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Short Papers

Early Probabilistic Noise Estimation for Capacitively techniques [4], [20], or by solving the resulting linear circuit using re-
Coupled Interconnects duced-order models [21], [22]. These tools also utilize timing windows
calculated during timing analysis [23]-[26] and logic constraints in the
Murat R. Becer, David Blaauw, Rajendran Panda, and lbrahim N. Hajycuit [8], [11], [27] when considering which aggressor nets can switch
simultaneously to reduce pessimism. Noise from different aggressors
of a victim net are combined using linear superposition. The noise tol-

Abstract—One of the critical challenges in today's high-performance IC ~ gance of the receiver gates is usually precharacterized by noise rejec-
design is to take noise into account as early as possible in the design cycle,

Current noise analysis tools are effective at analyzing and identifying noise 10N curves of the receiver gate [8], and a noise failure is reported if the
in the postroute design stage when detailed parasitic information is avail- noise falls into the failing region of this curve.

able. However, noise problems identified at this stage of design cycle are  If no earlier precautions have been taken, the number of failing nets
very difficult to correct due to the limited flexibility in design and may cause  ~gn pe very large, reaching several thousand in current high-perfor-

additional iterations of routing and placement which adds costly delays in : - . .
its time to market. In this paper, we introduce a probabilistic preroute noise mance designs. However, the flexibility to change the design and fix

analysis approach to identify postroute noise failures before the actual de- hundereds or even thousands of noise problems in postroute stage is
tailed route is completed. We introduce new methods to estimate thRC  greatly reduced. Noise correction techniques, such as driver sizing
characteristics of victim and aggressor lines, their coupling capacitances, [28]-[30], wire spacing, and buffer insertion [31], [32] are difficult to
and the aggressor transition times before routing is performed. The ap- 5,5 and will typically require that the entire design be rerouted. This,
proach is based on congestion information obtained from a global router. . . . .
Since the exact location and relative position of wires in the design are not NOWever, would drastically alter the location of the nets in the design
yet available, we propose a novel probabilistic method for capacitance ex- and can give rise to new noise failures on nets that were previously
traction. We present results on two high-performance microprocessors in stable. Solving the crosstalk problem postroute, therefore, can lead to
0.18 m technology that demonstrate the effectiveness of the proposed ap- convergence problems and lengthens the design cycle considerably.
proach. Although methods have been proposed to solve noise problems during
Index Terms—Congestion, crosstalk noise, global routing, probabilistic routing [33], [34], these methods typically utilize a limited set of
extraction. noise correction methods (such as wire spacing and wire sizing). For
performance reasons, they also use approximate noise models that will
not identify noise failures on all net topologies.
To remedy this situation, methods that allow designers to identify
Coupling capacitance between neighboring nets is a dominant cosfoblematic nets in an earlier design stage are required when they can be
ponent in deep submitter designs as taller and narrower lines are bejred easily through a host of methods, such as driver sizing, buffer in-
laid out closer to each other [1], [2]. This trend is causing the ratio @krtion, routing layer assignment, wire sizing and spacing, and receiver
cross-coupling capacitance to total capacitance of a wire to increggge sizing. However, while much flexibility exists to fix noise at the pre-
[2]-[5]. In addition, more aggressive and less noise-immune circyfute design stage, only little information is available on which nets are
structures, such as dynamic logic, are now commonly employed diglyto fail. Exactwire length, wire topology, and relative positioning of
to performance requirements. As a result, a significant crosstalk noigiges are notavailable. Therefore, the distributed interconnectcharacter-
problem has emerged in today’s high-performance designs. Cross{ailes of a net, its coupling capacitance to neighboring nets and the driver
noise not only leads to modified delays [2], [6], [7] but also to potentigfrength of its neighbors, which are necessary to perform noise analysis,
logic malfunctions [5], [8]-[11]. In this paper, we focus on the lattefmyst be estimated accurately before actual routing is performed.
although the presented techniques can also be applied to the formep this paper, we investigate two possible methods that can be used
problem as well. to estimate interconnect and driver parameters prior to routing, leading
In noise analysis, a victim net is a net on which noise is injected iy an accurate preroute noise estimation. First, we investigate the use
one or more neighboring nets through coupling capacitances. The ngtg simple Steiner tree-based estimated router [35]. This router gen-
that inject noise onto a victim net are considered its aggressor netsefftes an estimate of the wire length and topology from whicR@n
the later stages of the design cycle (i.e. postrouting), detailed informapresentation of the net is constructed. However, no reliable informa-
tion on the topology and relative position of nets is available, makingn regarding the location of the neighboring nets is available making
it possible to perform accurate parasitic extraction and noise analysisjifficult to correctly estimate the cross-coupling capacitance of the
Such noise analysis tools typically use linear models of the aggresg@t, which is critical for noise analysis. We then propose the use of a
and victim driver gates [6], [8], [12] and obtain the noise pulse at thfiobal router which provides a more accurate estimate of the routing
victim receiver input either by solving closed form equations from Simength and topology of the net and also provides global congestion in-
plified interconnect models [13]-{19], using simplified circuit analysigormation which is used to estimate the proximity of neighboring nets.
We first look at various correlations between the route obtained from

Manuscript received July 29, 2002; revised October 17, 2002. This papervveasstlmated global router and the actual detailed route to verify the con-
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present results of the two methods on two large industrial processor de- . )
signs and compare their ability to accurately predict the set of nets thig 2 Congestion map section.
fail postrouting.

The paper is organized as follows. Section Il describes the noise assingle track and there is no reliable information regarding the prox-
timation methodology and the model we use for preroute noise estinraity and identity of neighboring nets. Only an estimate of the length and
tion along with the simple Steiner tree router-based method. Sectiontpology ofthe victim netcan be obtained. Based onthis estimated victim
presents the properties of global routers and the resulting congestiehtopology, aiRRCtree representation of the net can be constructed with
map. In this section, we also present the congestion-based noise estgnasnded capacitances using calibrated per unit length capacitance and
tion method and our novel probabilistic extraction method. We presesiteetresistance values. The grounded capacitancesRGhélistrep-
results on two high-performance microprocessors in Section IV. Seesent an estimate of the total net capacitatice., = C. + Cy. The

tion V contains closing remarks. missing parameters required to do preroute noise estimation are there-
fore coupling capacitances and aggressor transition time information. In
II. NOISE ESTIMATION METHODOLOGY order to estimate the coupling capacitance, a portion of each grounded

. . capacitor in th&kCnetlist is split off and connected as coupling capaci-
In order to correctly estimate the noise on a net, we construct a mogaqf

s o ce using a ratia as follows:

of the net and its aggressor net as shown in Fig. 1.

The victim and aggressor nets are modeled as geR€rakes with C. =a X Ciotal )
coupling capacitances between the aggressor and victim nets. The Cy=(1-a)x Cropal. @)
victim driver is represented by an effective holding resistaite).(
The aggressor driver is represented with an equivalent rise ttime For the aggressor transition timg, a conservative value based on
We, therefore, need to obtain the following information to estimate thiee speed of the design under consideration can be used. Due to the
noise on a net: the driver strength of the victim line and aggressor lineside nature of these estimations, significant discrepancy can exist be-
the resistance and grounded capacitance network of the victim aneen the estimated noise analysis and detailed noise analysis after
aggressor lines, and the coupling capacitances between them. In ordating, resulting in eithefalse failuresor missed failuresFalse fail-
to obtain this information before actual routing has been completages are nets that are erroneously identified as failing in the estimated
we use one of several estimated routers as a starting point. Basedhoise analysis and require unnecessary allocation of resources to fix
the estimated routing information, we compute approximate valutgem. Missed failures are nets that are erroneously identified as not
for the model parameters and construct the coupled interconnfailing in the estimated noise analysis and, therefore, need to be fixed
model shown in Fig. 1. After the model of the interconnect has be@ostrouting, possibly requiring a rerouting and design iterations.
constructed, the noise pulse at victim receiver input(s) is calculated
using PRIMA [21]. The noise peak and width are then compared |||, CONGESTIONBASED PARAMETER EXTRACTION AND
against the noise rejection curve of the receiver gate and, accordingly, NOISE ESTIMATION
the net is flagged as failing or not. . .

The simplest form of estimated routing is a Steiner tree router [3%]: EStimated Global Routing
This router takes into account one net at a time and does not considée propose the use of a global router which takes congestion into
the congestion of the design. Hence, multiple nets can be assigneddoount as it routes each net. A global router:
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Fig. 3. Correlations between estimated global router and detailed router.

« divides the design into cells; 58000 nets from a high-performance microprocessor in Pri\@ech-

* determines the number of available tracks for each cell; nology:

* connects the pins of a net utilizing the available tracks of cells « estimated total congestion of a net versus actual extracted cou-
while taking congestion into account. pling capacitance of a net;

A simplified view of part of the congestion map is shown in Fig. 2. « estimated total length of a net versus actual extracted ground ca-
Congestion information is available on a g-cell by g-cell basis. Foreach pacitance of a net.

g-cell edgey; is the total number of tracks in the edge dnds the Total length of a net is defined as the number of g-cell edges it traverses
number of tracks used by the global router. The set ofingtsassigned  in the congestion map. Total congestion of a net is defined as follows:
to each g-cell edge is also available. Note that, although we knpoky, cdges(net)

and the set of nets that are using thbstracks, there is no information Z ﬁ ®)

on which particular track within edge a given netet; is using (i.e.

he global router does not order the n nd, thus, the exact neighbars . . .
the global router does not order the nets and, thus, the exact neig t\)/v %reki is the number of nets using g-cell edgendr; is the number

of a net are still unknown). ?f available tracks in g-cell edge
Global routers have the advantage that they are very fast while alsq. j ! .
g y y ?:Ig. 3(a) shows the correlation between total congestion and cou-

roviding an accurate estimation of the wirelength, topology, and con- .
gestion ignformation of a net. They are thereforge weIEsuit?e)(/j for earfr;lmg capacitance. Each dot on the scatter plot corresponds to a net. The
; L T N ! . ine that goes through the scatter plot is a least squares-based linear
noise estimation before final routing is completed. In this paper, v ) : - .
g P pap V¥| to this data. The correlation coefficient between total congestion

use an internally developed global router called “Daphne,” althou . . . ; .
S ' . btained from estimated global routing and coupling capacitance ex-
similar results are expected with other global routers. In our noise es- . o . .
cted from detailed routing is 0.78. Fig. 3(b) shows the correlation

N A . i
timation approach, we use the congestion information from a glo L - - )
router to extract interconnect parameters such as resistance and gr%)&g\geen total length and 9“’“?“‘ capacnan(_:e. The correlatloq coefi-

. ) : . gent between total length obtained from estimated global routing and
capacitance as well as coupling capacitance and aggressor informatio

n . . N

o ac . e propos a menod a vses a rovapisicspprallf 2P Xt o Sl outr o0 7.4 e

to extract a coupled interconnect model for each g-cell that a net i S . g corr i P ’ 9
. 08n3|stency in the behaviors of the estimated global router and the de-

verses and then combines these models to form the complete cou@ae

interconnect model for the net. The proposed approach is discusse flﬁsd router that we use. The global routing information is, therefore,
the following subsections.

T4
=1 ¢

a good source from which to extract the parameters required in Fig. 1
for preroute noise analysis.

We perform a probabilistic estimation of the coupling and grounded
capacitances using the congestion information for each g-cell edge that

Since an estimated global router takes congestion into accounta ihet traverses. We first characterize the per unit length coupling and
does not overuse the tracks and, in the resulting route, the length gnound capacitance values for a particular interconnect technology for a
congestion of nets are typically consistent with those after detailadmber of density configurations using a field simulator. For example,
routing. To verify this consistency, we look at correlations between tlaenet segment is defined to be in a dense region (high congestion) in
following values from estimated global routing and detailed routing fahe congestion map if both of its neighboring tracks are occupied by

B. Probabilistic Extraction
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Fig. 4. Dense and nondense configurations on a congestion map edge. » The effect of a neighboring net that is more than two tracks from

the net under consideration is considered insignificant.

. . . . The firstassumption is valid since the closest neighbors act as shields to
other nets [Fig. 4(a)]. This density decreases as the nearest nelghbo&pgther nets. The second assumption is, in general, also valid since the

nets occupy farther away tracks (lower congestion) [Fig. 4(b)]. Fig. 4(ﬁ)eld lines between two nets vanish as their seperation increases. From
shows how the per unitlength coupling capacitance and ground capagi; experiments, coupling between nets that are separated by two or
tance vary with different density configurations. On the x axis, CONgeSiore empty tracks is small. As a result, we need to consider six unique
tion is normalized, O represents the most sparse configuration, namf:'lynfigurations, as shown in Fig. 5.
a ngt W'th, no close nelghbors', and 1.repre.sents 'the densest po§S|bﬁe bold net is the net under consideration. Dotted lines represent
configuration, namely, a net with both its neighboring tracks OCCUp":e‘iinpty tracks. Configuration (1) is the dense configuration where both
by other nets. I . L . . heighboring tracks are used. In configuration (2), there is an empty
In our p_rObab'“St'C ca_pacnance estimation tec_hnlque, we estimalgck on one side and a dense track on the other side. Configuration (3)
the per unit length coupling and grounded capacitance values for a et esents the case where one side is dense and there are at least two
§egment by enumerating the possible density configura_tions of the rgggpty tracks on the other side. Configuration (4) has one empty track
in each g-cell edge that it trave_rses. The enumeration is done with & both sides, whereas configuration (5) has one empty track on one
spect to all the other nets sharing the same g-cell edge and also Wil 5nq at least two empty tracks on the other side. Finally, configu-
resp_ect to_ the .nets n the neighboring g-gell e(_jge_s for those den?&ﬁon (6) has at least two empty tracks on each side. Configurations
conflguratlons_ln which tht_a net under co_nsnderatlon |s_at orclosetot (2), and (4) represent track assignments with an exactly specified
g-cell boundaries. The estimated per unitlength coupling and groundg(l, i (o the nearest neighbors. All net permutations that correspond
CaPaC'ta“C?s for the net segment ur_lder conS|dera_t|on is then foung Py eqe configurations, therefore, have the same per unit length capac-
_taklr_lg a Welghte_d average of per unit _I(_angth capacnanc_e value§ ShaWRces (based on the first simplification stated above). Configurations
in Fig. 4(c), weighted by the probability of each density configurgry (5) and (6) represent track assignments with a range of densities,
tion W_h'Ch IS c_ompute_d through their corresp_ondmg number of €Nince the spacing of the nearest neighbor on one or both sides can vary.
merations. This tech_nlque allows one to estimate both the coupllgghce this neighboring net has a spacing of at least two or more tracks,
and grounded capacitances for the net segment that traverses a spegilic.ohacitance contributed by this neighbor net is small. We, there-
g-c_ell edge in the congestion map. As a_result, this approach prowqgﬁe, use the average of the minimum per unit length capacitance (one
a differenta vaIut_e for each net segment in the congestion map. side dense, the other side has no neighbors at all) and maximum per
_We now quantify the approach as follows. The total number of pogjt |ength capacitance (one side dense, the other side with two empty
sible configurations for a g-cell edge is tracks and then a neighbor) for these configurations. Note that the per
unit length capacitances for the configurations shown in Fig. 5 have
total configurations= <7l> El 4) peen calculat_ed with the _assumptior_l that the orthogonal_laye_rs have a
k fixed congestion. A possible extension to our approach is to increase
the number of configurations such that the varying congestion in or-
wheren is the number of tracks in the edge a@nis the number of uti- thogonal metal layers is also taken into account.
lized tracks. It is infeasible to enumerate all the possible density con-After determining the per unit length coupling and grounded capac-
figurations and find all corresponding per unit length capacitances. Fance for each configuration in Fig. 5, we compute probability of each
this reason we make the following simplifications. configuration. The probability of configurations defined as

» Capacitance values of a net are effected only by the location of conf;)
the nearest neighboring nets. probg) = 1, configurations ®)
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In Fig. 7,p1_r is the probability that the right most track of a g-cell
edge is filled. On the other hang?_r is the probability that the right
most track of a g-cell edge is empty. If the number of tracks &nd
whereconf;) is the number of enumerations that correspond to cothe number of nets using this g-cell edgekighenpl_r is calculated
figurationi. The number of enumerations for each configuration des follows:
pends on the number of tracks availableand the number of nets in
this g-cell edgek;. One should pay attention to the special cases when L= k 6
the net under consideration is close to the boundaries of the g-cell edge. pir= (;)k' T on ©)

For example, Fig. 6 shows a configuration where the net segment under

consideration (bold net) is on the boundary track of the g-cell edge witthe denominator of (6) is the total number of enumerations in this
one empty and one filled track to its right. There will be many enumeg-cell edge. The numerator is the number of enumerations where the
ations (permutations) in which the configuration in Fig. 6 will be validrightmost track of this g-cell edge is filled. We can choose the net on
The decision of how to distribute these enumerations among the #ie rightmost track amonjg nets. The remaining — 1 nets can be
defined density configurations in Fig. 5, depends on the left neighbanywhere among the remaining- 1 tracks in any order, thus the last
track of the net segment under consideration. Thus, the congestiortvad terms in the numerator. The other probabilities in Fig. 7 are also
the neighboring g-cell edges should also be taken into account todadculated similarly. Also note that that same argument applies for hor-
able to accurately make decisions on such cases. For this purposeizamatal g-cell edges where the nets will have ordering in the vertical
find the probabilities of the configurations shown in Fig. 7. axis.

Fig. 7. Neighbor edge congestion.

B = D8k
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When we look at Fig. 6, we can see that these enumerations may TABLE |
fall into the category of configuration (2b) in Fig. 5 with a probability PARAMETER ESTIMATION ERRORS
qf pl__r (Fig. 7), (_:onfiguration_ _(4) with a probability of p4_r, and con- [ Chip1 Chip2
flguratlon.(5a) .Wltf‘.l a probab!llt)( of p3_.r. As a result,.the nymber of Aotoal Co /%) || 19.8/55 | 21.4/%6
enumerations in Fig. 6 are distributed into three configurations based vs. Cg (fF/%) || 18.6/32.7 | 18.9/31.1
on the neighboring g-cell edge congestion. Steiner o (/%) 0.18/110 | 0.24/227
As examples, we demonstrate the calculation of the number of enu- Actual Cc (fF/%) 9.8/24 12/33
merations for two configurations, (1) and (3a). For configuration (1), vs. Cg (fF/%) || 10.4/18.2 | 12.5/21
the number of enumerations is Probabilistic a (/%) 0.1/42 0.11/48
Probabilistic | Cc (fF/%) || 19.2/51.4 | 22.5/68
E_1 vs. Cg (fF/%) || 12.4/212 | 12.8/22
coufrry =(n=2)x | ©, | x2 Steiner a (/%) || 02114 | 023170
X <Z B g) x (k—3)! The probability that these enumerations can be added to configuration
T (1) is the probability that there will be a filled track on the immediate
n—9 , neighboring track which is a part of the neighboring g-cell edge. This
th=Dx |, | x(k=2) is represented by the last line of (7).
} If we look at configuration (3a), the number of enumerations where
X (plr +pld). () one side is dense and the other side has at least two empty tracks is

We can explain (7) as follows. For the victim net to be in a dense n—4
; i ; confiy) =(n—3) x (k—1) x (k—2)!
region within the edge, it can be anywhere except for the boundary (32) ’ E—2 <
tracks of the g-cell edge under consideration. Theresare ¢) such
tracks. There needs to be two nets in_it_s neighboring tracks. These two F(k=1)x n—3 (k= 2)! x p2r
nets can be chosen among the remairking 1 nets and can be in any k—2

order, resulting in the second and third factor in (7). The rest of the 5

nets should be placed on the remaining tracks. Theré are8 nets +(k—=1)x <n - ') (k—2)! x p3r

andn — 3 tracks left, and the nets can be in any order, resulting in k=2

the two factors in the second line in (7). The last two lines are for the n—3

special cases where the victim net is on the boundary tracks. The third + (k _ 1> (k=1 x pll ®
line gives the number of such enumerations. We should have one net

amongk — 1 nets as one neighbor within the edge and the remainifigne first line in (8) represents the number of enumerations that would
k — 2 nets should be placed in the remaining- 2 tracks. Note that fall into category (3a) within the g-cell edge. The last three lines in (8)
the number of such enumerations for either side of the edge is equak due to special cases where the victim net can be on the boundary
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Fig. 11. Error ina.
or one track away from the boundary of the cell. For clarity, we show TABLE I
these cases in Fig. 8. The number of enumerations for all other cases FAILING NETS IN PRE- AND POSTROUTENOISE ANALYSIS
in Fig. 5 can be calculated similarly. . Chip Method Missed T Common T False
_Fo_r each edge_ that a net travgrses,_ we compute_the weighted con- chip-1 Stemer 138 694 531
tribution of the six possible configurations as explained above. Each chip-1 | Probabilistic 161 681 205
configuration has a precomputed per unit length coupling capacitance chip-2 Steiner 134 487 3509
ccqqy, and a per unit length grounded capacitangg computed with chip-2 | Probabilistic 90 531 1409

a field solver (Fig. 4). The contribution of configuratior) {o the cou-

pling and grounded capacitances for the net segment is o )
bors. The likelihood of a net to be an aggressor to another net in-

conf creases as the number of shared edges increases. To estimate an av-
' 9) erage aggressor for a net, we first find the ten possible neighbors with
the highest number of shared edges. For each of these nets, we apply

(10)  the following procedure to find their signal transition time,,

« Find the total capacitaneé; of the net, using methods explained
The total coupling and ground capacitances of a net segment is finally in previous sections.
calculated by summing the weighted contributions for all configura-  Obtain the Thevennin model of the driver gate using precharac-
tions and scaling the per unit length values with the length of the net terized information from the cell library.
segment. Once we have obtained the probabilistic grounded capaci+ Compute the transition time_, using the model shownin Fig. 9
tance and coupling capacitance values for each edge that a net Tige normalized time domain solution for the voltage at nodés as
verses, a coupleCcircuit representation is constructed, as illustratefbllows:

in Fig. 1. —RC+t+RC™/ RO 0<t<t,
Vout t) - N b ! - '
(t SRC( I /RC e URC L1 >,

“Ctotal(s) = CCG) X 7=
Ftotal(®) = C0) * Yotal configurations

conf ;)

Cltotal(i) —=CG(iy X ———————F——————.
Jrotal (i) = €96 ™ total configurations

(11)
C. Aggressor Strength Estimation

Methods explained so far let us estimate the victim net parametéighough it is not possible to solve (11) analytically, the rise time at
and coupling capacitances for each net (Fig. 1). To be able to perfonedeoutcan easily be computed using binary search. After finding the
estimated noise analysis, we should also estimate aggressor net chafe and 90% time points at nodat (Fig. 9), ¢, is found using
acteristics for each net (represented,aim Fig. 1). A simple and con- extrapolation as shown in (12). An average aggressor transition time
servative solution would be to use the strongest transitional net in tlog a victim net is then found as the weighted average (weighted by the
circuit as the default aggressor. Such an approach is likely to causenber of shared edges) of the,,, values for all nets considered as
many false failures. its possible neighbors.

We can use the congestion information to estimate an average ag- to0 — +10
gressor for each net. All nets that share a g-cell edge are possible neigh- brouwe = o8 (12)
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Fig. 12. Default versus Probabilistic aggressors.

IV. RESULTS total capacitance of a net. The error is relative to ¢hebtained for
r%>_<tracted nets. As can be seen, the probabilistic extraction method pro-

In this section, we present results on two high-performance mic o . L
processors in 0.18m technology. Chip one has 58 000 nets, Where%él?es significantly betterv ratios. The reason for this is that proba-
e

chip two has 125000 nets. We first look at how the methods presen gjstic extractior_1 method_ ext_racts Iocalizedvalues for each g-cell
in this paper estimate parameters such as total coupling capacitancee iAe that a net is traversing in the congestion map.
the preroute stage. Fig. 10 shows the errors in the coupling capacitancdd Table Il, we present the number of failing nets found after
using the two methods described. Method one refers to the Steiner #gmated noise analysis using the described method in Section II. We
routing based approach with anratio of 0.5. Method two refers to compare these results with the number of failures using postroute noise
the probabilistic extraction method described in Section I11-B. The fir@nalysis on the same design after detailed routing and full extraction.
column of graphs shows the absolute errors in femtofarads, whereag§éailed routing and extraction has been done using commercial tools.
second column of graphs shows the percentage errors. The first #\ib inhouse tool ClariNet [8] has been used to perform post route
rows in Fig. 10, present the errors@®. using the two methods, with Noise analysis. The column named “common” shows the number of
respect to postroute extractéd for each net. The last row comparegets that fail in both pre- and postroute noise analysis. The column
the C. estimations of the two methods, confirming the overestimatidigmed “missed” shows the number of nets not identified by preroute
obtained by the Steiner method in comparison to the congestion-ba8@fe analysis that subsequently failed in postroute noise analysis. The
probabilistic method. The average absolute and percentage error£akimn named “false” shows the number of nets that failed in preroute
magnitude, for several estimated parameters are shown in Table |. Bgis€ analysis but not in postroute noise analysis. Ideally, the number
each method, average absolute and percentage errors in estimate@fplgussed and false failures identified by the preroute noise analysis
rameters, i.e., coupling capacitane.), grounded capacitance’f) is zero. False failures unnecessarily increase the required design
anda (ratio of coupling capacitance to total capacitance) are presenf§ources to fix noise problems before routing. Missed failures, on the
in the following format for the two chips: average absolute error / a@therhand, are especially detrimental since they require noise fixes
erage percentage error. Note that the absolute errors for capacitarfét routing which can require rerouting and additional design cycles.
are in femtofarads, whereas the absolute errar is unitless. These  Table Il shows that the Steiner tree-based method has dramatically
errors are calculated by comparing early parameter estimations witlre false failures than the congestion-based method, whereas the dif-
postroute extracted data for the first two rows, whereas the last résvence in number of missed nets is relatively small. Using the proba-
shows a comparison between the two methods. As can be seen, ubiligtic method reduces the number of false failures by as much as 60%,
congestion information provides more accurate model parameters tbar2100 nets.
Steiner tree routing. Finally, we look at the effects of using a default a aggressor versus
Fig. 11 shows the absolute errorsdnfor chip one using the two using our probabilistic estimation of aggressors as we perform esti-
methods, where is the ratio of the total coupling capacitance to thenated noise analysis. In addition to identifying postroute problematic
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nets early in the design cycle, we also need to estimate the actual noige)]
amount on these nets as accurately as possible. Since the results of pre-
route noise estimation is to be used for noise avoidance purposes, e Hi-S]
mating the amount of noise to be reduced on each net will help nois
avoidance algorithms produce correct results. Using the probabilistic
aggressor estimation, the number of “common” nets are reduced by 8%4]
compared to a strong default aggressor. But on the other hand, the av-
erage error in estimated noise peaks with respect to actual noise peeﬁg]
from postroute noise analysis go down from 40% to 9%. Fig. 12 shows
the error in the estimated coupling noise peaks on the noisy nets of chip
one. The first column shows the absolute errors in mV, where error is
defined to be postroute analysis noise—preroute analysis noise for eabf
net. The second column shows the same information in percentages.
[17]

V. CONCLUSION [18]
In this paper, we presented preroute noise analysis methods using
estimated routing. We showed the close correlation between the déL9]

tailed router and the estimated global router that we used and pro-
posed methods to extract interconnect parameters and coupling cap%]
itances for each net using congestion information. We proposed a con-
gestion-based probabilistic method for parameter extraction as well as
a method for aggressor strength estimation. Results show that a go&#!
preroute coupled extraction for each net can be made using our conges-
tion-based method. We also showed that a preroute noise analysis @9
be performed using this estimated extraction for each net, providing
the designer with a high percentage of postroute problematic nets in
this early design stage. Methods presented in this paper can be used?d!
identifying future noisy nets at a very early design stage with minimal., ,
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