
Big differences exist in the degree of
complexity between the 90- and 65-nm
processes, especially for teams performing
cell-based design. A top-level diagram of
the 90-nm flow that fabless-ASIC ven-
dor Open-Silicon uses shows new
branches (Figure 1). Jay Jayaprakash,
ASIC-design manager at Open-Silicon,
groups the new challenges at the 90-nm-
process node into power, signal integrity,
DFM (design for manufacturability), and
design for test. In the power and signal-
integrity areas, increased complexity for
the design team is arguably a matter of
degree. Power management is more crit-
ical at the 90-nm node, and it requires the
concerted effort of cell designers, tool
designers, logic designers, and architects.
But this situation does not fundamental-
ly differ from the situation at the 130-nm
node. Higher leakage currents at the
smaller node exacerbate the problem.
Similarly, signal-integrity analysis is
more demanding; teams must use the
available tools and pay heed to their
results.

In addition, Jayaprakash says, HSpice
engineers are becoming more central to
the digital-design flow at the 90-nm
node. Teams must use Spice for their
clock nets—something many have been
doing for several generations—and this
sort of detailed analysis is also becoming
important on critical signal paths. In the
signal-path area, you see the first glimmer
of the need for new skills involving dig-
ital-timing analysis. “STA [static-timing
analysis] is ballooning out of control on
us,” Jayaprakash says. “There are different
process corners for different operating
modes, and there are different corners for
the parasitic-extraction tools that are
providing the base data for your STA. By
the time you account for all the corners,
you are doing 50 or 60 runs, and then
what do you do with all the data?”

As STA becomes more complex, some
designers are looking at IBM’s SSTA (sta-
tistical-STA) tool. Instead of running a
single STA at each combination of the
process and extraction corners, SSTA
attempts to express each delay as a prob-
ability distribution and then to compose
these distributions as they move through
the nets to produce outputs that are

t every new process node, IC design becomes more
difficult. But, as design teams contemplate the move
to 90- and then 65-nm-process nodes, many are ask-
ing whether the increased difficulty is still just a mat-
ter of degree or whether something fundamental is

changing. Does a successful 90-nm-design team differ in some
way from a successful 130-nm-design team? If so, is the change a
one-time thing, or are the differences even greater at 65 nm? The
only way to find out is to talk to successful design teams.
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themselves statistical distributions. It
appears to have many more skeptics than
fans among design teams. Part of the skep-
ticism comes from the huge amount of
process-related data that is necessary to

produce accurate delay distributions in
the first place. SSTA may be practical
only in an integrated-device manufac-
turer or a fab-owning ASIC company
simply because the tool must work so
closely with the process models. But
another issue looms even larger in the
minds of many designers: What do you do
with the output? What does it mean to
learn that the timing slack on a net is sta-
tistically distributed around  �12 psec
with a sigma of 24 psec? “We have a tool,
but we have to learn what to do with it,”
observes Riko Radojcic, principal engi-
neer at Qualcomm. “SSTA is a fuzzy
world, not a black-and-white one.”

The question of statistical timing opens
a window—albeit a cloudy one—into the
most fundamental changes that are tak-
ing place in design teams as they adapt to
the 90-nm process. Imagine that a timing
engineer asked a process engineer what

the delay on a net is. The process engi-
neer might say that the delay depends on
the switching speed of the driver transis-
tor. That speed, in turn, depends on the
threshold voltage of the transistor, the
gate leakage, the effective channel width
and length, the drain resistance, and the
source and drain contact resistances.
Those values vary, depending on the
dimensions and shapes of the source and
drain implants and the gate polysilicon.
They also depend on the shape and com-
position of the source and drain contacts,
which vary considerably in this process.
And those things, in turn, depend on the
proximity of the transistor’s well implants,
the density and pitch of the pattern of
polysilicon-gate features, and the prox-
imity of corners or width changes in the
polysilicon.

After learning about these and a host
of other factors, the timing engineer, who

START
PLACE AND ROUTE
     MULTITHRESHOLD-VOLTAGE OPTIMIZATION
     DFM-BASED ROUTING

STATIC-TIMING ANALYSIS
     MULTIMODE, MULTICORNER
     ANALYSIS

TIMING/NOISE
OK?

FORMAL
VERIFICATION

TIMING ENGINEERING-
CHANGE ORDER

DESIGN-RULE 
CHECKING/

LAYOUT-VERSUS-
SCHEMATIC

ENGINEERING-
CHANGE ORDER

EXTRACTION
     MULTICORNER
     EXTRACTION

POWER ANALYSIS
     DYNAMIC POWER
     ANALYSIS

MEMORY BIST
AND BOUNDARY-
SCAN INSERTION

SYNTHESIS

SCAN INSERTION
     EMBEDDED TEST
     STRUCTURES

GENERATE
REPAIR FILE

TO
PRODUCTION

PATTERN GENERATION
     AT-SPEED AUTOMATIC-
     TEST-PATTERN
     GENERATION
     MULTIPLE FAULT
     MODELS

SIMULATION WITH
SIMULATION-DATA FORMAT

SIGNAL
ELECTROMIGRATION OK?

SIGNAL-ELECTRO-
MIGRATION ANALYSIS

PHYSICAL-DESIGN VERIFICATION
     DESIGN-FOR-MANUFAC-
     TURABILITY-RULE CHECKING
     DESIGN-FOR-MANUFACTUR-
     ABILITY ENHANCEMENT

DESIGN-RULE CHECKING/
LAYOUT-VERSUS-SCHEMATIC

ENGINEERING-CHANGE ORDER

TAPE-OUT

NO

NO
NO

YES

YESYES

Figure 1 Open-Silicon has added or modified a significant number of stages (shaded) to its design flow to ensure manufacturability
at the 90-nm process.

AT A G L A N C E
Guardbanding at 90 nm results 

in chips that are too big or too slow.

DFM (design-for-manufacturabili-
ty) tools still cannot accurately pre-
dict circuit performance or yield.

The choice of which rules and
guidelines to obey comes down 
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thought his responsibility was to achieve
timing closure, suddenly becomes re-
sponsible for a range of physical-design
and process variables that are beyond his
experience.

This scenario is frighteningly close to
reality for the early-adopter design
teams—the FPGA, memory, and CPU
vendors—that are the pioneers on a
process node. The responsibility for all
these variables does indeed fall on the
design team. To succeed, these teams form
intimate relationships with their process

providers, whether they are internal fabs
or foundries. They also build cell-design,
modeling, and process-engineering groups
of their own to use the data that the fab-
process engineers share with them.

However, this situation is untenable for
ordinary cell-based-design teams and un-
thinkable for ASIC-design teams. That
level of process knowledge would be
impossibly expensive, even if, under some
scenario, a giant foundry would share its
basic data with an ordinary fabless cus-
tomer. The industry is employing a num-

ber of tactics to breach this impasse. The
earliest and simplest came into play at the
130-nm process and persisted into the
early 90-nm designs. This era of the rec-
ommended design rule dictated that, by
setting rules, the process engineers at the
foundry could theoretically prevent de-
sign teams from putting anything into
their physical design that would cause
substantial variations in critical parame-
ters. Then, by simply guardbanding the
specs on the devices, and, at a higher level
of abstraction, on the cell libraries the

DFM RAISES GLOBAL ISSUES
The global engineering
community thinks that
task management works
without boundaries. With
the possible exception of
analog- and custom-
design tasks, you can
assign any block of a
design to any available
team anywhere in the
world, and the results will
be about the same. No
interaction exists be-
tween culture and digital
design.

But in the brave new
world of DFM (design for
manufacturability), the
situation differs, say sev-
eral experienced design
managers. The reason
hinges on one of the key
differences between
design at the 90-nm
process and design at
larger geometries. That
difference is the role of
judgment.

Until manufacturers
arrived at the 90-nm node,
design rules prohibited
the features that would
impact yield. You didn’t
put lines too close togeth-
er for too long a distance,
put corners of neighbor-
ing features opposite
each other, and so on. If
you tried to do one of

these things, the DRC
(design-rule-checking)
tool would flag it, and
somebody would fix it.

But at the 90-nm
process, many of the
rules—those that forbade
features that were physi-
cally possible but likely
to give low yields—
became guidelines.
“There are now so many
recommendations that, if
you followed them all,
they would forbid you
from doing your design,”
says Kazu Yamada,
NEC’s vice president and
general manager for cus-
tom SOC (system-on-
chip) products. On the
other hand, if you ignore
them all, you may never
see double-digit yields
from your product. And
no magic tool exists that
can tell you the impact
on yield if you comply
with one group of recom-
mendations and skip the
others in a block.

So, designing critical
blocks at the 90-nm node
and even more at the 65-
nm node is a matter of
judgment. And individu-
als approach such mat-
ters in a culturally condi-
tioned way.

“Japanese people grow
up thinking that risk is
inherently evil,” Yamada
says. “Kids in the United
States receive rewards
for taking risks. And you
see that in the behavior
of engineers. Japanese
design teams are good at
absorbing a set of guide-
lines and identifying the
points they need to pay
attention to. US teams
are more skilled at ignor-
ing a set of risks and
finding ways to quantify
the results. You now
need both cultural atti-
tudes in a design, be-
cause if you paid strict
attention to all of the
yield issues at 65 nm, you
would never complete a
design.”

Qualcomm Principal
Engineer Riko Radojcic
makes similar observa-
tions. “We have design
centers in the United
States, India, and other
countries,” he says. “We
have some centers that
are likely to question the
design guidelines and
others that may some-
times go too far in
implementing them.”
Radojcic does not
ascribe the whole differ-

ence to culture, however.
He says that the boldest
teams are often those
that have an internal
group of experts whose
job is to convert the
foundry’s guidelines into
a filter that designers
apply to the design data.
Those design centers
that lack access to a res-
ident group of experts
tend to be less comfort-
able with the fuzziness
of 65-nm design and to
want hard and fast prin-
ciples.

It may well be that an
inherent uncertainty
exists at the 65-nm node.
You never know whether
you have stayed close
enough to the guidelines,
but you always have to
ignore some of them.
This uncertainty illumi-
nates individual differ-
ences in risk-taking
behavior. Some design-
ers accept the risks,
whereas others, whether
for cultural or personal
reasons, assign that
responsibility either to a
tool or to an expert. This
consideration may
become  significant in
the management of glob-
al design resources.
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foundries began to provide, the
process folks could ensure that
the chip designers—those who
followed the rules, that is—
would never get any negative
surprises.

However, as they carried this
approach into the 90-nm-pro-
cess node, a negative surprise
did occur. The foundry engi-
neers kept finding new prob-
lems with each new design and
creating new design rules to pre-
vent them. Thus, for early 90-
nm-process users—and not just
the pioneers—the rules kept
changing rapidly. Soon, one list
became two lists: mandatory
rules and recommended rules.
Then, teams added guidelines.
By now, design teams had three problems.
First, there were so many rules that even
checking for compliance was impractical.
Second, complying with even a fair frac-
tion of the rules negated most of the per-
formance and density advantages of going
to the 90-nm process in the first place.
Third, under the rules, some important
structures became simply impossible.

This situation will only get worse at the
65-nm node, according to Kazu Yamada,
NEC Electronics America’s vice president
and general manager. “It’s not just that we
are checking many more rules,” he says.
“At 65 nm, adding rules doesn’t solve the
problem. If you take all the restrictions
together, they forbid you to design your
chip.” So what comes after rules? An
intermediate step must emerge between
just telling a designer to follow the rules
and making him understand the process
implications of every node in the design.
The simple answer is that models come
after rules. In theory, you can identify all
the sources of variation that create uncer-
tainty in the timing on a net. You can
then model these sources, either statisti-
cally or with physics-based models, and
you can use the models to tell the design-
er just what the result of his choices will
be. Ideally, the models would give
designers data they could actually use:
accurate parasitic values, delay figures,
and currents.

Even better, you could incorporate the

models into the placement-and-routing
tools and even into the synthesis tools and
floorplanners to create a fully process-
aware design flow. The tools would han-
dle all the issues that could lead to vari-
ability, so the designers could conduct
their work just as they did at the 130-nm
process, only with a few more tools and
steps. Unfortunately, both of these sce-
narios are fictional. Part of the problem
is the difficulty of modeling the process
steps that contribute to the variability in
the first place. Equipment vendors and
process engineers employ PCM (process
compact models), which are complex
despite the term “compact.” These mod-
els are too slow for chip-design teams or,

in most cases, cell designers. Also, they
include many inputs that are the sole con-
cerns of the equipment and foundry
industry. A model of CMP (chemical-
mechanical polishing), for instance,
might include inputs for pad composition,
pad pressure versus time, back-plate struc-
ture, slurry formulation, location and time
of the slurry’s introduction to the wafer,

rotational speed, temperature,
and electric-field strength. And
CMP is just one stage in the
model.

Accordingly, EDA players are
working—hesitantly, perhaps—
with foundries and even more
tentatively with equipment ven-
dors to extract some data from
the PCMs, turn them into sim-
pler and more quickly executed
models, and allow them to have
inputs for things only under the
control of the chip-design team.
This effort is causing the growth
of independent modeling within
the EDA companies. “We have
to start out with the PCMs and
abstract just what the designers
need,” says Anantha Sethura-

man, vice president for DFM at Synop-
sys. This abstraction yields a separate
model of the process that must evolve
with a rapidly changing situation. “The
foundries work with us to update our
abstracted models, and we pass the
changes on to our customers,” he says.
“At 90 nm now, the processes around the
industry are becoming similar, and they
are becoming more stable.”

David Thon, group director in the
nanometer-analysis and verification
group at Cadence, calls this process “adap-
tive abstraction.” He describes a two-way
flow of information across the interface
between the design team and the foundry
(Figure 2). As foundry information flows
upstream to earlier parts of the chip-
design process, abstract forms become
more necessary. Although cell designers
may need to know how to make painful
trade-offs between speed and variability
on a net, architects may need only
abstract information about the structures
and constraints that lead to a good yield.
Conversely, mask makers who run the
OPC (optical-proximity-correction)
tools may need to have a reasonable
understanding of the role a set of polygons
plays in the electrical design. Process-inte-
gration engineers may need to have only
an idea of performance and yield targets.

Currently, neither these models nor
PCMs can provide accurate predictions of
the electrical characteristics of a net or
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accurate quantitative views of the impact
that a design choice will have on die
yield. “We can give designers some level
of comfort, some idea of the impact of the
changes they are making, and some idea
of what definitely won’t work,” Sethura-
man says.

Another limitation on the EDA indus-
try’s approach to the problem is that the
industry has so far built abstract models
of only those process steps whose varia-
tions engineers understand well. In real-
ity, that limitation dictates two models:
one for lithography—including, depend-

ing on whom you ask, more or less pro-
vision for modeling etch processes—and
one for CMP. The industry then lumps
anything else that occurs during wafer
processing that can contribute to vari-
ability in electrical parameters under
“variation.” “There are 2000 or 3000
sources of variations in an advanced
process,” NEC’s Yamada says. “It’s impos-
sible to put models of all of them into the
EDA tools, and the EDA companies can-
not do their own process models. All they
can do is give us faster tools for dealing
with the growing number of process cor-
ners, but we can’t just keep adding more
corners, either.”

The consensus is that even the latest
yield-aware tools still can’t protect the

design team from having to understand
the details of the design process. There is
some hope that at least these issues would
affect only cell designers and custom-cir-
cuit designers. But manufacturers often
can’t fulfill that hope.

“We tried just guardbanding at 90 nm,”
Yamada says. “It resulted in chips that
were either too big or too slow.” NEC
then incorporated deep awareness of vari-
ability issues into its cell libraries, so lay-
out designers can now choose either con-
servatively designed, high-yield cells or
aggressively designed, high-performance
cells that exhibit greater variations. The
physical-design team must assess its own
risk and its understanding of the original
design intent to make the selection.

This process draws a stark line between
ASIC and COT (customer-owned-tool-
ing) customers. “The ASIC customers
just give us the design and expect us to
deal with the DFM issues,” Yamada says.
“The COT customers, who typically are
pushing the area/performance/power en-
velope, want to be intimately involved in
the trade-offs between specs and yield at
each critical spot in the design. They
have to understand these issues in depth.
The best of them have been through the
experience before.”

NEC’s experience is that how far the
need for process expertise penetrates into
the design team depends on how hard the
design pushes the envelope. If the point
of using a 90-nm process is simply to make
the die smaller and decrease dynamic
power, a conventional team can turn over
the RTL (register-transfer-level) logic
with appropriate timing files and test
cases to an ASIC vendor. If the point is
to get a chip that is smaller, faster, and less
power-hungry, chip designers must intu-
itively grasp how much risk they are buy-
ing in exchange for a more aggressive cir-
cuit design.

For example, Qualcomm uses an
almost purely cell-based design flow for
the 90-nm process, according to Radoj-
cic. Many DFM guidelines existed for
physical designers, but they handled DFM
issues in the same manner as they per-
formed DRC (design-rule checking)—
that is, by running DFM-screening tools
after layout. The company develops its

own cell libraries, and its foundry runs
internal inspection tools on the cell
designs and suggests changes. But only the
cell designers were privy to this informa-
tion. “The foundry didn’t require our
design team to become lithography or
CMP experts,” Radojcic says.

The only big change at the 65-nm
process was that the foundries gave their
DFM-scoring tools to Qualcomm to run
itself. Qualcomm used these tools prima-
rily on individual cell designs, except in
the case of full-custom blocks. The design
teams did not mandate that a block had
to achieve a particular score on the tools.
In fact, designers often ran the tools in
their spare time after tape-out. “We nei-
ther identified a yield issue using the
tools, nor found the ‘end of the world,’ as
some people have been predicting. We
have had a good yield ramp on our 65-nm
design,” Radojcic says.

To deal with variations, the Qualcomm
team stayed with traditional corner-case
analysis. “In the brilliance of hindsight,
we might have left the margins too big,”
Radojcic says. But that mistake may be an
unavoidable cost of a design that depends
not on process modeling or analytical
tools that don’t yet exist but on the skill
and experience of master designers.
“There is simply no way to relate design
choices and DFM-driven modifications to
changes in yield,” he says. “In a way, the
return on investment for all these tools,
beyond what you get from the experience
of your design team, is faith-based. Now,
we are using our 65-nm design flow to
evaluate changes to make DFM more for-
mal at 45 nm.” He says that there are two
schools of thought on the subject: One
says to go to SSTA and try to understand
how to use it, and the other says to
account for as many of the variations as
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MORE DFM 
COVERAGE
The July issue of EDN ’s sister
publication, Electronic Business,
explores a post-DFM (design-for-
manufacturability) world in which
the cost of chip design will be
prohibitive. One theory posits
that general-purpose chips will
become the norm as high design
and fab costs make custom chips
uneconomical.

Whether or not you buy this
scenario, there’s little doubt that
the relationship between design
and manufacturing is changing
dramatically. For more, go to
www.eb-mag.com/dfm0706.
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you can and accurately characterize them
in the models.

When designers encounter a problem-
atic structure, they must be able to do
something about it. In this case, “some-
thing” does not mean tearing up the entire
layer and doing a new layout based on
handcrafted changes in the one problem-
atic location. That approach would most
likely lead only to the emergence of more
problems elsewhere. So, EDA vendors such
as Cadence have been working on incre-
mental tools that will allow adjustment to
a local portion of a layout; rescreening of
the new layout for lithography, CMP, and
DRC; and incremental modifications to
the extraction files. Cadence believes that
this approach requires a modification to
the underlying structure of the design data-
base, so that tools can identify objects in
the neighborhood of a feature without tra-
versing the entire database.

Ultimately, success depends upon the
ability of master designers to take in data
from a growing Tower of Babel of com-
pliance checkers, rule checkers, and
analysis tools and to base design decisions
not on yield predictions, but on their own
experience. TSMC (Taiwan Semicon-
ductor Manufacturing Co), for its part, is
trying to reduce the dissonance. For its
65-nm reference flow, the company has
created a common data format for the
eight DFM partners it has included in the
flow. Using this format, it will put criti-
cal-area analysis, lithography-process
checking, virtual-CMP modeling, and, in
a later release, parametric modeling in the
hands of chip designers. “We can’t claim
to estimate yields,” says Edward Wan,
TSMC’s design-services senior director of

product marketing. “But we can predict
lithography and CMP hot spots in the
design. We will base the sensitivity lev-
els of the tools on our internal variation
data, so that the tools can flag things that
we know will not provide good yields.
This approach will put fixing the prob-
lems within the range of back-end chip-
design people.”

But how much the designers have to
know still comes down to how hard they
are pushing the envelope. Bradley Howe,
vice president of design engineering at
early adopter and custom designer Altera,
is more careful in his assessment of how
well models and tools can shield design-
ers. Howe believes that the company’s
experience may transfer to design teams
that later join with more cell-based flows.
“You probably can’t just let the cell
libraries deal with the problems, at least
at 65 nm,” he says. “I’m skeptical that you
can encapsulate the knowledge of process
variations into libraries or EDA tools
without leaving big guardbands. That
may be OK for some designs, but not for
others. Granted we are a full-custom flow.
But our experience has been that you
can’t limit the impact of DFM to some
level of abstraction. It permeates all the
way up to the architectural level. We
found, for instance, that when we were
developing the routing architecture for
our 65-nm generation, we ended up knee-
deep in transistor-dynamics issues. Every-
body involved had to have some level of
understanding.”

This belief appears to be the funda-
mental change on the horizon for design
teams at the 90- and 65-nm-process
nodes. If you want to get what a process
has to offer, you need individuals who
can, based on their experience, their
knowledge of the sources of variation,
their control, and their impact on elec-
trical characteristics, take calculated risks
on a circuit-by-circuit basis (see sidebar
“DFM raises global issues”).

“My advice to a design team just start-
ing out at 90 nm is: Don’t wait. Bite it off
now,” says Howe. “Either hire the ex-
pertise you need or help your people
develop it. You have to build this infra-
structure inside your team, because, soon-
er or later, no tool or third party can make
the problems go away.”EDN
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