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Method and system for characterizing integrated circuit design in target

semiconductor manufacturing process

Technical field

The present disclosure relates in general to the design of integrated
circuits, and more in particular to the characterization of integrated circuit designs

in one or more target semiconductor manufacturing processes.

Background art

The continuous scaling of semiconductor device features in accordance
with Moore’s law has been the foundation for the design of ever more powerful
and complex semiconductor chips. Scaling of semiconductor devices has the
additional benefit that the cost per product is considerably reduced with each
technology node since more functionality can be packed in less area. However
this is true only when product yield is maintained above a certain threshold, which
becomes increasingly difficult with the advent of each semiconductor technology
node. To ensure that the design and implementation phase of a semiconductor
chip vields a product that meets the yield and performance specifications a large
collection of techniques, tools, and design methodologies are at the disposal of
the chip designer. Electronic Design Automation (EDA) tools and the availability
of design technology information provided by the foundries (i.e. design libraries,
technology characterization data, design methodology, etc) have allowed chip
designers to prepare a manufacturing-ready chip layout that meets product
design specifications. However, as semiconductor device features have reduce in
size below approximately 100nm, the so-called deep submicron regime, the
designer is required to consider the consequences of selecting a foundry
technology node for the design of a chip that is application specific. Nowadays,
semiconductor foundries try with each technology node to address all possible
application markets. To achieve this objective the semiconductor foundries
provide an increasing number of options for each technology node, each
optimized to address the needs of a specific application such as low power
consumption, high performance, etc. As a result, the chip designer needs to be
able to benchmark all available semiconductor technology node options in order

to find the one that best meets the product specification. In addition, it is
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important to assess the potential benefits of a technology node on a specific chip
prior to the redesigning phase taking place. This is because the complete
redesign of a chip requires a considerable investment in time, resources and
capital, thus early estimation of return-on-investment (ROI) needs to be
determined.

Christie et al., “Rapid Design Flows for Advanced Technology
Pathfinding”, [P. Christie, A. Nackaerts, A. Kumar, A. S. Terechko, and G.
Doornbos, Proc. International Electron Devices Meeting, 2008, pp. 685—688]
describes several simplifications to standard design flows to enable short
experiment turn-around times (less than a day) while obtaining a reasonable
timing accuracy (better than 10%). This approach is illustrated by calculating the
variability in performance of a large IP block, implemented using two competing
15nm technologies. Rapid Design Flows (RDF’s) are then coupled to a design
flow description language, to enable unique experiments which directly link
process-level variability to liming variations, without recourse to perturbations of
device model parameters. However, the results generated are highly speculative
since the timing paths used for determining performance were artificially created
and therefore rely on load capacitances calculated by approximate formulas. For
the emerging technologies characterized in the paper, this approach is sufficient.
But for the characterization of advanced technologies which are already offered
by foundries and used by commercial designers, a more accurate method is

needed.

Summary of the disclosure

It is an aim of the present disclosure to provide a method and a system for
characterizing an integrated circuit design in a target semiconductor
manufacturing process, by means of which the characterization can be performed
quickly and accurately.

These and other aims are achieved according to the disclosure with the
subject-matter of the independent claims.

As used herein, with “known semiconductor manufacturing process” is
intended to mean any already known semiconductor device manufacturing
process, integrated circuit manufacturing process, variants of so-called

technology nodes (e.g. as defined in the International Technology Roadmap for
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Semiconductors) and “process corners” thereof, of which the process parameters
are known from practical experience.

As used herein, with “target semiconductor manufacturing process” or
“‘candidate semiconductor manufacturing process” is intended to mean any
known or to be developed semiconductor device manufacturing process,
integrated circuit manufacturing process, variants of so-called technology nodes
(e.g. as defined in the International Technology Roadmap for Semiconductors)
and process corners thereof, of which the process parameters are known from
practical experience or simulation.

As used herein, with “standard cell library” is intended to mean a data
collection containing definitions and parameters of standard cells and wire-load
models for a semiconductor manufacturing process.

In an aspect, this disclosure provides a method for characterizing the
performance of an integrated circuit design in a target semiconductor
manufacturing process, the method comprising:

a) providing a standard cell library for the target semiconductor
manufacturing process;

b) obtaining a timing report for at least one data path of said integrated
circuit design, from an existing description of said integrated circuit design, said
existing description resulting from synthesis of said integrated circuit design in a
given semiconductor manufacturing process, said timing report containing:

- semiconductor manufacturing process independent design information
comprising a data path structure comprising a sequence of standard cells and
nets interconnecting said standard cells, and

- semiconductor manufacturing process dependent design information
comprising delay values of said standard cells and capacitance values of said
standard cells and said interconnecting nets;

¢) creating a functionalized timing report for each said data path using
only the semiconductor manufacturing process independent design information of
the timing report;

d) determining a cumulative delay for each said functionalized timing
report in the target semiconductor manufacturing process using substitute
semiconductor manufacturing process dependent design information, which

comprises
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- delay values for the standard cells in the data path, calculated from the
standard cell library for the target semiconductor manufacturing process, and

- capacitance values for the standard cells and nets, calculated from the
standard cell library for the semiconductor manufacturing process, wherein for
nets having a fan-out greater than one an off data path termination load
capacitance is considered.

The functionalized timing report can be seen as the essence of the timing
report which is taken from the existing timing report, namely the semiconductor
manufacturing process independent design information, but functionalized, so
that it can take the standard cell library of any target semiconductor
manufacturing process as input. By means of these steps, the impact of a large
number of semiconductor manufacturing process changes on a given
semiconductor chip or integrated circuit can be quickly assessed, thereby
avoiding the need for a complete re-design in order to determine the impact. In
order to enhance the accuracy for the cumulative delay, measures may be taken
to distinguish between interconnecting nets having a fan-out greater than one
(where there is an off data path termination load capacitance) and the others, so
that the difference in capacitance can be taken into consideration.

The off data path termination load capacitance may be taken into
consideration in different ways, a few of which are given below, to enhance the
accuracy for the cumulative delay, but this disclosure is not limited thereto.

In embodiments according to the present disclosure, the step of
considering the off data path termination load capacitance may mean that for
nets having a fan-out greater than one a greater capacitance value is used than
for nets having a fan-out of one.

In embodiments according to the present disclosure, the off data path
termination load capacitance may comprise, for unspecified cells in the timing
report, the sum of an equivalent number of input capacitances of dummy cells,
e.g. standard drive-strength inverter cells, defined in said standard cell library for
the target semiconductor manufacturing process. This means that the portion of
the off data path termination load capacitance due to unspecified standard cell
input capacitances in the original timing report may be calculated to be equal to

the sum of an equivalent number of input capacitances of the dummy cells.
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In embodiments according to the present disclosure, the off data path
termination load capacitance may comprise, for unspecified cells in the timing
report, an equivalent multiple of an input capacitance of the standard cell which is
subsequent to the considered net, the input capacitance being defined in said
standard cell library for the target semiconductor manufacturing process. This
means that the portion of the off data path termination load capacitance due to
unspecified standard cell input capacitances may be calculated to be equal to an
equivalent multiple of an input capacitance of the standard cell which is
subsequent to the considered net.

The accuracy may be further improved by performing steps b to d of the
above method for characterizing the performance of an integrated circuit design
in a target semiconductor manufacturing process for a plurality of data paths, for
example the N most critical data paths (as regards timing), of the given integrated
circuit design. N can be chosen as a trade off between overall calculation time
and desired accuracy and can for example be at least 100 and/or at most 1000.

In another aspect, this disclosure provides a system for characterizing a
given integrated circuit design in a target semiconductor manufacturing process,
the system comprising:

a storage device containing a standard cell library for the target
semiconductor manufacturing process;

an input device arranged for obtaining a timing report for at least one data
path of said integrated circuit design, from an existing description of said
integrated circuit design, said existing description resulting from synthesis of said
integrated circuit design in a given semiconductor manufacturing process, said
timing report containing:

- semiconductor manufacturing process independent design information
comprising a data path structure comprising a sequence of standard cells and
nets interconnecting said standard cells, and

- semiconductor manufacturing process dependent design information
comprising delay values of said standard cells and capacitance values of said
standard cells and said interconnecting nets;

a processing system, communicatively connectable to said input device

and said storage device and arranged for creating a functionalized timing report
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for each said data path using only the semiconductor manufacturing process
independent design information of the timing report;

said processing system being further arranged for determining a
cumulative delay for each said functionalized timing report in the target
semiconductor manufacturing process using substitute semiconductor
manufacturing process dependent design information, which comprises:

- delay values for the standard cells in the data path, calculated from the
standard cell library for the target semiconductor manufacturing process, and

- capacitance values for the standard cells and nets, calculated from the
standard cell library for the semiconductor manufacturing process, wherein for
nets having a fan-out greater than one an off data path termination load
capacitance is considered.

Further features and advantages of the system are similar to those of the
method described above and will therefore not be elaborated here for reasons of
brevity.

In a particular embodiment, the processing system comprises a first
processing device, e.g. a mobile terminal such as for example a smartphone or
tablet computer or other, and a second processing device which are
communicatively connectable to each other, the first processing device being
provided with the functionalized timing report and the second processing device
storing the standard cell libraries of a plurality of target semiconductor
manufacturing processes.

In yet another aspect, this disclosure provides a method for comparing the
performance of an integrated circuit manufactured by means of a plurality of
candidate semiconductor manufacturing processes, comprising the steps of:

a) providing a standard cell library for each candidate semiconductor
manufacturing process;

b) providing a functionalized performance report containing semiconductor
manufacturing process independent design information and a function to combine
this information with semiconductor manufacturing process dependent design
information;

¢) determining at least one performance parameter for the functionalized
performance report in each candidate semiconductor manufacturing process by

applying semiconductor manufacturing process dependent design information,
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which is derived from the standard cell library of the respective candidate
semiconductor manufacturing process, to the functionalized performance report.

This method provides a solution for quickly comparing candidate
semiconductor manufacturing processes as regards a particular integrated circuit,
e.g. to quickly determine which of said candidate processes is optimal for a given
set of manufacturing constraints.

In embodiments according to this disclosure, the functionalized
performance report may comprise:

- a functionalized timing report, e.g. as described above;

- a functionalized power report, e.g. containing dynamic and/or static
power consumption values for all the standard cells of the integrated circuit;
and/or

- a functionalized area report, e.g. containing area values for all the
standard cells of the integrated circuit.

In embodiments according to this disclosure, the performance parameter
may be a cumulative delay, a dynamic and/or static power consumption and/or

an overall area.

Brief description of the drawings

The disclosure will be further elucidated by means of the following
description and the appended figures.

Figure 1 shows a diagram representing parts of the synthesis of a digital
integrated circuit design which pertain to this disclosure.

Figure 2 shows an example of a small section of a typical timing report
text file for a 40nm Low Power library.

Figure 3 shows an overview of the conversion of a timing report into a
functionalized timing report using a “trace extraction tool”.

Figure 4 shows the internal modules of the trace extraction tool.

Figure 5 shows the trace function corresponding to the timing report file of
Figure 2.

Figure 6 illustrates the construction of functionalized timing reports with
multiple paths.

Figure 7 shows the cell usage report.

Figure 8 shows the reformatting of the usage report data into columns
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Figure 9 shows a summary of the various possibilities for the use cases.

Detailed description of preferred embodiments

The present disclosure will be described with respect to particular
embodiments and with reference to certain drawings but the disclosure is not
limited thereto but only by the claims. The drawings described are only schematic
and are non-limiting. In the drawings, the size of some of the elements may be
exaggerated and not drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not necessarily correspond to actual reductions to
practice of the disclosure.

Furthermore, the terms first, second, third and the like in the description
and in the claims, are used for distinguishing between similar elements and not
necessarily for describing a sequential or chronological order. The terms are
interchangeable under appropriate circumstances and the embodiments of the
disclosure can operate in other sequences than described or illustrated herein.

Moreover, the terms top, bottom, over, under and the like in the
description and the claims are used for descriptive purposes and not necessarily
for describing relative positions. The terms so used are interchangeable under
appropriate circumstances and the embodiments of the disclosure described
herein can operate in other orientations than described or illustrated herein.

Furthermore, the various embodiments, although referred to as
“preferred” are to be construed as exemplary manners in which the disclosure
may be implemented rather than as limiting the scope of the disclosure.

The term “comprising”, used in the claims, should not be interpreted as
being restricted to the elements or steps listed thereafter; it does not exclude
other elements or steps. It needs to be interpreted as specifying the presence of
the stated features, integers, steps or components as referred to, but does not
preclude the presence or addition of one or more other features, integers, steps
or components, or groups thereof. Thus, the scope of the expression “a device
comprising A and B” should not be limited to devices consisting only of
components A and B, rather with respect to the present disclosure, the only
enumerated components of the device are A and B, and further the claim should

be interpreted as including equivalents of those components.
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Below, preferred embodiments are described for methods and systems
for rapidly assessing a given integrated circuit design in one or a plurality of
target semiconductor manufacturing processes. The embodiments can be used
to rapidly assess a given design in a target semiconductor manufacturing process
or for rapidly comparing performance of a given design in a set of candidate

semiconductor manufacturing processes.

Overview of the synthesis procedure

Figure 1 shows a diagram representing parts of the synthesis of a digital
integrated circuit design which pertain to this disclosure. The design IP 102 is
represented by potentially multiple data files written hardware description
language such as VHDL and is independent of the process technology used for
its final implementation in silicon. The standard logic cell libraries 104 represent
data files which may contain timing, power and area information for the logic cells
implemented in a specific technology node, node option and process corner
(such as the 40nm technology node with a low power, high threshold voltage
option and operating a worst case process corner) used for the implementation of
the design in silicon.

The synthesis tool 103 implements the design IP 102 in the technology
defined by the standard cell libraries 104 by selecting logic cells from the library
in order to meet design performance constraints 101 such as clock rate, power
and area. The result is the implementation of the design in the form of a
technology-dependent netlist 105 which contains the selected cells and the
connections (nets) between them. The synthesis tool 103 may also be instructed
to provide timing, area and power reports 106-108 which may be used to ensure
that the required performance constraints 101 have been met for the specific
technology options and process corners defined by the standard cell libraries 104

used in the synthesis procedure.

The timing trace extraction algorithm

An aspect of this disclosure is a method to transform the reports
generated as a part of the synthesis from passive, technology-dependent text
files into active, technology independent functions, which are referred to as

performance reports. Performance reports are active in the sense that they take
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standard cell libraries 104 as input arguments and calculate timing, power and
area data for that technology. It has been found that the calculations may be
extremely fast and can be used to evaluate different technology selections in
seconds.

We shall first consider the creation of a timing report 106 or timing trace
as it is also called herein. The timing report 106 contains a mixture of design
information such as pin names, cell names, fan-outs as well as specific numeric
technology information in the form of capacitance, transition time, and delay
values. An example of a small section of a typical timing report 106 text file for a
40nm Low Power library is shown in Figure 2. It indicates that the slowest data
path through the circuit (which defines the clock rate of the design) starts with a
step input signal (a transition time of zero) at the clock pin (CP) of a D flip-flop
(DFQX4). The signal then appears at the output pin of the D flip-flop (Q) with a
rise time of 0.036 ns and travels along a net with a fan-out of two and a total
capacitance of 0.026 pF and arrives at the input pin (1) an inverter (INVX2) after a
delay of 0.17 ns. The signal continues through the inverter to a NOR cell
(NR2D4) via one of the seven branches of a net to a Full Adder (FA1X4) and on
subsequent cells in the critical timing path of the design until the path is ultimately
terminated by another clocked D flip-flop (DFQX2). The setup time for this
terminating flip is calculated and this finishes the timing report 106.

Figure 3 shows an overview of the conversion of a timing report 302 into a
functionalized timing report using a “trace extraction tool” 304. The tool 304
reads in the timing report 302 text file and the library 305 used to create the
report (the reference library 305) is imported into the tool. The output is the
functionalized form 307 of the report. The functionalized timing report 307 can be
combined with the target library 309 of the target semiconductor manufacturing
process to quickly obtain an idea of the timing performance of the given chip
design if it were manufactured by means of the target process.

Figure 4 shows the internal modules of the trace extraction tool. Modules
401 and 402 perform the read-in of the timing report and reference library,
respectively. Module 403 parses through the timing report information and retains
information relating to wire-load models, cell names, pin names, net fan-outs and
signal transition directions (rising or falling) are stored. In addition, Module 403

also retains load capacitance values for use in the Module 405 for estimating the
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missing information in the timing report on the input capacitances of cells
terminating high fan-out nets.

Modules 402, 404, and 405 may be used to enhance accuracy. The
timing report only specifies cell names which lie directly on the data path. This is
not a problem when cells are connected point-to-point by nets with no branches
(that is, which have a fan-out of one). When nets have a fan-out greater than
one, branches of the direct net split off from the timing path and are terminated by
unspecified cell input capacitances. This is not problem for the timing report as
only the total load capacitance is required for timing analysis.

The functionalized timing report implements an active timing report by
means of which the total load capacitance for each stage in the timing path can
be calculated on the basis of the files in the library. Since the library contains
wire-load models, the net capacitance for a given fan-out can be calculated. The
total load capacitance is the sum of the net capacitance and the input
capacitances of the unspecified terminating cells.

Module 405 computes the termination capacitance for cells located on off-
path net branches by first calculating the net capacitance from the wire-load
model specified in the timing report as a function of its fan-out. This net
capacitance and the known capacitance of the cell lying in the timing path are
then subtracted from the total capacitance in the timing report to leave the total
missing cell termination capacitance. Module 405 then converts this missing
termination capacitance into the capacitance associated with an equivalent
number of dummy drive-strength 1 inverters from the reference library, using
information provided by Module 404. In this way, the numerical value of the total
off timing path termination capacitance is converted into an equivalent number of
inverter input capacitances which can be re-calculated for each new library given
as an input argument to the trace.

Module 405 implements one way to take into consideration that there is
an off data path termination load capacitance at the nets having a fan-out greater
than one. Other examples are to use a predetermined, greater capacitance value
for such nets than for nets having a fan-out of one, or to use an equivalent
multiple (i.e. the multiple being chosen in function of the fan-out) of the input
capacitance of the standard cell which is immediately subsequent to the

considered net.
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Finally, Module 406 reconstructs the timing path and inserts low level
functions to re-calculate load capacitances and timing data for each stage. The
result of this process is shown in Figure 5, which shows the trace function
corresponding to the timing report file of Figure 2. We first notice that the function
accepts an input argument which is a standard cell library ‘lib’. This could the
library of any technology option that we are interested in evaluating. The next
stage recalculates the input capacitances of the cells in the timing path using the
low-level function ‘getcellcap’. This function takes the library and cell names as
input arguments, as well as the name of the input pin. The last argument
represents a multiplication factor which is not utilized in this section and is set to
one.

The second section uses the low-level function ‘getintcap’ to recalculate
net capacitances from the wire-load model contained in the library as a function
of the fan-out of the net. We observe that the first three nets specified in this
section have fan-outs of 2, 7 and 1, respectively. The third section re-calculates
the total load from three components: the known cell loads, the net loads and the
capacitances of the equivalent number of dummy inverters calculated by the
trace extraction tool. The off path terminating capacitances are calculated using
the same ‘getcellcap’ function from the first section, but this time using the
multiplier argument. We observe that the off path terminating capacitance of the
first net with fan-out 2 is equivalent to 1.52 IVNX1 input capacitances, while the
off-path terminating capacitances of the second net with fan-out 7 are equivalent
to 4.45 INVX1 input capacitances. The third net is a direct point-to-point net with
no branches (fan-out one) and so the multiplier is set to zero as no additional
terminating cells are present.

Section 4 re-assembles the critical path using the data calculated in
section 1 through 3 using another low-level function called ‘timing’. This function
emulates the static timing analysis routines in the synthesis tool and takes the
library and cell names as input arguments. The ‘timing’ also takes the input pin
name, the output pin name, the load capacitance and the signal transition time on
the input pin. The output of the ‘timing’ function is the delay through the cell stage
and the output transition time. We note that the input transition time of the first
cell (DFQX4) is a step input (transition time zero) and that the output transition

time is used as the input transition time to the next cell in the path. The end of
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section 4 sums all the stage delays and adds the setup time of the terminating
flip-flop in order to calculate the total delay through the timing path.

The timing report is not restricted to displaying the slowest timing path in
the design. The synthesis tool can be instructed to write out the N slowest paths
in the design, N being for example 100 or more up to 1000. Normally, this is not
done as it is only the slowest path (termed the critical path) that determines the
clock rate of the design. However, when a functionalized timing report is used
with a different (target) library than the (reference) library used in its construction,
it is possible that the slowest path is different from the slowest path in the
reference technology. Therefore, traces are constructed from the N slowest
paths obtained from the reference library timing report. The delays through all N
paths are computed and the maximum delay selected as the critical path delay.
The choice of N is a trade-off between calculation speed and delay path
coverage. We have found the N=100 produces satisfactory coverage and
calculation times measured in seconds. The construction of functionalized timing

reports with multiple paths is illustrated in Figure 6.

Extensions to dynamic power, leakage power and area traces.

As shown in Figure 3, not only a timing report can be functionalized, but
also other reports such as an area report 301 and power report 303 which may
be obtained from a given chip design implemented in a given semiconductor
manufacturing process. The “trace extraction tool” 304 can be configured to turn
these into a functionalized area report 306 and a functionalized power report 308.
The tool 304 reads in the area report 301 text file, the power report 303 text file
and the library 305 used to create the report (the reference library 305) is
imported into the tool. The output is the functionalized form 306, 308 of the
reports. The functionalized area and power reports can be combined with the
target library 309 of the target semiconductor manufacturing process to quickly
obtain an idea of the area and power performance of the given chip design if it
were manufactured by means of the target process.

The construction of functionalized power and area reports is considerably
easier than the construction of functionalized timing reports since that are
quantities associated with all the cells in a design and not specific cells chained

together in a specific critical path. The total power and area can therefore be
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interpreted as corresponding to quantities that are averaged over all the cells in a
design. The starting point is the cell usage report shown in Figure 7. The cell
usage report has been functionalized in a very straightforward way since no low
level functions are required for this procedure. The result is shown in Figure 8
which essentially reformats the usage report data into columns. The first column
contains cell areas, the second column contains cell leakage and the third
column contains the number of instances of each cell. The total design area is
calculated by multiplying each cell area in column 1 by its equivalent number in
column 3, and summing the results. The total leakage is obtained by multiplying
each leakage value in column 2 by its equivalent number in column 3, and
summing the results. Finally, the total number of cell is determined by simply

summing columns 3.

Use cases
The various possibilities for the use cases are summarized in Figure 9.
There are four principle variables:

o Report generation 901

. Format of reference and target libraries 902
. Location of extraction tool 903
o Delivery and format of results 904

Each of these will now be discussed in detail.
Report generation.

The disclosure is based on access to the reports generated as a result of
synthesis and timing analysis under defined performance constraints. Depending
on the synthesis tool (Cadence, Synopsys, etc.), the resulting report formats may
be different but the reports contain broadly similar information. This can be solved
by the creation of a suitable file import module.

Format of libraries.

The disclosed implementation uses a library file import module to create a
compact binary representation of both the reference and target library text files.
These binary files are used to create the functionalized report from a reference
library and also when the functionalized report is run with a new target library.
The libraries are originally in a text file format. The conversion to binary libraries

as inputs is a one-off cost. Alternatively, more sophisticated programming
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techniques could be employed to support the import of the libraries in their text
format.
Location of extraction tool.

The disclosed implementation is in the form of an executable stand-alone
trace function which can run on unix or windows machines. The trace function
itself is very small in size (less than 1MByte) and so can be easily distributed.
The size of the trace is small because it calls functions contained in a much
bigger collection of dynamic libraries.

Alternatively, it is also possible to write the trace function as a single
function which is also very small in size as the complexity of the trace algorithm is
very low. It is therefore possible to conceive of the trace being written in java so
that it can run as an active component on a web site or in one of the many other
high-level languages and deployed as an app on an Apple or android smart
phone or tablet. So the location of the trace can be on a client computer or mobile
device. The trace can also be located on a server and only accessible by users
on the same intranet.

Delivery of results.

The data generated by the trace can for example be stored locally for

immediate use by the user, accessed through a web page browser, automatically

delivered over the internet, attached in an e-mail, or otherwise delivered.
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Claims

1. A method for characterizing a given integrated circuit design in a target
semiconductor manufacturing process, the method comprising:

a) providing a standard cell library (309) for the target semiconductor
manufacturing process;

b) obtaining a timing report (106, 302) for at least one data path of said
integrated circuit design, from an existing description of said integrated circuit
design, said existing description resulting from synthesis of said integrated circuit
design in a given semiconductor manufacturing process, said timing report (1086,
302) containing:

- semiconductor manufacturing process independent design information
comprising a data path structure comprising a sequence of standard cells and
nets interconnecting said standard cells, and

- semiconductor manufacturing process dependent design information
comprising delay values of said standard cells and capacitance values of said
standard cells and said interconnecting nets;

¢) creating a functionalized timing report (307) for each said data path
using only the semiconductor manufacturing process independent design
information of the timing report (106, 302);

d) determining a cumulative delay for each said functionalized timing
report (307) in the target semiconductor manufacturing process using substitute
semiconductor manufacturing process dependent design information, which
comprises:

- delay values for the standard cells in the data path, calculated from the
standard cell library (309) for the target semiconductor manufacturing process,
and

- capacitance values for the standard cells and nets, calculated from the
standard cell library (309) for the semiconductor manufacturing process, wherein
for nets having a fan-out greater than one an off data path termination load
capacitance is considered.

2. Method according to claim 1, wherein the considering of the off data
path termination load capacitance means that for nets having a fan-out greater
than one a greater capacitance value is used than for nets having a fan-out of

one.
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3. Method according to claim 1 or 2, wherein the off data path termination
load capacitance comprises, for unspecified cells in the timing report (106, 302),
the sum of an equivalent number of input capacitances of dummy cells, defined in
said standard cell library (309) for the target semiconductor manufacturing
process.

4. Method according to claim 3, wherein the dummy cells are standard
drive-strength inverter cells.

5. Method according to claim 1 or 2, wherein the off data path termination
load capacitance comprises, for unspecified cells in the timing report (106, 302),
an equivalent multiple of an input capacitance of the standard cell which is
subsequent to the considered net, the input capacitance being defined in said
standard cell library (309) for the target semiconductor manufacturing process.

6. Method according to any one of the previous claims, wherein steps b
to d are performed for a plurality of data paths of said integrated circuit design.

7. Method according to claim 6, wherein said plurality of data paths
comprises the N most critical data paths of said integrated circuit design.

8. Method according to claim 7, wherein N is at least 100.

9. A system for characterizing a given integrated circuit design in a target
semiconductor manufacturing process, the system comprising:

a storage device containing a standard cell library (309) for the target
semiconductor manufacturing process;

an input device arranged for obtaining a timing report (106, 302) for at
least one data path of said integrated circuit design, from an existing description
of said integrated circuit design, said existing description resulting from synthesis
of said integrated circuit design in a given semiconductor manufacturing process,
said timing report (106, 302) containing:

- semiconductor manufacturing process independent design information
comprising a data path structure comprising a sequence of standard cells and
nets interconnecting said standard cells, and

- semiconductor manufacturing process dependent design information
comprising delay values of said standard cells and capacitance values of said
standard cells and said interconnecting nets;

a processing system, communicatively connectable to said input device

and said storage device and arranged for creating a functionalized timing report
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(307) for each said data path using only the semiconductor manufacturing
process independent design information of the timing report (106, 302);

said processing system being further arranged for determining a
cumulative delay for each said functionalized timing report (307) in the target
semiconductor manufacturing process using substitute semiconductor
manufacturing process dependent design information, which comprises:

- delay values for the standard cells in the data path, calculated from the
standard cell library (309) for the target semiconductor manufacturing process,
and

- capacitance values for the standard cells and nets, calculated from the
standard cell library (309) for the semiconductor manufacturing process, wherein
for nets having a fan-out greater than one an off data path termination load
capacitance is considered.

10. System according to claim 9, wherein the processing system is
arranged for considering of the off data path termination load capacitance such
that for nets having a fan-out greater than one a greater capacitance value is
used than for nets having a fan-out of one.

11. System according to claim 9 or 10, wherein the off data path
termination load capacitance comprises, for unspecified cells in the timing report
(106, 302), the sum of an equivalent number of input capacitances of dummy
cells, defined in said standard cell library (309) for the target semiconductor
manufacturing process.

12. System according to claim 11, wherein the dummy cells are standard
drive-strength inverter cells.

13. System according to claim 9 or 10, wherein the off data path
termination load capacitance comprises, for unspecified cells in the timing report
(106, 302), an equivalent multiple of an input capacitance of the standard cell
which is subsequent to the considered net, the input capacitance being defined in
said standard cell library (309) for the target semiconductor manufacturing
process.

14. System according to any one of the claims 9-13, wherein the
processing system is arranged for creating functionalized timing reports (307)
and determining cumulative delays for a plurality of data paths of said integrated

circuit design.
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15. System according to claim 14, wherein said plurality of data paths
comprises the N most critical data paths of said integrated circuit design.

16. System according to claim 15, wherein N is at least 100.

17. System according to any one of the claims 9-16, wherein the
processing system comprises a first processing device and a second processing
device which are communicatively connectable to each other, the first processing
device being provided with the functionalized timing report (307) and the second
processing device storing the standard cell libraries (309) of a plurality of target
semiconductor manufacturing processes.

18. System according to claim 17, wherein the first processing device is a
mobile terminal.

19. Computer program product directly loadable into a memory of a
computing device, comprising software code portions for performing the steps of
the method of any one of the claims 1-8 when executed on said computing
device.

20. Computer readable non-volatile storage medium containing the

computer program product according to claim 19.
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function test_trace(lib)

% section 1

ccell(1) = getcellcap(lib, 'INVX2', 'I', 1) ;

ccell(2) = getcellcap(lib, 'NR2X3', 'A1', 1) ;

ccell(3) = getcellcap(lib, 'FA1X4', 'B', 1) ;

ADDITIONAL CELL LOAD CAPACITANCES

ccell(13) = getcellcap(lib, 'DFQD2', 'D', 1) ;

% section 2

cint(1) = getintcap(lib, ‘8K_Aggressive', 2) ;

cint(2) = getintcap(lib, ‘8K_Aggressive', 7) ;

cint(3) = getintcap(lib, ‘8K_Aggressive', 1) ;

:ADDITIONAL NET CAPACITANCES

;:int(13) = getintcap(lib, ‘Aggressive’, 1) ;

% section 3

cload(1) = ccell(1) + cint(1) + getcellcap(lib,'INVX1''l', 1.639163) ;
cload(2) = ccell(2) + cint(2) + getcellicap(lib,'INVX1''I', 4.454144) ;
cload(3) = ccell(3) + cint(3) + getcellcap(lib,'INVX1''l', 0.000000) ;
ADDITIONAL MISSING CELL LOAD CAPACITANCES

cload(13) = ccell(13) + cint(13) + getcelicap(lib,'INVD1",'l', 0.000000) ;
% section 4

[delay(1) , tran(1) ] = timing(lib, 'DFQX4', 'CP', 'Q', cload(1), 0, 'r");
[delay(2) , tran(2) ] = timing(lib, 'INVX2', 'I', 'ZN', cload(2), tran(1), 'f) ;
[delay(3) , tran(3) ] = timing(lib, 'NR2X3', 'A1', 'ZN', cload(3), tran(2), 'r') ;
ADDITIONAL DELAY STAGES

.setuptime = setup(lib,DFQX2','CP','D', 0.000000, 0.035781,'r',verbFlag) ;

pathDelay = sum(delay) + setuptime ;

Fig 5
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function test_trace_multiple_paths(lib)

PATH 1

% section 1

% section 2

% section 3

% section 4

pathDelay(1) = sum(delay) + setuptime ;

PATH 2

% section 1

% section 2

% section 3

% section 4

pathDelay(2) = sum(delay) + setuptime ;

ADDITIONAL PATHS

PATH 100

% section 1

% section 2

% section 3

% section 4

pathDelay(100) = sum(delay) + setuptime ;

criticalPathdelay = max(pathDelay)

Fig 6
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