console in 2001 in the U.S.

The gaming titan most likely to prevail will have to do more than pontificate about its philoso-
phy. The three companies have likely spent a combined $1.5 billion worldwide on ferocious
marketing campaigns. Not only will they fight for customers, they also must woo developers and
publishers who make the console games.

To date, console makers have been embroiled in a battle of perception with lots of saber rattling
before the ground war begins in retail stores worldwide. Microsoft has signed up 200 companies to
make games for its Xbox console. But most industry observers declared Nintendo the winner. The
seasoned Japanese company is believed to have the best games and the strongest game brands of any
contender. And most believe they have the lowest-price hardware as well.

The Incumbents

The philosophy behind the design of the Sony game console was to combine a step up in graphics
quality. It offers a new graphics synthesizer with unprecedented ability to create characters, behavior,
and complex physical simulations in real time via massive floating-point processing. Sony calls this
concept “Emotion Synthesis.” It goes well beyond simulating how images look by depicting how
characters and objects think and act.
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The key to achieving this capability is the Emotion Engine, a 300-MHz, 128-bit microprocessor
based on MIPS RISC CPU architecture. Developed by MIPS licensee Toshiba Corp. and fabricated
on a 0.18 micron CMOS process, the CPU combines two 64-bit integer units with a 128-bit SIMD
multimedia command unit. It includes two independent floating-point, vector-calculation units, an
MPEG-2 decoder, and high-performance DMA controllers, all on a single chip.

The processor combines these functions across a 128-bit data bus. As a result, it can perform
complicated physical calculations, curved surface generation, and 3-dimensional (3D) geometric
transformations that are typically difficult to perform in real time with high-speed PCs. The Emotion
Engine delivers floating-point calculation performance of 6.2 Gflops/s. When applied to the process-
ing of geometric and perspective transformations normally used in 3D graphics calculations, it can
reach 66 million polygons per second.

Although the Emotion Engine is the most striking innovation in the PlayStation2, equally
important are the platform’s extensive I/O capabilities. The new platform includes the entire original
PlayStation CPU and features a highly integrated I/O chip developed by LSI Logic that combines
IEEE 1394 and USB support.

It is projected to have a long life because it includes:

B Extensive I/O capability via IEEE 1394 ports with data rates between 100 and 400 Mb/s.

®  USB 1.1 which can handle data rates of 1.5 to 12 Mb/s.

B Broadband hard-drive communications expansion of the system.

The IEEE 1394 interface allows connectivity to a wide range of systems including VCRs, set-top
boxes, digital cameras, printers, joysticks, and other input devices.

As creator of the original PlayStation CPU, LSI Logic Corp. was the natural choice to develop
this high-performance 1/O chip. They boast a strong track record in ASIC and communications IC
design. And being backward compatible is the only way to guarantee that the game can be played on
the exact same processor on which it was originally played.

While the PlayStation2 represents the high mark in video-game performance, rival Nintendo has
introduced its next-generation console called GameCube. Nintendo officials argue that their system
will offer game developers a better platform than PlayStation2 because it focuses exclusively on
those applications. Unlike PlayStation2 which offers extensive multimedia and Internet capabilities,
Nintendo designers did not try to add such home-information, terminal-type features. For example,
GameCube does not add DVD movie playback features. Instead, it uses proprietary 3-inch optical
disks as a storage medium. Nintendo is planning to add DVD capability to a higher-end GameCube.

The new Nintendo platform gets high marks for its performance. It features a new graphics
processor designed by ArtX Inc. The platform, code-named Flipper, runs at 202 MHz and provides
an external bus that supports 1.6 GB bandwidth.

One key distinction between the GameCube and its predecessor lies in its main system processor.
While earlier Nintendo machines used processors based on the MIPS architecture, Nintendo has
turned to IBM Microelectronics and the PowerPC. Code-named Gekko, the new custom version of
the PowerPC will run at a 405 MHz clock rate and sport 256 Kbytes of on-board L2 cache. Fabri-
cated on IBM’s 0.18-micron copper wire technology, the chip will feature 32-bit integer and 64-bit
floating-point performance. It benchmarks at 925 DMIPS using the Dhrystone 2.1 benchmark.

The RISC-based computing punch of the PowerPC will help accelerate key functions like
geometry and lighting calculations typically performed by the system processor in a game console.
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The 925 DMIPS figure is important because it adds what the game developers call “artificial intelli-
gence.” This is the game-scripting interaction of multiple bodies and other items that may not be
very glamorous, but are incredibly important. It allows the creativity of the game developer to come
into play.

New Kid on the Block

Microsoft Xbox was launched in November 2001. It was designed to compete with consoles from
Nintendo and Sony and with with books, television and the Internet. While the PlayStation2 renders
beautiful images and the Nintendo Game Cube offers superb 3D animation, what is under the hood
of the Xbox makes the true difference. The Xbox sports a 733-MHz Intel Pentium III processor,
about the same level of power as today’s low-end computers. It also includes a 233-MHz graphics
chip designed jointly by Microsoft and Nvidia Corp., a top player in the PC video adapter market.
This combination offers more power than both its competitors. Like the PlayStation2, the Xbox will
play DVD movies with the addition of a $30 remote control. The Xbox also plays audio CDs and
supports Dolby Digital 5.1 Surround Sound. Nintendo’s Game Cube uses proprietary 1.5-GB mini-
discs that hold only a fifth as much information as regular discs, so they will not play DVDs.

The front panel of the Xbox provides access to four controller ports (for multi-player gaming),
power switch, and eject tray for the slide-out disk drive. The Xbox has 64 MB of RAM and an 8-GB
hard drive, making it much more like a PC than the other consoles. The design speeds up play
because the Xbox can store games temporarily on its fast hard disk instead of reading from a DVD
which accesses data far slower. It also allows users to store saved games internally instead of buying
memory cards.

It offers another unique feature. If you do not like a game’s soundtrack, you can “rip” music
from your favorite audio CD to the hard drive. Then you can substitute those tunes for the original—
if the game publisher activates the feature. Of course, all this does not mean much if you cannot see
the results, and Microsoft can be proud of what’s on the screen. Thanks to crisp, clean images and
super-smooth animation, watching the backgrounds in some games can be awe-inspiring.

On the downside, Microsoft’s bulky controller is less than ideal with two analog joysticks,
triggers, a D-pad, and other buttons. For average and small-sized hands, the sleeker PlayStation2 and
smaller GameCube controllers feel better. However, third party substitutes are available for all
gaming stations.

Microsoft hopes the Xbox’s expandability will make a serious dent in PlayStation2 sales. The
Xbox’s Ethernet connection which is designed for cable and DSL modem hookups should allow for
Internet play and the ability to download new characters and missions for games. It will also provide
the ability to network different appliances in the home. Microsoft has also announced that the new
version on the Xbox should be expected in 2006.

Meanwhile, Sony has not made any date commitment on the launch of the successor to the
PlayStation2 (most likely to be named PlayStation3). However, in May 2003 it introduced the PSX, a
mid-life follow-up to the PlayStation 2. Microsoft touted it as a device that creates a new home
entertainment category. In addition to the basic features of a game console, PSX will offer a DVD
recorder, a 120 GB hard drive, a TV tuner, an Ethernet port, a USB 2.0 port and a Memory Stick slot.
The PSX shares a number of components with PlayStation 2 including the Emotion Engine processor
and the operating system. Few details have been released about the PlayStation3 which is expected to
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be launched in late 2005 or 2006. The new “Cell” processor chip is touted to be a thousand times
more powerful than the processor in the current PlayStation 2. This is a multi-core architecture in
which a single chip may contain several stacked processor cores. It will be based on industry-leading
circuitry widths of 65 nanometers. This reduction in circuitry widths allows more transistors (read:
more processing power) to be squeezed into the core. It will be manufactured on 300 mm wafers for
further cost reduction.

The new multimedia processor, touted as a “supercomputer on a chip,’ is being created by a
collaboration of IBM, Sony, and Toshiba. It is termed a “cell” due to the number of personalities it
can take and, hence, the number of applications it can address. While the processor’s design is still
under wraps, the companies say Cell’s capabilities will allow it to deliver one trillion calculations per
second (teraflop), or more floating-point calculations. It will be able to do more than 1 trillion
mathematical calculations per second, roughly 100 times more than a single Pentium 4 chip running
at 2.5 GHz. Cell will likely use between four and 16 general-purpose processor cores per chip. A
game console might use a chip with 16 cores while a less complicated device like a set-top box
would have a processor with fewer cores.

While Cell’s hardware design might be difficult, software is being created for the chip that may
be difficult to establish in the market. Creating an operating system and set of applications that can
take advantage of its multiprocessing and peer-to-peer computing capabilities will determine if Cell
will be successful. Toshiba hinted that it aims to use the chip in next-generation consumer devices.
These would include set-top boxes, digital broadcast decoders, high-definition TVs, hard-disk
recorders, and mobile phones. Elements of the cell processor design are expected in future server
chips from IBM.

According to analysts about eight million units of the Xbox console had been sold globally by
June of 2003, with less than a million going to Asia. Despite deposing Nintendo as the number two
in units shipped worldwide, Microsoft remains number three in Japan. Meanwhile, Sony’s
PlayStation console is number 1 with more than 50 million sold worldwide.

As a new kid on the block the Xbox has one major disadvantage compared to the PlayStation2.
Sony’s console has over 175 games available, compared to 15 or 20 Xbox titles at launch time. This
has increased to a little over 50 games since. Because games are the key point in attracting players,
the Xbox has a long way to go. However, Microsoft is expanding its Asian territories with localiza-
tion efforts for China and Korea. It is also bringing in its Xbox Live online game product.

The GameCube seems to be geared toward gamers 10 years old or younger with a growing
selection of more age-appropriate titles. It’s a toss-up for older children and adults. If you want an
excellent machine with plenty of games available right now, the PlayStation2 is your best bet. If you
want the hottest hardware with potential for the future, buy the Xbox.

Support System

Developer support is crucial to the success of any video console. Sega’s demise can be attributed to
its failure to attract Electronic Arts or Japan’s Square to create the branded games it needed to
compete with Sony. Today, however, many of the large game publishers spread their bets evenly by
creating games that can be played on each console. Smaller developers don’t have the resources to
make multiple versions of their titles or to create branded games for more than one platform. They
gravitate to the console that makes their life easiest.
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Naturally, the console makers are jockeying for both large publishers and small developers. And
in a few cases makers have even funded game developers. Microsoft, which owes much of its overall
success to its loyal software developers, started the Xbox in part because it foresaw PC developers
moving to the Sony PlayStation and its successor, PlayStation2. Sony has lured a total of 300
developers into its fold, mostly because it has the largest installed base and offers the best potential
return on investment for the developers.

In its previous consoles Nintendo’s cartridge format made it hard for developers and publishers
to generate large profits on anything but the biggest hit titles. This was because publishers had to
order cartridges far in advance to accommodate a manufacturing process that took up to ten weeks.
Nintendo’s latest console has a disk drive instead and the company claims it is embracing third-party
developers.

Nintendo launched its console with only 8 titles and it had 17 titles in North America by the end
of the year. By contrast, Microsoft had 15 to 20 titles at launch because it distributed its development
kits early and it actively courted developers with a system that was easy to program. (In comparison,
Sony’s system is considered difficult to program.)

The importance of external developer loyalty will wane over time. The major publishers will
continue to support each console platform, leaving it up to the console makers’ in-house game
developers to distinguish each platform with exclusive titles. From most game developers’ perspec-
tives the three video consoles are created equal.

Featured Attractions

Sony’s machine uses parallel processing to generate images. This allows the console to run compute-
intensive games—a boon for gamers who delight in vivid graphics, but long considered a curse by
some developers.

PC game developers believe that the Xbox has a clear edge over older machines like the
PlayStation2. Microsoft’s console uses PC-like tools so game development for it is relatively easy. It
also has several times the computing performance of the Sony box and it comes with a hard drive.
The question remains whether game developers will use these features to make their games stand
apart from Sony’s.

Meanwhile, the Nintendo console offers decent performance, but to save costs, it left off a high-
cost DVD player and a hard drive—features that rivals have.

Driving down production costs will be a determining factor in profitability over the next five
years. According to most estimates Sony’s PlayStation2 cost the company $450 per unit upon initial
production in early 2000. The company had at first sold the machine as a loss leader for $360 in
Japan and for $300 in the United States and Europe. The strategy paid off with the first Play Station
because Sony was able to reduce the product’s cost from $480 in 1994 to about $80 now. (It was
initially priced at $299 and sells at about $99 today). Meanwhile, the company sold about nine
games for every console. That model allowed Sony to make billions of dollars over the life of the
PlayStation, even if it lost money at first. Sony says its PlayStation?2 is selling three times as fast as
the original PlayStation.

Part of the reason Sony’s game division has yet to report a profit is the disarray in its game
software unit. Sony combined two separate game divisions before the PlayStation2 launch. This
resulted in big talent defections and a poor showing of Sony-owned titles at the launch of the
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PlayStation2 in the United States. With its slow launch of internally produced games, Sony may have
squandered its first-mover advantage. The good news for Sony is that its original PlayStation titles
are continuing to sell.

Microsoft’s Xbox is believed to have initially cost the company about $425 thanks to compo-
nents like a hard disk drive, extra memory, and ports for four players. The company added these
extras to snare consumers who want more “gee-whiz” technology than the PlayStation2 can deliver.
The console’s launch price was approximately $299. Microsoft’s home and entertainment division
which operates the Xbox business continues to generate losses.

Perhaps the most significant difference between the Xbox and PlayStation?2 is a hard drive. An 8-
GB hard drive is built into the Xbox but the PlayStation2 does not have a hard drive for the non-PSX
version. The hard drive provides for a richer game experience by giving Xbox gamers more realism,
speed, expandability, and storage. Fans of sports games will no longer have to wait for their console
to catch up to the action and deliver in real time. Microsoft wants to take those technology advances
into the living room where 86% of U.S. families with teens have one or more game consoles.

Microsoft’s original manufacturing goal was to take advantage of the PC industry’s economies of
scale by using standardized PC components. (Sony, however, relied on costly internally built compo-
nents.) But this may not work. At best, the Xbox cost per unit may fall to $200 over time, but not
much lower. Many of the key components in the Xbox already have low costs because they’re used in
computers. According to the market research firm Disk/Trend, hard drive costs will not fall much
lower than the estimated $50 to $60 that Microsoft is paying now. The Intel microprocessor inside
the Xbox already costs less than $25.

Heavy Betting

To break even, Microsoft must sell about eight or nine games for every hardware unit, and at least
three of those titles must be produced in-house. Typically, games sell for about $50 with profit
margins of about 50 to 70% for in-house titles. Third-party titles bring in royalties of about 10%, or
$5 to $10 for the console maker. Microsoft says it has more than 80 exclusive titles in the works. And
to shore up its business model Microsoft is betting heavily on online gaming services. It hopes that
gamers will pay a small fee, say $10 a month, to play other gamers on the Internet and to download
new games. But today that is uncharted territory. The more Xbox units Microsoft sells, the more
money it loses on hardware. Some sources estimate that the company will lose $800 million in the
Xbox’s first four years and a total of $2 billion over eight years. The only chance for an upside is if
the online plan, untested though it is, pulls off a miracle.

Nintendo says that the company’s games should turn a profit on hardware alone. The GameCube
console sold at $199 at launch. Over time Nintendo should be able to reduce the cost of its system
from $275 to less than $100. Nintendo currently generates the highest profits on its consoles because
anywhere from 50 to 70% of its games are internally produced. In the past Nintendo lost out to Sony
in part because it had to sell its costlier cartridge games at $50 to $60 when Sony was selling games
at $40. This time Nintendo has a 3-inch disk that is smaller and cheaper than the DVDs that Sony is
using—and far cheaper than the cartridges.

Nintendo’s upper hand in profitability is strengthened because it completely dominates the
portable-games market. GameBoy Advance titles are dominating the best-seller lists. And the device
sells for about $90 per unit. Nintendo can use portable device and game revenues to make up for any
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losses in the console hardware market. Nintendo is expecting to sell 4 million GameCube units and
10 million games in addition to 23.5 million Game Boy handhelds and 77.5 million portable games.

Self Promotion

Marketing is another success factor. Microsoft has the No. 2 brand in the world according to a survey
by Interbrand, Citicorp, and BusinessWeek. Sony ranked No. 20 while Nintendo was 29. But
Microsoft’s brand has a lot less power in the games market. That is one reason that Microsoft spent
$500 million on marketing worldwide over the first 18 months after the introduction of the Xbox.
Microsoft got a lot of attention when it announced that figure. However, this comes out to $111
million a year in the U.S. market which is much less than the $250 million Sony plans to spend
promoting both the PlayStation2 and PlayStation One in the North American market.

Targeting will also matter. Sony’s dominance was achieved by targeting older, 18- to 34-year-old
male game players. As role models for younger players, these players are key influencers. By
contrast, Nintendo targeted young players. While younger players are more likely to grow up and
adopt the tastes of older players, older players are not likely to adopt “their younger brother’s
machine.” Microsoft targets the same age group as Sony.

Console makers will also have to delight their audiences. Nintendo has shown that with a
franchise like Pokemon it can make just as much money as Sony, and with fewer titles. By contrast,
Microsoft will follow the Sony model of producing scores of titles for more variety. Sony has a raft
of titles slated for this fall but Microsoft’s games are untested and lack an obvious blockbuster.

The online-games market is a wild card. Since Microsoft has all the hardware for online games
built into the machine, it can more easily recruit developers. Sega plans to exploit the Xbox’s online
advantage and develop specific online games.

Game Over
Sony will come out ahead of the game. According to a forecast by the European Leisure Software
Publishers Association, Sony is expected to have 42% of the worldwide video console market by
2004. According to the same forecast Nintendo and Microsoft are expected to take about 29% of the
market each. Microsoft is expected to do its best in Europe and the United States but poorly in Japan.
Although Sony grabs the largest market share, it does not necessarily garner the biggest profits.
Nintendo will occupy second place in the worldwide console market. But it will garner the most
overall profits, thanks to its portable empire. The Xbox is winning over consumers with its superior
technology. Microsoft is trying to supplement its profits with online revenues. And like Sony,
Microsoft benefits most if the demographics of gaming expand to increase the market size. If
Microsoft is committed to a ten-year battle, it can stay in the game despite heavy initial losses. But
five years may be too short a horizon for it to catch up to market leader Sony.

Components of a Gaming Console

A typical gaming console is made up of several key blocks that include a CPU, graphics processor,
memory, storage mediums, and Internet connectivity. A typical gaming platform has a CPU, a
graphics chip capable of several billion operations per second, and a 3D audio processor with 32 or
64 audio channels. It may support a multi-gigabyte hard drive, memory card, DVD, and on-board
SRAM, DRAM or flash memory. The MPEG processor also supports a display controller. While
upcoming boxes will support an analog modem, future boxes will provide broadband connectivity for
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online game play. The graphic synthesizer connects to NTSC, PAL, DTV, or VESA via a NTSC/PAL
decoder. The 1/O processing unit contains a CPU with bus controller to provide an interface for
HomePNA, Ethernet, USB, wireless, and IEEE 1394. These connections make it possible to use the
existing PC peripherals and create a networked home.

Figure 6.1 shows the block diagram and components of a typical gaming console.
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Figure 6.1: Gaming Console Block Diagram

Broadband Access and Online Gaming
To succeed in this market gaming companies must recognize that the video game business is all
about the games. From Atari to Nintendo to Sega to PlayStation it has historically been shown time
and again that gamers are loyal to the games—not to the hardware. Broadband access will enable
users to play with thousands of other gamers on the Internet and will provide the ability to download
the latest updates to games. For example, in a basketball video game a user will be able to download
the most current status of teams in the NBA so the game will accurately reflect that information.
Online gaming is interactive game play involving another human opponent or an offsite PC.
Online gaming capabilities are promoting gaming consoles into potential home gateways. Playing
between different players across the Internet has been gaining prominence with the coming of
broadband access and the ubiquity of the Internet. Most gaming consoles have a 56K (analog)
modem embedded to allow this. The addition of home-networking capabilities within the gaming
console will make the evolution into a residential gateway a realistic possibility in the near future.
Online capabilities in next-generation game consoles, whether through a built-in or add-on
narrowband or broadband modem, can substantially expand the console’s gaming capabilities and
open up new areas of entertainment. However, well-defined plans must be laid out for the developer
and the consumer in order to use these communication capabilities.
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Several console developers have already announced the addition of online functionality. This
functionality comes in several guises ranging from looking up instructions to downloading new
characters and levels. The latter approach has already been used for PC games in a monthly subscrip-
tion scheme with some level of success.

Some of the major video game hardware players have introduced a comprehensive online
program. When Sega introduced its Dreamcast it provided the Sega.net Internet service, used
Dreamcast’s built-in narrowband modem, and rolled out Sega.com, a site optimized for narrowband
Dreamcast online gaming. Games are being introduced to take advantage of this online functionality.
In addition, the web sites of these companies will feature optimized online games.

Microsoft’s Xbox contains an internal Ethernet port. Sony announced that the PlayStation2 will
feature an expansion unit for network interface and broadband connectivity. Nintendo has announced
that both Dolphin and GameBoy Advance will have online connectivity.

Broadband access capabilities are very promising and will eventually become a reality for most
households. IDC believes that only 21.2 million U.S. households will have broadband access by
2004. This low number serves as a sobering reminder that those video game households without
broadband access could be left out of online console gaming unless plans are made to support
narrowband access.

The difficulties many households experience with the installation of broadband can significantly
affect the adoption of broadband via the gaming console. Logistically, technology needs to advance
the capability of more households to adopt broadband Internet access. In addition, ensuring that the
broadband capabilities interface properly with the PC is often a trying experience. Once broadband is
fully working, will a household tempt fate by trying to extend that connection to the console? The
solution appears to be the creation of a home network. This can be a daunting task for many, often
requiring financial outlays and a great deal of self-education. Households that choose to use the
broadband functionality of the console will confront these and many other issues.

IDC predicts that by 2004 the number of consoles being used for online gaming will be 27.2
million units, or 33% of the installed base.

Gaming Consoles—More Than Just Gaming Machines

Current 128-bit gaming consoles such as the Xbox, GameCube, and PlayStation2 promise an ultra-
realistic gaming experience. They will include Internet access, interactive television capabilities, and
the ability to network with other devices in the home through expansion ports (PC card slots).
Traditional gaming console vendors are positioning their devices as the nerve center, or gateway, of
the home. This will make them true home consumer devices. Products in development will enable:

B Broadband access
Traditional Internet access
E-mail
Internet-enabled value-added services such as video on demand
Home networking.

Residential (home or media) gateways will network the different home appliances to distribute
audio, video, data, and Internet content among them. In this way consumer devices can share digital
content and a single broadband access point. This will also be a platform for utility companies to
provide value-added services such as video-on-demand and Internet connectivity.
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PC Gaming
Does the introduction of the gaming console mean the end of PC-based gaming? The PC and the
gaming console are complementary devices. Each has very distinct audiences. PC games are more
cerebral while console games are more visceral. A comparison of the top 10 game lists for these
platforms shows that the games don’t really match up. The most popular PC games of 1999 included
Age of Empires II, Half-Life, and SimCity 3000. The most popular console games of 1999 included
Pokemon Snap, Gran Turismo Racing, and Final Fantasy VIII. The gaming console is expected to
offer the most advanced graphics, the most flexibility in Internet gaming, and the most realistic play
of any game console on the market.

Games have always been recognized as a popular form of home entertainment. As a category,
games represent 50% of consumer PC software sales. Consumers are becoming more comfortable
with PC technology—more than half of U.S. households now own a PC.

Growing Convergence of DVD Players and Gaming Consoles

Few doubt that DVD (digital versatile/video disk) is becoming the video format of choice for the
next couple of decades. Its significant capacity, digital quality, and low cost of media make it far
superior to magnetic tape. And growing vendor acceptance and market presence have already created
an installed base of over a million players in the U.S. alone. As consumer awareness improves and
content availability increases, the demand for DVD players will grow.

Manufacturers can drive prices down as volumes begin to expand. In fact, some vendors are
already bringing very low priced players to market. They expect to see second-tier consumer elec-
tronic companies try to pick up volumes with even lower priced systems during the coming year.
These lower prices, dipping below $100, should further boost volumes for DVD players. However,
with low prices comes margin pressure. Traditionally, top vendors were able to differentiate their
products from second-tier vendors’ offerings. They did this through a strong brand and separation of
products within their line through feature sets. However, due to the digital nature of the DVD player,
the opportunity to further expand differentiation through the addition of separate functionality is now
possible. Already DVD players will play audio CDs. And it is possible to add gaming, Internet
access, or even a full PC within the same system.

This opportunity creates a conundrum for consumer electronics companies. If consumers are
drawn to the combination products, it will allow vendors to maintain higher product prices, greater
product differentiation, and potentially create new lines of revenue. However, there is risk of turning
away potential sales if the additional functions are not appealing to buyers, or if the perceived
incremental cost of that functionality is too high. Further, maintaining a higher basic system price can
result in a lower total market due to the proven price sensitivity of demand for consumer electronics.

There are a number of potential add-on functions that could meaningfully enhance a DVD
player. These include Internet connectivity, video recording capabilities, satellite or cable set-tops,
and gaming. The integration of gaming is a very interesting concept for a number of reasons. The
shared components and potentially common media make the incremental functionality cheap for a
vendor. And the combined product would be conceptually appealing for consumers. The following
sections describe factors that would make it easy for a vendor to integrate gaming into a DVD player.

89



Chapter 6

Shared Components

A game console and a DVD player actually have a number of common components such as video
and audio processors, memory, TV-out encoders, and a host of connectors and other silicon. There is
also potential for both functions to use the same drive mechanism which is one of the most expensive
parts of the system. Today many of the components are designed specifically for one or the other, but
with a little design effort it would be easy to integrate high-quality gaming into a DVD player at
little incremental cost.

Performance Overhead

As CPUgs, graphics engines, and audio processors become more powerful, the performance overhead
inherent in many DVD components is also increasing. The excess performance capabilities make it
even easier to integrate additional functionality into a gaming console.

Shared Media

A DVD as the medium would be natural for a combination DVD player/game console. Game
consoles are already moving quickly towards higher capacity and lower-cost media, and DVD-based
software represents the best of both worlds. Although cartridges have benefits in the area of piracy
and platform control, they are expensive and have limited a number of manufacturers. Both Sony and
Microsoft gaming consoles have DVD support.

Many DVD video producers are incorporating additional interactive functions into their products.
For example, a movie about snowboarding may include additional features for a PC such as a game
or information on resorts and equipment. The incremental gaming capabilities of a combination
DVD/game console could easily take advantage of these features and enable consumers to enjoy
them without a PC.

Potential Enhancements

The combination of a DVD and a gaming console has the potential to enhance the use of both.
Besides allowing users to take advantage of the interactive elements discussed above, it would enable
game producers to add high-quality MPEG2 video to games. This represents an opportunity to
enhance the consumer experience and differentiate products.

This also creates new opportunities for cross-media development and marketing. Historically,
games have been based on movies and vice versa, but this would enable a DVD with both. It would
differentiate the DVD over a VHS movie or a cartridge game while lowering media and distribution
costs for both content owners.

One of the most significant drawbacks to such a product for DVD vendors would be the develop-
ment and marketing of a gaming platform. To take gaming functionality beyond that of limited,
casual games that are built into the product, a substantial effort must be undertaken. However, several
companies are already working on adapting gaming technology to other platforms. Partnering with a
third party or adopting an outside initiative would avoid these issues. Since the DVD manufacturer is
relieved of creating the game technology, cultivating developer relationships, and marketing the
platform, the investment and risk to the DVD vendor is minimized. Examples of third party initia-
tives include VM Labs which is developing game technology for a variety of platforms. And Sony
has developed a small footprint version of its PlayStation platform that could be integrated into a
number of products. Most gaming hardware suppliers have invested research into gaming integration.
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Although the ability to easily integrate functionality is a key part of the equation, consumer
interest in such a combination is the critical factor. And the consumer factor is also the most difficult
to understand or forecast. Although there is no definitive way to estimate consumer interest without
actual market experience, there are factors indicating that consumers may be interested in a gaming-
equipped DVD player.

Both the DVD player and the gaming console are entering a significant growth phase where
vendor leadership is up for grabs and product attributes are uncertain. This situation could provide
success for a product that excels in both categories. During the next few years both product catego-
ries will shake out. In the meantime there is opportunity for change.

A significant indicator of consumer interest in a DVD player with gaming capabilities is overlap-
ping consumer interest. If done well, the gaming functionality could enhance the DVD player
experience. A potential enhancement is the ability for consumers to take advantage of the interactive
elements and games that are added to DVD movies for PC-based DVD drives. Given the common
components for DVD players and game consoles, there is also potential for high-quality performance
of both functions and significant cost savings to the consumer who is interested in both products.
And since the game console and the DVD player will sit near each other and use a TV for display, an
opportunity for space savings is created. All things considered, the addition of game playing into a
DVD player could be successful.

Gaming Trends
In addition to those specifically interested in a game console, there may be other who would value
gaming capabilities in a DVD player. Currently, household penetration of game consoles in the
United States is almost 40% and PCs are in 46% of U.S. homes. Electronic entertainment is far more
pervasive than just consoles; games are appearing in PCs, handhelds, and even cellular phones.
While there are many positive indicators for a DVD player with gaming functionality, the
potential success of such a product is far from guaranteed. There are numerous challenges that such a
product would face in the market. And any one of them could derail consumer interest and poten-
tially damage the success of a vendor during this important DVD/game console growth phase.

It's all About the Games

As anyone in the gaming business knows, the hardware is the easy part. To drive demand for a
gaming platform, developers have to support it fully, creating blockbuster software titles that are
either better or unique to the platform. Without plenty of high-demand games, few game enthusiasts
will even consider a product. And casual gamers will see little use for the additional features on a
DVD player.

Building support from developers without a track record of success or a large installed base is
notoriously difficult. Even successful game companies with great technology are challenged in this
area. Any one vendor may have difficulty driving volumes of a combination DVD/gaming player to
make a significant enough platform to woo developers. This would especially be true if multiple
manufacturers brought competing technologies to market.

Marketing is Key
Marketing the platform and its games to consumers is critical. Hardware and software companies
spend millions to create demand for their products, using everything from TV ads to sports endorse-
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ments. During this critical game-console transition phase, marketing noise will only increase as the
incumbents try to sustain software sales on older platforms while building momentum for new
technology. In this environment it will be very difficult to build demand for a new platform. Even
making a realistic attempt will require a significant investment.

New Gaming Opportunities

While a bulk of household gaming is focused on traditional gaming platforms such as the gaming
console and the PC, the gaming industry is looking for opportunities in emerging or nontraditional
gaming platforms. These include PDAs, cellular phones, and interactive TV. These emerging devices
will offer the industry several potential channels through which to target new gaming audiences,
including those that have not traditionally been gamers. It will also enable vendors to take advantage
of new and emerging revenue streams.

However, the industry must resolve several issues to build a successful and profitable business
model. Vendors must form partnerships, deliver the appropriate services, and derive revenues from
sources such as advertisements, sponsorships, subscriptions, and one-time payment fees.

The following sections present brief descriptions of gaming opportunities for emerging devices.

Wireless Connectivity

In Japan multi-player online gaming has already become extremely popular. Sony plans to market its
original PlayStation console as a platform for mobile networks. The company has introduced a
version of its popular game platform in Japan that offers the same functionality of the original at
one-third the size.

Called PSone, the new unit will feature a controller port that attaches the PlayStation console to
mobile phone networks. Players will be able to carry the game console from room to room or use it
in a car. Slightly bigger than a portable CD player, PSone will feature a 4-inch TFT display.

As part of this new strategy Sony has announced a partnership with NTT DoCoMo Inc., Tokyo.
They will develop services that combine NTT DoCoMo’s 10-million i-mode cellular phones with the
20 million PlayStation consoles in Japan. The cellular provider uses a 9.6 Kb/s packet communica-
tions scheme to enable access to Internet sites written in Compact-HTML. The company will launch
a W-CDMA service that will support 38 Kb/s communications and will eventually expand coverage
to other carriers.

The future for mobile gaming beyond this service looks bright. Sony has talked extensively about
integrating its PSone with cell phones in Japan. Ericsson, Motorola, and Siemens are working to
develop an industry standard for a universal mobile game platform. And several publishers including
Sega and THQ have begun to develop content for the platform. For most users the concept is still
relatively new. But trials have shown that once offered a gaming service, mobile users tend to
become avid gamers. The vast majority of mobile phone gaming will be easy-to-play casual games
such as trivia and quick puzzle games.

Wireless connectivity, both to broadband networks and between game consoles and controllers,
promises to bring new capabilities to game users. It will enable a whole range of new products and
uses in the home. Intel has introduced the first PC game pad in the U.S. that offers wireless connec-
tivity. Part of a family of wireless peripherals, the new game pads use a 900 MHz digital frequency-
hopping spread-spectrum (FHSS) RF technology. It supports up to four players simultaneously at a
range of up to 10 feet. And it will offer the gamer and the Internet user much more flexibility. It will
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unleash the whole gaming experience by removing the cord clutter and eliminating the need for the
PC user to be a certain distance from the PC.

PDAs

The portable and ubiquitous nature of PDAs such as Palm Pilot, Handspring Visor, and Compaq iPaq
makes them perfect as handheld gaming platforms. The open Palm operating system has encouraged
the development of many single-player games such as Tetris and minesweeper. Competing platforms
such as the Compaq iPaq (with Microsoft’s PocketPC operating system) have made specific game
cartridges available for single-player gaming. The integration of online connectivity into PDAs has
enabled the development of online gaming. Factors such as screen size, operating system, and
connectivity speeds will limit the scope and type of online games. However, online games that
evolve to these platforms will not be substandard or meaningless to the gamer. Rather, the online
game pallet has the potential to include a broad mixture of casual and low-bandwidth games (such as
those currently played online) that will appeal to a wide spectrum of individuals.

Interactive TV (iTV)

Digital TV (digital cable and satellite) service providers are deploying digital set-top boxes with two-
way communication and new middleware that can support interactive TV. iTV has the potential to
bring gaming applications to the masses. Already deployed in Europe, the French-based Canal+ has
been extremely successful with iTV online games. Significant iTV opportunities exist in the U.S. as
well. The rapid deployment of digital set-top boxes will contribute to significant growth of new
online and interactive gaming applications.

Home Networking

Today, home networking is the connection of two or more PCs for sharing broadband Internet access,
files, and peripherals within a local area network (LAN). A number of households that have estab-
lished home networks use the high-speed access to engage in multi-player gaming. The
establishment of feature-rich home networks capable of delivering new services and products into the
home will facilitate the delivery of online gaming applications. It is envisioned that these gaming
applications will be delivered to multiple platforms including PCs, game consoles, PDAs, Internet
appliances, and interactive TV.

Summary

The leading game console manufacturers (Microsoft, Nintendo, and Sony) are not playing games.
The stakes are much higher than a simple fight for the hearts and minds of little Johnny and Jill.
There is a growing belief that products of this type will eventually take over the low-end PC/home-
entertainment market because there is more than enough processing power in these new boxes. For
the casual Web surfer or for someone who is watching TV and needs more information about a
product on a Web site, this kind of box is desirable. It can replace what we do with PCs and TVs
today and provide a much wider range of functionality. Although the game industry is forecast to be
in the tens of billions, the impact may be much greater than the revenue it generates.

Game systems are likely to become hybrid devices used for many forms of digital entertainment
including music, movies, Web access, and interactive television. The first generations of machines to
offer these functions hold the potential to drive greater broadband adoption into the consumer
household.
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Digital Video/Versatile Disc (DVD)

Introduction

The digital versatile disc, or DVD, is a relatively new optical disc technology that is rapidly replac-
ing VHS tapes, laser discs, video game cartridges, audio CDs, and CD-ROMs. The DVD-Video
format is doing for movies what the compact disc (CD) did for music. Originally the DVD was
known as the digital video disc. But with the addition of applications such as PCs, gaming consoles,
and audio applied to the disc, DVD became known as digital versatile disc. Today the DVD is
making its way into home entertainment and PCs with support from consumer electronics compa-
nies, computer hardware companies, and music and movie studios.

The Birth of the DVD

The DVD format came about in December 1995 when two rival camps ended their struggle over the
format of next-generation compact discs (CDs). Sony and Philips promoted their MultiMedia
Compact Disc format while Toshiba and Matsushita offered their Super Density format. Eventually
the two camps agreed on the DVD format. Together they mapped out how digitally stored informa-
tion could work in both computer-based and consumer electronic products.

Although it will serve as an eventual replacement for CDs and VCRs, DVD is much more than
the next-generation compact disc or VHS tape player. DVD not only builds upon many of the
advances in CD technology, it sounds a wake-up call for the motion picture and music industries to
prepare their intellectual property for a new era of digital distribution and content.

DVD Format Types
The three application formats of DVD include DVD-Video, DVD-Audio, and DVD-ROM.

The DVD-Video format (commonly called “DVD”) is by far the most widely known. DVD-
Video is principally a video and audio format used for movies, music concert videos, and other
video-based programming. It was developed with significant input from Hollywood studios and is
intended to be a long-term replacement for the VHS videocassette as a means for delivering films
into the home. DVD-Video discs are played in a machine that looks like a CD player connected to a
TV set. This format first emerged in the spring of 1997 and is now considered mainstream, having
passed the 10% milestone adoption rate in North America by late 2000.

The DVD-Audio format features high-resolution, two-channel stereo and multi-channel (up to
six discrete channels) audio. The format made its debut in the summer of 2000 after copy protection
issues were resolved. DVD-Audio titles are still very few in number and have not reached main-
stream status, even though DVD-Audio and DVD-Video players are widely available. This is due
primarily to the existence of several competing audio formats in the market.
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DVD-ROM is a data storage format developed with significant input from the computer industry.
It may be viewed as a fast, large-capacity CD-ROM. It is played back in a computer’s DVD-ROM
drive. It allows for data archival and mass storage as well as interactive and/or web-based content.
DVD-ROM is a superset of DVD-Video. If implemented according to the specifications, DVD-Video
discs will play with all the features in a DVD-ROM drive, but DVD-ROM discs will not play in a
DVD-Video player. (No harm will occur. The discs will either not play, or will only play the video
portions of the DVD-ROM disc.) The DVD-ROM specification includes recordable versions - either
one time (DVD-R), or many times (DVD-RAM).

At the introduction of DVD in early 1997 it was predicted that DVD-ROM would be more
successful than DVD-Video. However, by mid-1998 there were more DVD-Video players being sold
and more DVD-Video titles are available than DVD-ROM. DVD-ROM as implemented so far has
been an unstable device, difficult to install as an add-on and not always able to play all DVD-Video
titles without glitches. It seems to be awaiting the legendary “killer application.” Few DVD-ROM
titles are available and most of those are simply CD-ROM titles that previously required multiple
discs (e.g., telephone books, encyclopedias, large games).

A DVD disc may contain any combination of DVD-Video, DVD-Audio, and/or DVD-ROM
applications. For example, some DVD movie titles contain DVD-ROM content portion on the same
disc as the movie. This DVD-ROM content provides additional interactive and web-based content
that can be accessed when using a computer with a DVD-ROM drive. And some DVD-Audio titles
are actually DVD-Audio/Video discs that have additional DVD-Video content. This content can
provide video-based bonus programming such as artist interviews, music videos, or a Dolby Digital
and/or DTS surround soundtrack. The soundtrack can be played back by any DVD-Video player in
conjunction with a 5.1-channel surround sound home theater system.

The DVD specification also includes these recordable formats:

®  DVD-R - DVD-R can record data once, and only in sequential order. It is compatible with

all DVD drives and players. The capacity is 4.7 GB.

B DVD-RW - The rewritable/erasable version of DVD-R. It is compatible with all DVD

drives and players.

®  DVD+R and DVD+RW - The rewritable/erasable version of DVD+R.

B DVD-RAM - Rewritable/erasable by definition.

The last three erasable (or rewritable) DVD formats—DVD-RW, DVD-RAM, and DVD+RW—are
slightly different. Their differences have created mutual incompatibility issues and have led to
competition among the standards. That is, one recordable format cannot be used interchangeably
with the other two recordable formats. And one of these recordable formats is not even compatible
with most of the 17 million existing DVD-Video players. This three-way format war is similar to the
VHS vs. Betamax videocassette format war of the early 1980s. This incompatibility along with the
high cost of owning a DVD recordable drive has limited the success of the DVD recordable market.

Regional Codes

Motion picture studios want to control the home release of movies in different countries because
cinema releases are not simultaneous worldwide. Movie studios have divided the world into six
geographic regions. In this way, they can control the release of motion pictures and home videos into
different countries at different times. A movie may be released onto the screens in Europe later than
in the United States, thereby overlapping with the home video release in the U.S. Studios fear that
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copies of DVD discs from the U.S. would reach Europe and cut into theatrical sales. Also, studios
sell distribution rights to different foreign distributors and would like to guarantee an exclusive
market. Therefore, they have required that the DVD standard include codes that can be used to
prevent playback of certain discs in certain geographical regions. Hence, DVD player is given a code
for the region in which it is sold. It will not play discs that are not allowed in that region. Discs
bought in one country may not play on players bought in another country.

A further subdivision of regional codes occurs because of differing worldwide video standards.
For example, Japan is region 2 but uses NTSC video compatible with that of North America (region
1). Europe is also region 2 but uses PAL, a video system not compatible with NTSC. Many European
home video devices including DVD players are multi-standard and can reproduce both PAL and
NTSC video signals.

Regional codes are entirely optional for the maker of a disc (the studio) or distributor. The code
division is based on nine regions, or “locales.” The discs are identified by the region number
superimposed on a world globe. If a disc plays in more than one region it will have more than one
number on the globe. Discs without codes will play on any player in any country in the world. Some
discs have been released with no codes, but so far there are none from major studios. It is not an
encryption system; it is just one byte of information on the disc which recognizes nine different DVD
worldwide regions. The regions are:

B Region 0 — World-wide; no specific region encoded

B Region 1 — North America (Canada, U.S., U.S. Territories)

B Region 2 — Japan, Western Europe, South Africa, Middle East (including Egypt)

B Region 3 — Southeast Asia, East Asia (including Hong Kong)

B Region 4 — Australia, New Zealand, Pacific Islands, Central America, South America,
Caribbean

B Region 5 — Former Soviet Union, Eastern Europe, Russia, Indian Subcontinent, Africa

(also North Korea, Mongolia)

B Region 6 — China

B Region 7 — Reserved

B Region 8 — Special international venues (airplanes, cruise ships, etc.)

In hindsight, the attempt at regional segregation was probably doomed to failure from the start.
Some of the region standards proved more complicated to finalize than was originally expected.
There were huge variations in censorship laws and in the number of different languages spoken
across a region. This was one of the reasons why DVD took so long to become established. For
example, it is impossible to include films coded for every country in Region-2 on a single disc. This
led the DVD forum to split the region into several sub-regions. And this, in turn, caused delays in the
availability of Region-2 discs. By the autumn of 1998 barely a dozen Region-2 discs had been
released compared to the hundreds of titles available in the U.S. This situation led to many compa-
nies selling DVD players that had been reconfigured to play discs from any region.

For several years now games console manufacturers (Nintendo, Sega and Sony) have been trying
to stop owners from playing games imported from other countries. Generally, whenever such
regional standards were implemented it took someone only a few weeks to find a way around it,
either through a machine modification or use of a cartridge adapter. In real terms, regional DVD
coding has cost the DVD Forum a lot of money, delayed market up-take, and allowed third-party
companies to make a great deal of money bypassing it.
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How Does the DVD Work?

DVD technology is faster and provides storage capacity that is about 6 to 7 times greater than CD
technology. Both have the same aerial space—4.75 inches and 3.1 inches, 1.2mm thick. DVD
technology provides multiple languages on movies with multiple language subtitles. Since a beam of
laser light touches the data portion of a DVD disc, it is never touched by a mechanical part when
played, thus eliminating wear.
Some key DVD features include:
MPEG?2 video compression
Digital Theatre Systems (DTS), Dolby Digital Sound, Dolby AC-3 Surround Sound
Up to eight audio tracks
133 minutes/side video running time (at minimum)
Disc changers
Backward compatibility with CD and/or CD-ROM
Still motion, slow motion, freeze frame, jump-to-scene finding
B [nteractive/programming-capable (story lines, subtitles)
A DVD system consists of a master (original) copy, a DVD disc, and a player.

The Master

A master disc must be manufactured before a DVD disc can be duplicated. The backbone of any
DVD is the master copy. Once a movie has been transferred from photographic film to videotape, it
must be properly formatted before it can be distributed on a DVD. The mastering process is quite
complicated and consists of these steps:

1. Scan the videotape to identify scene changes, enter scan codes, insert closed-caption
information, and tag objectionable sequences that would be likely targets for parental
lockout.

2. Use variable-bit-rate encoding to compress the video into MPEG-2 format.

Compress audio tracks into Dolby AC-3 Surround Sound format.

In a process called multiplexing, combine the compressed video and audio into a single
data stream.

Simulate the playback of the disc (emulation).

Create a data tape with the image of the DVD.

Manufacture a glass master which duplicators use to “press discs.”

With the exception of disc copying and reproduction (step 7 above), all the mastering
process steps are completed on high-end workstations.

One of the key steps to making a master DVD disc from videotape is the encoding process (step
2 above). The encoding process uses compression to eliminate repetitive information. For instance,
much of a movie picture remains nearly the same from frame to frame. It may have a redundant
background (a cloudless sky, a wall in a room, etc.) and the same foreground. If left in its raw state,
capturing and coding these repetitive scenes on digital video would be prohibitive. It would be so
extensive and expansive that a feature-length movie would require 4.7 GB of storage capacity. That’s
where encoding comes in.

Encoding is a complicated process that identifies and removes redundant segments in a movie frame.
Using video encoder ICs, chipsets, and sophisticated software, the process makes several passes of the
video to analyze, compare, and remove repetitive sequences. The process can eliminate more than 97%
of the data needed to accurately represent the video without affecting the quality of the picture.
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A DVD encoder uses more data to store complex scenes and less data for simple scenes. Depend-
ing on the complexity of the picture, the encoder constantly varies the amount of data needed to store
different sequences throughout the length of a movie. The average data rate for video on DVD is
about 3.7 Mb/s.

The DVD Disc

DVD discs can be manufactured with information stored on both sides of the disc. Each side can
have one or two layers of data. A double-sided, double-layered disc effectively quadruples the
standard DVD storage density to 17 GB. A double-sided DVD disc holds 17 GB of data (compared
with a CD’s 680 MB) because it is actually two tightly packed, dual-layered discs glued back-to-
back.

With 17 GB, the DVD provides 26 times the storage capacity of a typical audio CD that has 680
MB. This is the equivalent of four full-length feature movies, or 30 hours of CD quality audio, all on
one disc. The DVD format is a nearly perfect medium for storing and delivering movies, video,
audio, and extremely large databases.

In late 1999 Pioneer Electronics took optical disc density storage one step further when it
demonstrated a 27.4-GB disc that used a 405-nm violet laser. The high-density disc has a track pitch
about half that of a 17-GB disc. Several vendors are developing a new technology that uses blue laser
technology to provide superior quality video. This technology will be capable of achieving higher
data densities with 12- to 30-GB capacity.

DVD and CD discs are developed and replicated in a similar manner due to their physical
similarities. A DVD disc is made of a reflective aluminum foil encased in clear plastic. Stamping the
foil with a glass master forms the tightly wound spiral of tiny data pits. In the case of a single-sided
disc, the stamped disc is backed by a dummy that may show advertisements, information, or enter-
tainment. Two halves, each stamped with information, are attached to the back of a double-sided
disc. The stamping technique is a well-understood process, derived in part from CD-ROM manufac-
turing and in part from the production of laser discs.

Replication and mastering are jobs most often done by large manufacturing plants that also
replicate CDs. These companies estimate that the cost of a single-sided, single-layer DVD will
eventually be about the same as that of a CD—approximately $0.50. This low cost compares favor-
ably to the roughly $2.50 cost to make and distribute a VHS tape and the $8.00 cost to replicate a
laser disc.

There are three reasons for the greater data capacity of a DVD disc:

1. Smaller pit size — DVDs have a smaller pit size than CDs. Pits are the slight depressions, or
dimples, on the surface of the disc that allow the laser pickup to distinguish between the
digital 1s and Os.

2. Tighter track spacing — DVDs feature tighter track spacing (i.e., track pitch) between the
spirals of pits. In order for a DVD player to read the smaller pit size and tighter track
spacing of the DVD format, a different type of laser with a smaller beam of light is required.
This is one of the major reasons why CD players cannot read DVDs, while DVD players can
read audio CDs.

3.  Multiple layer capability — DVDs may have up to 4 layers of information, with two layers
on each side. To read information on the second layer (on the same side), the laser focuses
deeper into the DVD and reads the pits on the second layer. When the laser switches from
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one layer to another, it is referred to as the “layer switch,” or the “RSDL (reverse spiral dual
layer) switch”. To read information from the other side of the DVD, almost all DVD players
require the disc to be flipped.

Based on DVD’s dual-layer and double-sided options, there are four disc construction formats:

1. Single-Sided, Single-Layered — Also known as DVD-5, this simplest construction format
holds 4.7 GB of digital data. The “5” in “DVD-5" signifies the nearly 5 GB worth of data
capacity. Compared to 650 MB of data on CD, the basic DVD-5 has over seven times the
data capacity of a CD. That’s enough information for approximately two hours of digital
video and audio for DVD-Video or 74 minutes of high-resolution music for DVD-Audio.

2. Single-Sided, Dual-Layered — DVD-9 construction holds about 8.5 GB. DVD-9s do not
require manual flipping; the DVD player automatically switches to the second layer in a
fraction of a second by re-focusing the laser pickup on the deeper second layer. This
capability allows for uninterrupted playback of long movies up to four hours. DVD-9 is
frequently used to put a movie and its bonus materials or its optional DTS Surround Sound
track on the same DVD-Video disc.

3. Double-Sided, Single-Layered — Known as DVD-10, this construction features a capacity
of 9.4 GB. DVD-10s are commonly used to put a widescreen version of a movie on one side
and a full frame version of the same movie on the other side. Almost all DVD players
require you to manually flip the DVD which is why the DVD-10 is called the “flipper” disc.
(There are a few DVD players that can perform flipping automatically.)

4. Double-Sided, Dual-Layered — The DVD-18 construction can hold approximately 17 GB
(almost 26 times the data capacity of a CD), or about 8 hours of video and audio as a DVD-
Video. Think of DVD-18 as a double-sided DVD-9 where up to four hours of uninterrupted
video and audio can be stored on one side. Content providers usually choose two DVD-9s
rather than a single DVD-18 because DVD-18s cost far more to produce.

A DVD disc can be used for data storage in a PC by using a DVD ROM drive. Using a similar
format, each DVD can store up to 17 GB of data compared to a CD-ROM disc which stores 650 MB
of data. While a single layer of a DVD disc can hold 4.7 GB of data, greatly increased storage
capacity is accomplished by using both sides of the disc and storing two layers of data on each side.
The amount of video a disc holds depends on how much audio accompanies it and how heavily the
video and audio are compressed. The data is read using 635-nm and 650-nm wavelengths of red
laser.

The DVD Player
A DVD player makes the DVD system complete. The player reads data from a disc, decodes audio
and video portions, and sends out those signals to be viewed and heard.

DVD units are built as individual players that work with a television or as drives that are part of a
computer. DVD-video players that work with television face the same standards problem (NTSC
versus PAL) as videotape and laser disc players. Although MPEG video on DVD is stored in digital
format, it is formatted for one of these two mutually incompatible television systems. Therefore,
some players can play only NTSC discs, some can only play PAL discs, but some will play both. All
DVD players sold in PAL countries play both. A very small number of NTSC players can play PAL
discs.

Most DVD PC software and hardware can play both NTSC and PAL video. Some PCs can only
display the converted video on the computer monitor, but others can output it as a video signal for a TV.
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Most players and drives support a standard set of features including:
Language choice
Special effects playback (freeze, step, slow, fast, scan)
Parental lock-out
Programmability
Random play and repeat play
Digital audio output (Dolby Digital)
Compatibility with audio CDs
Established standards also require that all DVD players and drives read dual-layer DVD discs.
All players and drives will play double-sided discs, but the discs must be manually flipped over to
see and/or hear side two. No manufacturer has yet announced a model that will play both sides. The
added cost is probably not justifiable at this point in DVD’s history.

Components of a DVD Player
DVD players are built around the same fundamental architecture as CD-ROM drivers/players. Major
components of a DVD player include:

B Disc reader mechanism — Includes the motor that spins the disc and the laser that reads the
information from it.

B DSP (digital signal processor) IC — Translates the laser pulses back to electrical form that
other parts of the decoder can use.

B Digital audio/video decoder IC — Decodes and formats the compressed data on the disc
and converts data into superior-quality audio and video for output to TVs and stereo
systems. This includes the MPEG video decoder and audio decoder. It also includes a DAC
for audio output and an NTSC/PAL encoder for video output.

® 8-, 16-, 32-bit Microcontroller — Controls operation of the player and translates user inputs
from remote control or front panel into commands for audio/video decoder and disc reader
mechanism.

®  Copy protection descrambler

B Network Interface ICs — To connect to other electronics devices in the home, the DVD
player supports a number of network interfaces such as IEEE 1394, Ethernet, HomePNA,
etc.

B Memory — SRAM, DRAM, flash

Figure 7.1 shows the different components of a typical DVD player.

The DVD player functions when a visible laser diode (VLD) beams a 635- or 650-nm wave-
length red light at a DVD disc spun via a spindle motor at roughly eight times the speed of a typical
CD-ROM. An optical pickup head governed by a spindle-control chip feeds data to a DSP which
feeds it to an audio/video decoder.

The position of the reading point is controlled by the microcontroller. From the audio/video
decoder, MPEG-2 data is separated and synchronized (demultiplexed) into audio and video streams.
The stream of video data passes through an MPEG-2 decoder where it is formatted for display on a
monitor. The audio stream passes through either an MPEG-2 or Dolby Digital AC-3 decoder where it
is formatted for home audio systems. The decoder also formats on-screen displays for graphics and
performs a host of other features.
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Figure 7.1: DVD Player Block Diagram

First-generation DVD players contained many IC and discrete components to accomplish the
coding, decoding, and other data transmission functions. Chipsets in second- and third-generation
DVD players have greatly reduced the component count on board these systems. Function integration
in fewer integrated circuits is driving prices down in all DVD units. The first DVD players used up to
12 discrete chips to enable DVD playback, mostly to ensure quality by using time-tested chips
already on the market. So far, function integration has reduced the number of chips in some players
to six. Audio and video decoding, video processing, NTSC/PAL encoding, and content scrambling
system (CSS) functions are now typically handled by one chip. Some back-end solutions have also
been integrated into the CPU. In addition, front-end functions such as the channel controller, servo
control, and DSP are also being integrated into a single chip.

With the integration of front- and back-end functions, single chip DVD playback solutions are in
the works, which only require an additional preamplifier, memory, and audio DAC. This component
integration is essential for saving space in mini-DVD systems and portable devices. After those chips
become widely available, costs will drop. In 2004 an average DVD player bill of materials will fall
below $75.

DVD Applications

DVD discs and DVD players/drives serve two major markets - consumer (movie sales and rentals)
and PCs (games, database information, etc). In each respective market DVD has the potential to
replace older VCR and CD-ROM technologies. DVD improves video and audio and provides wide-
screen format, interactivity, and parental control. Because of these advantages the DVD is likely to
replace VHS tapes and laser discs. With only a slightly higher cost than CD-ROMs, and because
audio CDs and CD-ROMs can be played in DVD-ROM drives, the DVD-ROM will gain presence in
PCs. DVD-ROMs will provide high-memory storage in PCs.
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DVDs deliver brilliance, clarity, range of colors, and detailed resolution—up to 600 horizontal
lines across a TV screen vs. only 300 lines provided by broadcast standards. They also remove
fuzziness from the edge of the screen. DVD systems are optimized for watching movies and playing
games on a wide-screen format, with aspect ratio of 16:9. They provide superior audio effects by
incorporating theatre-quality Dolby Digital AC-3 Surround Sound or MPEG-2 audio. And DVDs
provide the interactivity that videotapes couldn’t. Because of the storage capacity and the digital
signals, consumers can randomly access different segments of the disc. DVDs provide a multi-angle
function for movies, concerts, and sporting events with replay capabilities. They allow storage of
multiple soundtracks and closed-captioning in multiple languages. And DVDs enable parents to
control what their children watch. Parents can select appropriate versions of movies, depending on
the ratings.

DVD Market Numbers, Drivers and Challenges
DVD-Audio players and DVD recorders represent the fastest growing consumer electronics product
in history. Their recent introduction will propel sales of DVD players to new heights over the next
several years. According to the Cahners In-Stat Group, the DVD market grew from nothing in 1996
to more than 28 million units shipped worldwide in 2001. Shipments are expected to exceed 60
million units in 2004.
In 2004 IDC predicts:
B DVD ROM (PC) drive shipments will reach about 27.8 million units
DVD-R/RW will reach 3.2 million units
DVD-Audio will reach 4 million units
DVD game console will reach 9.5 million units
DVD players will reach 21 million units
Adoption of DVD players is quickly growing and analysts state that unit shipments of DVD
players exceeded the total shipments of VCR shipments in 2003. In the U.S. alone in 2003 shipments
for DVD players exceeded 20 million units, compared to 18 million VCR players. The installed base
for DVD players will grow to 63.5 million units by the end of 2004. This represents the rise of the
installed base from 5.5% of the estimated 100 million total U.S. households in 1999 to 63.5% in
2004. Worldwide shipments for DVD players exceeded 51 million units in 2003 and are predicted to
exceed 75 million units in 2004. The total market for DVD ROM drives in PCs reached 190 million
units in 2003 as consumers started replacing CD drives. Some 400 million DVDs were sold in 2003
compared with roughly 227 million in 2000.
The market is currently experiencing high volume, declining prices, broadening vendor support,
and more interactive features (gaming, Internet, etc.) which will help the DVD market.
Key market drivers for the success of DVD players include:
B DVD-Video players are now mainstream because of low cost — The adoption rate for
DVD-Video players surpasses that of any consumer electronics device to date and has long
since passed the “early adopter” stage. With prices as low as $100 for a stand-alone DVD-
Video player, DVD-Video is now a mainstream format.
B High consumer awareness
B Pure digital format — The video and audio information stored on a DVD-Video is pure
digital for a crystal clear picture and CD-quality sound. It is the ideal format for movie
viewing, collecting, and distribution.

102



Digital Video/Versatile Disc (DVD)

Improved picture quality and color — The DVD format provides 480 (up to 600) horizon-
tal lines of resolution. This is a significant improvement over 260 horizontal lines of
resolution of standard VHS. The color is brilliant, rich, and saturated, accurately rendering
skin tones. With the right equipment and set-up you can enjoy a picture that approaches the
quality of film.

Aspect ratio — True to its promise of delivering the cinematic experience, DVD-Video can
reproduce the original widescreen theatrical formats of movies as they are shown in movie
theaters. DVD-Video can deliver the 1.85:1, 16:9, or the 2.35:1 aspect ratio. Of course,
DVD-Video can also provide the “full-frame” 1.33:1 or 4:3 aspect ratio that represents the
standard NTSC television screen (the standard TV format for the U.S. and Canada).
State-of-the-art surround sound — All DVD-Videos include Dolby Digital surround sound
consisting of up to six and seven channels of surround sound (i.e., Dolby Digital 5.1-channel
and 6.1-channel surround sound). The DVD specification requires Dolby Digital 2.0, 2-channel
audio to be encoded on every DVD-Video disc for countries using the NTSC TV standard.
This 2-channel soundtrack allows Dolby Surround Pro-Logic to be encoded in the stereo
audio channels for backward compatibility with pre-existing Dolby Surround Pro-Logic
sound systems. Additionally, some DVDs contain an additional alternative surround sound
format called DTS Digital Surround. They can also support the newer extended surround
formats such as THX Surround EX, DTS-ES matrix, and DTS-ES discrete 6.1.

Multiple language dialogues and soundtracks - Many DVD movies are distributed with
multiple language options (up to a maximum of 8), each with its own dialogue. Closed
captioning and/or subtitles are also supported with up to 32 separate closed caption and/or
subtitle/karaoke tracks encoded into the DVD disc.

Multiple angles option — DVDs can support the director’s use of simultaneous multiple
camera angles (up to 9) to put a new spin on the plot.

Bonus materials — Many DVD-Video movie releases come with bonus materials that are
normally not included in the VHS version. These might include:

Segments on the making of a movie

Cast and crew interviews

Theatrical trailers

TV spots

Director’s audio commentary

Music videos

Cast and crew biographies

Filmographies

Some bonus features are actually DVD-ROM features where the same disc features DVD-
ROM application content. Such DVD-ROM content (e.g., full screenplay text cross-referenced
with video playback, web access, and games) requires a computer with a DVD-ROM drive
for viewing. Overall, bonus features make movie collecting on the DVD-Video format all
the more rewarding. This material can contain multilingual identifying text for title name,
album name, song name, actors, etc. Also there are menus varying from a simple chapter
listing to multiple levels with interactive features.

Standard audio CDs may be played in DVD players.

Random access to scenes — Movies on DVDs are organized into chapters similar to how
songs are recorded on tracks of an audio CD. You can jump to your favorite scenes directly
by using the “skip chapter” button on the DVD player, by entering the chapter number, or by
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using the DVD disc’s menu feature. And there is no more rewinding of videotapes. DVD-
Video has a unique feature called “seamless branching” where different video segments can
be pre-programmed to combine in various combinations (reorder the sequence of scene
playback). This allows for the same DVD-Video disc to contain different versions of the
same film, like an original theatrical release version and a director’s cut version of the same
film. For example, if you chose the “original theatrical release” version from the main
menu, the DVD-Video disc will play the original version of the movie by playing the same
scenes as shown in the movie theaters. If you chose the “director’s cut” version from the
main menu, the DVD-Video disc will play back the director’s cut of the movie. This may
skip to scenes that were previously unreleased during certain segments, then automatically
branch back to the common scenes shared with the theatrical version. These scene transi-
tions are nearly instantaneous and transparent to the viewer.

Parental control — The DVD format offers parents the ability to lock out viewing of certain
materials by using the branching function. And different versions of the same movie with
different MPAA ratings (e.g., G, PG, PG-13, R, and NC-17) can be stored on the same
DVD.

Durable disc format — The DVD disc format offers durability and longevity similar to that
of audio CDs. With proper handling and care the DVD disc should last a very long time.
There is no wear and tear to worry about since there is no contact between the laser pickup
and the DVD disc. Unlike VHS videotapes, there is virtually no deterioration or physical
wear with repeated use. With its durability and small size, DVD is a great format in which
to collect movies and other video titles. The discs are resistant to heat and are not affected
by magnetic fields.

Content availability — With over 10,000 titles available on DVD-Video, there is a wide
selection of DVD movies available at national, local and independent video rental stores.
There are even on-line merchants that rent DVDs such as NetFlix.com. DVDs are here to
stay and have become the new medium of choice for home viewing and movie collecting.
High (and multiple) storage capacities — Over 130 minutes of high-quality digital video
are available on a single-layered, single-sided disc. Over four hours are available on a
single-layered, dual-sided disc or dual-layered, single-sided disc. And over eight hours are
theoretically possible with the dual-layered, dual-sided format.

Some of the challenges limiting the success of DVD products are:

Content (copy) protection and encryption — Copy protection is a primary obstacle that the
DVD industry must overcome for rapid acceptance and growth. Movie studios do not want
to see highly valuable content copied illegally and distributed via PCs and the Internet—like
what happened with MP3 music. The industry has developed CSS as a deterrent to illegal
copying. A CSS license gives a company permission to build a device with decrypt or anti-
scrambling code. Built-in copy protection can also interfere with some display devices, line
doublers, etc.

The failure of DIVX — DIVX was essentially a limited-use, pay-per-view DVD technology.
It was marketed as a more affordable DVD format. With the financial backing of Circuit
City retail stores, it allowed a user to purchase a DIVX disc at a minimal cost and view its
contents for an unlimited number of times within a 48-hour period. Once the 48 hours were
up, the user was charged for each additional use. The DIVX machines had a built-in modem
which automatically called the central billing server about twice a month to report player
usage. Users had the option to purchase the right to unlimited viewing for a sum equal to the
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cost of a DVD-Video disc. Given that a DIVX player was basically a DVD-Video player
with additional features to enable a pay-per-view, it is not surprising that it was capable of
playing standard DVD-Video discs. Obviously a standard DVD player did not allow viewing
of a DIVX disc.

In addition to the built-in modem, the typical DIVX player contained decrypting
circuitry to read the DIVX discs which were encoded with a state-of-the-art algorithm
[Triple-DES]. Also, the player read the unique serial number off the disc which is recorded
on an area known as the Burst Cutting Area (BCA) located in the inner most region of the
disc. Essentially, this could be used to record up to 188 bytes of data after the disc has been
manufactured. DIVX uses this number to keep track of the viewing period.

Some consumers balked at the idea of having two different standards for digital discs.
Others objected to having to keep paying for something they had already purchased. Still,
DIVX appeared to be gaining acceptance among consumers with sales of the enhanced
players reportedly matching those of standard DVD units. Then its backers pulled the plug
on the format in mid-1999, blaming the format’s demise on inadequate support from studios
and other retailers. Its fate was effectively sealed when companies, including U.S. retail
chain Blockbuster, announced plans to rent DVDs to consumers instead of DIVX discs.

Though it didn’t last long, DIVX played a useful role in creating a viable rental market essential
for DVD-Video to become as popular as VHS. Furthermore, its BCA feature offered some interesting
possibilities for future distribution of software on DVD-ROM discs. For example, it could mean an
end to forcing consumers to manually enter a long string of characters representing a product’s serial
number during software installation. A unique vendor ID, product ID, and serial number can be
stored as BCA data and automatically read back during the installation process. Storing a product’s
serial number as BCA data could also deter pirating by making it almost impossible to install a
software product without possessing an authentic copy of the disc.

DVD does have its limitations:

There is consumer confusion due to DVD rewritable format incompatibility

Increasing DVD capabilities are converging with other devices such as gaming consoles.
There are region code restrictions. By encoding each DVD-Video disc and DVD players
with region codes, only similarly coded software can be played back on DVD hardware.
Hence, a DVD-Video coded “region 1” can be played back only by a DVD player that is
compatible with region 1. This allows movie studios to release a DVD-Video of a movie
while preparing the same movie for theatrical release of that movie overseas. Regional
lockout prevents playback of foreign titles by restricting playback of titles to the region
supported by the player hardware.

Poor compression of video and audio can result in compromised performance. When 6-
channel discrete audio is automatically down-mixed for stereo/Dolby Surround, the result
may not be optimal.

Not HDTV standard

Reverse play at normal speed is not yet possible.

The number of titles will be limited in the early years.

Some emerging DVD player technology trends are:

DVD-Video players are combining recordability features.
DVD players are combining DVD-Audio capabilities, enabling DVD players to achieve
higher-quality audio. DVD-Audio provides a major advance in audio performance. It
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enables the listener to have advanced resolution stereo (2 channels), multi-channel surround
sound (6 channels), or both.

B  The interactive access to the Internet feature is gaining prominence in DVD players and
gaming consoles. DVD players contain almost all of the circuitry required to support an
Internet browser, enabling many new opportunities for DVD. The connection to the Internet
would allow the customer to get current prices, order merchandise, and communicate via
email with a personal shopper.

B PCs are adopting DVD read and write drives.

B A networked DVD player allows the user to play DVD movies across the home network in
multiple rooms.

B  Gaming functionality is being added.

Convergence of Multiple Services

The functionality provided by DVD players and DVD-ROM devices will converge and be incorpo-
rated within existing consumer electronic appliances and PCs. Several companies are producing a
DVD player/Internet appliance in set-top boxes and recent video game consoles from Sony and
Microsoft allow users to play DVD movies on their units. TV/DVD combinations are becoming as
prevalent as car entertainment systems were. DVD is being combined with CD recorders, VCRs, or
hard disc drives to form new products. Several companies have introduced DVD home cinema
systems that integrate a DVD Video player with items such as a Dolby digital decoder, CD changer,
tuner, and cassette deck. Some consumer device manufacturers are integrating DVD functionality
within existing set-top boxes and gaming consoles. DVD-Video players are combining recordability
features. And a few consumer electronic manufacturers have introduced integrated DVD players and
receivers/amplifiers. This device provides a one-box gateway that will provide excellent quality
surround sound and digital video and audio playing.

Convergence of DVD-ROM Devices and PCs

Many mid- and high-priced new desktop and notebook computers are being delivered with DVD-
ROM drives that will also play DVD-Videos—either on the computer monitor or on a separate TV
set. In order to play DVD-Videos a computer must be equipped to decode the compressed audio and
video bitstream from a DVD. While there have been attempts to do this in software with high-speed
processors, the best implementations currently use hardware, either a separate decoder card or a
decoder chip incorporated into a video card.

An unexpected byproduct of the ability of computers to play DVD videos has been the emer-
gence of higher quality video digital displays suitable for large-screen projection in home theaters.
Computers display in a progressive scan format where all the scan lines are displayed in one sweep,
usually in a minimum of 1/60th of a second. Consumer video displays in an interlaced scan format
where only half the scan lines (alternating odd/even) are displayed on a screen every 1/60th of a
second (one “field”). The complete image frame on a TV takes 1/30th of a second to be displayed.

The progressive scan display is referred to as “line-doubled” in home theater parlance because
the lines of a single field become twice as many. It has been very expensive to perform this trick. The
best line doublers cost $10,000 and up. However, movie films are stored on DVD in a format that
makes it simple to generate progressive scan output, typically at three times the film rate, or 72 Hz.
Currently, only expensive data-grade CRT front projectors can display the higher scan rates required.
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But less expensive rear projectors that can do this have been announced. Convergence of computers
and home entertainment appears poised to explode.

This progressive scan display from DVD-Video is technically referred to as 720x480p. That is,
720 pixels of horizontal resolution and 480 vertical scan lines displayed progressively rather than
interlaced. It is very close to the entry-level format of digital TV. The image quality and resolution
exceed anything else currently available in consumer TV.

Convergence of DVD Players and Gaming Devices

As described in Chapter 6, DVD players will converge with gaming consoles. The significant storage
capacity, digital quality, features, and low cost of media make it far superior to game cartridges. A
game console and a DVD player actually have a number of components in common such as video
and audio processors, memory, TV-out encoders, and a host of connectors and other silicon. There is
also potential for both functions to use the same drive mechanism which is one of the most expensive
parts of the system. Today, many of the components are designed specifically for one or the other,
but with a little design effort it would be easy to integrate high-quality gaming into a DVD player at
little incremental cost.

Game consoles are already moving quickly towards higher-capacity and lower-cost media, and
DVD-based software represents the best of both worlds. Although cartridges have benefits in the area
of piracy and platform control, they are expensive and have limited a number of manufacturers.
Gaming consoles announced by both Sony and Microsoft have DVD support.

Convergence of DVD Players and Set-top Boxes

Consumers will want plenty of versatility out of their DVD systems. Instead of receiving satellite,
terrestrial, and cable signals via a set-top box or reading a disc from their DVD player, they will
expect to download video and audio from a satellite stream and record it using their DVD-RAM
system.

Because current DVD players, satellite receivers, and cable set-top boxes use similar electronic
components, a converged player may not be far away. DVD is based on the MPEG-2 standard for
video distribution as are most satellite and wireless cable systems. The audio/video decoder chip at
the heart of a DVD player is an enhanced version of the video and audio decoder chips necessary to
build a home satellite receiver or a wireless cable set-top box. With many similarities, it is likely that
most of these appliances will eventually converge into a single unit— a convergence box that blends
the features of three separate systems into one unit.

Convergence of DVD-Video Players and DVD-Audio Players
The audio market is seeing several technologies compete to become the next-generation audio
technology that proliferates into consumer homes. Some of these include CD, MP3, SACD, and
DVD-Audio. The DVD specification includes room for a separate DVD-Audio format. This allows
the high-end audio industry to take advantage of the existing DVD specification. DVD-Audio is
releasing music in a PCM (pulse code modulation) format that uses 96 KHz and 24 bits as opposed
to the CD PCM format of 44.1 KHz and 16 bits.

All current DVD-Video players can play standard audio CDs (although not required by the
specification) as well as DVDs with 48 or 96 KHz/16-, 20- or 24-bit PCM format. Most second-
generation DVD-Video players will actually use 96 KHz digital to analog converters, whereas some
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of the first generation players initially down-converted the 96 KHz bitstream to 48 KHz before
decoding. Hence, several next-generation DVD players will automatically add DVD-Audio capabil-
ity. However, they may support multiple other audio formats and standards as well.

DVD-A combined into a DVD video player will help prevent severe price deflation by maintain-
ing the value of the DVD video player. Because it will require only a small premium for DVD-A to
be incorporated into a DVD video player, players capable of DVD-A will quickly win market share
due to the mainstream price point of this advanced player.

Since DVD players can play audio CDs, sales of standalone CD players have shrunk. Consumer
electronics manufacturers are looking to integrate audio functionality within DVD players for added
revenues. DVD video players combined with DVD-A functionality will eventually replace DVD
video players with CD player capabilities.

The “convergence box” concept with its features and functions is not for everyone. For example,
high-quality 3D-imaging for video games may be great for some, but not for all. Likewise, reception
of 180-plus television stations via satellite is not a necessity for everyone. Though convergence
seems inevitable, convergence boxes will probably be packaged next to stand-alone products (DVD,
satellite-dish, cable system, etc.) for consumers who will not want to pay extra for features they will
not use.

Summary
The DVD format is doing for movies what the CD format did for music. Because of its unique
advantages, the DVD has become the most successful consumer technology and product.

The three application formats of DVD include DVD-Video for video entertainment, DVD-Audio
for audio entertainment, and DVD-ROM for PCs. In the future DVD will provide higher storage
capacities, but it will change the way consumers use audio, gaming, and recording capabilities.

DVD technology will see rapid market growth as it adds features and integrates components to
obtain lower prices. In addition, sales will increase as new and existing digital consumer devices and
PCs incorporate DVD technology.
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Desktop and Notebook
Personal Computers (PCs)

Introduction

Over the last 10 years the PC has become omnipresent in the work environment. Today it is found in
almost every home, with a sizeable percentage of homes having multiple PCs. Dataquest estimates
that PC penetration exceeds 50% of U.S. households—out of 102 million U.S. households, 52 million
own a PC. They also find that households with multiple PCs have grown from 15 million in 1998 to
over 26 million in 2003.

A plethora of new consumer devices are available today with a lot more to come. Some con-
sumer devices such as MP3 players, set-top boxes, PDAs, digital cameras, gaming stations and
digital VCRs are gaining increased popularity. Dataquest predicts that the worldwide unit production
of digital consumer devices will explode from 1.8 million in 1999 to 391 million in 2004. The next
consumer wave is predicted to transition from a PC-centric home to a consumer device-centric home.

Despite growth in the shipments of digital consumer devices, the PC will continue to penetrate
homes for several years. While most consumer devices perform a single function very well, the PC
will remain the backbone for information and communication. In the future it will grow to become
the gateway of the home network. A large number of consumer devices such as Internet-enabled cell
phones and portable MP3 players will not compete directly with PCs. Rather, a set-top box with a
hard-drive or a game console may provide similar functionality as the PC and may appeal to a certain
market segment. However, the PC in both desktop and notebook variations will continue to be used
for a variety of tasks.

Definition of the Personal Computer
Since the PC is so prominent, defining it seems unnecessary. However, it is interesting to look at how
the PC has evolved and how its definition is changing.

The PC is a computer designed for use by one person at a time. Prior to the PC, computers were
designed for (and only affordable by) companies who attached multiple terminals to a single large
computer whose resources were shared among all users. Beginning in the late 1980s technology
advances made it feasible to build a small computer that an individual could own and use. The term
“PC” is also commonly used to describe an IBM-compatible personal computer in contrast to an
Apple Macintosh computer. The distinction is both technical and cultural. The IBM-compatible PC
contains Intel microprocessor architecture and an operating system such as Microsoft Windows (or
DOS previously) that is written to use the Intel microprocessor. The Apple Macintosh uses Motorola
microprocessor architecture and a proprietary operating system—although market economics are
now forcing Apple Computer to use Intel microprocessors as well. The IBM-compatible PC is
associated with business and home use. The “Mac,” known for its more intuitive user interface, is
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associated with graphic design and desktop publishing. However, recent progress in operating
systems from Microsoft provides similar user experiences.

For this discussion, the PC is a personal computer—both desktop and laptop - that is relatively
inexpensive and is used at home for computation, Internet access, communications, etc. By defini-
tion, the PC has the following attributes:

B Digital computer

B [argely automatic

B Programmable by the user

B Accessible as a commercially manufactured product, a commercially available kit,
or in widely published kit plans
Transportable by an average person
Affordable by the average professional
B Simple enough to use that it requires no special training beyond an instruction manual

Competing to be the Head of the Household

The PC is the most important and widely used device for computing, Internet access, on-line gaming,
data storage, etc. It is also viewed as a strong potential candidate for a residential gateway. In this
capacity, it would network the home, provide broadband access, control the functionality of other
appliances, and deploy other value-added services. The rapid growth in multi-PC households is
creating the need for sharing broadband access, files and data, and peripherals (e.g., printers and
scanners) among the multiple PCs in different rooms of a house. This is leading to the networking of
PCs, PC peripherals, and other appliances.

With worldwide PC shipments totaling 134.7 million units in 2000, and predicted to exceed 200
million in 2005, the PC (desktop and notebook) is seeing healthy demand. This is due to ongoing
price per performance improvements and the position of the PC as a productivity tool. However,
there are still several weaknesses with the PC. It is often viewed as being complex, buggy, and
confusing. But with the recent introduction of operating systems that have a faster boot-up time and
are less buggy, the PC has become friendlier. Standardization of components is also addressing some
of the weaknesses.

PC market opportunities include:

B Growth in multiple PC households
B Evolution of new business models
B Introduction of new and innovative PC designs
B The growing ubiquity of the Internet
PC Market threats include:
B Digital consumer devices
B Web-based services and applications
B Saturation in key markets
B [ow margins
With this in mind, an emerging category of digital consumer electronics device is coming to
market. This category includes these features:
B [ow-cost
B Easy-to-use
B [nstant-on
B Lightweight
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B Reliable
B Special-purpose access to the Internet.

Devices which pose a threat to the existence of the PC include set-top boxes, digital TV, gaming
consoles, Internet screen phones, Web pads, PDAs, mobile phones, and Web terminals. Smarter chips
and increased intelligence are being embedded into everyday consumer devices. The digitization of
data, voice, and video is enabling the convergence of consumer devices. Applications such as email,
Web shopping, remote monitoring, MP3 files, and streaming video are pushing the need for Internet
access. These devices have advanced computational capabilities that provide more value and conve-
nience when networked.

Over the last couple of years the Internet has grown ubiquitous to a large number of consumers.
Consumers are demanding high-speed Internet access to PCs and other home appliances such as Web
pads, Web terminals, digital TV, and set-top boxes. Using a single, broadband access point to the
Internet provides cost savings, but requires the networking of PCs and digital consumer devices.

Shipments for PCs exceeded 11.6 million units and revenue exceeded $21 billion in the U.S. in
1998. Market analysts project an increase in shipments to 25.2 million units in the year 2001 for the
U.S. The growth in PC revenues has stalled over the last few years. Non-PC vendors are seeking an
opportunity to capture the $21 billion market in U.S. alone. Predictions for 2001 in the U.S. include
sales of 22 million home digital consumer devices (excluding Internet-enabled mobile phones and
telematics systems) compared with 18 million home PCs. In 2004 digital consumer appliance
revenues will rise above falling PC revenues.

Digital consumer appliances include:

Internet-connected TVs

Consumer network computers

Web tablets

E-mail-only devices

Screen phones

Internet game consoles

Handheld PCs/personal digital assistants (PDAs)
Internet-enabled mobile phones

Automotive telematics systems

The firm forecasts that total revenues from all digital consumer appliances (including Internet-
enabled mobile phones and telematics systems) will reach $33.7 billion by the end of 2005. Market
numbers for digital consumer devices are largely skewed between research firms because some of the
numbers include appliances such as cell-phones and telematics systems that do not directly compete
with the PC.

This slower growth in revenues is due to the increase in the number of digital consumer devices

and falling ASPs (average selling prices) of PCs. In 2001 shipments of digital consumer devices
exceeded the unit shipments for PCs in the U.S.

Factors driving digital consumer devices are:

B Aggressive vendor pursuit

B Meeting consumer demands (ease-of-use, providing specific functionality, requiring Internet

connectivity)
B Advancing bandwidth capacity
B [ower product costs
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Digital consumer devices are targeting three specific areas:

B Replacing PCs and providing robust Web browsing, email, and interactivity (e.g., email
terminals, Web terminals, Web pads).

B Supplementing PCs and coexisting with them (e.g., PDAs, printers, scanners).

B Sidestepping PCs with appliances that provide functionality quite different from the PC and
are not a significant threat to its existence (e.g., set-top boxes, cellular phones.)

Some factors that are driving the success of digital consumer devices are:

Aggressive vendor pursuit

Consumer market demands

Advancing bandwidth capacity

Lower product costs

Consumer needs

Device distribution subsidized by service contracts rather than via retail or direct sales, like

for PCs. An example would be the digital video recorder (DVR).

Because digital consumer devices are based on the idea that the PC is too complex, comparisons
between digital consumer devices and PCs have always been made. It is this constant comparison
that has cast the Web terminal segment in such a difficult light. Many in the industry had wrongly
expected that shipments of the Web terminal segment (without the help of handheld- or TV-based
devices) would single-handedly exceed and replace the PC market. In light of these misinterpreta-
tions, comparing shipments of digital consumer devices with shipments of PCs is not completely
correct.

Also, there are multiple definitions for digital consumer devices and some include devices that
don’t directly compete with PCs. The more commonly perceived definition includes only Web
terminals, Web tablets, and email terminals. These products barely even register on the radar screen
in comparison with PCs. Once the definition of digital consumer devices is expanded to include
handheld, gaming, and iTV-enabled devices, the change is obvious. A very healthy spike in digital
consumer device shipments in 2001—Tlargely attributable to next-generation gaming consoles
becoming Internet-enabled—pushes the definition of digital consumer devices beyond just shipments
for PCs. Even with high volumes of handhelds and TV-based devices, it is important to remember
that not one single category is expected to out-ship PCs on its own.

Note that this does not mean PCs are going away. Despite certain fluctuations, the PC market is
still expected to remain solid. In fact, the function and usage could be completely different (e.g., web
surfing on a PC versus online gaming on a console). This may happen even though digital consumer
devices represent an alternative to PCs as an Internet access method.

Additionally, many vendors approaching the post-PC market see the PC continuing as a central
point (or launching pad) for the other devices that peacefully coexist in the networked home. Hence,
many in the industry further argue that the term “post-PC era” is better replaced with the term “PC-
plus era.” Finally, keep in mind that this comparison with PCs is primarily applicable to the United
States where PCs are currently seeing over 55% household penetration. In international markets PC
penetration is much lower. In those instances the more appropriate comparison might be with mobile
phones.
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The PC Fights Back

The PC is not going away soon because of its:

B Compatibility — Interoperability between documents for business, education, and
government.

B Flexibility in the PC platform — Video editing, music authoring, Web hosting, gaming,
etc., can all be done on one PC. Comparatively, digital consumer devices are dedicated to
one function.

Momentum — PCs have a huge installed base, high revenue, and annual shipments.
Awareness — More than 50% of consumer homes have PCs.

Investment protection and reluctance to discard

Pace of improvement — Faster processors, bigger hard drives, better communication.
Being an established industry — Corporate momentum will continue due to PC vendors,
software developers, stores, and support networks.

Some of the market trends for PCs include:

B Lower price points — Rapidly moving below $500 which causes blurred lines between PCs

and digital consumer devices.

B New downstream revenue opportunities — Internet services, financing/leasing, and
e-commerce options. Higher intelligence is making the PC an ideal platform for the
residential gateway of the future. PCs are already shipped with analog or digital modems,
allowing broadband Internet access. This platform is ideal to provide home networking
capabilities to multiple consumer devices.

B Super-efficient distribution — File data can be distributed effectively via the Internet.

B Offsetting-profit products — Products such as servers, services (Internet, high-speed
access), and workstations enable aggressive prices to consumers.

Most consumer devices focus on a single value-add to the customer and provide it very well.
Hence, some focus on the unique negatives of a PC and show how the PC will never survive. For
example, MP3 players focus on portability and ease-of-use to customers. However, today there is no
better device than the PC to download and mass-store music in a library .

There are applications that digital consumer devices perform well. For example, a Web pad lets
you perform tasks such as scheduling, ordering groceries, and sending email—all with portability.
While very convenient within the home, it is incapable beyond this and requires an access point and
a gateway to provide a high-speed Internet connection. The PC can provide all the above functions
and more—such as video editing, gaming, and Word editing. Hence, PCs will continue to maintain a
stronghold on homes. Some digital consumer devices have unique value propositions and are making
their way into consumer lives. These include gaming consoles, Web pad, set-top boxes, and
telematics. Both PCs and consumer devices will coexist in tomorrow’s homes.

Components of a PC

Figure 8.1 shows a generic PC that includes processor, memory, hard-disk drive, operating system,
and other components. These make up a unique platform that is ideal for providing multiple func-
tions such as Internet and e-commerce services. Future PCs will provide digital modems and home
networking chipsets. Broadband access will provide high-speed Internet access to the PC and other
digital consumer devices. Home networking will network multiple PCs, PC peripherals, and other
consumer devices.
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Figure 8.1: The PC

The following sections describe some key components that make up the PC.

Processor

The processor (short for microprocessor, also called the CPU, or central processing unit) is the
central component of the PC. This vital component is responsible for almost everything the PC does.
It determines which operating systems can be used, which software packages can be run, how much
energy the PC uses, and how stable the system will be. It is also a major determinant of overall
system cost. The newer, faster, and more powerful the processor, the more expensive the PC.

Today, more than half a century after John Von Neumann first suggested storing a sequence of
instructions (program) in the same memory as the data, nearly all processors have a “Von Neumann”
architecture. It consists of the central arithmetical unit, the central control unit, the memory, and the
Input/Output devices.

Principles
The underlying principles of all computer processors are the same. They take signals in the form of
Os and 1s (binary signals), manipulate them according to a set of instructions, and produce output in
the form of Os and 1s. The voltage on the line at the time a signal is sent determines whether the
signal is a 0 or a 1. On a 2.5V system, an application of 2.5 volts means that it is a 1, while an
application of OV means it is a 0.

Processors execute algorithms by reacting in a specific way to an input of Os and 1s, then return
an output based on the decision. The decision itself happens in a circuit called a logic gate. Each gate
requires at least one transistor, with the inputs and outputs arranged differently by different opera-
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tions. The fact that today’s processors contain millions of transistors offers a clue as to how complex
the logic system is.

The processor’s logic gates work together to make decisions using Boolean logic. The main
Boolean operators are AND, OR, NOT, NAND, NOR, with many combinations of these as well. In
addition, the processor uses gate combinations to perform arithmetic functions and trigger storage of
data in memory. Modern day microprocessors contain tens of millions of microscopic transistors.
Used in combination with resistors, capacitors, and diodes, these make up logic gates. And logic
gates make up integrated circuits which make up electronic systems.

Intel’s first claim to fame was the Intel 4004 released in late 1971. It was the integration of all
the processor’s logic gates into a single complex processor chip. The 4004 was a 4-bit microproces-
sor intended for use in a calculator. It processed data in 4 bits, but its instructions were 8 bits long.
Program and data memory were separate, | KB and 4 KB respectively. There were also sixteen 4-bit
(or eight 8-bit) general-purpose registers. The 4004 had 46 instructions, using only 2,300 transistors.
It ran at a clock rate of 740 KHz (eight-clock cycles per CPU cycle of 10.8 microseconds).

Two families of microprocessor have dominated the PC industry for some years—Intel’s Pentium
and Motorola’s PowerPC. These CPUs are also prime examples of the two competing CPU architec-
tures of the last two decades—the former being a CISC chip and the latter a RISC chip.

CISC (complex instruction set computer) is a traditional computer architecture where the CPU
uses microcode to execute very comprehensive instruction sets. These may be variable in length and
use all addressing modes, requiring complex circuitry to decode them. For many years the tendency
among computer manufacturers was to build increasingly complex CPUs that had ever-larger sets of
instructions. In 1974 IBM decided to try an approach that dramatically reduced the number of
instructions a chip performed. By the mid-1980s this led to a trend reversal where computer manu-
facturers were building CPUs capable of executing only a very limited set of instructions.

RISC (reduced instruction set computer) CPUs:

B Keep instruction size constant.

B  Ban the indirect addressing mode.

B Retain only those instructions that can be overlapped and made to execute in one machine

cycle or less.

One advantage of RISC CPUs is that they execute instructions very fast because the instructions
are so simple. Another advantage is that RISC chips require fewer transistors, which makes them
cheaper to design and produce.

There is still considerable controversy among experts about the ultimate value of RISC architec-
tures. Its proponents argue that RISC machines are both cheaper and faster, making them the
machines of the future. Conversely, skeptics note that by making the hardware simpler, RISC
architectures put a greater burden on the software. For example, RISC compilers have to generate
software routines to perform the complex instructions that are performed in hardware by CISC
computers. They argue that this is not worth the trouble because conventional microprocessors are
becoming increasingly fast and cheap anyway. To some extent the argument is becoming moot
because CISC and RISC implementations are becoming more and more alike. Even the CISC
champion, Intel, used RISC techniques in its 486 chip and has done so increasingly in its Pentium
processor family.
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Basic Structure
A processor’s major functional components are:

B Core — The heart of a modern processor is the execution unit. The Pentium has two parallel
integer pipelines enabling it to read, interpret, execute, and dispatch two instructions
simultaneously.

B Branch Predictor — The branch prediction unit tries to guess which sequence will be
executed each time the program contains a conditional jump. In this way, the pre-fetch and
decode unit can prepare the instructions in advance.

B Floating Point Unit — This is the third execution unit in a processor where non-integer
calculations are performed.

B Primary Cache — The Pentium has two on-chip caches of 8§ KB each, one for code and one
for data. Primary cache is far quicker than the larger external secondary cache.

B Bus Interface — This brings a mixture of code and data into the CPU, separates them for
use, then recombines them and sends them back out.

All the elements of the processor are synchronized by a “clock” which dictates how fast the
processor operates. The very first microprocessor had a 100-kHz clock. The Pentium Pro used a 200-
MHz clock, which is to say it “ticks” 200 million times per second. Programs are executed as the
clock ticks. The Program Counter is an internal memory location that contains the address of the
next instruction to be executed. When the time comes for it to be executed, the Control Unit transfers
the instruction from memory into its Instruction Register (IR).

At the same time, the Program Counter increments to point to the next instruction in sequence.
The processor then executes the instruction in the IR. The Control Unit itself handles some instruc-
tions. Here, if the instruction says “jump to location 213,” the value of 213 is written to the Program
Counter so that the processor executes that instruction next.

Many instructions involve the arithmetic and logic unit (ALU). The ALU works in conjunction
with the General Purpose Registers (GPR) which provides temporary storage areas that can be loaded
from memory or written to memory. A typical ALU instruction might be to add the contents of a
memory location to a GPR. As each instruction is executed, the ALU also alters the bits in the Status
Register (SR) which holds information on the result of the previous instruction. Typically, SR bits
indicate a zero result, an overflow, a carry, and so forth. The control unit uses the information in the
SR to execute conditional instructions such as “jump to address 740 if the previous instruction
overflowed.”

Architectural Advances

According to Moore’s Law, CPUs double their capacity and capability every 18-24 months. In recent
years Intel has managed to doggedly follow this law and stay ahead of the competition by releasing
more powerful chips for the PC than any other company. In 1978 the 8086 ran at 4.77 MHz and had
under a million transistors. By the end of 1995 their Pentium Pro had a staggering 21 million on-chip
transistors and ran at 200 MHz. Today’s processors run in excess of 3 GHz.

The laws of physics limit designers from increasing the clock speed indefinitely. Although clock
rates go up every year, this alone wouldn’t give the performance gains we’re used to. This is the
reason why engineers are constantly looking for ways to get the processor to undertake more work in
each tick of the clock. One approach is to widen the data bus and registers. Even a 4-bit processor
can add two 32-bit numbers, but this takes lots of instructions. A 32-bit processor could do the task in
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a single instruction. Most of today’s processors have a 32-bit architecture, and 64-bit variants are on
the way.

In the early days processors could only deal with integers (whole numbers). It was possible to
write a program using simple instructions to deal with fractional numbers, but it was slow. Virtually
all processors today have instructions to handle floating-point numbers directly. To say that “things
happen with each tick of the clock” underestimates how long it actually takes to execute an instruc-
tion. Traditionally, it took five ticks—one to load the instruction, one to decode it, one to get the
data, one to execute it, and one to write the result. In this case a 100-MHz processor could only
execute 20 million instructions per second.

Most processors now employ pipelining, a process resembling a factory production line. One
stage in the pipeline is dedicated to each of the stages needed to execute an instruction. Each stage
passes the instruction on to the next when it is finished. Hence, at any one time one instruction is
being loaded, another is being decoded, data is being fetched for a third, a fourth is being executed,
and the result is being written for a fifth. One instruction per clock cycle can be achieved with
current technology.

Furthermore, many processors now have a superscalar architecture. Here, the circuitry for each
stage of the pipeline is duplicated so that multiple instructions can pass through in parallel. For
example, the Pentium Pro can execute up to five instructions per clock cycle.

The 4004 used a 10-micron process—the smallest feature was 10 millionths of a meter across.
This is huge by today’s standards. Under these constraints a Pentium Pro would measure about 5.5
inches x 7.5 inches and would be very slow. (To be fast, a transistor must be small.) By 2003 most
processors used a 0.13-micron process with 90 nanometers being the goal in late 2003.

Software Compatibility

In the early days of computing many people wrote their own software so the exact set of instructions
a processor could execute was of little importance. However, today people want to use off-the-shelf

software so the instruction set is paramount. Although there’s nothing magical about the Intel 80x86
architecture from a technical standpoint, it has long since become the industry standard.

If a third party makes a processor which has different instructions, it will not run industry
standard software. So in the days of 386s and 486s, companies like AMD cloned Intel processors,
which meant they were always about a generation behind. The Cyrix 6x86 and the AMD K5 were
competitors to Intel’s Pentium, but they weren’t carbon copies. The K5 has its own instruction set
and translates 80x86 instructions into its native instructions as they are loaded. In this way, AMD
didn’t have to wait for the Pentium before designing the K5. Much of it was actually designed in
parallel—only the translation circuitry was held back. When the K5 eventually appeared, it leap-
frogged the Pentium in performance (if clock speeds were equal).

The use of standard busses is another way processors with different architectures are given some
uniformity to the outside world. The PCI bus has been one of the most important standards in this
respect since its introduction in 1994. PCI defines signals that enable the processor to communicate
with other parts of a PC. It includes address and data buses as well as a number of control signals.
Processors have their own proprietary buses so a chipset is used to convert from a “private” bus to the
“public” PCI bus.
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Historical Perspective

The 400 was the first Intel microprocessor. To date, all PC processors have been based on the original
Intel designs. The first chip used in an IBM PC was Intel’s 8088. At the time it was chosen, it was
not the best CPU available. In fact, Intel’s own 8086 was more powerful and had been released
earlier. The 8088 was chosen for economic reasons—its 8-bit data bus required a less costly
motherboard than the 16-bit 8086. Also, most of the interface chips available were intended for use
in 8-bit designs. These early processors would have nowhere near the performance to run today’s
software. Today the microprocessor market for PCs primarily belongs to two companies—Intel and
AMD. Over the last 15-20 years, the introduction of PC architectures and families (with the Intel
80286, 80386, and 80486) has been more often followed by the Pentium family series.

Third generation chips based on Intel’s 80386 processors were the first 32-bit processors to
appear in PCs. Fourth generation processors (the 80486 family) were also 32-bit and offered a
number of enhancements which made them more than twice as fast. They all had 8K of cache
memory on the chip itself, right beside the processor logic. These cached data that was transferred
from the main memory. Hence, on average the processor needed to wait for data from the
motherboard for only 4% of the time because it was usually able to get required information from the
cache. The 486 model brought the mathematics co-processor on board as well. This was a separate
processor designed to take over floating-point calculations. Though it had little impact on everyday
applications, it transformed the performance of spreadsheet, statistical analysis, and CAD packages.

Clock doubling was another important innovation introduced on the 486. With clock doubling,
the circuits inside the chip ran at twice the speed of the external electronics. Data was transferred
between the processor, the internal cache, and the math co-processor at twice the speed, considerably
enhancing performance. Versions following the base 486 took these techniques even further - tripling
the clock speed to run internally at 75 or 100 MHz and doubling the primary cache to 16 KB.

The Intel Pentium is the defining processor of the fifth generation. It provides greatly increased
performance over a 486 due to architectural changes that include a doubling of the data bus width to
64 bits. Also, the processor doubled on-board primary cache to 32 KB and increased the instruction
set to optimize multimedia function handling.

The word Pentium™ does not mean anything. It contains the syllable pent—the Greek root for
five—symbolizing the 5" generation of processors. Originally, Intel was going to call the Pentium
the 80586 in keeping with the chip’s 80x86 predecessors. But the company did not like the idea that
AMD, Cyrix, and other clone makers could use the name 80x86 as well. So they decided to use
‘Pentium’—a trademarkable name. The introduction of the Pentium in 1993 revolutionized the PC
market by putting more power into the average PC than NASA had in its air-conditioned computer
rooms of the early 1960s. The Pentium’s CISC-based architecture represented a leap forward from
the 486. The 120-MHz and above versions had over 3.3 million transistors, fabricated on a 0.35-
micron process. Internally, the processor uses a 32-bit bus, but externally the data bus is 64 bits wide.
The external bus required a different motherboard. To support this, Intel also released a special
chipset for linking the Pentium to a 64-bit external cache and to the PCI bus.

The Pentium has a dual-pipelined superscalar design which allows it to execute more instructions
per clock cycle. Like a 486, there are still five stages of integer instruction execution—pre-fetch,
instruction decode, address generate, execute and write back. But the Pentium has two parallel
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integer pipelines that enable it to read, interpret, execute, and dispatch two operations simulta-
neously. These handle only integer calculations; a separate Floating-Point Unit handles real numbers.

The Pentium also uses two 8-KB, two-way set, associative buffers known as primary, or Level 1,
cache. One is used for instructions, the other for data. This is twice the amount of its predecessor, the
486. These caches increase performance by acting as temporary storage for data instructions obtained
from the slower main memory. A Branch Target Buffer (BTB) provides dynamic branch prediction. It
enhances instruction execution by remembering which way an instruction branched, then applying
the same branch the next time the instruction is used. Performance is improved when the BTB makes
a correct prediction. An 80-point Floating-Point Unit provides the arithmetic engine to handle real
numbers. A System Management Mode (SMM) for controlling the power use of the processor and
peripherals rounds out the design.

The Pentium Pro was introduced in 1995 as the successor to the Pentium. It was the first of the
sixth generation of processors and introduced several unique architectural features that had never
been seen in a PC processor before. The Pentium Pro was the first mainstream CPU to radically
change how it executes instructions. It translates them into RISC-like microinstructions and executes
them on a highly advanced internal core. It also featured a dramatically higher-performance second-
ary cache compared to all earlier processors. Instead of using motherboard-based cache running at
the speed of the memory bus, it used an integrated Level 2 cache with its own bus running at full
processor speed, typically three times the speed of a Pentium cache.

Intel’s Pentium Pro had a CPU core consisting of 5.5 million transistors, with 15.5 million
transistors in the Level 2 cache. It was initially aimed at the server and high-end workstation mar-
kets. It is a superscalar processor incorporating high-order processor features and is optimized for
32-bit operation. The Pentium Pro differs from the Pentium in that it has an on-chip Level 2 cache of
between 256 KB and 1 MB operating at the internal clock speed. The positioning of the secondary
cache on the chip, rather than on the motherboard, enables signals to pass between the two on a 64-bit
data path rather than on the 32-bit Pentium system bus path. Their physical proximity also adds to
the performance gain. The combination is so powerful that Intel claims the 256 KB of cache on the
chip is equivalent to over 2 MB of motherboard cache.

An even bigger factor in the Pentium Pro’s performance improvement is the combination of
technologies known as “dynamic execution.” This includes branch prediction, data flow analysis, and
speculative execution. These combine to allow the processor to use otherwise-wasted clock cycles.
Dynamic execution makes predictions about the program flow to execute instructions in advance.

The Pentium Pro was also the first processor in the x86 family to employ super-pipelining, its
pipeline comprising 14 stages, divided into three sections. The in-order, front-end section, which
handles the decoding and issuing of instructions, consists of eight stages. An out-of-order core which
executes the instructions has three stages, and the in-order retirement consists of a final three stages.

The other, more critical distinction of the Pentium Pro is its handling of instructions. It takes the
CISC x86 instructions and converts them into internal RISC micro-ops. The conversion helps avoid
some of the limitations inherent in the x86 instruction set such as irregular instruction encoding and
register-to-memory arithmetic operations. The micro-ops are then passed into an out-of-order
execution engine that determines whether instructions are ready for execution. If not, they are
shuffled around to prevent pipeline stalls.
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There are drawbacks to using the RISC approach. The first is that converting instructions takes
time, even if calculated in nano or microseconds. As a result the Pentium Pro inevitably takes a
performance hit when processing instructions. A second drawback is that the out-of-order design can
be particularly affected by 16-bit code, resulting in stalls. These tend to be caused by partial register
updates that occur before full register reads, imposing severe performance penalties of up to seven
clock cycles.

The Pentium II proved to be an evolutionary step from the Pentium Pro. Architecturally, the
Pentium II is not very different from the Pentium Pro, with a similar x86 emulation core and most of
the same features. The Pentium II improved on the Pentium Pro by doubling the size of the Level 1
cache to 32 KB. Intel used special caches to improve the efficiency of 16-bit code processing. (The
Pentium Pro was optimized for 32-bit processing and did not deal quite as well with 16-bit code.)
Intel also increased the size of the write buffers. However, its packaging was the most talked-about
aspect of the new Pentium II. The integrated Pentium Pro secondary cache running at full processor
speed was replaced with a special circuit board containing the processor and 512 KB of secondary
cache running at half the processor’s speed.

The Pentium III, successor to the Pentium II, came to market in the spring of 1999. The Single
Instruction Multiple Data (SIMD) process came about with the introduction of MMX—multimedia
extensions. SIMD enables one instruction to perform the same function on several pieces of data
simultaneously. This improves the speed at which sets of data requiring the same operations can be
processed. The new processor introduces 70 new Streaming SIMD Extensions, but does not make any
other architecture improvements. Fifty of the new SIMD Extensions improve floating-point perfor-
mance to assist data manipulation. There are 12 new multimedia instructions to complement the
existing 57 integer MMX instructions. They provide further support for multimedia data processing.
The final eight instructions, referred to by Intel as cache-ability instructions, improve the efficiency
of the CPU’s Level 1 cache. They allow sophisticated software developers to boost performance of
their applications or games. Other than this, the Pentium III makes no other architecture improve-
ments. It still fits into slot 1 motherboards and still has 32 KB of Level 1 cache.

Close on the heels of the Pentium III came the Pentium Xeon with the new Streaming SIMD
Extensions (SSE) instruction set. Targeted at the server and workstation markets, the Pentium Xeon
shipped as a 700-MHz processor with 512 KB, 1 MB, or 2 MB of Level 2 cache. Since then Intel has
announced processors with 0.18-micron process technology that provides smaller die sizes and lower
operating voltages. This facilitates more compact and power-efficient system designs, and makes
possible clock speeds of 1 GHz and beyond.

Intel and Hewlett Packard announced their joint research and development project aimed at
providing advanced technologies for workstation, server, and enterprise-computing products. The
product, called Itanium, uses a 64-bit computer architecture that is capable of addressing an enor-
mous 16 TB of memory. That is 4 billion times more than 32-bit platforms can handle. In huge
databases, 64-bit platforms reduce the time it takes to access storage devices and load data into
virtual memory, and this has a significant impact on performance.

The Instruction Set Architecture (ISA) uses the Explicitly Parallel Instruction Computing (EPIC)
technology which represents Itanium’s biggest technological advance. EPIC—incorporating an
innovative combination of speculation, prediction, and explicit parallelism—advances state-of-art in
processor technologies. Specifically, it addresses performance limitations found in RISC and CISC
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technologies. Both architectures already use various internal techniques to process more than one
instruction at once where possible. But the degree of parallelism in the code is only determined at
run-time by parts of the processor that attempt to analyze and re-order instructions on the fly. This
approach takes time and wastes die space that could be devoted to executing instructions rather than
organizing them. EPIC breaks through the sequential nature of conventional processor architectures
by allowing software to communicate explicitly to the processor when operations can be performed
in parallel.

The result is that the processor can grab as large a chunk of instructions as possible and execute
them simultaneously with minimal pre-processing. Increased performance is realized by reducing the
number of branches and branch mis-predicts, and reducing the effects of memory-to-processor
latency. The IA-64 Instruction Set Architecture applies EPIC technology to deliver massive resources
with inherent scalability not possible with previous processor architectures. For example, systems
can be designed to slot in new execution units whenever an upgrade is required, similar to plugging
in more memory modules on existing systems. According to Intel the IA-64 ISA represents the most
significant advancement in microprocessor architecture since the introduction of its 80386 chip in
1985.

IA-64 processors will have massive computing resources including 128 integer registers, 128
floating-point registers, 64 predicate registers, and a number of special-purpose registers. Instructions
will be bundled in groups for parallel execution by the various functional units. The instruction set
has been optimized to address the needs of cryptography, video encoding, and other functions
required by the next generation of servers and workstations. Support for Intel’s MMX technology and
Internet Streaming SIMD Extensions is maintained and extended in IA-64 processors.

The Pentium 4 is Intel’s first new IA-32 core aimed at the desktop market since the introduction
of the Pentium Pro in 1995. It represents the biggest change to Intel’s 32-bit architecture since the
Pentium Pro. Its increased performance is largely due to architectural changes that allow the device
to operate at higher clock speeds. And it incorporates logic changes that allow more instructions to
be processed per clock cycle.

Foremost among these innovations is the processor’s internal pipeline—referred to as the Hyper
Pipeline—which is comprised of 20 pipeline stages versus the ten for P6 micro-architecture. A
typical pipeline has a fixed amount of work that is required to decode and execute an instruction.
This work is performed by individual logical operations called “gates.” Each logic gate consists of
multiple transistors. By increasing the stages in a pipeline, fewer gates are required per stage.
Because each gate requires some amount of time (delay) to provide a result, decreasing the number
of gates in each stage allows the clock rate to be increased. It allows more instructions to be “in
flight” (be at various stages of decode and execution) in the pipeline. Although these benefits are
offset somewhat by the overhead of additional gates required to manage the added stages, the overall
effect of increasing the number of pipeline stages is a reduction in the number of gates per stage.
And this allows a higher core frequency and enhances scalability.

Other new features introduced by the Pentium 4’s micro-architecture—dubbed NetBurst—include:

B  An innovative Level 1 cache implementation comprised of an 8-KB data cache and an

Execution Trace Cache that stores up to 12K of decoded x86 instructions (micro-ops). This
arrangement removes the latency associated with the instruction decoder from the main
execution loops.
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A Rapid Execution Engine that pushes the processor’s ALUs to twice the core frequency.
This results in higher execution throughput and reduced latency of execution. The chip
actually uses three separate clocks: the core frequency, the ALU frequency and the bus
frequency. The Advanced Dynamic—a very deep, out-of-order speculative execution
engine—avoids stalls that can occur while instructions are waiting for dependencies to
resolve by providing a large window of memory from which units choose.

A 256-KB Level 2 Advanced Transfer Cache that provides a 256-bit (32-byte) interface to
transfer data on each core clock.

A much higher data throughput channel — 44.8 GB/s for a 1.4-GHz Pentium 4 processor.
SIMD Extensions 2 (SSE2) — The latest iteration of Intel’s Single Instruction Multiple Data
technology. It integrates 76 new SIMD instructions and improves 68 integer instructions.
These changes allow the chip to grab 128 bits at a time in both floating-point and integer
CPU-intensive encoding and decoding operations such as streaming video, speech, 3D
rendering, and other multimedia procedures.

The industry’s first 400-MHz system bus, providing a three-fold increase in throughput
compared with Intel’s current 133-MHz bus.

The first Pentium 4 units with speeds of 1.4 GHz and 1.5 GHz showed performance improve-
ments on 3D applications (games) and on graphics intensive applications (video encoding). The
performance gain appeared much less pronounced on everyday office applications such as word
processing, spreadsheets, Web browsing, and e-mail. More recent Pentium 4 shipments show speeds
in excess of 3 GHz.

Intel’s roadmap shows future processor developments that shrink in process utilized (using

copper interconnects), increase the number of gates, boost performance, and include very large on-
chip caches.

Intel has enjoyed its position as the premier PC processor manufacturer in recent years. Dating
from the 486 line of processors in 1989, Cyrix and long-time Intel cloner Advanced Micro Devices
(AMD) have posed the most serious threat to Intel’s dominance. While advancements in micropro-
cessors have come primarily from Intel, the last few years have seen a turn of events with Intel facing
some embarrassments. It had to recall all of its shipped 1.13-GHz processors after it was discovered
that the chip caused systems to hang when running certain applications. Many linked the problem to
increasing competition from rival chipmaker AMD who succeeded in beating Intel to the 1-GHz
barrier a few weeks earlier. Competitive pressure may have forced Intel into introducing faster chips
earlier than it had originally planned.

AMD’s involvement in personal computing spans the entire history of the industry. The company
supplied every generation of PC processor from the 8088 used in the first IBM PCs, to the new,
seventh-generation AMD Athlon processor. Some believe that the Athlon represents the first time in
the history of x86 CPU architecture that Intel surrendered the technological lead to a rival chip
manufacturer. However, this is not strictly true. A decade earlier AMD’s 386 CPU bettered Intel’s
486SX chip in speed, performance, and cost.

In the early 1990s, both AMD and Cyrix made their own versions of the 486. But their products
became better known with their 486 clones, one copying the 486DX2-66 (introduced by Intel in
1992) and the other increasing internal speed to 80 MHz.

Although Intel stopped improving the 486 with the DX4-100, AMD and Cyrix kept going. In
1995 AMD offered the clock-quadrupled 5x86, a 33-MHz 486DX that ran internally at 133 MHz.
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AMD marketed the chip as comparable in performance to Intel’s new Pentium/75. But it was a
486DX in all respects, including the addition of the 16-K Level 1 cache (built into the processor) that
Intel introduced with the DX4. Cyrix followed suit with its own 5x86 called the M1sc, but this chip
was much different from AMD’s. In fact, the M1sc offered Pentium-like features even though it was
designed for use on 486 motherboards. Running at 100 MHz and 120 MHz, the chip included a 64-
bit internal bus, a six-stage pipeline (as opposed to the DX4’s five-stage pipeline), and
branch-prediction technology to improve the speed of instruction execution. However, it is important
to remember that the Cyrix 5x86 appeared after Intel had introduced the Pentium, so these features
were more useful in upgrading 486s than in pioneering new systems.

In the post-Pentium era, designs from both manufacturers have met with reasonable levels of
market acceptance, especially in the low-cost, basic PC market segment. With Intel now concentrat-
ing on its Slot 1 and Slot 2 designs, its competitors want to match the performance of Intel’s new
designs as they emerge, without having to adopt the new processor interface technologies.

However, Cyrix finally bowed out of the PC desktop business when National Semiconductor sold
the rights to its x86 CPUs to Taiwan-based chipset manufacturer VIA Technologies. The highly
integrated MediaGX product range remained with National Semiconductor. It became part of their
new Geode family of system-on-a-chip solutions being developed for the client devices market. VIA
Technologies has also purchased IDT’s Centaur Technology subsidiary which was responsible for the
design and production of its WinChip x86 range of processors. It is unclear if these moves signal
VIA’s intention to become a serious competitor in the CPU market, or whether its ultimate goal is to
compete with National Semiconductor in the system-on-a-chip market. Traditionally, the chipset
makers have lacked the x86 design technology needed to take the trend for low-cost chipsets incor-
porating increasing levels of functionality on a single chip to its logical conclusion. The other
significant development was AMD seizing the technological lead from Intel with the launch of its
new Athlon processor.

Components and Interfaces

The PC’s adaptability—its ability to evolve many different interfaces allowing the connection of
many different classes of add-on component and peripheral device—has been one of the key reasons
for its success. In essence, today’s PC system is little different than IBM’s original design—a
collection of internal and external components, interconnected by a series of electrical data highways
over which data travels as it completes the processing cycle. These “buses,” as they are called,
connect all the PC’s internal components and external devices and peripherals to its CPU and main
memory (RAM).

The fastest PC bus, located within the CPU chip, connects the processor to its primary cache. On
the next level down, the system bus links the processor with memory. This memory consists of the
small amount of static RAM (SRAM) secondary cache and the far larger main banks of dynamic
RAM (DRAM). The system bus is 64 bits wide and 66 MHz—raised to 100 MHz. The CPU does not
communicate directly with the memory. Rather, it communicates through the system controller chip
which acts as an intermediary to manages the host bus and bridges it to the PCI bus (in modern PCs).

Bus Terminology
A modern PC system includes two classes of bus—a System Bus that connects the CPU to main
memory, and a Level 2 cache. A PC system also includes a number of I/O Busses that connect
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various peripheral devices to the CPU. The latter is connected to the system bus via a “bridge,”
implemented in the processor’s chipset.

In a Dual Independent Bus (DIB) architecture, a front-side bus replaces the single system bus. It
shuttles data between the CPU and main memory, and between the CPU and peripheral buses. DIB
architecture also includes a backside bus for accessing level 2 cache. The use of dual independent
buses boosts performance, enabling the CPU to access data from either of its buses simultaneously
and in parallel.

The evolution of PC bus systems has generated a profusion of terminology, much of it confusing,
redundant, or obsolete. The system bus is often referred to as the “main bus,” “processor bus” or
“local bus.” Alternative generic terminology for an I/O bus includes “expansion bus,” “external bus,”
“host bus,” as well as “local bus.”

A given system can use a number of different I/O bus systems. A typical arrangement is for the
following to be implemented concurrently:

B [SA Bus — The oldest, slowest, and soon-to-be- obsolete I/O Bus system.
PCI Bus — Present on Pentium-class systems since the mid-1990s.
PCI-X Bus
AGP Bus
USB Bus — The replacement for the PC’s serial port. Allows up to 127 devices to be
connected by using a hub device or by implementing a daisy chain..
® JEEE 1394

ISA (Industry Standard Architecture) Bus

When it first appeared on the PC, the 8-bit ISA bus ran at a modest 4.77 MHz - the same speed as the
processor. It was improved over the years, eventually becoming the ISA bus in 1982 (with the advent
of the IBM PC/AT using the Intel 80286 processor and 16-bit data bus). At this stage it kept up with
the speed of the system bus, first at 6 MHz and later at 8§ MHz.

The ISA bus specifies a 16-bit connection driven by an 8-MHz clock which seems primitive
compared to the speed of today’s processors. It has a theoretical data transfer rate of up to 16 MB/s.
Functionally, this rate would reduce by a half to 8 MB/s since one bus cycle is required for address-
ing and another bus cycle is required for the 16 data bits. In the real world it is capable of more like
5 MB/s—still sufficient for many peripherals. A huge number of ISA expansion cards ensured its
continued presence into the late 1990s.

As processors became faster and gained wider data paths, the basic ISA design was not able to
change to keep pace. As recently as the late 1990s most ISA cards remained 8-bit technology. The
few types with 16-bit data paths (hard disk controllers, graphics adapters, and some network adapt-
ers) are constrained by the low throughput levels of the ISA bus. But expansion cards in faster bus
slots can handle these processes better.

However, there are areas where a higher transfer rate is essential. High-resolution graphic
displays need massive amounts of data, particularly to display animation or full-motion video.
Modern hard disks and network interfaces are certainly capable of higher rates. The first attempt to
establish a new standard was the Micro Channel Architecture (MCA) introduced by IBM. This was
closely followed by Extended ISA (EISA), developed by a consortium of IBM’s major competitors.
Although both these systems operate at clock rates of 10 MHz and 8 MHz respectively, they are 32-bit
and capable of transfer rates well over 20 MB/s. As its name suggests, an EISA slot can also take a
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conventional ISA card. However, MCA is not compatible with ISA. Neither system flourished
because they were too expensive to merit support on all but the most powerful file servers.

Local Bus

Intel 80286 motherboards could run expansion slots and the processor at different speeds over the
same bus. However, dating from the introduction of the 386 chip in 1987, motherboards provided
two bus systems. In addition to the “official” bus—whether ISA, EISA, or MCA—there was also a
32-bit “system bus” connecting the processor to the main memory. The rise in popularity of the
Graphical User Interface (GUI)—such as Microsoft Windows—and the consequent need for faster
graphics drove the concept of local bus peripherals. The bus connecting them was commonly referred
to as the “local bus.” It functions only over short distances due to its high speed and to the delicate
nature of the processor.

Initial efforts to boost speed were proprietary. Manufacturers integrated the graphics and hard
disk controller into the system bus. This achieved significant performance improvements but limited
the upgrade potential of the system. As a result, a group of graphics chipset and adapter manufactur-
ers—the Video Electronics Standards Association (VESA)—established a non-proprietary, high-
performance bus standard in the early 1990s. Essentially, this extended the electronics of the 486
system bus to include two or three expansion slots—the VESA Local Bus (VL-Bus). The VL-Bus
worked well and many cards became available, predominately graphics and IDE controllers.

The main problem with VL-Bus was its close coupling with the main processor. Connecting too
many devices risked interfering with the processor itself, particularly if the signals went through a
slot. VESA recommended that only two slots be used at clock frequencies up to 33 MHz, or three if
they are electrically buffered from the bus. At higher frequencies, no more than two devices should
be connected. And at 50 MHz or above they should both be built into the motherboard.

The fact that the VL-Bus ran at the same clock frequency as the host CPU became a problem as
processor speeds increased. The faster the peripherals are required to run, the more expensive they
are due to the difficulties associated with manufacturing high-speed components. Consequently, the
difficulties in implementing the VL-Bus on newer chips (such as the 40-MHz and 50-MHz 486s and
the new 60/66-MHz Pentium) created the perfect conditions for Intel’s PCI (Peripheral Component
Interconnect).

PCI Bus

Intel’s original work on the PCI standard was published as revision 1.0 and handed over to the PCI
SIG (Special Interest Group). The SIG produced the PCI Local Bus Revision 2.0 specification in
May 1993. It took in engineering requests from members and gave a complete component and
expansion connector definition which could be used to produce production-ready systems based on
5 volt technology.

Beyond the need for performance, PCI sought to make expansion easier to implement by offering
plug and play (PnP) hardware. This type of system enables the PC to adjust automatically to new
cards as they are plugged in, obviating the need to check jumper settings and interrupt levels.
Windows 95 provided operating system software support for plug and play, and all current
motherboards incorporate BIOS that is designed to work with the PnP capabilities it provides.

By 1994 PCI was established as the dominant Local Bus standard. The VL-Bus was essentially
an extension of the bus the CPU uses to access main memory. PCI is a separate bus isolated from the
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CPU, but having access to main memory. As such, PCI is more robust and higher performance than
VL-Bus. Unlike the latter which was designed to run at system bus speeds, the PCI bus links to the
system bus through special bridge circuitry and runs at a fixed speed, regardless of the processor
clock. PCI is limited to five connectors, although two devices built into the motherboard can replace
each. It is also possible for a processor to support more than one bridge chip. It is more tightly
specified than VL-Bus and offers a number of additional features. In particular, it can support cards
running from both 5 volt and 3.3 volt supplies using different “key slots” to prevent the wrong card
being plugged into the wrong slot.

In its original implementation PCI ran at 33 MHz. This was raised to 66 MHz by the later PCI
2.1 specification. This effectively doubled the theoretical throughput to 266 MB/s which is 33 times
faster than the ISA bus. It can be configured as both a 32-bit and a 64-bit bus. Both 32-bit and 64-bit
cards can be used in either. 64-bit implementations running at 66 MHz—still rare by mid-1999—
increase bandwidth to a theoretical 524 MB/s. PCI is also much smarter than its ISA predecessor,
allowing interrupt requests (IRQs) to be shared. This is useful because well-featured, high-end
systems can quickly run out of IRQs. Also, PCI bus mastering reduces latency, resulting in improved
system speeds.

Since mid-1995, the main performance-critical components of the PC have communicated with
each other across the PCI bus. The most common PCI devices are the disk and graphics controllers
which are mounted directly onto the motherboard or onto expansion cards in PCI slots.

PCI-X Bus

PCI-X v1.0 is a high performance addendum to the PCI Local Bus specification. It was co-developed
by IBM, Hewlett-Packard, and Compaq—normally competitors in the PC server market—and was
unanimously approved by the PCI SIG. Fully backward compatible with standard PCI, PCI-X is seen
as an immediate solution to the increased I/O requirements for high-bandwidth enterprise applica-
tions. These applications include Gigabit Ethernet, Fibre Channel, Ultra3 SCSI (Small Computer
System Interface), and high-performance graphics.

PCI-X increases both the speed of the PCI bus and the number of high-speed slots. With the
current design, PCI slots run at 33 MHz and one slot can run at 66 MHz. PCI-X doubles the current
performance of standard PCI, supporting one 64-bit slot at 133 MHz for an aggregate throughput of
1 GB/s. The new specification also features an enhanced protocol to increase the efficiency of data
transfer and to simplify electrical timing requirements, an important factor at higher clock frequencies.

For all its performance gains, PCI-X is being positioned as an interim technology while the same
three vendors develop a more long-term I/O bus architecture. While it has potential use throughout
the computer industry, its initial application is expected to be in server and workstation products,
embedded syst