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Designing a high performance
VLSI chip using process tech-
nologies at 0.18pm orbelowisa
tremendous challenge. While
market windows continue to
shrink, design complexity is
rapidly increasing due to the
combination of finer geom-
etries, design size, higher clock
frequency and lower voltage. As
aresult,interconnect and signal
integrity have emerged as domi-
nant factors to be managed in
order to successfully complete
designs.

This renders obsolete most
of the conventional design
flows that have not been de-
signed to address all of these
new effects. Simply making in-
cremental improvements to ex-
isting tools and methods will
notaddress the full extent of the
issues. New technologies and
flows are required that have
been designed from the ground
up for challenges associated
with design done at 0.18pum and
below.

This article discusses several
critical flow-related issues in-
cluding the way in which the
logical and physical variables
are interleaved, and must be
considered together during the
physical design implementa-
tion. It then examines two key
issues of logical and physical de-
sign. The firstis the dependency
of thelogic and timing variables
with respect to the physical as-
pects, for example, placement
androuting. The second issueis
the flow itself and its conver-
gence. For instance, what are
the tasks that need to be per-
formed, at which moment, and
in what sequence?

Challenges in physical design
Accelerating advances in pro-
cess technology have resulted in
anumber of key challenges fac-
ing designers of multi-million
gate chips today: timing clo-
sure, signal integrity, design
variable interdependence,
clock and power routing, design
sign-off and design size.
Timing closure continues to
be an illusive goal. Today, tim-
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Figure 1: Designers need a flow that makes physical information available throughout the

entire design process.

ing closure is very complex and
can only be assured by accu-
rately modeling and evaluating
the propagation delays of the
library cells, the physical
placement of the cells and the
electrical characteristics of
the interconnect.

Signalintegrity has emerged
as a determining factor to not
only the timing, but to the func-
tional integrity of the chip as
well. As the ratio of cross-cou-
pling capacitance to inter-layer
capacitance increases, the rate
of timing and functional viola-
tions due to signal integrity
problems also rises. Other
physical aspects such as an-
tenna effects, electromi-
gration, self-heating, and IR
drop must also be analyzed and
controlled throughout the chip
construction process.

While there are many design
variable interdependencies to
be dealtwith, perhaps the most
important is the trade-off be-
tween routability, timing, and
power consumption. Optimiz-
ing for any one may cause prob-
lems with the others. An open
objective function that can
consider multiple objectives si-
multaneouslyis required to ad-
dress these complex interde-

pendencies.

Clock and power networks
consume massive amounts of
routing resources. Their con-
struction and analysis must be
started early and they must be
tailored for anindividual chip’s
requirements. Clock trees are
frequently inserted after de-
tailed placement is complete.
Power networks are frequently
pre-determined based on statis-
tical or empirical estimates.
However, these methods are
showing increasing rates of
non-convergence and are no
longer adequate.

Design sign-offlostits mean-
ing in the mid-1990s. On a
multi-million gate chip, itisnot
possible to sign-off on a netlist
after completing logic design
with a reasonable expectation
that the physical implementa-
tionwill meet all design require-
ments. Physical design is now as
important as logic design in de-
termining whether the require-
ments are achievable.

Design size has exceeded the
limitations of gate-level design
tools. Itisnot possible to design
and implement a multi-million
gate chip as an indivisible
whole. The chip must be
planned at a high level, parti-

tioned into smaller pieces, and
then completed using lower
level tools.

Different approaches

A number of different ap-
proaches have been proposed
for meeting the challenges de-
scribed above. These include:
using custom wireload models
in lieu of statistical wireload
models, designing smaller
blocks, then assembling them,
constant delay synthesis and
placement aware synthesis.

Custom wireload models are
generated after place-and-route
and are fed back to synthesis to
fix timing violations. However,
re-synthesis results in a different
netlist and may cause new tim-
ing problems resulting in anon-
convergent loop.

Designing smaller blocks
containing several hundred
thousand gates each and then
assembling them at the chip
level requires top-down map-
ping of design constraints to
the individual blocks, then bot-
tom-up refinement as the defi-
nition of the blocks solidifies.
Done manually, this process is
very time-consuming and may
result in unacceptable in-
creases in die size.

Constant delay synthesis is
attractive because of its el-
egance and simplicity. A fixed
delay (i.e.,fixed gain) is assigned
to everylogical stage so that tim-
ing constraints are met. How-
ever, constant delay synthesis
assumes continuous (non-dis-
crete) sizing. Mapping the result
onto adiscrete librarywill result
in sub-optimal results.

Placement aware synthesis
is a trend that is gaining accep-
tance. However, combining
logic synthesis together with
placement does not help unless
accurate routing information in
included. Timing constraints
may result in an overly con-
gested, un-routable placement.
This approach is a step in the
right direction, but does not go
far enoughin the integration of
the logical and physical do-
mains.

Complete design flow

Physical design must start
early—at the same time as logic
design. Initial estimates of



physical parameters will be
very coarse, but will provide a
useful baseline that can be used
to measure progress towards
the required goals. As more ac-
curate information becomes
available about the physical
characteristics of the chip, the
new information is incremen-
tally updated and evaluated to
track progress towards design
convergence.

Physical design must incor-
porate hierarchy in order to ad-
dress the issues of design size,
design reuse, turnaround time
and ultimately convergence.
Automated operations are
needed to view, manage, and
analyze physical hierarchy, and
to manage the complexinterre-
lationships between the hierar-
chical subsystem blocks.

Physical design must pro-
vide feedback and metrics dur-
ing the entire flow. At any point
in the flow, itis necessary to be
able to determine where the
design is relative to all require-
ments, and then to use that in-
formation to drive the down-
stream operations as the design
progresses. The process must
be able to quickly converge to
the pointwhere the correlation
between the current estimate
and the final implementation
can be bounded sufficiently to
sign-off on the design prior to
final implementation.

Physical design must be a
convergent process where the
chipis optimized for all design
requirements simultaneously
and is continually refined un-
til the final implementation is
complete. It cannot remain a
sequential and iterative pro-
cess ofimplementation, verifi-
cation and repair that may
never converge.

The physical design process
starts with chip-level hierarchi-
cal design planning. Chip-level
planning may start very early,
before the sub-system blocks
have any structural, physical, or
timing definition. Chip-level
requirements are allocated and

budgeted to sub-system level
blocks and are used to drive the
implementation of those
blocks. As the blocks gain
structural, physical, and timing
definition, new models for the
blocks are abstracted and incre-
mentally updated. At the chip-
level, timing and area slack are
automatically re-allocated to
accommodate the new models.
In this way, the chip-level plan

design requirements. This
“check-and-repair” approach
worked well for process tech-
nologies of 0.25m and larger.
However, at 0.25um and below,
the sequential approach is very
unwieldy and may take many it-
erations to converge.

For deep submicron de-
signs, simultaneous optimiza-
tion of all design requirements
provides a cleaner and more
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Figure 2: Gontinuous refinement is the process of starting with a very coarse model and
continuously refining it until the final result is achieved.

starts with a very coarse model
and is continuously refined un-
til the final implementation is
achieved.

Block implementation is
composed of cell placement,
logic optimization, clock tree
synthesis, power routing and
signal routing. Historically,
these operations were per-
formed sequentially and at the
end of the process, the imple-
mentation would be checked to
make sure that all design re-
quirements were met. If prob-
lemswere discovered, the block
would be sentback to an earlier
step and the process would be
repeated as many times as
needed in order to achieve all

predictable design flow. Cell
placement, logic optimization
and routing must be done con-
currently with full awareness of
the power network and clock
tree requirements.
Simultaneous optimization
also makes possible the con-
struction of a “physical proto-
type.” Astheimplementation is
continuouslyrefined, it arrives
at a stage where the physical
parameters can be bounded.
The prototype is assured to cor-
relate with the final implemen-
tation within a specified range.
Atthis point, the design maybe
signed-off, well in advance of
the completion of the final
implementation.

In order to achieve simulta-
neous optimization, cell place-
ment must use an open objec-
tive function that can incorpo-
rate multiple terms for
routability, timing, wire length
and crosstalk. Logic optimiza-
tion must be available at any
pointduring the process to per-
form cell sizing, buffering, re-
synthesis, and technology map-
ping. Power and clock networks
must be fullyvisible at all times.
Routing must be performed in
conjunction with real-time sig-
nal integrity tools to avoid
problems with crosstalk, IR
drop, electromigration, and in-
ductance. Only by performing
all of these operations concur-
rently, and with full knowledge
of the power and clock net-
works, can convergence be as-
sured.

With every process genera-
tion, there are more transistors,
higher clock frequencies and
additional physical effects to
consider. This article discussed
the challenges that need to be
addressed during physical
implementation. A flow based
on planning, placement, and
routing refinement (including
clock tree, power routing, and
scan chain) with an open cost
function, together with logic
synthesis and optimization,
meets these challenges. It en-
ables early estimation and opti-
mization of congestion, timing
and physical effects at a pointin
the flow when the design has
enough flexibility to accommo-
date perturbations produced by
the optimization procedures.

The physical prototype con-
cept has been introduced to re-
store the timing sign-offlost in
the mid-1990s. The intercon-
nect-centric deep submicron
era raises new issues, where
placement, routing and logic
optimization are tightly inter-
dependent. Further, with the
introduction of hierarchy to
handle multi-million gate de-
signs the need for a new full-
chip design system emerges.



