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Abstract
In this paper, we will develop an analytic approach to estimate
the statistical properties (mean and variance) of the performance
of a uniformly buffered global IC interconnect, based on the mean
and (co)variance of the appropriate design and technology parameters. Compared to other approaches, such as Monte Carlo based
approaches, our analytic approach would allow a much tighter
design optimization loop and provide a better insight in the factors involved. The model that we use is generic, but in this paper
we assume a set of synthetic (not based on actual process data)
but realistically large values for the variability of the input parameters. Under these assumptions, it follows that solutions for
the area/power/performance tradeoff that are optimal in a deterministic setting, might suffer from excessive variability, potentially
leading to a yield problem.

1. Modelling performance variability
The approach proposed [5] uses the 2nd order Taylor expansion of a function φ, which represents a generic quality
ﬁgure. This is a non-linear function of the vector of random variables P = (p1 , p2 , . . . , pn ). The nominal value of
the parameters is denoted by P0 = (p01 , p02 , . . . , p0n ). Details
are presented in [6].
According to [5], the total variance for the Taylor expansion of φ is:
σ (φ(P)) = ∑
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In this contribution we typically present the results in normalized form as the ratio between the standard deviation
(square root of the variance) and the expected value. The
notation σn (φ(P)) will denote the following ratio:

σ2 (φ(P))
(2)
σn (φ(P)) =
E(φ(P))
where E(φ(P)) is the expected value modelled as in [6]. We
will focus on the effect of variability on the performance,
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which is deﬁned as the signal velocity propagation [2]. This
variability estimation can drive a new approach to uniform
buffer planning for point to point connections.

2. Impact of interconnect variability
We employ uniform buffer planning as in [4]. The output of the model is buffer size and buffer distance. we normalize these dimensions with respect to those for maximum
performance as obtained by Bakoglu (see also [4]). Performance is measured as v−1 , the inverse of the propagation
speed. The input of the model is a set of parameters relating the interconnect and device properties. We assume that
they are (almost) uncorrelated, if not we rewrite them in
terms of more primitive parameters with low enough correlation. This simpliﬁes the analytic treatment. However, correlation among these low level parameters can be included
if necessary, by including the appropriate covariance term
in (1) [5].
We use typical parameters for a 0.18µm technology. We
assume that all parameters have the same normalized standard deviation σn = 20%. It is important to stress that this
assumption is made only in order to give a quantitative example, but the framework that has been created can be used
for each standard deviation derived from realistic process
measurements. See [3] for our online version of the model
that allows to adjust the different parameters of the model.
The total contribution of the interconnect variations on
the standard deviation of v−1 is presented in Figure 1.
The standard deviation appears to be only a weak function of the buffer distance, which is furthermore decreasing
for shorter lengths.
The dependence of the standard deviation on the buffer
size seems to be less obvious. The performance variability is minimized in this example for the buffer size of
0.8wbakoglu . It must be noted that large buffers of size
wb > wbakoglu (normalized buffer sizes > 1) are never advantageous when variability is disregarded [4]. This analysis shows that also when interconnect variability is considered, such large buffers only reduce the predictability.
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Performance variability

least for this example that for 0.5 < wb /wbakoglu < 1.5 the
increased standard deviation actually remains below 10%,
but for still smaller sizes the standard deviation is increasing very rapidly. Thus, Figure 2 indicates that small buffer
sizes are very unfavorable from a predictability point of
view. This actually could augment the results from [4].

0.32
0.3
0.28
0.26
0.24
0.22
0.2

4. Conclusion
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Figure 1. Total impact of interconnect variability on performance

The useful range of wb thus seems to remain restricted to
wb < wbakoglu . However, for really small buffer sizes the performance variability might become unacceptably large.

3. Impact of simultaneous device and interconnect variability

Performance variability

We can evaluate the impact on the inverse of velocity
of the device and interconnect variability together and plot
the standard deviations in the design parameter space composed by normalized buffer size and buffer distance. The result is shown in Figure 2.
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We have developed a general analytic approach for estimation of the statistical properties of a uniformly buffered
uniform RC line for global interconnect. The model takes as
input the mean and (co)variance of the controllable design
and technology parameters. It was concluded that a fully deterministic model to tune the buffer size and segment length
might cause yield problems because of excessive variability.
No inductive effects nor correlation among the input parameters have been assumed in this work. However, these
are non-essential simpliﬁcations and can be alleviated when
necessary for a particular purpose. The only requirement is
that this model is analytic, such that the necessary derivatives exist to perform the steps of Section 1. Of course,
this approach looses its numerical validity when the models are too rough or when the variability becomes so large
that the Taylor expansion becomes inaccurate. However, in
the range of validity of this model, its advantages include
a possibly tight and fast design optimization loop and effective ’what-if’ analysis. The validation of the proposed
model with Monte Carlo based approach can be found on
the web [3].
Furthermore, this approach can be extended to directly
give design-for-yield solutions. For example, we can ﬁnd
the minimum buffer area for a certain performance under
yield constraints.
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Figure 2. Total effect of variability

This ﬁgure still shows a weak dependence of the variability on the length of the segment. This is desirable because by
placing a suboptimal number of buffers on the global wire,
the variability of v−1 is only marginally affected. Performance variability then seems to depend mainly on the value
of the buffer size. In particular for really small buffer sizes,
the variability can become really large. We can estimate at
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