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ABSTRACT

In the field of logic simulation, the constant advance
of technology influences remarkably in the circuits
dynamic behavior. Our main aim is to increase pre-
cision of logic simulators by taking into account this
influence. This task has two main objectives: (a) de-
veloping a model for logic gates that unifies the func-
tional behavior and the dynamic one and (b) develop-
ing techniques that improve the characterization pro-
cesses by using accurate and feasible characterization
methods to reduce the error introduced during param-
eters extraction. The first task has yielded to develop
the Internode model, what is based on a finite state
machine that represents the internal state of the gate
depending on the electrical local of its internal nodes.
Such model allows simulators to take into account all
the power consumption cases (not only the usually
considered ones). On the second task, we have devel-
oped a characterization technique based on the use of
sampled signals. This technique has improved mea-
surement precision by 5%-8% in the SCMOS inverter
case (350 nm technology).

1. INTRODUCTION

In the field of verification of digital VLSI systems, it
is necessary not only to verify the functional behavior
but also the dynamic one, in order to guarantee that
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the design fulfills frequency and power consumption
specifications. The logic level is the best one to carry
out this process since, on the one hand, verification
at the lower level (transistor level) has a very high
computational cost what limits its application to very
small systems and, on the other hand, verification at
the higher level (RTL, register transfer level) does not
obtain the sufficient precision for checking the sys-
tem dynamic behavior.

However, in the field of logic simulation, the tech-
nology is advancing constantly. This advance in-
fluences remarkably in the circuits dynamic behav-
ior causing that: (a) new effects appear that have
been obviated due to their low importance in previ-
ous technologies, (b) changes appear in the behavior
of the effects already considered, and (c) simulation
precision get worse because the same absolute errors
involve bigger relative errors due to the frequency in-
crease. Thus, in order to maintain/increase the preci-
sion of logic simulators, it is necessary to adapt the
modeling techniques to this advance taking into ac-
count each new aspect (e.g. low voltage [1], very
large scale integration [2], transition waveforms [3],
power consumption [4]). Also, we must denote that
these changes in the models behavior imply signif-
icant modifications on the simulation algorithms in
most cases.

Our work is focused on this field by trying to deal
with two essential problems that prevent logic sim-
ulation from reaching optimal results. On the one



hand, the processing that current simulators perform
on a gate separates the functional behavior from the
dynamic one. This is not a suitable point of view
since each behavior type influences in the other one
being essential to unify both behaviors in a single
model. This can be achieved by considering that a
gate can be in different states and that its dynamic
behavior depends not only on the input transitions (as
usual) but also on the gate state. On the other hand,
most of the models used in logic simulation use a pa-
rameter set that has to be characterized [5]. Parame-
ter characterization methods need to be supplied with
new behavioral models. The lack of suitable charac-
terization methods or non-efficient approaches may
render the behavioral model useless. Additionally,
the usual characterization techniques introduce im-
portant errors in these parameters that influence re-
markably on the precision of corresponding model.

Thus, following the essential aim of increasing
precision of logic simulators, our work is focused on
two main aspects: (a) developing a model for logic
gates that unifies the functional behavior and the dy-
namic one and (b) developing techniques that im-
prove the characterization processes by using accu-
rate and feasible characterization methods to reduce
the error introduced during parameters extraction. In
next sections, we analyze these two aspects in more
detail by emphasizing some of the results already ob-
tained as well as our current work lines.

2. FUNCTIONAL AND DYNAMIC
BEHAVIORS UNIFICATION

The unification of the gate functional behavior and
the dynamic one in a single model makes an impor-
tant headway in logic simulation. In an intuitive way,
this approach already starts to be applied when, for
example, a different temporal behavior is considered
based on what input causes the gate output to change.
Nevertheless, it is necessary to develop a method-
ology that allows to reflect this aspect in a compre-
hensive and methodical way. The proposed model
(called Internode, Internal node logic computational
model [6]) is based on a finite state machine that rep-
resents the internal state of the gate depending on the
electrical load of its internal nodes (Fig. 1). Such
model allows to consider aspects unachievable from
traditional models like input collisions and internal
power consumption, among others.

On the one hand, input collisions, caused by mul-
tiple input transitions happening close in time, may
lead to different dynamic behaviors (propagation de-
lays) depending on the input timing and the inter-

nal state of the gate. On the other hand, internal
power consumption refers to the consumption caused
by any input transition. In traditional models only
power consumption when an output change exist is
considered. Nevertheless, an input transition causes
power consumption always and, although this con-
sumption has been traditionally neglected, this effect
becomes more important as the integration scale in-
creases. Thus, Internode is a meta-model that allows
modeling in a comprehensive and detailed way the
gate behavior but, at the same time, to maintain the
simulation at the logic level.

In ours first tests, we have analyzed the internal
power consumption in a NOR2 gate in 130, 350 and
600 nm technologies. In these preliminary tests we
have found power peaks of the same order of mag-
nitude than the ones caused when an output change
exists (Fig. 2).

3. CHARACTERIZATION PROCESS
OPTIMIZATION

Every behavioral model defines a parameter set that
needs to be calculated in order to apply the model,
but parameter characterization is not a trivial task
except for simplistic models. The lack of a fea-
sible and computationally efficient characterization
method may render a behavioral model useless for
practical applications, but this side is often unconsid-
ered by model developers. Besides, CMOS foundries
invest months in inefficiently characterizing their cell
libraries for models based on look-up tables. Thus,
accurate and predictable characterization methodolo-
gies become essential to apply models to practical
problems.

Additionally, during any characterization process
measurement errors take place. These errors suppose
a very important error source since they distort the
parameter set and are accumulated to the model er-
ror itself. The first aspect that the current methodol-
ogy must improve is the generation of input signals.
Common techniques are based on the use of variable
slope input ramps which allow an accurate control of
the transition time but causing a considerable error
in the measurement since the gate is stimulated with
signals very different from the real ones.

In order to optimize this aspect we have developed
a characterization technique based on the use of sam-
pled signals. The proposed method consists of sam-
pling a gate output and using these data to construct
the input signals necessary for the characterization
process. This point of view allows, on the one hand,
to accurately control the input slope (by scaling the



Figure 1: Internode models all the possible transitions in the input for each internal state what allows to form different behavior
models for each case (figure shows the NOR2 model).

Figure 2: Power consumed in a NOR2 gate for different input transitions. Consumption caused by input transitions without
output change (2 through 8 ns) is of the same order that the corresponding one when output change exists (11 through 17 ns).



Case Input ramp Sampled input
tp0 1-R 7.91% 1.08%

1-F 4.53% 1.23%
2-R 6.10% 0.61%
2-F 5.64% 2.70%

τout 1-R 8.35% 0.42%
1-F 4.91% 1.00%
2-R 7.28% 0.20%
2-F 7.25% 2.38%

Table 1: Mean error made in the measurement of the nor-
mal propagation time (tp0) and the output transition time
(τout) for the CMOS inverter in 350 nm technology under
two driving conditions: inverter chain, case 1, and NAND
gates chain, case 2; both of them for rising (R) and falling
(F) output.

data) and, on the other hand, to drive the gate with
signals very similar to the real ones considerably re-
ducing the measurement error.

In ours first tests, we have applied this technique to
the characterization of the CMOS inverter in 350 nm
technology [7]. After subject it to a comprehensive
analysis under different slope and load conditions,
we have obtained very good results: the measurement
precision improves by 5%-8% with respect to the one
obtained by the usual input ramp method (Table 1).

4. DISCUSSION AND CURRENT WORK
LINES

The presented motivation as well as the results cur-
rently obtained encourage us to continue in this work
lines making a special effort on the following tasks:
(a) applying Internode to gates with more inputs and
in greater integration scale technologies and analyz-
ing its usefulness in the study of the effects men-
tioned (input collisions and internal power consump-
tion) as well as to new effects that becomes more im-
portant with the technology advance and (b) applying
the presented characterization technique to other gate
types and technologies as well as developing new
techniques in order to continue improving the char-
acterization process.
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