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Abstract- At today’s nanometer technology, the interconnect delay is surpassing the device delay; therefore, there is a need 
to predict interconnect delay before the layout phase. In this paper, we use a wire length estimation technique that can predict 
the lengths of individual wires before placement and routing. Also, Wire width sizing is to be considered for delay 
optimization. The aim  is to identify only those parameters which can be obtained with out 
actual place and route and thus can be used toestimate individual wire lengths before layout. 
And wefocuses on the trends of coupling effects on noise in delay estimation. 
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I. INTRODUCTION 
 
Several wire length estimation techniques have been 
investigated. The main hypothesis motivating 
previous work in wire length estimation is that wire 
length correlates well with post-route delay. 
However, post-route delays differ from placement 
estimation mainly due to net topology, routing 
congestion. The problem we address in this paper is a 
priori wire delay estimation where the estimation 
occurs after placement but prior to routing. We 
observe that in “good” placements in estimation of 
net lengths, the length of a net is very strongly 
correlated with the numbers of nets in the shortest 
paths connecting node pairs of the net, when each 
shortest path is computed under the restriction that 
the net itself does not exist. 
 
The focus of this paper is fast estimation of routing 
delay given the placement of a circuit. Our work 
differs from previous approaches as we focus directly 
on delay calculation through estimation of the routing 
resistance and capacitance while taking into account 
net topology, the impact of congestion which can 
account for 
wire length variations among nets as well as acrossde
signs. This model was then veried byestimating the 
wire lengths of other 
designs designs and comparing the estimates with 
actual wire lengths obtained by to place and route 
tool. In deep sub-micron (DSM) circuit designs, the 
coupling capacitance between adjacent nets has 
become a dominant component as taller and narrower 
wires are now placed closer to each other. 
 
The rest of this paper is organized as follows: In 
Section 2, Literature Review of previous works on 
wire length estimation and Delay Estimation. In 
Section 3, the proposed methodology, to analyse the 
problem formation, a priori wire length estimation 
and post wire length estimation. The proposed 

technique in noise in actual wire length estimation are 
presented in Section 4 and   results and Discussion 
are given in section5. Conclusions and future work 
are provided in Section 6.  
 
II. LITERATURE REVIEW 
 
A great amount of established literature [Bahareh 
FathiLaleh Behjat Logan M. Rakai deals with wire 
length characteristics and estimations, starting from  
the early papers of  Donath on average wire length 
and wire-length distributions. Donath and Feuer 
showed that the average interconnection wire length 
can be calculated based upon Rent’s constant.  
 
S. Sastry and A. Parker characterizes wire-length 
distribution and develops theoretical distribution 
models. He found that the actual wire length 
distribution fits a Weibull distribution well. Takeo 
Hamada et al use the models of [S. Sastry and A. 
Parker, and the net list topological structure to 
estimate the average wire length of multi-pin nets. 
Takeo Hamada et al presented A Wire Length 
Estimation Technique Utilizing Neighborhood 
Density Equations. He proposed a point-wise 
independent branching process, in which the wire 
length distribution is found by solving the 
neighborhood density equations.  
 
Recently, two wire length estimators have been 
proposed for two-pin nets: mutual contraction [Q. 
Liu, B. Hu, and M. As for individual net length 
prediction, Bodapati and Najm propose to estimate 
individual net lengths based on building a 
characterization of the underlying placement and 
routing tool. He presented Pre-Layout Estimation of 
Individual Wire Lengths. He Proposed  a method to 
the create a block box model of the place and route 
tool as a function of a number of para meters which 
are all available before layout.  
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Dirk Stroobandt Jan Van Campenhout. presented 
Stochasti c Model for Interconnection Complexity 
based on Rent's Rule .He proposed the accurate 
estimation of the wire length distribution, the wire 
length constraints can be met during the physical 
design stage. Dirk Stroobandt [8] presented A Priori 
System-Level Interconnect Prediction: Rent’s Rule 
and Wire Length Distribution Models .He proposed 
an overview of the basic models in wire length 
prediction as well as system-level interconnect 
prediction. Dirk Stroobandt presented an 
interconnection estimation technique. He proposed a 
checker-boar-d model which assumes that square 
cells are placed on a two-dimensional square grid. In 
this model, the pins on a net are randomly placed 
among the set of cells incident to the neighboring 
nets. Dirk Stroobandt, they assumed that pins are 
randomly distributed on a rectangular grid which has 
the size of the neighborhood population of the net.  
 
Andrew B. KahngSheriefReda[4] presented Intrinsic 
Shortest Path Length: A New, Accurate A Prior Wire 
length Estimator .He proposed a novel, accurate 
estimator of net lengths. 
JinhaiQiuSheriefRedaSohaHassoun[2] presented the 
Fast, Accurate A Prior Routing Delay Estimation. He 
proposed a novel approach for speeding timing 
closure.He focus on the problem of accurate post-
routing delay estimation from a given placement. 
Kalpana[1] presented Analysis of coupling in global 
interconnects. She proposed a coupling effect the 
noise in global interconnects.She focus on coupling 
capacitance varies with interconnect length, width, 
and spacing between the interconnect lines in turn 
effects the noise in global interconnects. 
 
III. PROBLEM FORMULATION 
 
At today’s nanometer technology, the interconnect 
delay is surpassing the device delay; therefore, there 
is a need to predict interconnect delay before the 
layout phase. An ideal wire length estimation 
technique can predict the lengths of individual wires 
before placement and routing.  Prior estimates are 
rough but provide a better delay solution through 
design a prior wire length prediction. 
 
IV. PROPOSED METHODOLOGY 
 
A.Wire  Sizing 
Interconnect sizing, often called wire-sizing, on the 
other hand, was investigated only recently. If the 
width of a wire is increased, the resistance of the wire 
will go down, which may reduce the interconnect 
delay, but the capacitance of the wire will go up, 
which may increase the interconnect delay. The wire-
sizing problem is to determine the optimal wire width 
for each wire segment to minimize the interconnect 
delay. When the interconnect resistance can be 
neglected as in the early days, the interconnect can be 

modeled as a lumped capacitor. In this case, the 
minimum wire width is preferred for delay 
minimization. But in the current deep submicron 
technology where the interconnect resistance can no 
longer be neglected, wire sizing are needed to reduce 
the interconnect delay. 
 
B.Wire Spacing  
The magnitude of coupling capacitance between a 
victim net and its adjacent nets versus the victim net's 
capacitance to ground. The distance between two 
lines i.e aggressor and victim nets is d. The coupling 
capacitance between two lines is Cx , which is 
depending on the distance between the two lines. If 
the distance between two lines is low then the 
coupling capacitance will increase as, increasing the 
distance will decreases the coupling capacitance 
value (ieCx/d). Therefore, the Coupling capacitance 
(Cx) is inversely proportional to the d between two 
nets   

d
Cx

1
  

 
C. COUPLING EFFECT 
Coupling capacitance is highly sensitive to spacing. It 
can be pre-computed for a set of interconnect 
structures. Coupling capacitance virtually exists only 
between adjacent wires or crossing wires and 
capacitive crosstalk is localized. The crosstalk due to 
capacitive coupling affects both delay and signal 
integrity. . Proper wire sizing and spacing may limit 
the impact of coupling capacitance by changing the 
ratio of coupling capacitance to total capacitance. The 
coupling capacitance is becoming stronger due to the 
decrease of spacing between conducting lines, the 
increase of interconnect length and aspect ratio, and 
the longer overlap area among lines in the same 
layers Reduction in coupling capacitance’s impact 
may be initiated by increase the driver size of victim, 
decrease the driver size of aggressor, buffering, 
spacing. Proper wire sizing and spacing may limit the 
impact of coupling capacitance by changing the ratio 
of coupling capacitance to total capacitance.  
 
D. PRIOR WIRE LENGTH ESTIMATION 
This tutorial is an introduction to the field and mainly 
provides an overview of the basic models in wire 
length prediction as well as an introduction to some 
of the recent advances in system-level interconnect 
prediction. the basic models wire length prediction 
techniques are built on: a model for the circuit, a 
model for the architecture and a layout model. An 
accurate model for pre-lacement wire length 
estimation can be a useful tool during the physical 
design of integrated circuits. In this paper, an a priori 
wire length estimation technique for mixed-size 
circuits is proposed. A priori wire length estimation 
could be extremely valuable for the interaction 
between logic synthesis and physical design [8]. 
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During synthesis, tight wire length constraints can be 
set on the individual nets, which allow accurate delay    
estimation. Because of the accurate estimation of the 
wire length distribution, the wire length constraints 
can be met during the Physical design 
stage[10]Now we can estimate the dimensions of theb
oundingbox if we take intoaccount a simple observati
on made while analyzing the results of the matlab too
l. Itwas found that in majority of cases each cell of a l
arge fanout net was placed in a different row. 
ThusIf Pnet is the number of pins on a net, then the 
 net would span at least rowP  rows of the design 

if rownet NP 
Thus we assume this to be the height of the bounding 
box. We found this to be a good approximation in pra
ctice. Thus, if  

rowsnet NP 
we estimate the height of the bounding box as  

cellnetboxht HPB                           (2) 

rownet NP   
cellnetboxht HPB   

If rowsnet NP 
then the number of standard cell rows limits the heigh
t of the bounding  
box and it becomes cellnetboxht HPB 
 With this, the width of the box becomes simply  

boxht

boxarea
boxwd B

BB 
                                 (3)   

 

Finally, given the bounding box dimensions, we esti
mate the net length. In [3], the expected cost (total net
 length) of a Rectilinear Steiner Minimal Tree 
(RSTMT) routing of a given net is explored, for vario
us scenarios. It is shown that,  
when netP
is large, this length is given by netboxarea PB 

 provided that the aspect ratio 
boxht

boxwd
box B

BR 

 is less than 1. They have also shown that when  
1boxR

 then the length deviates substantially from 

netboxarea PB   

We use this result in our estimation. When 

1boxR we compute the length as netboxarea PB 

when 1boxR  we will use the half 
perimeter length of the bounding box as a measure of 
length 
L boxhtboxwd BB                               (4) 

 

E. NOISE IN ACTUAL WIRE LENGTH 
The model obtained after characterization on a setofd
esigns was used to estimate the wire lengths for adifer
ent set of designs. The estimates were foundthe order 
of the cells, and the names of the nets. Changes in the 
above parameters lead to changes in the individual 
wire lengths, even though the average wire length 
remains relatively constant 
 
The data structures for place and route tools are built 
using the string variables (say cell names,) 
and, depending on the strings, the organization ofdata
 changes under different naming conventions leading 
to a diferent  placement. This does not representa 
problem  with the place and route tool,because 
multiple placement solutions may be equally 
good,due to thefact that the tool aims to minimize the 
total wire length.variations in wire length as noise 
because one cannot control this inherent variability.    
Fig. 1, where the noise in the wire lengths in  
represent extracted wire lengths from actual layouts 
done with diferent cell names.. 
 
V. EXPERIMENTAL RESULTS  
 
The wire length estimates obtained using our model, 
for wire lengths above 70 micron, are within the noise 
limit inherent to the place and route system, as shown 
in Figs. 2 .Figure 2 Almost random variations in wire 
lengths less than 70 microns due to changes in cell 
name Variations (noise) in wire length due to the 
above mentioned parameters were very strong for 
wire lengths less than 70 microns . Hence, we have 
considered that estimation for short wires is pointless. 
Fortunately, it is more important to estimate wire 
length accurately on long wires. Thus, we have 
applied our model to only the set of wires that are 
longer than 70 microns. Even for wire lengths above 
70 micron, a change in cell names does cause some 
variation in individual wire length, as shown in Figs. 
1. Thus, individual wire lengths cannot be estimated 
beyond a certain accuracy - the noise floor depends 
on the specic place and route tool. 

 
Fig 1. Actual  wire length vs estimate wire length 

Fig 1. Actual vs wire length estimation 
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Fig 2. Variations (noise) in wire length due to the randam 

variations in wire length less than 70 
 

 
 

Fig 3.  Noise voltage with interconnect width in various nm 
technology 

 

 
Fig     4. Coupling capacitance with interconnect spacing in 

various nanometer technology 
 
Fig 2. Variations (noise) in wire length due to the 
randam variations in wire length less than 70 
microns.Figure  3. Noise voltage with Interconnect 
width Figure:3 Represents the change in crosstalk 
noise with the variation in Interconnect width for  
22nm,32 nm,45 nm and 65 nm Technology nodes. 
Figure:4.Coupling capacitance with Interconnect 
spacing Figure:4 shows the effect of coupling 

capacitance with the variation in spacing between the 
Interconnect lines for 22nm, 32 nm,45 nm and 65 nm 
Technology nodes. Figure:5. Noise voltage with 
Interconnect length Figure:5 Represents the change in 
crosstalk noise with the variation in Interconnect 
length for 22nm, 32 nm,45 nm and 65 nm 
Technology nodes.  
 

 
Fig 5. Noise voltage with interconnect length in various nano 

meter technology 
 
CONCLUSION 
 
In this paper, we have analyzed that how the coupling 
capacitance varies with interconnect length, width 
and spacing for global wires and to optimize the 
routing delay in VLSI routing. Also, we have shown 
that there is an intrinsic noise in place and route tools 
which causes variations in wire length for different 
technologies. Nowadays Designers are particularly 
interested in estimating delays of critical paths. Thus, 
it is possible to refine our techniques to focus on 
delay estimation of critical paths in future. 
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