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Abstract

Circuit design in deep sub-micron technologies requires
that designers deal with numerous data, constraints,
analysis, synthesis, and optimization tools.  Although syn-
thesis tools are widely used at Intel, new circuit tech-
nologies are evolving and are often not well supported
by existing synthesis tools.  Deep sub-micron technol-
ogy requires that the impact of physical design be con-
sidered early in the circuit design phase to prevent costly
circuit, layout, and sometimes, logic re-design.  A com-
mon source of these re-designs is inaccurate assump-
tions about the layout aspects of the target design.  Thus,
early layout planning and accurate parasitics estimation
must be done by circuit designers.

Intel�s FUB Circuit Design Environment (FCDE) is an
integrated, interactive, and incremental circuit design
environment that incorporates multiple tools, data, con-
straints, and analysis tools.  FCDE integrates all circuit
design tools including circuit simulation, layout planning,
parasitics estimation, timing analysis, circuit optimizers.
Circuit design tools exchange data via a common data
model (Unified Core Model).  FCDE tools expose their
functionality to each other by standard tool drivers that
allow integration of in-house design tools as well as ven-
dor design tools.  FCDE was designed and implemented
on the Windows NT ∗ operating system, and uses na-
tive Windows* technologies such as Microsoft∗ Com-
ponent Object Model (COM), Visual Basic∗ and Vi-
sual Basic for Applications∗ (VBA).  This paper de-
scribes Intel�s circuit design environment and its com-
ponents, with special emphasis on the layout planner,
and its role in circuit design flows.

Results from a recent microprocessor design project
support the need for layout planning by showing that
the amount of re-design and re-work required for blocks
is reduced when early layout planning is carried out.

Introduction

Traditional custom integrated circuit design methodol-
ogy can be depicted as a waterfall model, where a stage
(e.g., logic design) is completed and the results passed
on to the next stage (e.g., circuit design).  Results at
each stage are evaluated without any consideration of
their effect on later stages.  For example, interconnect
loading is assumed during circuit design for technology
mapping.  This assumption is likely to be invalidated
during the layout design phase.  Thus, the final layout is
analyzed to verify functionality.  If there are problems,
then the layout is re-designed in an attempt to correct
them. If the redesigned layout fails to correct the prob-
lems, then a re-design at one of the previous stages in
the flow is attempted.  This flow (shown in Figure 1) is
very time consuming and expensive due to the follow-
ing reasons.

Figure 1: Traditional custom IC design flow

• Many file formats. The design flow uses many
EDA tools.  The tools may come from different
companies.  Even though some standard file for-
mats (such as GDSII) have been accepted, there

∗ All other trademarks are the property of their respective
owners.



Intel Technology Journal Q1�99

Circuit Design Environment and Layout Planning                                                                                                                         2

are still many different file formats that contain data
at different stages and many converters are needed
to enable a complete tool suite.  The existence of
files as a means of data exchange also inhibits in-
teractive design.  The hundreds of files generated
cause data storage problems, and maintaining data
consistency during the design cycle becomes an
issue.

• Unnecessary task partitioning. Different tools
have inconsistent user interfaces and may be used
by different engineers.  This requires that the flow
be partitioned between many engineers, each of
whom focuses on local optimizations.  Local opti-
mizations usually inhibit overall design optimiza-
tion as changes involve many engineers and can
take several days.

• Forces early binding. Early bindings are deci-
sions that are made at one stage that become hard
inputs to the next stage.  It is very difficult to change
these input constraints later on in the flow, and
they therefore inhibit optimizations at later stages.

• Long iterations. Since many tools are involved in
a typical design flow, it takes too much time to
iterate a flow.  Many different engineers would be
required to run their tools in the required order.
This latency also inhibits the engineers� productiv-
ity.  A design is reloaded many times into different
tools, which significantly slows progress.

A New Methodology
A new design flow (shown in Figure 2) provides an
interactive design environment.  It enables overlap-
ping of design stages so that the effects produced in
later stages of the design can be easily considered in
earlier stages.  The overlap is enabled by providing
easy access to multiple tools and by using a common
data model across multiple domains.  Since the sys-
tem is developed as a native Windows NT* applica-
tion, we make use of COM technology.  All tools have
ActiveX ∗ interfaces such that one tool can invoke an-
other tool.  This is very much like the functionality avail-
able with many of the Windows tools where, for ex-
ample, an Excel∗ spreadsheet can be created within a
Word∗ document.  This obviates the need for designs
to exit a tool after saving its data, then to start another
tool with previous data to analyze what-if scenarios.
Since all the tools are required to understand a com-
mon data model, a tool can manipulate the design data,

and any changes are available to another application
to perform analysis or synthesis.  This proposed meth-
odology increases the complexity of tool development
and necessitates the linking of internal data represen-
tations.  However, the benefits of the new approach
to the designer outweigh its cost by providing an in-
stantaneous what-if glimpse across the traditional tool
boundaries.

Figure 2: New design flow

The rest of this paper focuses on the interaction be-
tween the circuit design and layout design stages.  We
choose circuit and layout to illustrate the design stage
overlap concept, and these can be similarly extended
to other design domains.  A workflow diagram illus-
trating the integrated design environment with these
functionalities is shown in Figure 3.  We describe in
detail the functionality of the layout planner and show
the advantages of the proposed system on the speed
path optimization flow.

Layout Planner
Layout planning of datapath blocks has become very
important due to the increasing complexity of the
datapath and the tighter delay bounds imposed on criti-
cal signals. This is further emphasized by the increas-
ing impact of interconnect delay on overall path de-
lays.  The layout planner provides functionality to esti-
mate area and interconnect parasitics.  This also al-
lows the user to accomplish some layout tasks earlier,
such as global routing, congestion analysis, track plan-
ning, etc., which later reduce the layout design effort
significantly.∗ All other trademarks are the property of their respective

owners.
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The layout planner is a very important component of
the circuit design environment.  It has become neces-
sary to incorporate accurate layout information (e.g.,
interconnect delays) during the circuit design stage in
order to reduce design iterations.  These iterations are
necessary when the final layout does not satisfy all the
assumptions made during the circuit design phase.
Generally, circuit and layout design are done by dif-
ferent designers, and contemporary tools inadequately
capture the design assumptions in the existing file for-
mats.  Layout planning of blocks is used to obtain early
estimates for block area and timing of critical signals.
The layout-based estimates are used during the circuit
design stage to carry out more accurate circuit simula-
tions and to design the datapath circuit schematics.
The same layout plan is later used to drive the layout
synthesis process.  The layout planning methodology
is designed with the following goals:

• be fast and highly interactive

• provide reasonable estimates for area and inter-
connects

• drive layout synthesis with a place and route plan

• enable what-if analysis and provide tradeoffs be-
tween accuracy and tool performance

The layout planning flow is developed from experi-
ence with prototypes used in some recent micropro-
cessor design projects.  Early layout planning provides
a user with a means to estimate the layout area of a
datapath block and the associated interconnect
parasitics, which are used to perform quick perfor-
mance verification analysis.  The information obtained
is then used to complete the design.  The layout plan-
ning flow provides various trade-off points so that the
circuit designer can get better estimates on intercon-
nect design at the cost of tool performance.  The user

Figure 3: Workflow diagram circuit and layout interaction
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can estimate interconnect parasitics derived from mini-
mum spanning trees for rough estimates and actual glo-
bal routes for more accurate estimates.

Functionality
The inputs to the layout planning tool are design con-
straints, user-defined placement hints, and the netlist
(which may be incomplete).  The tool provides a means
to visually see and edit the placement and change the
netlist.  The netlist is modified if a cell used in the block
is changed because of higher drive strength require-
ments, or any other interconnect optimization need.
The key functions performed in the layout planning
stage for interconnect optimization are as follows:

• cell area estimation and interface design

• placement of cells (as part of vectors)

• identification of vectors and rows

• global routing and congestion analysis

• parasitic estimation and timing analysis

Placement Modeling
A key feature of the datapath layout planning is the
type of layout modeling that is used.  Due to multiple
instantiations of logic cells, common in datapath blocks,
layout editing provides a means to edit groups of in-
stances in one command.  The multiple instances of a
cell are grouped into entities known as vectors, the
contents of a stage in circuit design are placed in a
row, and the contents of a bit-slice form a column.
Thus, the complete layout plan is modeled as a matrix.
The tool then provides commands to move, delete,
create vectors, rows, matrices, etc.  This kind of mod-
eling aids in ensuring regularity in the placement of cells
in the layout plan.

Interconnect Estimation and Optimization
During layout planning the design engineers need to
estimate the interconnect delays so that better data
can be input to the circuit simulation stage.  The inter-
connect length can be estimated by generating the
Steiner tree [1, 2].  This estimation generates optimis-
tic net lengths, as trees are generated for one net at
time, and no consideration is given to obstructions or
congestion due to other nets.  For this reason, net length
estimation also has a quick runtime.

Better net length estimates are generated by doing glo-
bal routing.  Global routing accounts for obstructions
as well as congestion.  It also considers physical net
specifications (width, spacing).  This option for net
length estimation is slower than the Steiner estimation.

For clock and other critical nets, some other tree esti-
mation algorithm such as A-Tree [3] may also be used.

The layout planning tool provides these choices as
runtime configurable user options.

Track Share Analysis
After a reasonable placement has been determined,
the user is able to estimate interconnect parasitics.  The
location of the interface ports of the cell can also be
planned to enable better routing [4, 5].  A typical rout-
ing, shown in Figure 4a can be improved with cell in-
terface ports planning as shown in Figure 4b.  The
interface planning can be carried out using Track Share
Analysis (TSA) or global routing.  Based on the re-
sults of global routing or TSA, the interface terminals
of the cells are placed at appropriate locations.  The
net length estimation process was successfully used in
a recent project.  By providing additional planning
capabilities, we have given the designer full control of
top-down as well as bottom-up aspects of datapath
block layout design.

Figure 4: Cell interface planning
Visualization
The interactive graphical user environment provides
other features.  The user can plan for routing space
and analyze routing congestion information that is de-
rived from global routing.  Based on the congestion
analysis, the user can manually adjust the placement
and plan out for area.  The tool provides net visualiza-
tion and editing functionality to interactively optimize
the interconnect delay.

FCDE provides path viewing and debugging capabili-
ties and includes the following viewers:

1. Paths list viewer.  This is a list of all paths, includ-
ing path properties (start point, end-point, mar-
gin, and more).  The path list has links to a de-
tailed path viewer, a schematic editor, and a lay-
out planner.
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2. Path detailed viewer/tracer.  This viewer serves
as the main debugging aid for speed-path analysis
and optimization.

Incremental Design
The layout planning stage involves a lot of what-if analy-
sis work.  For example, the user may want to change
the placement of a few instances and see how the area
or timing on those affected nets has changed.  To aid
the user, the layout planner provides for incremental
design.  In this mode, the tool detects what nets have
changed, and re-computes the desired properties for
the affected nets only.  The tool is also able to display
the delta changes (difference between the property�s
old value and the new value).  This allows the user to
see immediately if the changes made are having posi-
tive or negative effects.  Another advantage of incre-
mental design is the efficient runtime, which is very
important for an interactive design tool.

Cell Area Estimation
As layout planning happens before any real layout is
created, an important requirement of the layout plan-
ner is to be able to estimate cell area from the netlist of
the cell.  The cell area estimator can provide various
choices for estimation.  We have estimated cell area in
two ways and are experimenting with others.

The first method is to use a statistically derived equa-
tion for estimating cell area.  The function�s param-
eters include the number of devices, number of p-de-
vices, number of n-devices, and the number of I/O
ports.  The second method is to use historical data.  In
this method, a table is created for various common
types of cells, and the area of a cell is obtained by
matching it against an entry in the table.

Other methods that we are experimenting with include
the modification of the core engine of a cell synthesis
tool.  This method is expected to provide the most
accurate estimates, but it is also expected to have the
longest runtime.

Parasitic Estimation
Interconnect parasitic (resistance and capacitance) es-
timation is required since this information translates
directly into delay information that can be used during
circuit simulation.  The parasitic estimation tool is de-
signed to provide various run-time configurable op-
tions.  These options allow the user to make tradeoffs
between runtime and accuracy of the estimates.

Timing Analysis
In order to enable interactive design, a quick timing
analysis engine is integrated into the layout planner.
The quick engine yields rough timing analysis, but pro-
vides reasonable information on changes that occur
when the layout plan is modified.  Since the timing
analysis data (slopes, timing widows, etc.) are shared
between many circuit design tools (e.g., driver sizing),
the timing analysis tool is a separate component of the
circuit design environment.  The layout planner invokes
this engine when required, and the process of trans-
ferring data is transparent to the user.

Noise Analysis
Noise on interconnect is becoming a more visible prob-
lem with deep sub-micron designs.  At present, the
layout planner provides a means to visualize the noise
as aggressor-victim pairs.  This helps the user plan
appropriate spacing between the aggressor and the
victim.  Current experimental work is directed towards
auto identification of aggressors and victims.  Based
on the net topology, timing vectors on adjoining nets,
and estimated cross-coupling capacitors, the proposed
tool will be able to compute if there are any signal
integrity issues, and then designers can either manu-
ally, or with the help of an automated router, reduce
the net cross-coupling.

Device Size Tuning
FCDE will provide tight bi-directional communication
with the schematic editor, a change notification sys-
tem, and incremental capabilities.  Using these capa-
bilities, it will enable circuit designers to change the
size of a device or a cell in the schematic editor or in
one of the FCDE viewers.  The change will be applied
on the FCDE data model, and incremental analysis
will be made to analyze this change.

New Functionality Enabled

Speed-Path Design
We describe the design environment and the advan-
tages of using it by looking at the speed-path design
activity commonly performed in IC design.  This de-
sign activity encompasses both circuit design and lay-
out design.  It uses several tools and various types of
data in both of the design domains.  The flow of this
activity is shown in Figure 5.
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Figure 5: Speed path optimization flow

Speed-path analysis and optimization flow start with
the timing verification stage when a circuit designer
receives timing constraints and budgeting.  The de-
signer runs tools to identify critical paths.  To optimize
the paths with violations, there are multiple possibili-
ties:

1. Increase the driver strength.

2. Reduce the driver load.

3. Optimize the interconnect loading.

The first two options are handled by the device-sizing
functionality in circuit design, and the last one is car-
ried out in layout design.

With current tools, all these activities (shown in Fig-
ure 5) are carried out by different tools.  The data is
exchanged by means of files and often there are mul-
tiple design engineers involved.  Since data files are
used, it is difficult to exchange partial data, i.e., com-
plete design data is exchanged between the tools.  By
some estimates, it takes in the order of weeks to op-
timize a path if accurate interconnect loading is to be
obtained.  The reason for this is that layout design is
carried out by a different person and the turn-around

time for obtaining data is long.  The most common
reasons for the long turn-around time are that layout
design has to be completed before data is obtained,
and data interfacing is difficult.  Thus, circuit design-
ers tend to optimize the paths using device sizing and
do not explore all possible solutions, such as optimiz-
ing the interconnect delay.

With the new integrated design environment, where
all the different tools are accessible via a common
user interface, the interconnects can be optimized as
easily as devices can be sized.  Also, since all the
tools are working with the same data model, the data
is exchanged in memory.  This enables interactive de-
sign, which provides an improved turn-around time
between various tools.  Another advantage of the in-
tegrated design environment is that it provides the
capability for incremental design.  Only data that is
modified by one tool needs to be addressed by other
affected tools.  With the integrated layout planner, a
circuit designer is able to make changes to the block
layout plan without involving a different person to do
the layout design.  Changes in interconnect parasitic
values are updated in the common data model, and
the timing analyzer is able to perform incremental
analysis of the change.

Noise Handling
Another activity the new environment enables is the
efficient handling of noise.  It has become important to
account for noise as the operating voltage for deep
sub-micron design is decreasing, and the noise effect
is becoming more visible.  Noise analysis also involves
information that is traditionally spread across both the
circuit design and layout design stages.  As both of
these stages are tightly integrated in the new design
flow, all the information required for noise analysis is
available simultaneously.

Some of the noise analysis features made available
have been adapted from published work [6].

Results

Figure 6: Gains in design time
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Our results are illustrated in the bar chart shown in
Figure 6.  With the traditional approach, it is observed
that the effort spent in circuit and layout design was
almost equal.  It is clear that when layout planning data
are available during the circuit design stage, the circuit
design time increases (about 1.25X).  However, there
is a significant decrease in the layout design time, which
includes the time spent in fixing layout (about 1/3X).
This reduces the overall design time by about 25%.

For a typical datapath block, the average time for post-
layout fixing of critical paths improved from over two
weeks to less than a week when the prototype of the
proposed integrated design environment was used.

Future Work
Based on the layout plan, top-down cell templates are
generated that need to be synthesized.  During circuit
design, these cells are placed and routed as per the
interconnect plans.  However, if a cell cannot be syn-
thesized using top-down planning, a bottom-up cor-
rection to the overall block plan is generated.  If sev-
eral such iterations occur, a significant productivity
penalty will be incurred.  New cell synthesis algorithms
are needed that can handle the top-down topology
plans.  Another area of exploration is to combine lay-
out information even earlier in the design cycle, namely
during logic synthesis.  This will enable a designer to
appropriately choose static or domino technology to
meet the timing or area constraints and also insert the
right number of pipeline stages during datapath de-
sign.  All these call for a modification of traditional
logic synthesis algorithms to account for layout effects.

Conclusion
By integrating circuit design with layout planning, we
have improved the overall design time.  Using early
layout planning, we are able to incorporate accurate
interconnect parameters into circuit design.  This gen-
erates better timing analysis results, which match the
actual post-layout timing analysis, thus reducing the
need for re-design and re-layout.

Results from a recent microprocessor design project
support the need for layout planning by showing that
the amount of re-design and re-work required is re-
duced for blocks when early layout planning is carried
out.  In the speed path flow, expert design engineers
have observed a three to five times improvement rate
in the time it takes to fix violating paths.
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