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Chasing Moore’s Law

Our lives revolve around the
mobile phone and the PC.
These are just a few of the
chip-based devices that we
use everyday. Chips, or
‘drivers of devices,’ are
becoming increasingly more
powerful while using less
power and costing lower.
Here we take a look at new
chips and chip technologies in
different applications
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hink of life without your mobile
Tphone or personal computer (PC).
Tough, isn’t it? While travelling, we
stay connected with people far away
through our phones and laptops as we
move from one wireless-enabled hotspot
to another. At the heart of these and other
convenient devices such as digital cam-
eras, washing machines with fuzzy logic,
and digital blood pressure monitors lie
chips or integrated circuits (ICs). Digital
chips—or application-specific integrated
chips (ASICs) and field-programmable gate
arrays (FPGAs)—make devices faster, more
powerful, and capable of increasingly so-
phisticated functions.
One of the guiding factors for the chip
industry has been Moore’s law, which says

that the number of transistors the indus-
try would be able to place on a computer
chip would double every two years. In
tune with the law, the chip industry has
been delivering increasingly powerful
semiconductor chips at lower prices, mak-
ing possible innovative applications. To-
day, we have PCs that are faster and offer
a richer experience, mobile phones and
PDAs with multimedia capabilities, and
better medical equipment.

Chips for more powerful PCs

The AMD Athlon 64 FX processor. The
PC is now a necessity for work and enter-
tainment. AMD’s Athlon 64 FX processor,
launched this September, changes the way
PCs work for you. This Windows-compat-
ible 64-bit PC processor is claimed to mark



the next frontier in computing.

The AMD Athlon 64 FX processor of-
fers the highest overall 32-bit performance
for demanding applications. It is said to
be the most technically advanced and high-
est performing 32-bit and 64-bit PC pro-
cessor in the world. It renders a better PC
experience for end users, especially for
gamers, PC enthusiasts, and digital con-
tent creators. Systems based on the AMD
Athlon 64 FX processor offer a ‘cinematic
computing’ experience that is immersive
and interactive with DVD-quality realism.
People looking for cinema-quality PC per-
formance can spend more time playing,
imagining, and creating with this PC. Gam-
ing companies can be more creative with
the new capabilities and software perfor-
mance that 64-bit computing provides.

AMD’s Athlon 64 FX processor

Getting ready for 64-bit computing.
While AMD is betting on this technology,
rival Intel Corp., however, seems to be in
no big hurry to work with this technol-
ogy. Apparently, the chipmaker feels that
a need for this technology currently does
not exist in the desktop space.

Justin Rattner, a senior fellow, and Bill
Siu, vice president and general manager
of Intel’s desktop platforms group, doubt
the readiness of 64-bhit computing for the
masses because of lack of applications and
operating systems. Intel predicts that desk-
top 64-bit computing, except in a few
specialised workstations, will not be rel-
evant until the end of this decade.

Changing a 32-bit machine into a 64-
bit one is a challenging task. Richard Wirt,
also senior fellow at Intel, reveals that four
design teams at Intel examined how the
company could transform its 32-bit pro-

cessor into a 64-bit machine. After run-
ning simulations, all the teams concluded
that such a transition would not be eco-
nomically feasible.

Chips for servers and
workstations

Meanwhile, in September this year, Intel
expanded the reach of Intel Itanium 2-based
systems with two new processors for dual-
processor (DP) servers and workstations.
The processors enable lower-cost, lower-
power systems for technical computing and
front-end enterprise applications.

The processors are the Intel Itanium 2
processor at 1.40 GHz with a 1.5MB Level-
3 (L3) cache, which can be used for tech-
nical computing applications, and the low-

voltage Intel Itanium 2 processor at 1.0
GHz with a 1.5MB L3 cache, which con-
sumes about half the power of existing
Itanium 2 processors.

In October, the company launched an
enhanced Intel Xeon processor for DP serv-
ers and workstations, claiming it to feature
top performance and the fastest clock speed
in the Intel Xeon DP processor family.

The new Intel Xeon processor at 3.2
GHz features a 1MB cache and a 533MHz
system bus. It is designed for use in gen-
eral-purpose servers for Web hosting, data
caching, search engines, security, stream-
ing media, and high-performance comput-
ing, and in workstations for digital con-
tent creation, mechanical and electrical
design, financial analysis, and 3D model-
ling. The processor is drop-in compatible
with existing systems designed with Intel
E7501 (for servers) or Intel E7505 (for
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Intel Xeon processor

workstations) chipsets, Intel PRO gigabit
Ethernet network connections, and Intel
server RAID controllers. It is also hard-
ware-compatible with systems from lead-
ing vendors and with Intel server prod-
ucts using dual Intel Xeon processors.

The Cornell Institute for Social & Eco-
nomic Research (CISER) uses Intel’s Xeon
processor for designing and analysing data
for research. For less demanding jobs and
fewer users, it uses the Xeon processor.
For large data sets and demanding Win-
dows-based applications, it uses Itanium
2-based solutions.

Powerful Itanium processors-based
HPC clusters at the National Centre for
Supercomputing Applications (NCSA) in
Champaign, lllinois, are used in validat-
ing turbulent modelling theories. Under-
standing these theories can help in devel-
oping light and fuel-efficient planes, safer
disposal of toxic wastes, and more reli-
able weather forecasts.

Chips for wireless devices

While PCs are getting feature-rich, another
interesting new dimension they now have
is mobility. Wireless fidelity (Wi-Fi) has
made PCs and other devices more user-
friendly. You can work and stay connected
to people while you are on the move. Wi-
Fi is getting popular and the convenience
it offers is already visible.

Mobile access to the Net or your work
files is possible with such technologies as
the new microchip from Intel, which has
built-in wireless functionality. Wireless
laptops use Intel’s Centrino chipsets, which
contain an extra chip providing built-in
wireless networking. The wireless compo-
nent, called the PRO/Wireless 2100 Net-
work Connection, works with the 802.11
wireless standard. The chipsets also have
a new version of the Pentium-M micro-
processor for increased power efficiency
and extended battery life.

Investments made by companies in Wi-
Fi ‘hotspots’—areas where your computer
can wirelessly connect to the Net—show
the fast growth of wireless networking
among business and personal users, par-
ticularly in the US. In India as well, other
than in offices, Wi-Fi hotspots have also
come up in public places such as airports,
hotels, seminar centres, and cafes.

Chips for mobile phones

With new technologies coming up in the
telecom domain, mobile phones will be-
come even faster, have more features and
a longer battery life, and cost less. A mani-
festation of this is the Enhanced Data Rates
for GSM Evolution (EDGE) network; GSM
is the global system for mobile communi-
cations. The EDGE is a single-chip proces-
sor for next-generation mobile networks.
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It has been developed by Intel through
leveraging a new wireless network tech-
nology that will more than double data
rates in mobile phones.

Intel’s PXA800EF is claimed to be the
industry’s first single-chip EDGE processor.
It combines handheld computer and mo-
bile phone components to allow new data
capabilities and longer battery life. The
chip is being viewed as a significant devel-
opment by industry observers because, with
the emerging EDGE network technology, it
will serve as a competitor to code-division
multiple access (CDMA) networks, which
are more expensive to deploy.

Intel calls this chip the latest of its
‘wireless Internet on a chip’ technology. Its
use in EDGE networks will allow mobile
phones to send and receive data up to three
times faster than in existing GSM/GPRS
networks. While real data throughput rates
for general packet radio service (GPRS)
networks are 20 to 40 kbps, the EDGE
network, supported by the new Intel
PXABO0OEF single-chip processor, will offer
speeds in the range of 80 to 100 kbps, and
even as high as 115 kbps in some cases.

The chip combines a low-power
312MHz processor, 4 MB of integrated Flash
memory, and 512 kB of SRAM on the pro-
cessor. It also includes a 156MHz signal
processor with 512 kB of on-chip Flash
memory and 64 kB of SRAM, making pos-
sible a ‘complete system on a single chip’
for advanced EDGE cellular networks. It
means that the chip is capable of support-
ing multiple cellular networks on a single
piece of silicon. This will enable phone
makers to develop a range of phones, using
a single platform design, that offer leading
performance and connectivity from entry-
level GSM/GPRS to faster EDGE cellular
networks. Faster data rates will speed e-
mail, games, and general laptop applica-
tions in the mobile phones.

Chips in medicine

FPGAs have revolutionised three-dimen-
sional (3D) examination in medicine. The
3D complete body screening (3D-CBS)
technology, which uses programmable
logic, is one instance. FPGAs help design-
ers to rapidly and cost-effectively imple-
ment digital signal processing (DSP) func-
tions, which are a critical part of today’s
advanced medical imaging and examina-
tion products.

The 3D-CBS system, developed by US-
based 3D-Computing Inc., makes use of
FPGAs from Altera Corp. It will make the

Intel's PXA8OOF wireless Internet-on-a-chip

positron emission tomography (PET) safe
enough for routine examination of appar-
ently healthy people. Altera devices accel-
erate the processing of algorithms, allow-
ing more accurate examination of the
patient’s body, while exposing the patients
to only 4 per cent of the radiation they
receive in a traditional PET scan.

What role do the FPGAs have to play
in 3D-CBS technology? The FPGAs deliver
a high performance and shorten time-to-
market in development of the 3D-CBS sys-
tem, according to Dario Crosetto, inventor
of the technology and CEO of 3D-Com-
puting. Each photon detection board in
the 3D-CBS system uses 20 FPGAs to ac-
celerate DSP functions, which play a cru-
cial role in reducing radiation to the pa-
tient, shortening examination time, and
improving image quality. Each 3D-CBS
system can have over a hundred boards,
which brings down costs in the case of
high-volume manufacturing.

Full-body screening of a healthy per-
son using the current PET technology is
not advised as over-exposure to radiation
could harm the person. Also the technol-
ogy is very slow and expensive, which
prohibits its wide usage. The 3D-CBS sys-
tem more accurately captures a greater
number of the emitted photons when a
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Glossary

PLD (programmable logic device). This is an integrated circuit that can be programmed in a
laboratory to perform complex functions. A PLD consists of arrays of AND and OR gates. The
system designer implements a logic design with a device programmer that blows fuses on the
PLD to control gate operation.

Processor. The part of a computer (@ microprocessor chip) that does most of the data
processing; the CPU and the memory form the central part of the computer to which the
peripherals are attached.

Microprocessor. An integrated circuit that contains the entire central processing unit of a
computer on a single chip.

Semiconductor. 1. Any of various solid crystalline substances, such as germanium or sili-
con, that has an electrical conductivity greater than of insulators but less than of good con-
ductors. It is used especially as a base material for computer chips and other electronic de-
vices.

2. An integrated circuit or other electronic component containing a semiconductor as the
base material.

Algorithms. A formula or set of steps for solving a particular problem. To be an algorithm,
a set of rules must be unambiguous and have a clear stopping point. Algorithms can be
expressed in any language, from natural languages like English or French to programming
languages such as Fortran.

FPGA. FPGA, an acronym for field-programmable gate array, is a logic chip that can be
programmed. FPGAs are similar to PLDs, except that PLDs are generally limited to hundreds of
gates, whereas FPGAs support thousands of gates. FPGAs are popular for prototyping IC de-
signs. Once the design is set, hardwired chips are produced for faster performance.

ASIC (application-specific integrated circuit). This is a semiconductor chip produced for a
specific application for a specific customer. ASICs are designed using a suite of computer-
aided software programs. The design is simulated to predict its performance under worst-case
production tolerances.

patient is scanned. As a result, the pa-

tient is exposed to less radiation, and the
image quality is improved.

Wearable chips for health monitor-
ing. Garments now come with thin chip
modules that monitor signals from the
body of the wearer. If the wearer is about
to have a heart attack, the sensors in the
module detect the abnormal body signals.
Data on body signals can be stored on the
module for a period of three months. Doc-
tors can use this data for analysis. If the
patient suffers a heart attack, the system
triggers an alarm via wireless connection
to a mobile phone.

The product, developed by Philips, is
useful for monitoring the health of pa-
tients. It can be sewn into clothes to be
worn by patients.

Chips that sense crashes. Two new
chips from IBM detect slip or fall of the
laptop down from the table to the ground.
If the hard drive is reading or writing data
at that time, the chip tells the driver to
stop. Hard drives are the most vulnerable
when these are reading or writing data.
The chips thus guard against loss of im-
portant information. Currently, these are
used in IBM’s ThinkPad R50 and T41
notebooks.

The crash-sensitive
chips also find appli-
cations in cars, where
these puff the airbags
inside on sensing
danger.

IBM’s R-series ThinkPad

The future in chip technology

Bulverde processor for cell phones and
PDAs. Cell phones and wireless PDAs are
going beyond just making a call or
organising personal information. These can
now send and receive digital pictures, play
rich 3D games, and download ring tones,
video clips and music. To support the on-
going adoption of data services and appli-
cations, the underlying technology must
be able to deliver enhanced multimedia
capabilities at a lower power.

Intel’s upcoming Bulverde processor
for future cellphones and PDAs is based
on Intel XScale technology. It will enable
wireless devices to capture higher-quality
pictures, deliver faster multimedia perfor-
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mance, and have a longer battery life.
Bulverde is a key component of the Intel
Personal Internet Client Architecture
(PCA)—the company’s development blue-
print for designing wireless devices that
combine voice communications and
Internet access capabilities.

Less power usage in wireless
handhelds. The Wireless Intel SpeedStep
technology dynamically adjusts the power
and performance of the processor based on
CPU demand. To be first made available in
the Bulverde processor, it will significantly
reduce power consumption of wireless
handheld devices.

Advanced multimedia capability. Intel
Wireless MMX technology is an advanced
set of multimedia instructions for bring-
ing desktop-like multimedia performance
to Bulverde-based clients while minimising
the power needed to run rich applications.
It builds on the Intel MMX technology
that was first introduced in the Intel
Pentium processor family, enabling soft-

tor. This transistor pushed the limits of
silicon to the molecular scale. At 6
nanometres (nm) in length, the transistor
is about ten times smaller than state-of-
the-art transistors in production today. (A
nanometre is one billionth of a metre.)

The Consortium of International Semi-
conductor Companies, in its 2001 Inter-
national Technology Roadmap for Semi-
conductors, projected that transistors
have to be smaller than 9 nm by 2016 in
order to continue the performance trend.
IBM is the first company to make working
transistors below that gate length. With
working transistors at this dimension, you
can put up to a hundred times more
transistors into a computer chip than is
currently possible.

Transistor scaling, or the reduction of
the gate length (the size of the switch that
turns transistors on and off), improves the
performance and speed of chips as well
as lowers their manufacturing cost and
power consumption per switching event.

Region Material
Gate: Polysilicon
Spacers: Dielectric
RSD: Silicon
Channel: Silicon
Box: Ouide

RS0 stands for “Rafsed Source Drain”™
Box stands for “Buried Oxide”

Smallest Si transistor from IBM

ware developers to quickly make such ap-
plications as 2D and 3D gaming, stream-
ing MPEG4 video, wireless encryption/
decryption, and voice recognition avail-
able for Intel-based cell phones and PDAs.

PCs: one chip for all operating sys-
tems. An advanced chip that gives you a
wide software choice is currently under
development. Being designed by Intel, it
will run more than one operating system
at a time. The chip will allow computers
to run, for example, Windows XP with
Linux or the Apple operating system as
easily as today’s Windows computers run
Word and Internet Explorer at the same
time. It is being touted as one of the cur-
rent decade’s most significant break-
throughs in computer technology.

The smallest Si transistor. About a
year ago, IBM claimed to present the
world’s smallest working silicon transis-
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The IT industry has been scaling down
transistors for the past 30 years to meet
demand for smaller and more intelligent
electronic devices.

Continued innovation will be required
to simultaneously achieve high perfor-
mance and manage power density and heat
dissipation. Development of smaller, high-
density silicon devices requires use of new
structures and materials.

New substances for building chips.
IBM has achieved two major milestones
that could lead to higher-performing yet
lower-power devices in the coming years.
It has developed a transistor using strained
silicon-directly-on-insulator (SSDOI) tech-
nology that provides a high performance
while eliminating manufacturing problems.
The company has also succeeded in com-
bining two different underlying silicon lay-
ers that simultaneously maximise the per-

formance of key transistors used in
complementary metal-oxide semiconduc-
tor (CMOS) devices. CMOS are the foun-
dation for many devices from cell phones
to PCs and supercomputers.

For increased circuit speeds and re-
duced power consumption, the industry is
aggressively seeking new ways to make
electric charges move faster through de-
vice channels. The SSDOI technology al-
lows a high electron mobility by stretching
the top silicon layer with an underlying
layer of silicon-germanium (SiGe). IBM has
achieved up to 30 per cent performance
enhancement by using strained silicon.

However, a SiGe layer poses material
and process integration challenges. IBM is
the first to fabricate transistors using ul-
tra-thin SSDOI structures that bypass SiGe
layer, providing for a high electron mobil-
ity while eliminating material and process
integration problems.

Moore’s law forever?

While Gordon Moore had said that his
‘law’ would not hold forever, he also main-
tained that right technology approaches
can delay the law ‘forever,” extending the
longevity of his original prediction.

Shekhar Borkar, fellow and director of
circuit research at Intel, thinks Moore’s
law will be applicable for another 20 or 30
years. While processor performance in-
creases exponentially, the difficulty of mak-
ing this also increases, and Borkar says this
is being dealt with.

As transistors become smaller and
smaller, factors such as leakage power,
heat, and transistor variation become im-
portant. So Intel’s circuit research depart-
ment works first on control and avoid-
ance techniques to minimise the effects.
The other approach is to improve compu-
tational efficiency for a higher performance
at lower power. For this, the company
uses special-purpose processor architec-
tures that put the power where it will in-
crease system performance the most.

Moore once showed a slide saying
that for every ant in the world today,
there are a hundred transistors. Borkar
says that his job is to grow this number
to 10,000 transistors for every ant!
Hundred times more transistors in the
world would mean that much more com-
puting power. But is all this increased
computing capability really needed?
Yes, it is needed, feels Borkar, because
more transistors on a chip will solve
many more problems. O



