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Introduction

If the inhabitants of the Western world were asked to name the technological in-
novation that most changed their habits, they would respond in a number of ways.
Depending on their age and financial means, the answers might range from modes of
transportation (aeroplane, train, or automobile) to information systems (PC, comput-
ing devices in general), from household appliances (refrigerator, washing machine)
to systems of communication (telephone, radio, television). Actually, all the inven-
tions mentioned deeply influenced the lifestyle habits of the 20th century and have
become an integral part of our daily life, to the extent that we would be incapable of
giving any of them up.

Few would probably have answered that the most significant invention is the
mobile telephone. However, if they were asked which invention had managed to
infiltrate their lives most rapidly, the answer would be nearly unanimous: over a
short number of years, the mobile telephone has transformed from a status symbol
for a select few to a system of the most widespread use, one that has accelerated
the process of penetrating the market and the habits of the population at large to an
extent that other technological innovations achieved only over the span of decades
(e.g., automobiles, household appliances, television sets, etc.).

The astoundingly rapid penetration of mobile telephony into the market and into
everyday habits has been accompanied by an equally swift (and necessary) tech-
nological evolution in the mobile telephones themselves: the reduction in size, the
development of new services, the standard of reliability demanded, the short period
of time required for the design of new systems, and the competition among the
few manufacturers who have managed to survive in a fierce battle to win market
share—all have driven over recent years technological development in the fields of
integrated circuits, semiconductor memories, application software, and so on.

By limiting our observations to the field of semiconductor memories, which have
now reached the complexity of outright electronic macrosystems, we can see how
the evolution of mobile telephones has led to the rapid diffusion of nonvolatile
memories such as flash, i.e., memories that can maintain information even in the
absence of a power supply. The traditional flash NOR memories, used to store the
code utilized by the mobile phone for its functioning, have been flanked by the flash
NAND memories, which are utilized for the storing of images, music, etc.

xiii



xiv Introduction

The compact size of mobile phones then prompted the producers of integrated
circuits and semiconductor memories to insert different components inside the
same containers, thereby originating multichip systems containing different types
of memory and control systems.

It is essential that the technological development of new electronic components
be accompanied by advanced studies to optimize their software management, to be
able to evaluate their functioning limits (which could invalidate the reliability of the
system), and to implement specific error correction codes to guarantee the correct
functioning of the system, even in the presence of malfunctions potentially arising
over time.

In addition to the continuous development of these basic electronic components,
scientific and technological research is currently being performed on nonvolatile
memories based on innovative concepts in physics, as it is well understood that the
technological evolution of the current flash memories cannot continue to infinity,
and that over the span of a few years we will reach the technological limits that will
render further increases in performance of these systems more and more costly and
complex.

Thus, using these evaluations as our point of departure, we envisioned a book
that would start with the mobile telephone taken as a complex electronic system,
then would examine its various basic components and zero in on one in particular:
the nonvolatile memory.

The book develops by following the thread of nonvolatile memory within the
wireless system and aims to go in depth into several interdisciplinary issues that
must be known and analyzed in order to guarantee not only the correct functioning
of the system but also its reliability over the long term. An awareness develops of
how the different disciplines—mathematics, mechanics, chemistry, computer sci-
ence, and technology—all contribute to the creation of an industrial product.

The first chapter, “Hardware Platforms for Third-Generation Mobile Terminals,”
describes the main components of the cellular system, placing emphasis on the role
of memories and their use inside the cell itself, taken as an example of the wireless
system.

In the second chapter, “Nonvolatile Memories: NOR vs. NAND,” the two types
of flash memories, NOR and NAND, are compared, stressing the differences in their
functioning in the memory cell.

The third chapter, “Nonvolatile Memories: New Concepts and Emerging Tech-
nologies,” takes a look at the new types of nonvolatile memories that are starting
to make their entry on the global market and that, it is believed, may replace flash
memories in the near future.

The fourth chapter, “Memory Card,” analyzes one of the primary applications of
nonvolatile memories of the NAND type, in which the special characteristic of these
memories in functioning as databanks is best utilized.

The fifth chapter, “Multichip,” explores a new technology of assembling devices
which enables the design of a complete system in a single package. This approach
makes it possible to overcome many of the limits imposed by current technologies.
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The sixth chapter, “SW Management of Flash Memories: Methods and Criti-
cisms,” devotes itself to the problems of managing memories through software al-
gorithms that best utilize the physical characteristics of the devices, with focus on
the failure modes of the system and on the physics of the device itself.

The seventh chapter, “Error Correction Codes,” illustrates the ECC techniques
that make it possible to identify the error and correct it in a flash memory. The use
of a correction code implies knowledge of the principal failure modes in these types
of devices.

In the eighth chapter, “Board Level Reliability,” the authors give a discussion of
the different techniques and tests that enable control of the reliability of the compo-
nent inserted inside the motherboard. This type of analysis involves knowledge not
only of electronics but also of mechanics and chemistry.

Chapter Nine, “Reliability of Wireless Systems,” starts with a brief introduction
to reliability techniques, then analyzes the primary types of failure of flash memories
and of several electronic devices in the solid state, the aim of which is to show how
the main reliability parameters can be determined.

The last chapter, Chapter Ten, “Reading a Datasheet,” describes a datasheet of
a stacked device composed of several different memory types. The description il-
lustrates the meaning and the genesis of the main parameters that characterize the
different memories.

Our wish here is to contribute to the identification of some basic problems that
cannot be disregarded when a system is being prepared for production and industri-
alization.

We would like to take this opportunity to thank all the authors who contributed
to the drafting of the chapters in this book for their helpfulness and cooperation.

Italy
Rino Micheloni

Giovanni Campardo
Piero Olivo



Chapter 1
Hardware Platforms for Third-Generation
Mobile Terminals

D. Bertozzi and L. Benini

1.1 Introduction

The development of the Internet has allowed access to multimedia content for an
increasing number of users. Desktop PCs or laptop computers have been the tra-
ditional access terminals to this kind of information. However, the evolution of
technologies for wireless network connectivity (e.g., IEEE Wireless LAN 802.11
standards, GPRS, third-generation mobile telephony) has paved the way for high-
speed Internet and multimedia content access even for portable devices such as
handheld computers and media-enabled mobile phones.

Consider, for example, i-mode, the wireless Internet access service of DoCoMo
(Japan’s largest mobile carrier), which plans to make the functionality offered by its
mobile terminals even more pervasive: it ranges from traditional mobile telephony
services, e-messaging, gaming, and Internet access to more advanced services such
as bar code reading, audio/video multimedia streaming, payments, self-certification
documents, remote control of home appliances or of electromechanical devices, and
the purchase of tickets [1]. In essence, this is an embodiment of the concept of ubiq-
uitous computing, where networked electronic devices are integrated at all scales
into everyday objects and activities to perform information processing [2].

The development of new technologies for network access and the extension of
services made available to mobile terminals pose tight computation requirements
to these latter devices, in order to support new functionalities and to improve the
quality of offered services [3].

One representative case study is the evolution of standards for video sequence
encoding. Since the introduction of the H.261 standard in 1990, more advanced
standards have been introduced: MPEG-1 video (1993), MPEG-2 video (1994),
H.263 (1995, 1997), and MPEG-4 visual (1998). This development was driven by
advances in compression technology and by the need to adapt to new applications
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