Digital Timing Analysis
Tools and Techniques

The timing analysis is a crucia part of a
digital system's worst case analysis. Every
latched device has timing requirements -- set-up
times, hold times, etc. -- that must be met in
order to guarantee correct system operation, and
the goal of the timing analysis is to determine
whether they are met. Because each device input
can have many sources whose timing can vary
with circuit operation mode, the timing analysis
can be very complicated and time consuming.
Thus many attempts at automating the timing
analysis task have been made. But, the task is
sufficiently complex that attempts to fully
automate it have, so far, had only limited
success. This report examines several timing
analysis methods, and discusses their strengths
and weaknesses.

What are the Requirements for Timing
Analysis Tools?

The goal of circuit analysis is proving
correct circuit dedgn. Therefore, the primary
requirement for an analysis tod is that it be
accurate in proving or disproving correctness.
This means not only that the necessary
calculations be performed correctly, but also that
it be able to analyze a wide variety of design
techniques.  Other desirable features include
timeliness and flexibility: the tool would be
useless its result was available only after the
design was fabricated, or if it was difficult to
update the analysis to incorporate design
changes.

Logic Simulation asa Timing Analysis Tool

Logic simulators model digital circuit
operation in software, and those capable of
modeling gate delays are often used to analyze
timing. They are not guaranteed to produce a
correct analysis because the time required to
perform the simulation limits the number of input
vectors and circuit operating modes, and the
length of circuit operation that can be simulated.
This results in portions of the circuitry being not
exercised in the simulation. If the unexercised
circuity contains components having timing
requirements that must be analyzed, the analysis
will not be complete.
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Other limitations of logic simulators arise
from the difficulty of modeling effects such as
capacitive loading, transmission lines, or the
propagation delays of parts interfacing to out-of-
family parts having different logic thresholds.
These considerations make logic simulators a
poor choice for timing analyses.

Static Timing Verifiers

Static timing verifiers are useful as timing
analysis tools only. A verifier does not simulate
the activity of the circuit, but rather constructs a
directed graph from the circuit, assigns delay
values to the nodes, then calculates the delay
time between every pair of nodes that receive a
clock, thus calculating the set-up and hold times
of every clocked device in the circuit. Static
verifiers are very fast relative to logic simulators,
performing an analysis in minutes or hours.

Because there is no circuit simulation, the
verifier has no knowledge of circuit operation
and hence calculates delay values for each circuit
path whether or not the path will actudly be
exercised in circuit operation, causing the false
path problem. The number of false paths, i.e,
those that can never occur, may be very large
but the timing results for them will be reported,
along with the results for true paths, unless they
are suppressed. Suppressing false paths raises
the possibility that some true paths may also be
suppressed, thus decreasing the coverage of the
analysis. Not suppressing false paths increases
the amount of data the analyst must review,
because every path reported as generating a
timing violation must be individualy verified to
be either atrue or afalse path.

Timing verifiers are subject to the same
modeling limitations as are logic simulators. A
particular verifier may not be able to handle all
circuit design techniques, for example, be
unable to calculate pulse widths for clocks,
clears, etc., or handle designs which are not
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totally synchronous. Verifiers are an
improvement over logic simulators from the
performance and coverage standpoints, but are
not a complete analysis solution in the general
case.

Hand Analysisand Other Compute Methods

Hand analysis is the most complete and
most time consuming of all the analysis methods.
There is no circuit design technique, or unusual
use of parts, that cannot be analyzed by hand. A
hand-done analysis will, however, be difficult to
update for changing designs or pats parameters.
Any change may ripple through the analysis
causing considerable recalculation. Hand
calculations can also be error prone. These
limitations can be somewhat overcome by using
appropriate software as a adjunct to the analysis
process.

Spread Sheets: Spread sheets can be used to
break the analysis into sections, storing
intermediate results and parts parameters,
and performing the calculations for the
analyst. Accuracy and flexibility are thus
increased.

Custom Programs: A program, TIMEANAL, |
wrote in 1988 has been useful on several
projects. TIMEANAL is an interpreter
which takes as input a text file describing
the calculations to be performed, a file
relating unit numbers to part types, and a
parts parameter file. It can handle any
design technique and can calculate the
effects of differing logic thresholds, pull-up
resistors, and capacitive loading. The output
is a text file describing the calculations
performed and noting whether the
requirements were met. Run time is only a
few minutes for even a complex file, and
updating for parts parameter changes is vey
easy. Updating for design changes requires
editing the input file.

Performing a hand timing andysis with a
computer aid allows the andyst to spend more
time doing what people do better than computers,
i.e., think, and has the computer do what it does
better than people, i.e., table look-up and
calculations.

Use of V endor Supplied Analysis T ools

Parts vendors often supply timing analysis
tools as part of a design package. Always use

such tools and nothing else. It would be a rare
engineer who could create a better analyzer than
that supplied by a vendor who has written the
tool specifically for his parts. And, even if a
better analyzer could be devised, use of the
vendor’s analyzer should carry with it the
guarantee that the parts will function properly if
they pass the vendor’s analysis. If another tool is
used and finds no errors in the design, but the
parts fail to function correctly, the analyst has no
recourse with the vendor.

Using Design Rules as a Prdude to the
Analysis

In the above discussion, the analysis tool is
treated as something to be used after the design
is completed. Since the designer’'s goal should
be to have the system work when first powered
on, it is best to do the analysis concurrently with
the design. The fina timing analysis would
thereby be a formality and would not have the
potential to cause redesign. Setting design rules
at the start of the design essentially “pre-does”
the analysis and makes the design easier. For
example, limiting oneself to a fully synchronous
design and noting how many gate delay levels
are allowable between clock edges allows one to
show set-up times are met by simply counting
the gatesin the delay chains. Avoiding difficult-
to-analyze design techniques such as gated
clocks and clears and unusual uses of parts
makes the design more analyzable and increases
the probability of design success.

In the event that one is required to use a
particular analysis tool, learn what design
techniques it can and cannot analyze and design
with the use of the tool in mind. Designing
outside the capabilities of the tool can lead to a
false sense of security that the design has no
timing errors when none are reported, or increase
the amount of hand analysis that must be done in
order to have a complete analysis.

Conclusion

Every digital circuit should be subjected to a
timing analysis. Designing with the analysis task
in mind and performing the analysis as the
design progresses is the key to achieving evey
designer’s goal: a system that functions correctly
when firg powered on and flawlessly completes
its mission.



