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Lithography will need multiple strategies to keep up
with the evolution of memory and logic By Bill Arnold

SAY GOOD-BYE TO THE NODE.

For 39 years, the node endured as the elusive and
yet universally accepted metric that semiconductor
specialists used to indicate how small their transis-
tors were. Like depth readings on a wild descent into
the infinitesimal, node figures were plotted out for
the near future in a “road map” released annually by
the semiconductor industry associations of Europe,
Japan, Korea, Taiwan,and the United States. That map
was, and is, a collection of the global semiconductor
industry’s best ideas about how it was going to fulfill
the Moore’s Law prophecy of a 30 percent shrink in
transistor size—and consequent doubling in density—
on chips every two years.

But now, in the first tremor of what promises
to be a tectonic shift in the semiconductor indus-
try, the node is no more. For decades, makers of
logic chips used the concept of the “node” not only
to measure their transistors but also to indicate how
advanced their chip-fabrication lines were. Memory
chipmakers, meanwhile, used a different measure,
half-pitch, for the same purpose. Now lithography,
the printing process at the heart of chipmaking, is
being pushed to extremes to get to the end of that road
map. These extremes will affect different devices on
different timescales, but the end of the road looks the
same for every device.
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We're pulling out all the stops for the current gen-
eration of chips. And if that sounds like a platitude
youw've heard before, consider this fact: Nothing signifi-
cant that we’re using now will work to create the chips
we plan to produce commercially just five or six years
from now—Ileast of all the current method of lithog-
raphy. The next generation of chips won’t be possible
without the next generation of lithography. And that, in
turn, means that the next generation of lithography will
depend critically on what happens to the different chip-
makers. For example, memory technology, an industry
that sees prices falling at the staggering rate of about
40 to 50 percent per year, faces significant pressure to
scale up faster than logic devices do.

Industry observers will not be surprised by the
death of the node, as the node and half-pitch, once
synonymous, have been diverging for some time. This
minor change foreshadows a big change in the way the
lithography business will deal with memory versus
logic. For the first time, lithography will apparently
have to adjust to follow both microprocessors and the
different memories—including NAND flash, DRAM,
and SRAM—down their respective paths, which have
been diverging for decades.

Optical lithography, the most important and tech-
nologically demanding aspect of chipmaking, is a pil-
lar that won’t be easily toppled. But the technology is at
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Seeing the Light

The creation of 13.5-nanometer
photons requires some
creative contortions

light source is capable of emitting 13.5-nanometer radiation.

Therefore, only a small percentage of the radiation created at
the 13.5-nm wavelength reaches the photoresist to make the pattern.
We make EUV photons with a laser-produced plasma created by
Cymer, in San Diego.

Q STRONG BEAM of EUV light Is difficult to achieve. No traditional

1.TIN
Liquid tin is boiled
anddrippedintoa

vacuum chamber.
2.LASER

A carbon dioxide
laser, synchronized

This releases

to pulsein time 13.5-nm photons,
with the falling of some of which
the tin, vaporizes are picked off by
each droplet. stray molecules
in the vacuum.

4.STEERING

The mirror

channels the

radiation into the
EUV machine’s

3.REFLECTOR optical system.

The 13.5-nm
photons are
captured by a
special spherical
reflector, but
because the mirror
does not completely
surround the tin
droplets, and
because 13.5-nm
radiation is absorbed
by everything, more
photons are lost.

5.FOCUS
The optical system
focuses the

13.5-nm beam.

6. LITHOGRAPHY
The13.5-nm
radiation reflected
off the mask is
scanned onto Ty
the photoresist, R
just as in regular ' !
optical lithography,
to create the
microchip pattern.
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acritical point. The technique, which uses radiation with about
half the wavelength of purple light, is fast approaching steep, if
not insurmountable, obstacles. Unfortunately, none of the vari-
ous technologies proposed over the years to replaceit has inspired
confidence that it will be ready when the time comes.

Nevertheless, one thing is clear. From now on, the relation-
ship between chips and lithography will be two-way. Not only
will the fate of chips depend on the future of lithography, but
also the reverse will be true.

microprocessors use a 32-nanometer process, and thus are

said to be at the 32-nm node. To get a sense of how infini-
tesimal 32 nm is, consider that to span the width of the lowercase
letter/on this page, you would need to bunch together more than
9500 32-nm objects. Node in this context has historically been
used to refer to the size of the smallest parts of the transistors
on the chips. Until the late 1990s, that was typically a feature
called a gate. Butthere isavery fuzzy relationship between the
technology node’s number and the actual dimensions of the
gateit purports to signify. In fact, the International Technology
Roadmap for Semiconductors, the industry’s guide star, aban-
doned the term in 2005, but its usage has persisted.

In both logic and memory chips, each of the vast profusion
of transistors acts like a switch that allows electrons to flow
through the device. A metal-oxide semiconductor field-effect
transistor (MOSFET), the kind found on virtually all chips,
has three main parts: a source, a drain, and a gate. A voltage
applied to that gate lets the electrons flow from source to drain.
Physically, the gate sits between the source and the drain.

On a chip, that translates to the distance between the par-
allel metal lines, called interconnects, that carry the electrons
through the chip. These interconnects are stacked today in
multiple levels, and as many as 10 can populate a chip (a cutting-
edge chip could have 10 kilometers of interconnects). The dis-
tance between these metal lines at the first level is called the
pitch, and logically, the half-pitch is half that distance.

The half-pitch of the metal lines on the first and densest
level is special, because that distance was what once defined
not only the half-pitch but also the gate and, consequently, the
node. But by 2000, it was a dicey relationship. The half-pitch
was becoming bigger than the node.

So, for example, in 2005 the gate width on an Intel micro-
processor was 32 nm. The node was called “65 nm,” but the half-
pitch for the first level of wires was 105 nm.  Continued on page 50

ET’S START by defining our terms. Today’s most advanced

== Pitch

)
J=== Half-pitch s

Drain

Channel

THE NODE’S DILEMMA: The half-pitch of the first wiring
layer is the defining feature for memory chips, while

the gate length is the gauge for logic manufacturers.
Neither is entirely representative of the node.
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Confused yet?

The trouble with the ter-
minology started in the early
1990s, when these gate widths
fell down a steep slope [see
table, “Pitch Counts”]. For logic
devices, the gate length became the smallest feature, but for mem-
ory the half-pitch remained the smallest feature. Those were sim-
pler, happier times. The industry sold microprocessors based on
how fast the chips could process instructions, and that rate was
pretty much directly related to how small the gate width was. We
in the industry (I was working for Advanced Micro Devices, in
Sunnyvale, Calif., at the time) called it the time of the megahertz
wars. These wars drove the shrinking, with the result that the
gate width got much smaller than the half-pitch.

So it was that, in the second half of the 1990s, the market’s
endless appetite for better-performing logic devices drove
microprocessors—which used to lag two to three years behind
memory in half-pitch—to start closing the gap. Because micro-
processor speed was largely determined by the dimensions of
the gate, by 2000 the gate had become the smallest feature pro-
duced in the semiconductor industry.

While speed is also a key parameter for memories, there was
no similar war between memory manufacturers seeking to drive
up the frequency with which transistors execute their instruc-
tions, known as clock frequencies. Memory makers focused on
reducing the size of each memory cell on their chips so that they
could squeeze ever more bits into less and less real estate.

Solet’s recap. Today’s cutting-edge 32-nm-node logic chips are
actually at a 50- or 56-nm half-pitch. Today’s cutting-edge mem-
ory chips, if they were described in logic terms, would be at the
22-nm#node, but they are in fact at about a 34-nm half-pitch, put-
ting them ahead of logic development by a full chip generation.

The unifying factor is thatboth memory and logic have always
been made with optical lithography. But because memories and
logic have different shrink rates, memory makers will have to be
the first to make the transition from optical lithography to the
lithography technology that will succeed it, called extreme ultra-
violetlithography (EU V). People who dread the transition to EUV
often claim that it’s not optical lithography, putting it in the same
zoo with the other next-generation lithographies, such as electron
beam lithography and imprint lithography. I prefer not to distin-
guish between opticaland EUV: EUV ssoptical, inasmuch as it is
electromagnetic radiation, only with a wavelength that’s about
one-fifteenth as long.

Shrinking
Possibilities

Continued from page 28

known to say, is always seven years away. That joke was

new 30 yearsago, when chips were being fabricated at the
10-micrometer node. Today’s chips squeeze 4 billion transistors
into a space smaller than a postage stamp. The technology that
brought about that stunning advancement, and the key driver
of the semiconductor industry (which this year is expected to
have revenues of US $200 billion), is this method of tiny writ-
ing called lithography.

Lithography is why Moore’s Law endures after 44 years.
Nevertheless, for thelast 20 years, experts have been uneasy about
lithography, which projects the fabulously complex patterns of a
modern chip onto a semiconductor wafer using electromagnetic
radiation with wavelengths shorter than those of visible light.

Fundamentally, optical lithography hasn’t changed much in
almost 50 years. It has become more sophisticated, but its kinship

HE DEATH of optical lithography, chipmakers have been
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to old-time film-and-chemistry photography is still discernible.
Microchips start out as small blank patches on a silicon wafer
about the size of a dinner plate. The virgin wafer is shuttled
through a series of machines in a chip-manufacturing plant the
size of a couple of American football fields. At the end of its jour-
ney through hundreds of tools, the wafer emerges inscribed with
the patterns of hundreds of identical microchips. The wafer is
then broken up into these constituent microchips, which are sent
out into the world to populate laptops, thumb drives, cellphones,
and the GPS in your car. The patterns that distinguish all these
different kinds of chips are created with optical lithography.

First, the wafer is covered with a thin insulating layer and
then with a light-sensitive material called photoresist. Light
streams onto the resist through an opaque mask with holes that
let light through to forma pattern. This system projects postage-
stamp-size patterns onto the wafer until the entire wafer is cov-
ered with identical microchip patterns. The exposed areas of
the photoresist are weakened when the light hits them, and
then a corrosive plasma etches the pattern into the silicon. The
leftover photoresist is washed away, leaving the photoresist
pattern engraved into the semiconductor wafer.

The process has gotten more complicated with each gener-
ation of shrinking features. Lithography toolmakers have had
to reduce the wavelengths of light they use to project chip pat-
terns through the masks. They’ve also had to find heroic optical
tricks to finesse the light into depositing patterns far smaller
than the wavelengths themselves.

The shorter the wavelength, the finer the resolution of the fea-
tures you can print on the chips and the more transistors you can
squeeze onto the chip. The history of semiconductor lithography
is essentially the history of the search for stronger and shorter-
wavelength sources of light. The first commercial lithography
tools were manufactured in the early 1980s. They started skirt-
ing the edge of the visible spectrum with light at a wavelength of
436 nm, somewhere between violet and indigo. In 1987, steppers
graduated to the ultraviolet 365 nm of mercury lamps and then to
248 nmin 1993. Finally,in2001 the industry arrived at the193-nm
light, derived from an argon-fluoride laser. This laser, still used
today to create patterns with feature sizes down to 38 nm, is pro-
jected through massive lenses that weigh nearly halfa metric ton
and cost several million dollars.

When semiconductor lithography began in the 1960s, the
feature sizes of transistors were much larger than the wave-
length of the exposure light. To print his original transistors,
Gordon Moore actually cut patterns into Rubylith and pro-
jected them onto chrome-covered glass plates, or masks, using
16-mm movie-camera lenses that Robert Noyce had bought in
anorthern California camera shop for a few hundred dollars.
Moore’s transistors had a minimum feature size of around
100 pm, big enough to see with the naked eye.

Lithography had to keep up with feature sizes as they shrank
to the size of the wavelengths of light itself—in the hundreds
of nanometers—and then, more recently, vanished into mere
fractions of the exposure wavelength.

As each image is exposed onto the semiconductor wafer, the
lenses reduce the images 75 percent. Such sophisticated systems
can expose more than 140 wafers per hour. Advances of this sort
have improved resolution by a factor of about a thousand from the
days of Moore and Noyce and the movie-camera lenses.

Impressive though it is to be printing today’s 38-nm features
with 193-nm light, what the industry would like more than any-
thingelseis to get back to printing features that aren’t any smaller

WWW.SPECTRUM.IEEE.ORG

www.spiresolar.dom

SPIRE CORPORATION’S
MobpuLE DeEVELOPMENT LINE

PV MODULE
ENGINEERING
PLATFORM

Finally, for a
research budget!

How Spire’s Module Development Line
can benefit your organization...

® Aimed at universities, government,
and corporate R&D organizations
bringing new technology online

e Equipment for soldering, laminating,
and module testing

® Training & process technology
provided, including a“How to Make
a Module” instruction book

Let Spire put its 40 years of
manufacturing and process
knowledge to work for you.

Spire welcomes you -- visit us at:
IEEE/PV America, Philadelphia, PA
June 8-10, 2009

Booth 2138

ire

APRIL 2009 - IEEESPECTRUM - NA 5]

YMTC EXHIBIT 1014
Page 5 of 9



F’!|"'here is only one credible

software package source...

- When you need to study
grounding or electromagnetic
interference accurately, reliably
and economically.

Multiple grounding systems having any
shape, in simple or complex soils,
including any number of layers or het-
erogeneous discrete volumes.

© AutoGroundDesign

@ AutoGrid Pro

@ AutoGround & MultiGround

Perform fast, yet complex & accurate,
interference analyses on pipelines,
railways, etc. Examine electromag-

netic impacts to the environment. Dedicated, flexible tools
@ SESTLC simplify and automate
o Rightotway g0 | ciencepecianion e
@ SES-Shield
MultiLi & SES-Envi tion, context sensitive help
@ MultiLines -Enviro and technical support bring
you peace of mind,

Upgrade to the full power of MultiFields or
CDEGS which integrate grounding, electromag-
netic compatibility, environmental impact and
lightning or switching surge analysis.

www.sestech.com; Email: info@sestech.com
Toll free: 1-800-668-3737; Tel: +1-514-336-2511

World Leader in Grounding & EMI

Download free
white papers on

AR
on ine

Spsectr

For Tech Insiders

Expert Information from Experts.

Download a free
white paper today!

www.spectrum.ieee.org/whitepapers

& IEEE

|EEE SPECTRUM -

52 NA - APRIL 2009

than the wavelength being used to print them. Here’s why. Light
diffracts when it shines through the mask, spreading out and
blurring the edges. However, you want to capture as much of the
light as possible to produce a good image. That means you need
some pretty good tricks to corral all the light into the pattern. If
you can’t, your image will be blurry.

Because of tricks like water-immersion lithography—which
increases resolution by replacing the standard air gap between
the lens and the wafer surface with a liquid—chipmakers have
been able to print sharp images within these parameters. But that
ability has come at a great cost. ASML, Nikon, and Canon have
all pushed water-immersion lenses as far as they can. Efforts to
switch from awavelength of 193 nm to 157 nm have failed because
of difficulties with optical materials.

Most industry experts agree that features of complemen-
tary metal-oxide-semiconductor (CMOS) silicon transistors
will continue scaling to below 20 nm. But that won’t happen
without extreme ultraviolet lithography.

13.5 nm, right near the point where the deep ultraviolet

becomes X-rays. If we could harness light at that wave-
length, we could continue shrinking features without many of
the resolution enhancement tricks we have developed to push
193-nm lithography to the limit. ASML Holding, where I am
chief scientist, recently introduced an EUV lithography system
that can produce chips with features smaller than 30 nm. Nikon
reportedly has a similar tool in development.

ASML expects to ship its first commercial EUV production
lithography systems next year. We have already installed two
EUV development tools—one at the Albany NanoTech Complex,
in New York state, and the other at IMEC, in Leuven, Belgium.
These machines produce patterns with a 28-nm half-pitch, bet-
ter than the so-called 22-nm node.

These EUV developments are welcome, but they shouldn’t be
interpreted as proof that EUV hasarrived. The systems are exper-
imental, capable of turning out chips at a rate of a few wafers per
hour, much slower than would be needed for a commercial system.
EUV still faces significant technical challenges. Consider the con-
tortions we have to go through inside the box to get 13.5-nm radia-
tion. It can’t be done with any traditional light source. Instead, we
use a big carbon dioxide laser to vaporize liquid tin droplets [see
illustration, “Seeing the Light”].

First we boil the tin, and then we drip the liquid tin in care-
fully timed droplets, synchronized to the firing of the CO, laser
so that it hits each tin drop as it falls. When the laser hits the
droplet, the tinis vaporized, and 13.5-nm photons are released.
A spherical reflector mirror takes this radiation and channels it
into the optical system. Quite a bit of the original radiation islost
in the process because you can capture only whatis collected in
the reflector, and the reflector does not surround the tin drop-
lets completely. The upshot is that only a small percentage of the
radiation created at the 13.5-nm wavelength reaches the photo-
resist to make the pattern.

And that’s just the first challenge. At13.5 nm, your optics can’t
be made of glass, because glass—and air, and just about every-
thing else—absorbs 13.5-nm radiation. You need a good vacuum
to prevent EUV light from being absorbed by stray molecules.
You need to use mirrors rather than lenses, and that brings up
the next issue: About 30 percent of the light that hits that mir-
ror is absorbed. Finally, not all the radiation emitted by your CO,
laser and tin setup is 13.5-nm radiation—some of it is infrared and

XTREME ULTRAVIOLET lithography uses a wavelength of
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is lost as heat. EUV’s critics say that
too much power is necessary to yield

Pitch Counts

ing out how good the vacuum has to
be to prevent EUV light from being

the number of photons required to Year Node Half-pitch  Gate length* absorbed by stray molecules.
expose wafers at the chip fab.

The mirrors in our EUV litho- e C 2 Zid HO ARE the potential cus-
graphic system are based on Bragg 20072 45 68 38 \/\/ tomers for EUV? Anyone
reflection, a concept used for opti- who wants to stay on the
cal fibers and other waveguides. 2005" i) L 2 road map implied by Moore’s Law: big
To create a strong Bragg reflec- 2004b 90 90 37 memory makers that have to shrink
tor, you start with a rigid substrate, relentlessly, the largest microprocessor
then coat it with several dozen alter- 2003° 100 100 4 companies, and chip foundries.
nating layers of molybdenum and 2001¢ 130 150 5 But the majority of semiconductor
silicon. The layers must be spaced companies don’t and won’t need to be
with a uniform thickness of about 1999¢ 180 230 140 atthe cutting edge. Consider the chip-
half the wavelength to reinforce the 10974 20 250 200 foundry business, which accounts for
reflected wave as it bounces off the alargeand growing share of the over-
many dozen layers. With this stag- 19954 350 350 350 all chip business worldwide.
gering technique, it’s possible to 1992¢ 500 500 500 :I‘aiwan i.s home to se'veral
make a surface that’s about 70 per- chip foundries, the two biggest
cent reflective (the other 30 percent 'mmg‘#af‘mgsmﬂmggmmmmmm being Taiwan Semiconductor
is absorbed by the mirror surface). ::% 23 ]zageupdm bTRSdata2006 < TRSdata2001 Manufacturing Co.and United Micro-

The EUV development tools use
a different light source. They still
use the tin droplets, but instead of a
CO, laser, they vaporize the tin drops
with an electrical discharge—a small
lightning bolt, basically. These have
proved rather inefficient.

One of the many technical chal-

electronics Corp., both headquar-
tered in Hsinchu. A chip foundry
fabricates anyone’s chips, on a con-
tract basis. Unlike integrated device
makers like Intel, Samsung, and
Toshiba, which design and build all
their own chips, some semiconductor
companies do none of their own

Note that each year skipped is identified on the ITRS as between nodes.

ROAD MAP: Before 1985, chips were classified

fairly empirically. Node, half-pitch, and physical

gate length are given for advanced logic such as
microprocessor (MPU). Memory (DRAM) half-pitch is
smaller by approximately one generation. In 2005, the
International Technology Roadmap for Semiconductors
(ITRS) retired the term “node,” as it was no longer a
meaningful descriptor.

lenges of making EUV work is figur-
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from a past where they made their own
chips to becoming “fab-lite,” where they
retain some facilities to develop the ini-
tial technology but then send their vol-
ume business to foundries. This allows
these companies to do rapid develop-
ment under their own control and avoid
the cost of massive fabs for volume. More
and more companies in the United States
and Europe are taking these approaches
because they believe that building a new
fab (which can cost about $5 billion) is an
impossible expense in the current eco-
nomic climate. In the United States alone,
AMD, Freescale, and Texas Instruments
all recently went fab-lite.

Soon only a few foundries, many of
them in the Far East, will remain to run
all these companies’ production lines.
Others include Chartered Semiconductor
in Singapore and Semiconductor
Manufacturing International Corp. in
Shanghai,aswellasIBM Microelectronics
in East Fishkill, N.Y., which makes pro-
cessors for its own equipment but has
also become a dominant foundry for
game processors. AMD recently spun
off its manufacturing operations to start
Globalfoundries, a joint venture with the
government of Abu Dhabi.

About halfthe foundry customers need
chips that can be fabricated with the pre-
vious generation of process technology—
currently 65 nm. Another 40 percent of
foundry customers use even larger, ear-
lier nodes. At most, only 10 percent have
orders that require the most up-to-date
chipmaking technology, to keep up with
the likes of Intel and Samsung. These
customers include companies that create
graphics processors, FPGAs, and phone
chips. Many foundry customers are focus-
ing on design innovation, which may or
may not require being at the forefront of
chip-fab technology.

The standard sedative to EUV anxi-
ety is the assurance that the gap will be
bridged by double-patterning lithog-
raphy, a technique of last resort that
improves the resolution possible with
193-nm light by making two or more
exposures, slightly shifted with respect
to each other, and with two or more dif-
ferent masks [see “Seeing Double,” IEEE
Spectrum, November 2008].

But double patterning is more cum-
bersome than many people realize. The
trouble comes down to design restric-
tions, cost, and yield. To understand
why, let’s go back to the foundry cus-
tomer. With double patterning, these
companies face a horde of new design

restrictions. For example, with double
patterning at 193-nm wavelengths, the
only things that are easy to print are par-
allel or perpendicular lines and spaces.
It’s quite difficult to print holes or elbows,
and if you’ve ever looked at an actual
(but unexceptional) circuit design, it’s
absolutely lousy with zigs and zags.

So, first, companies painstakingly
rework their designs to meet these onerous
restrictions (no elbows! no zigs! no zags!).
Then they’ve got to split the design into
two or more parts. There is just no easy
way to do that. Different electronic design
automation companies areworking on that
problem, but none of them has been able to
create the vaunted “black box” method, an
ideal tool that will send the design on its
way, no brain required.

Double patterning also demands
more process steps, which again adds
to the cost by cutting effective through-
put, increasing fab cycle time, and add-
ing additional defects. If your original
process could yield 100 wafers an hour,
using double patterning will leave you
with much less. If you'd been turning a
profit at 100 per hour, there’s no guaran-
tee you will at 50.

Then there’s depreciation. Most fab
owners keep their tools running 24 hours
a day because they depreciate at the stag-
gering rate of several thousand dollars
per hour. That’s one of the major prob-
lems with double patterning. Cutting
your throughput means you’re losing
thousands of dollars an hour. Pretty
soon you're talking about real money.

EMORY-CHIP MANUFACTURING
M doesn’t require as many masks as
logic does. Where memories have
only a few wiring layers, state-of-the-art
logic has a complicated stack of as many
as 10 metal layers. Consequently, a set of
masks needed to makealogic chipis going
to cost more than a set for a memory chip.
Both processes require the use of expen-
sive masks. And masksneed aninspection
tool to insure against infinitesimal flaws.
Yet another tool is needed to repair these
flaws, another expense that neither logic
nor memory manufacturers can avoid.
Memory makers don’t care as much
about the cost of the masks because
they don’t use as many. For them, a sin-
gle mask set will make up to 100 million
chips. A $1 million mask set, even dou-
bled, works out to about a penny per
chip. But for logic chipmakers, the eco-
nomics are completely different, because
the vast majority of ~ Continued on page 56
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The Brightest Minds
Discussing the Biggest Topics.

Where Today’s Technology Gurus Converge.

Find out what's REALLY happening in today’s hottest
technology fields at the IEEE Spectrum Tech Insiders
Webinar Series!

UPCOMING WEBINARS

« Delivering During the Downturn: Engineering Managers of Top
Semiconductor Companies Speak Out - 23 April 2009
This webinar will introduce you to the best practices in use during this economic
downturn within six of the top ten IC development organizations.
www.spectrum.ieee.org/webcast/7932

* Robotics 101 - 16 April 2009
In this first episode of the robotics series, explore the ubiquitous world of
robotics, focusing on unmanned vehicle applications in academia and industry.
www.spectrum.ieee.oeg/webcasts

OTHER WEBINARS IN THE SERIES - AVAILABLE ON DEMAND

« Parallel Signal Processing Using MATLAB® and Star-P®
This webinar will demonstrate how signal processing applications can be
adapted to run in parallel using very high level languages (VHLLSs) such as
MATLAB. www.spectrum.ieee.org/webcast/7669

* Long-Term Care Planning in a Recessionary Environment
This webinar will address the recession’s impact on long-term care, providing
insights and tips for planning and the alternative funding options, LTC Insurance,
and the tax treatment of LTC Insurance. www.spectrum.ieee.org/webcast/7787

« Faster Product Development Using Multi-Domain Modeling and Simulation
Advanced multi-domain modeling and simulation solutions that are driving
the development and enhancement of modern consumer products are
discussed with examples. www.spectrum.ieee.org/webcast/7689

CShrigfking Possibilities

mask designs may be used to make only
a few hundred wafers. That’s because of
the punishingly rapid evolution required
to keep developing the latest features for
cellphones or digital cameras.

Ifwe meet our targets for EUV through-
put, EUV is preferable to double pattern-
ing because it lets layers be exposed with
single masks. Double patterning beginsto
fail at about 20 nm. Lens designers at Carl
Zeiss (ASMUL’s supplier) believe we can
build EUV optics capable of reaching at
least an 11-nm half-pitch.

The principal logic makers are spend-
ing hundreds of millions of dollars on
R&D every year to keep scaling their
transistors, in speed as well as in physical
size. Memory chipmakers, on the other
hand, are now in glorious pursuit of the

“Grand Unified Memory”—one technol-
ogy that will do it all, easily taking over
for the NAND flash memories you find
in your MP3 player and USB drives, and
the DRAM that dominates applications
for high-speed (but power-hungry) com-
putation. The contenders for this crown
include phase-change memories, resis-
tive RAM, and spin torque transfer mag-
netic RAM (STT-MRAM), but these find
themselves approximately in the same
place as EUV—each concept has been
proved and even demonstrated, but it’s
not quite ready for prime time.

s 1T worth it? That’s the billion-dollar

question. Scaling won’t continue for-

ever, if only because we will eventually
be down in the atomic realm.

Right now we’re at 34-nm features.
Let’s assume no features can be smaller
than the spacing between one atom and
the next, which in silicon is 0.546 nm.
Within a few years, progress won’t
depend so much on making transistor
partssmaller. Instead, it will increasingly
depend on new transistor designs and on
materials that will make the transistors
and the chips they reside on unrecogniz-

Sponsors: able. In the next few generations of shrink,
the industry needs EUV lithography to

i NATIONAL continue Moore’s Law economics.
(M\‘:‘Nu\nftmc ﬂNSI‘RUMEN‘I’S‘ mﬁ,ﬁ, §ml;! The enormous capital investments
"ames'oft INTER¥CTIVE a service of Seabury & Smith required by optical lithography and sil-
supercomputing icon manufacturing mean that no new
technologies will easily displace these
0 IEEE Si gn up toda Y I workhorses. To take over, any contender
Celebrating 125 Years A Aty o an ~ra Anah . technology must build on, and incorpo-
of Engincering the Future www.spectrum.ieee.org/webcasts rate, the incumbents. a
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