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Abstract

As coupling noise analysis and estimation is reaching a
relative maturity with recent efforts, more effort is needed
in correcting and/or avoiding failures that can be caused by
coupling noise. In this paper, we present a global driver siz-
ing tool which can be used in a complete noise avoidance
tool along with other techniques such as wire spacing and
wire sizing. The proposed approach is used along with Clar-
iNet [1], which is a recent noise analysis tool, in a greater ef-
Sort towards a total signal integrity solution. We first present
the analytical, linear interconnect model used. We then show
how this model is used to provide neccesary information for
global driver sizing along with our novel algorithm. We fi-
nally present results on two industrial circuits including a
large high performance control block.

1. Introduction

Functional noise failures have become a significant de-
sign and verification issue for large and high performance
designs. Due to the current technology trends, the ratio of
crosstalk capacitance to the total capacitance of a wire is in-
creasing [2]. On the other hand, more aggressive and less
noise immune circuit structures such as dynamic logic are be-
ing used more commonly due to performance requirements.
These facts have brought a significant noise problem in high
performance designs.

In noise analysis vocabulary, the nets on which crosstalk

noise is injected by one or more of its neighbors are called the -

victim nets whereas the nets that inject this noise are called
the aggressor nets. The effects of this noise from capacitive
coupling can be divided into two. One is functional noise
which is reffered to the type of noise that occurs on a victim
net which is being held quiet by a driver. Crosstalk noise on
such a victim causes a glitch which may propagate to a dy-
namic node or a latch, changing the circuit state and causing
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a functional failure. The other type of noise due to capaci-
tive coupling is called noise on delay which is reffered to the
type of noise that occurs when two capacitively coupled nets
switch simultaneously. Depending on the direction of these
transitions, the delays on both nets are affected [3], [5]. The
focus of this paper is functional noise.

Several papers can be found in recent literature on
crosstalk noise. The work in [12] derives bounds for
crosstalk using a lumped model ignoring interconnect resis-
tance while [4] introduces a simple upper bound for crosstalk
under ramp inputs. The peak noise expression in [12] is ex-
tended by [9] and [6] to handle resistive interconnects. In
another recent work on crosstalk in interconnects [10], [11],
the authors introduce simple to compute noise metrics for
crosstalk amplitude and pulse width in resistive, capacitively
coupled lines. The derived expressions are also used to mo-
tivate circuit design techniques, such as transistor sizing and
layout techniques such as wire width optimization to reduce
crosstalk. Also in [13], the authors propose two interconnect
layout design methodologies for minimizing the crosscou-
pling effect in data path design.

One of the better tools that recent efforts on detection and
estimation of the effects of crosstalk noise have resulted in,
is ClariNet [1] which uses fast linear simulation techniques
to evaluate noise on signal lines. Clarinet speeds the analysis
of large designs by using noise filters based on reduced in-
terconnect representations and pruning the nets coupled to a
signal net. ClariNet also incorporates logic and timing cor-
relations into noise analysis to reduce pessimism.

In this paper, we focus on the next stage of the larger
signal integrity problem: How do we avoid functional noise
failures estimated by a noise analysis tool (in this case Clar-
iNet)? Techniques that can be used for noise avoidance are
wire-spacing (which decreases coupling capacitance), wire
widening (which decreases wire resistance and increses wire
grounded capacitance) and driver sizing. The former two
methods are suitable for incorporation with a router for an
estimated pre-route noise avoidance tool [14]. But once the
circuit is routed, it is not desirable to use those techniques
which would require re-routing. In this paper, we will present
a novel approach for a post-route noise avoidance tool which



utilizes driver sizing.

The paper is organized as follows. Section 2 defines the
problem and the issues associated with it. Section 3 intro-
duces the analytical linear model used and presents its ac-
curacy. We discuss our proposed algorithm in section 4. In
section 5, we give results obtained by running our tool on in-
dustrial circuits including a large, high performance control
block. Section 6 contains some closing remarks.

2. Issues with Driver Sizing

Figure 1. Capacitively coupled interconnects

Figure 1 shows several nets randomly coupled to each
other, representing a general case in a practical situation. If
we assume that net 1 is being held low and vary the driver
strenght of driver 1 (victim) and look at the noise peak seen
at node N1, we see that, as the driver strength of the vic-
tim driver is increased (i.e. its pull down power is increased
by widening the NMOS transistor), the amount of noise in-
duced on this net decreases. This is the motivation behind
using driver sizing for noise avoidance. Now, let’s assume
that net 3 is being held low and the other drivers are switch-
ing. By increasing the driver strenght of driver 1, one actu-
ally worsens the noise induced on net 3 since net 1 is one
of the aggressors of net 3. The fact that a net can both be
an aggressor and a victim makes the driver sizing problem
more complex and justifies the requirement of a global algo-
rithm which takes into account all the interrelations among
the nets of a block on which driver sizing will be applied.
Only such an approach would guarantee that while trying to
fix one problem, one does not create a new one.

3. The Analytical Model

A good coupled interconnect and gate model is neccesary
for our approach to be successful. The model should be an-
alytical which would let us see the effects of model parame-
ters (such as the driver size) while not sacrificing speed and
accuracy. Figure 2 shows the linear model we use in this
work. This is an improved version of the model proposed

159

in [3]. For aggressor drivers, a standard Thevenin model is
used whereas the victim drivers are modeled as a linear hold-
ing resistor. Interconnects are modeled as pi circuits. The
reader is referred to [1] for a detailed discussion on how the
victim holding resistance is calculated.

cerz

Figure 2. The linear model used in this work

After finding the Laplace domain expression for the volt-
age waveform on node N1, the time at which the peak noise
will occur is calculated. By inserting this value into the an-
alytical time domain voltage equation, one finds the peak
noise in terms of the parameters of the circuit. The trans-
fer function from the aggressor driver to the output node of
the victim net represents a 4'* order system. We neglect the
higher order terms, retaining a 2*¢ order system.

a1s? + ags

Vv _ 18" +aos
b252+b18+1

V. 1

The coefficients ag, a1, b, and b, are in terms of the circuit
parameters.
Assuming a ramp input at V;,, with a rise time of ¢, we
can express Vi, as shown in Eqn. (2).
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By taking the derivative of Eqn.(3) and equating to 0, one
gets the time at which the peak noise occurs on node N;.
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Eqn.(5) is valid if t, < ¢, and Eqn.(6) is valid if t, > ¢,.
The peak noise can be calculated analyticially, when the valid
t, value is inserted back into Eqn.(3).

Note that these equations have also been calculated by
Kahng et.al. in [7]. The accuracy of the model with respect
to SPICE has been tested on a random logic block of 415 nets
and the average error in peak noise voltage has been found
to be 5%. Although we will not be using this model to cal-
culate the noise voltages (ClariNet already does that), it is
important to check its accuracy.

4. Global Driver Sizing

We use the model shown in Figure 2 to be able to analyti-
cally estimate the sensitivity of crosstalk noise on the circuit
paramaters. Figure 3 shows the variation of peak noise at
node Ny with respect to R; in our model which represents
the driver of the victim net.
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Figure 3. Rate of change of normalized V.,
wrt normalized R;

Note that this curve is normalized with respect to both
Vinax and R;. Let us define the normalized slope shown in
the figure as a. If Ry is scaled by s to Ry x s, then the nor-
malized V.o, reduces by a(1 — s). If we multiply this value
by the current V,,,;5¢12 (noise on net 1 induced by aggressor
2), we get an estimated reduction of noise on net 1 induced
by driver 2:
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change-Ri1_3 = a X (1 — $1) X Vnoise12

)

This is a first order estimation of the reduction of noise
on net 1 induced by net 2. As can be seen from Figure 3,
this reduction will always be an underestimation of the actual
reduction if R; is scaled by s. If R; were to be scaled up,
then this method would overestimate the increase in the noise
amount.

On the other hand, we can also find the amount of change
in noise when R; (which represents the driver of the aggres-
sor net) is scaled using the same approach. Figure 4 shows
the normalized variation of V4, with respect to Rj.
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Figure 4. Rate of change of normalized V,,,,
wrt normalized R,

Thus the estimated change in V4, due to a scaling of R,
by s can be written as:

change-Ra1_5 = b x (1 — 52) X Vppise12

®

where b is the normalized slope shown in Figure 4

If R, is scaled down (i.e. if s < 1), the estimated noise
will be slightly less than it actually is and if R, is scaled up
(ie. if s > 1), the same argument applies. From experi-
mentation on several practical circuits and interconnects, we
have observed that the normalized slope with respect to R;
(term a in Equation (7)) is larger in absolute value than the
normalized slope with respect to R5 (term b in Equation (8)).
Since the normalized slopes are directly related with the esti-
mation error of this approach, this property means that noise
will be overestimated most of the time, which makes this a
safe method.

Let us return to the coupled interconnect cluster in Figure
1 and assume that after an accurate noise analysis, it is found
that some of these nets have noise above the user specified
threshold and some do not. We define slack; as the voltage
difference between the allowed noise and actual noise on the



net:

slack; = allowed_notise; — actual_noise;

9

So if slack; < 0, then net; is failing the noise analysis
and needs to be corrected. If slack; > 0, then net; is ‘OK’
in terms of functional noise. Our goal is to find a scale s;
for each driver such that slack; > O for all nets, i.e. no
functional noise violations on the interconnect cluster, using
driver sizing. If this is not possible, the uncorrectable nets’
drivers will be scaled to a default value and the solution for
the rest of the circuit will be seeked.

If we look at net; as a victim net, the change of noise on
net; due to scaling of driver; will be:

n

D7 (1= 8:)ai;Vaoiseis

§=15%4

n
= (1-s;) Z @i Vaoiseij

J=1,55i
(1 — Si)Ai

(10)
where
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Here, a; is the rate of change of normalized noise on net;
induced by driver; (Vinazq;) with respect to victim;’s nor-
malized holding resistance (R;) and Vi,ois¢;; is the noise on
net; induced by driver; at the current point.
On the other hand, the change of noise on net; due to
scaling of driver;.; will be:
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Here, b;; is the rate of change of normalized noise on net;
induced by driver; (Vinagi;) With respect to aggressor;’s
normalized thevennin resistance (R;) and Vioiseij 18 the
noise on net; induced by driver; at the current point.
So the total change of noise voltage on net; due to the
scaling of all drivers 1.. . nby s;...5, 1s:

(13)
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To make this net free of noise, we should set,

total_red; = —slack; (16)
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If we set 1 — s; = x; and carry out this procedure for all
nets, then we get a set of linear equations in the form Ax = b,
where A is an n X n matrix (n is the number of nets) and b is
an n x 1 vector which has the negatives of the slack values
for all nets. The z vector is the solution vector which will
give the correct s (scale) values.

Notice that the above explained method is missing one
important point. When the derivatives in the second part of
Equation (14) are found, we cannot use the parameters in
the original circuit since R; will have scaled to s;R;, and
this will change the slope. As a matter of fact V4, =
f(circuitparameters, s;, s;), is a function of s; and s; as
well as the circuit parameters. To rid ourselves from this dif-
ficulty, we employ a few iterations. As a starting point, we
use the following heuristic method:

4.1. Method to find the initial (s, ...s,) vector

In this section, we present a method which brings the ini-
tial solution to a point from which a minimal number of it-
erations are required. We neglect the effect of aggressor size
changes and assume only victim drivers are scaled. If a vic-
tim is also an aggressor, a possible change in its size is ig-
nored when looking at it as an aggressor. Using this method,
we can calculate the initial s;’s using the following formula

n

(l—Si) Z
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This can be thought as a ‘local driver sizing’ method
where the fact that a victim can also be an agressor is not
taken into account. This method finds s;, then proceeds
to find s;4; not remembering that driver; is scaled to s;.
These initial victim driver scales are used to calculate b;;’s in
Eqn.(13). We will show results of this initial solution in the
following section along with the global driving sizing results,
which finds s, . .. s, at once by solving a larger system.

4.2. Global driver sizing algorithm

o We take into account nets that have negative slacks

e We take into account nets that have positive slacks but
not the ones that have slack > MAX_SLACK

e Jf anet has a slack > MAX_SLACK, then its driver
is scaled to 1

There is another constraint that should also be taken into
account. As a result of our algorithm, a scale can end up
being greater than one. Since scaling up a driver resistance
means scaling down the gate, this might have an undesired

effect on delay requirements. So, there is a maximum scale,
MAX_SCALE for each driver.



Also note that, we fit Chebyshev polynomials to the V.4,
function in Equation 3 and use this fit to evaluate the coeffi-
cients of the derivatives we need in our approach. This is a
fast and accurate numerical derivation method [8].

We present our global driver sizing algorithm in Figure 5:
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Figure 5. Global driver sizing algorithm

5. Results

We have implemented the global driver sizing algorithm
presented in Figure 5 in C language on Sun environment. As
a first example, we will present results on a small sized logic
block sip_Icl_top which has 415 nets. Our run flow is as fol-
lows. We first run Clarinet and then our global driver sizing
tool on its results. The data that we obtain from Clarinet are,
the parasitic interconnect parameters that we use in our an-
alytical model and information on each net (noise amount,
slack). Results are presented in Table 1.

Block name: sip_Icl_top
# of nets: 415
Initial failing # of nets found by Clarinet: 40

Scale # of drivers
>4x 6
4x (Default) 20
2Xx —4x 11
1.33x - 2x 26
1x - 1.33x 17
< 1x 47

# of nets failing after implementing these suggestions: 9

Table 1. Results of global driver sizing algo-
rithm on sip_lcl_top

Scale numbers mentioned in Table 1 correspond to 1/s;
values found by our algorithm. Remember that scaling the
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resistance that represents a driver by s maps to scaling the
driver size by 1/s.

The number of nets used for the calculations by our al-
gorithm was 127. This means that, although there were 40
nets in violation initially, there were a total of 127 nets in-
terconnected to each other forming a cluster. Note that, the
number of nets scaled to default (0.25) is 20. This means
the algorithm estimated that we are not able to fix functional
noise on these nets by scaling their drivers. But as a matter of
fact, we had only 9 violations when we implemented the sug-
gestions recommended by our algorithm. This is due to the
pessimism of our approach mentioned as in section 4. One
other measure of the quality of our algorithm is the slacks
obtained after implementing the suggestions. We set a target
positive slack of 20 mV during the run and it was observed
that the average positive slack in the corrected nets was 22
mV.

We present the results if we let the algorithm stop after the
‘local driver sizing’ step, in Table 2.

Block name: sip_lcl_top
# of nets: 415
Initial failing # of nets found by Clarinet: 40

Scale # of drivers
> 4x 3
4x (Default) 15
2x - 4x 5
1.33x - 2x 9
1x —1.33x 8

# of nets failing after implementing these suggestions: 21

Table 2. Results of local driver sizing algorithm
on sip_ci_top

First of all, notice that there are 40 drivers scaled. This
is a result of looking at victim nets only due to the local ap-
proach. When we compare the nets in violation after the sug-
gestions are implemented with those from the global driver
sizing run, it is seen that the same 9 nets fail and there is an
addition of 12 nets in the local case. The average slack of
these 12 nets is -11mV. The global approach corrects these
nets which are missed in the local approach.

The second example that we present is a large high per-
formance control block gcrl_s of around 46000 nets. Results
can be seen in Table 3.

Due to the size of this block, we ran our global driver
sizing tool on a sub-block of 299 nets which had noise vio-
lations. The average positive slack in the corrected nets was
81 mV while the target positive slack was 30 mV.

The results at the end of local driver sizing step are also
presented in Table 4.

As can be seen in these results, the global driver sizing al-
gorithm reduces the number of violations dramatically (77%



Block name: qcetl_s
# of nets: 46207
Initial failing # of nets found by Clarinet: 299
Scale # of drivers

> 4x 24
4x (Default) 152
2x — 4x 37
1.33x - 2x 39
Ix - 1.33x 23
< Ix 24

# of nets failing after implementing these suggestions: 31

Table 3. Results of global driver sizing algo-
rithm on qctl_s

and 90% in presented examples) while controlling the posi-
tive slack on corrected nets accurately (within 50mV). These
results also show that, local driver sizing method is a good
starting point for our global driver sizing approach.

Block name: qctl_s
# of nets: 46207
Initial failing # of nets found by Clarinet: 299

Scale # of drivers
> 4x 44
4x (Default) 44
2x —4x 70
1.33x - 2x 72
1x -1.33x 69

# of nets failing after implementing these suggestions: 59

Table 4. Results of local driver sizing algorithm
on qctl_s

6. Conclusion and Future Work

A novel global driver sizing algorithm and its implemen-
tation has been presented. Qur approach takes into account
the fact that a net can be both a victim and an aggressor,
creating and solving a system which contains data on the
entire block that the tool is run on. An analytical inter-
connect model which we used to find sensitivities and its
accuracy were presented. We have also introduced a local
driver sizing algorithm, which is used as the starting point of
our global approach. The same mathematical sensitivity ap-
proach using an analytical interconnect model is also utilized
for other noise avoidance techniques such as wire sizing and
wire seperation which we will present in a future paper. The
tool presented in this paper can be used as part of a compre-
hensive noise avoidance tool which also can be incorporated
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into a noise analysis tool to constitute a full signal integrity
solution for functional capacitive noise in deep submicron
designs. Results presented in section 5 show the accuracy
of our model along with the effectiveness of driver sizing in
noise avoidance.
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