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Abstract

In this paper, a new, accurate method for tining characterisation of synchronous CMoS circuits, described
at transistor level, is presented. It is implemented in a computer program SLOCOP. SLOCOP first performs
a knowledge based partitioning of the circuit into registers and combinatj-onal subcircuits, verifies high
level tj-ning rules (clock phasing) and finally detects longest signal propagation paths, with an accuracy
comparable to device level simulation. Besides the delays of the critical paths, SL@oP generates test
patterns that activate these paths. The test pattern generation algorithm eliminates false paths and
allows the designer to check the delay by an overall simulation. For delay calculation, loca1 simulation
is done with accurate SPICE-Iike transistor models. Critj-cal paths are graphically displayed using
hierarchical backannotation to a schematic. Deviatj-ons between estimated and real (simulated) delays are
typically within 5t for static CMOS circuits. Pass transistor logic may give larger errors which remain

Until now, timing characterisation of comlcina-
tional logic i3 mostly donc by sinulation of thc
circuit at device level-. This consmes large
mounts of CPU time and is unreliable when the
desj-gners have to indicate critical paths them-
selves.
To address this problem, several computer programs
have been developed for timing analysis of MOS

circuit.s (1,2). These programs do not require the
user to provide input patterns but pinpoint criti-
cal paths. They are mostly based on the assump-
tion that the circuit can be split up into smaller
subnetworks. To calculate the delay of those sub-
networks, approximatj-ve methods (mostly based on
Rc modelj.ng) are used in these approaches. The
Rc mdel is responsible for potentj-ally large
errors ln the global delay estimation. It also
restri-cts the class of circuits that can be handled.
In contrast. SIJoCOP uses local circuit simulation
for delay calculation. This nethod is more tj-me
consuming than RC calculations, but it is very
reliable, nuch more accurate, and applicable to
any type of subnetwork that can be described in
i,ts knowledge base.

For the global analysis, graph algorithms are
used. Exhaustive path search is not possible due
to the large nulber of paths. In CRYSTAL (1), an
algorithn is used that calculates the slowest
settling tine at each node in the circuit. SLocOP
however uses a critical path algorithn which pro-
vides the longest signal propagation paths from
inputs to outputs, because this j-nformation is
essential in the timing optimisation phase of the
desJ.gn.

Characteristics of the proqrm and algorithnic
aspects.

SLOCOP perfoms the following sequence of
algorithns :

- In a preprocessing step, the transistor circuit
j.s checked for consistency with topological alesign
rul,es. This is done by partitioning the network
into the basic subnetworks that are possible j-n a
given design style. The description of the totrrc-
Iogy of those subnet$rorks (static CMOS gates, pass
tlansi.stor trees with or without bleeder transis-
tors,...) resj-des in a knowledge base. This know-
Iedge base is written in a LISP-like language
called LEXIaC (8).
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Therefore, in contrast to e.g. CRYSTAL, it allows
to easily extend the program with new types of sub-
networks, and makes it applicable to any definable
class of dj-gital Mos circults (Fig. 4).

- Logic reduction algorithms transform each subnet-
work into an equivalent network of AND, OR. NOT

and MUx operators (Fig. 1a) (3,4). The last opera-
tor is necessary to model subnetworks which can
have a high impedance output state.

- circuits are assumed to be synchronous and clocked
with a 2 phase not overlapping clocking scheme.
Latches are automatically detected in the equivalent
Iogic network and a partitioning in conbinational
blocks is done. Viol-ations of clocking rules are
reported (e.9. loops without latches on alternating
cl"ock phases),

- Timing analysis then consists of finding the
longest signaL paths from latch outputs to latch
outputs clocked on the opposite phase. The SLOCoP
method consists of accurate characterisation of the
individual subnetworks by local circuit simulation.
The set of input patterns that is needed to fully
characterise the subnetwork for all possible signal
propagation modes is automatically derived from its
logic function. Thj.s set consistg of a number of
dynanic input vectors.
A dynmic input vector (DIV) contains elements that
can have one of the fou! values 0, 1, U' D. U(p)
represents a transition from 0 to 1. D(own) from
1 to 0, we restrict ourselves to DIVrs in which
only one element has a transition value. This
makes it practically possible to find all DIV|s
that cause the output to make a transition (Fig. 1b)

- A signal propagation qraph (SPG) is set up. The
vertices in the SPG are inputs and outputs of sub-
networks described in the knowledge base. Each
edge corresponds to one DIv. The tail of the edge
is the input that makes a transition, the head of
the edge is the subnetwork output (Fig. lc).

- A delay value is associated to each edge in the
graph. Delay calculation is done by automatic
local sinulation of the subnetwork at device level.
For this purpose, use is made of sIl4MY, a PASCAL
simulation module defined as an abstract data type
(4'). Input of the nodule is the transistor network
and the DIv corresponding to the edge. To estimate
the slope of the input transition, the subnetworks
are leveled first. Local sinulation is done in
topological order. The average of the slope of
the output waveforx0s of the driving subcircuit

however withi-n 10t
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(which is always simulated first) is taken as the
slope of the input waveforn. Output of SIMMY is
the response waveform at the subnetwork outputf
with SPICE accuracy. Delay and slope are calculated
by interpolation in this piecewise linear waveform.
If the delays are measured at the sile threshold
voltage for each subnetwork, the path delay is the
sum of the individual delays of the edges (Fiq. 2).

- An algor.ithm .is implemented that finds the N lon-
gest paths in the sPG. The time conplexity is
0(N**2), but linear with the number of edges and
vertices in the graph, which is in turn proportio-
na1 to the size of the circuit. The results are
sequences of edges that form the longest, second
longest,... signal paths. These paths are graphi-
cally displ-ayeil by hiqhliqhtinq the nodes that rnake
a transition on the schematic. As SLOCOP is capable
of handling circuits of up to a few thousand devi-
ces, hierarchical backannotation is implemented.
This means that several cells in the hierarchy are
displayed simultaneously and nets are highlighted
at each level (Fiq. 3).

- Each of the path edges corresponds to a local
dynamic input vector for a subnetwork. This means
that for aIl subnetwork inputs that do not make a
transition, assumptions are made for the logical
states of these nodes. Test pattern generation
techniques are applied to derive a dynil.ic input
vector at the inputs of the comlcinational blocks
(primary inputs or latch outputs), which guarantees
that those log.ical states are set. The global DIv
has an U(p) or D(own) entry for one of the inputs,
and 1 or 0 entries for all other inputs.
The algorithm may in some cases find that no global
DIV is possible, because of confllcting assmptions
imposed by the local DIVrs for the subnetworks. In
contrast to existing timing v[rifiers, 'faIse'
paths (signal paths that can never be excited)
are automatically excluded in this way. The test
pattern allows to check path delays with global
simulation.
SLocOP performance and error analysis
Two approximations have to be made when the signal
propagation delay through a subnetwork is extracted
by simulation.
1. The load of the subnetwork, formed by the subnet-

works that are driven by it, is modeled by an
equivalent capacitor. The algorithm to derive
the input capacitance of a subnetwork from its
topology depends on the type of the subnetwork
(static gate, pass transistor tree...). It will
be discussed in the presentation.

2. The waveform used in SLOCOP for the input tran-
sition is an average of the linearised output
waveforms obtained for the driving subnetwork.
This may give errors in two ways :

- The slope is not exact.
- Replacing the real waveform by a ramp waveform

has an effect on the output waveform and there-
fore on the delay neasured. This effect is
more significant when the waveform is applied
to a pass transistor network than to a gate.

The run t.ime of the program in its current version
is almost exclusively spent in the subnetwork simu-
lator. Subnetwork partitioning, logic reduction,
]ongest path search and test pattern generation
together take only a few percent of the total run
time. It is obvious that a tradeoff between accu-
racy and speed can be obtained by using simulation
techniques such as in ELOGIC or CINNAMON (6, 7, 9t.
This is a direction for further work on SLOCOP.

Results

A variety of circuits has been analysed with SLOCOP

An exmple is a 10 bit counter in static CMOS. Fig
3 shows the multiwindow hierarchical schematic on
which the critical path is highlightened by the
program. The deviation between the path delay
estimated by SLOCoP and the delay measured with an
overall simulation ts 4.22- The circuit contains
240 transistors and was analysed in 157 seconds on
a VAX 8600 computer.

The critical path is the carry propagation through
the half adder cells. Test pattern generation
gives us the state of the counter at which the
maximal delay occurs.

Conclusions

A method for t.iming analysis is presented. It is
applicable to a very w.ide class of MoS circuits,
the only requirement being that the circuit can
split up into relatively small unilateral subcir-
cuits. The .topology of the possible subcircuit
types for a given design style nust be defined only
once in a special purtrFse language. The way the
results are graphically presented to the user and
the reliability of the estinated delays make it a
valuable tool in the design and timing optimisation
phase of large circuits.
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