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1. Introduction 
As technology merges into deep submicron and 

nanometer regions, 

along with transistors, the interconnects shrink in 
size as well. But interconnects do not scale as much as 
the transistors do, and as a result their time delay is 
becoming dominant comparing to the gates' time delay. 
On the other hand, regarding to the decrease in 
interconnects spacing and increase of their aspect ratio, 
the crosstalk noise will no longer be negligible, which 
cause the performance and the reliability of the circuits 
to decline [1-4].

In recent years a number of researchers have coped 
with the interconnect problems such as crosstalk and 
delay for different technologies [4, 5, 6] using ITRS 
predictions [7]. Among the problems mentioned above,
crosstalk plays a key role in signal integrity and 
performance of systems [8]. Thus, a comprehensive 
analysis of this parameter is necessary and needed to be 
reduced as much as possible. 

Due to the importance of crosstalk noise, various 
methods for its analysis and reduction have been 
investigated, such as: shielding methods [9-11], the 
repeater insertion [12-16], the device sizing [17-19], 
various routing techniques [20-27] and input coding 
[28-33].  

In parallel interconnect structures, the coupled 
capacitance is the main source of the crosstalk noise, 
and as it gets larger, more crosstalk voltage increases. 
In most crosstalk reduction methods and vast 
researches, the interconnect lines have been considered 
to be parallel with fully length coupling. In this work, 
different groups of structures with partially coupled or 
different lengths are evaluated and the crosstalk voltage 
and the delay are studied. Some of structures have been 
studied briefly in [34]. In this paper, different features, 
various positions, and buffer direction related issues 
have been studied more precisely, in details, and with 
more accuracy. 

Interconnects and wires are used in integrated 
circuits, bonding wires, frame leads, wiring 
connections between various ICs mounted on a PCB 
and so on. Hence, investigation into the wires 
parameters are essential and can be conducted in 
different manners such as: studying the role of 
parameters of one wire, statistical studies of a group of 
wires, technology issues, wires induced faults in ICs, 
systems, and PCBs and etc. It’s not possible to 
investigate all aspects of interconnects and wires in 
different applications in one research work. As such, 
this research focuses on several important issues such 
as the effects of changing the position, overlap lengths, 
overall length, and the buffer directions.   

 Most of the crosstalk models are based on the 
capacitive coupling. Hence, structures in this work are 
modeled using a lumped RC network, in order to 
extract simplified analytical expressions. We clearly 
notice that the inductive effects should be considered in 
modeling interconnects at very high frequencies, lower 
fall and rise times for fast switching signals, and high 

conductive interconnect systems. However, in this 
research, in order to mainly focus on the principle goal 
of crosstalk modeling in partially coupled structures, 
the inductive effects are not taken into account. 
Although the inductance effects of wires could be issue 
in very long and very low resistive wires at the 
frequencies over several 10 GHz, almost all of 
interconnects in today VLSI circuits can be modeled by 
several L-section or distributed RC circuit model. As a 
result, considering this assumption the wires model 
will not be dependent to the frequency operation of the 
circuit. The drivers are modeled by a resistance and a 
capacitance as well. The simulation analyses of such 
structures are conducted using the simulation tool 
HSPICE. We consider several assumptions in this 
paper such as: 1) the input signal of the aggressor line 
is assumed to be a step waveform. Indeed the input step 
waveform becomes realistic and close to real situations 
using a buffer so that the output signal of the buffer 
will be a real signal applied to the wire; 2) the input of 
the victim line is constant with the value of VDD so that 
the output of the victim driver would be connected to a 
ground.
The rest of this article is organized as follows. First, the 
assumptions and basic information related to two 
general case study structures are presented in Section 
II. A few comments, necessary for understanding the 
structures, are listed in this section. Next, a group of 
structures consisting of two similar partially coupled 
interconnects (named as SAME LENGTH or “SL") are 
introduced in Section III. Then, in Section IV the 
crosstalk in a group of structures consisting of two 
interconnects with different lengths (named as LONG 
AGGRESSOR SHORT VICTIM or "LA_SHV") are 
evaluated.  Finally, concluding remarks are provided in 
Section V.  

2. Fundamental Concepts for 
Evaluating the Crosstalk Noise 

Two structures shall be investigated in this work. In 
both structures (W/L)a, (W/L)v, Ina, Inv and CL denote 
the aggressor driver size, the victim driver size, the 
aggressor input, the victim input, and the load 
capacitance, respectively. The values of these 
parameters are listed in table 1. For evaluating the 
structures, the aggressor signal is assumed to be almost 
an ideal step waveform, so its rise time is set to 
20ps.The interconnects dimensions are extracted from 
PTM library [35] in 90nm technology. 

To have an intuitive understanding of the 
structures’ evaluation, it is necessary to mention 
several points: 

i) If the rise time of the signal decreases, the signal 
will contain higher frequency components so that the 
coupling capacitance impedance (1/sCc) gets smaller. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-0
7-

15
 ]

 

                             2 / 14

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.4.4.1
http://jiaeee.com/article-1-459-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
 -

V
ol

.1
4-

N
o.

4 
W

in
te

r2
01

7

1396 زمستان -چهارمشماره  -چهاردهمسال  -ن برق و الکترونیک ایرانمجله انجمن مهندسی  

This will cause the voltage signal to pass easier and the 
crosstalk noise voltage to increase. 

ii) In both case studies that will be analyzed in the 
following sections, the victim line in B structures is 
placed slightly ahead of the aggressor line driver. 
Hence, the aggressor signal in these structures should 
pass a distance in order to reach the coupling region. 
Consequently, the sharpness of the signal weakens and 
causes the crosstalk amplitude to decline. This leads B 
structures in both case studies to have always smaller 
crosstalk noise rather than A structures. 

Table. 1. The values of circuit parameters 

ValueParameters
90 nmTechnology
0.2 umInterconnect width
0.3 umSubstrate height
0.5 umInterconnect thickness
0.4 umInterconnect space

2.8εr

2.8×10-8 Ω.mρ
20 psTr

1 VVDD

5 fFCL

9.69 KΩRd (for min size driver)
0.658 fFCp (for min size driver)
1.68 KΩRn (for min size transistor)

1 mmLine length SL
0.2 mmCoupled length SL

30(W/L)a SL
10(W/L)v SL

1 mmAggressor length LA_SHV
0.2 mmVictim length LA_SHV

30(W/L)a LA_SHV
10(W/L)v LA_SHV

iii) All structures are implemented using lumped 
RC model. The reason is that the purpose of this article 
is to compare two different structures in each case 
study for the crosstalk noise. Therefore, a simple model 
would be sufficient. Although the RC model is not 
accurate as RLC model, the acceptable accuracy can be 
confirmed by HSPICE results. 

iv) Since the inputs of victim lines don’t switch and 
are always connected to VDD, only the NMOS transistor 
in an inverter (buffer) remains on. This transistor can 
be modeled with a resistance Rn with the following 
expression. 

The value of this resistance is shown in table 1. 
v) The coupled length in LA_SHV case study is the 

same as the victim length. In this article, the victim 
length for this group of structures is referred to as the 
coupled length. 

Interconnects are assumed to be inhomogeneous 
microstrips, placed on a substrate with a relative 
permittivity of  while the top layer is assumed be air 
with the relative permittivity of 1. The equations used 
for calculating the per-unit-length (PUL) wire 
resistance and wire capacitance for microstrip 
structures are as follow [36]:

Ω

Here W, Th, H and  denote the interconnect 
width, thickness, height, and effective permittivity, 
respectively. is the conductor’s resistivity. The
coupling capacitance (PUL) for microstrip 
interconnects can be determined using the following 
equations [37]:

The drivers are modeled with a resistance Rd and a 
capacitance Cd using alpha-power model [38]. The 
values of these parameters for a minimum size buffer 
are listed in table 1. 

3. Study of SL Structures 
In this section, the crosstalk voltage and the 

propagation delay in two structures, consist of partially 
coupled interconnects with the same length (SL) are 
evaluated. These structures are illustrated in Fig. 1. The 
victim line in structure A is placed slightly behind the 
aggressor line. In contrast, the victim line in structure B 
is placed slightly ahead of the aggressor line. 
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Ina

Inv

CL

(W/L)v

(W/L)a

CL

Vf

Ina

Inv

CL

(W/L)v

(W/L)a

CL

Vf(A)

(B)

Fig. 1. The structure A and structure B consist of 
partially coupled identical lines (SL) for studying the 

crosstalk voltage. 

3.1. Analytical formulations 
In order to model the SL structures in Fig. 1, a 

simple RC model is used. Based on this model, the 
interconnects have been divided into two segments: 
non coupled length which is modeled using lumped RC 
model (represented by R1 and C1) and coupled length 
which is modeled  using T model (represented by R2
and C2) (Fig. 2).The variables R1, C1, R2, and C2 are 
calculated using (11) to (14). In Fig. 2, Cc is the 
coupling capacitance related to the coupled length. Rw1,
Cw1 and Rw2, Cw2 represent the wire resistance and wire 
capacitance of non-coupled length and coupled length, 
respectively. After writing the KCL equations in the 
nodes of the equivalent circuit models of the both 
structures, and performing mathematical calculations, 
the crosstalk voltage expressions are obtained. 
Equations (15) to (19) define the crosstalk voltage at 
the end point of the victim line in structure A, where 
this line is placed behind the aggressor line. The 
crosstalk voltage of structure B is determined using 
(20) to (24). To simplify the crosstalk expression in 
structure B, the second R2/2 resistances in the T models 
are neglected. 

The crosstalk voltage expressions for structure A in 
SL are derived as follow: 

(A)

(B)

Ina

CL

CL
Cc

Rd

Cd

R1
R2

C1 C2
R1

Rn C1

Vx

Zx Cc
Vf

Vf

Z1Z

2
R2
2

Vx

Zx Cc Vf

Z1

R1

s(C1+CL)
1

s(C2+CL)
1

R2

2
R2

2
C2

Ina

CL

CL
Cc

Rd

Cd

R1
R2

C1C2

Rn

Vf

2
R2
2

R2

2
R2

2 C2

R1

C1

Fig. 2. The circuit model of the structures A and B of SL. 

The crosstalk voltage expressions for structure B in SL 
are derived as follow: 

By substituting the values of the parameters from 
TABLE I into (15) and (20), the crosstalk voltage 
waveforms can be calculated (Fig. 3). The crosstalk 

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-0
7-

15
 ]

 

                             4 / 14

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.4.4.1
http://jiaeee.com/article-1-459-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
 -

V
ol

.1
4-

N
o.

4 
W

in
te

r2
01

7

1396 زمستان -چهارمشماره  -چهاردهمسال  -ن برق و الکترونیک ایرانمجله انجمن مهندسی  

voltage waveforms, obtained using HSPICE 
simulations are demonstrated in Fig. 4. The comparison 
between the simulation and analytical results of the 
crosstalk voltage are brought in Table 2.

Fig. 3. Crosstalk voltage waveforms in SL structures 
obtained from the analytical expressions. 

Fig. 4. The crosstalk voltage waveforms from HSPICE 
simulations of structures A and B in SL. 

table 2. Maximum crosstalk noise in the structures of SL, 
obtained analytically and by simulation. 

Crosstalk Voltage (mV)
Victim placement Error

%HSPICEAnalytical 
model

12.8 31.727.65A (victim is behind)

81614.72B (victim is ahead)

98.1%87.8%Relative difference
( |A-B|×100/B )
Error = |Model – HSPICE|×100/HSPICE

3.2. Comprehensive crosstalk study of the 
SL structures 

In this section, we attempt to study the crosstalk 
voltage and delay variations in SL structures when 
changing different individual parameters. A simple 
expression for the crosstalk peak voltage can be used to 
investigate the crosstalk noise and the delay variations. 
The crosstalk peak voltage Vp can be expressed with 
the following equations [39]:

Here CwT=Cwv+CLv while CL and Cw are the load 
capacitance and the wire capacitance, respectively. 
Subscripts “a” and “v” refer to the aggressor line and 
the victim line, respectively. In the rest of this section, 
we consider several parameters and study the variations 
of crosstalk voltage. 

3.2.1. Coupled length 
Regarding to individual variation of parameters, 

initially, the coupled length is increased from minimum 
coupling length (0.1mm) to almost full-length coupling 
(1.9mm), while the wires lengths are kept at 2mm. The 
waveforms of the crosstalk voltage and the propagation 
delay of structures A and B are shown in figures 5 and 
6.

It is observed from the figures that for both 
structures, the longer the coupled length gets, the 
higher the crosstalk peak voltage becomes. At the 
minimum and maximum coupled lengths, structures A 
and B have almost the same crosstalk amplitude, 
because at the beginning it can be assumed that both 
structures have no coupling and the aggressor and 
victim lines do not have overlap. For the maximum 
value they have almost complete coupling and so the 
shape and the crosstalk of structure  A  will  be  similar  
to  that of structure B.  In  

Fig. 5. The crosstalk voltage of structures A and B in SL 
versus the coupled length (Wires length=2mm). 
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Fig. 6. The delay of structures A and B in SL versus the 
coupled length (Wires length=2mm). 

contrast to the minimum and maximum coupling 
length, in the middle, there is a specific length where 
the discrepancy between the crosstalk voltage of 
structures A and B gets maximum. The delay of SL 
structures increases, while the delay in structure B is 
always more than structure A. 

When the coupled length in SL structures increases,
the coupling capacitance Cc increases as well and 
according to (25) it causes the crosstalk amplitude to 
rise. Since the propagation delay is measured at the end 
of the aggressor line, due to the increase in the total 
capacitance of this wire, the delay of both structures 
will slightly rise. 

At this point, we intend to study another situation 
for crosstalk evaluation in SL case study. As such, 
firstly, structure A is considered at initial point where 
the coupled length equals to 0.1mm. Then, the victim 
line is thoroughly moved forward until a full coupling 
(2mm) is reached. Thereafter, the forward moving is 
continued until the final position of structure B, i.e., 
0.1mm overlaps is reached. Fig. 7 shows the crosstalk 
peak voltage versus the distance between the outputs of 
the aggressor driver and the victim line (0.1mm to 
3.9mm). It is clear that the crosstalk peak voltage, first 
rises and then after the maximum value, it starts to 
decline due to a decrease in the coupled length. 

Fig. 7. The crosstalk voltage in SL structures, versus 
the position of the victim line, when it moves from behind 

the aggressor line to ahead of it.

3.2.2. Line length 
As the wires lengths in SL are increased (assuming 

the coupled length equal to constant value 0.5mm), the 
crosstalk voltage in both structures declines. However, 
since the waveform of structure A doesn’t drop as 
sharp as structure B, it shows that structure A has less 
sensitivity to this parameter. The aggressor lines delays 

of the two structures are almost the same and both soar 
as the lines lengths increase. The crosstalk voltage and 
the delay waveforms of SL structures versus this 
parameter are illustrated in figures 8 and 9, 
respectively. 

Since the coupled length remains constant, the 
capacitance Cc in (25) doesn’t change although τa, τv
and CwT increase. Increasing these parameters cause the 
crosstalk voltage in both SL structures to decline. In 
structure A, the distance between the outputs of the 
aggressor driver and the victim line (where crosstalk is 
measured) doesn’t change. In structure B this distance 
varies as the lines lengthen. Hence, the variation of this 
length has a larger effect on the crosstalk voltage of 
structure B rather than structure A. The delay is related 
to the aggressor line. Lengthening the aggressor lines 
leads to an increase in the delay of both SL structures.  

In SL, if the victim driver gets larger than a specific 
size, crosstalk voltage of structure A will slightly 
increase unlike the other cases in Fig. 8. For long 
lengths, the size of the victim driver doesn't have a 
considerable influence on the amplitude of the 
crosstalk voltage. In contrast, for short lengths, if the 
victim driver gets larger its resistance becomes smaller. 
This decrease in the resistance value, cause the 
crosstalk peak voltage to decline. Therefore, when the 
lines lengthen, the crosstalk voltage should slightly rise 
in order to reach the final value. 

  

Fig.8.The crosstalk voltage of structures A and B in SL 
versus the line length (Coupled length=0.5mm). 

Fig. 9. The delay aggressor lines of structures A and B in 
SL (versus 

the line length (Coupled length=0.5mm). 

35

40

45

50

55

60

0.1 0.6 1.1 1.6

D
el

ay
 (p

s)

Coupled Length (mm)

A_((W/L)a=30, (W/L)v=10) B_((W/L)a=30, (W/L)v=10)
A_((W/L)a=50, (W/L)v=30) B_((W/L)a=50, (W/L)v=30)
A_((W/L)a=100, (W/L)v=10) B_((W/L)a=100, (W/L)v=10)

0

50

100

0 0.5 1 1.5 2 2.5 3 3.5 4

C
ro

ss
ta

lk
 V

ol
ta

ge
 

(m
V

)

Length (mm)

5
15
25
35
45
55
65
75
85
95

105

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

C
ro

ss
ta

lk
 V

ol
ta

ge
 (m

V
)

Wires Length (mm)

A_((W/L)a=30, (W/L)v=10) B_((W/L)a=30, (W/L)v=10)
A_((W/L)a=60, (W/L)v=10) B_((W/L)a=60, (W/L)v=10)
A_((W/L)a=60, (W/L)v=50) B_((W/L)a=60, (W/L)v=50)

15
20
25
30
35
40
45
50
55
60
65

0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4

D
el

ay
 (p

s)

Wires Length (mm)

A_((W/L)a=30, (W/L)v=10)
B_((W/L)a=30, (W/L)v=10)
A_((W/L)a=60, (W/L)v=10)
B_((W/L)a=60, (W/L)v=10)
A_((W/L)a=60, (W/L)v=50)
B_((W/L)a=60, (W/L)v=50)

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-0
7-

15
 ]

 

                             6 / 14

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.4.4.1
http://jiaeee.com/article-1-459-fa.html


Jo
ur

na
l o

f I
ra

ni
an

 A
ss

oc
ia

tio
n 

of
 E

le
ct

ric
al

 a
nd

 E
le

ct
ro

ni
cs

 E
ng

in
ee

rs
 -

V
ol

.1
4-

N
o.

4 
W

in
te

r2
01

7

1396 زمستان -چهارمشماره  -چهاردهمسال  -ن برق و الکترونیک ایرانمجله انجمن مهندسی  

table. 3. The manner of wires figurative changes during length variations. 
Variable Structure A B

Wire 
length SL

Coupled 
length SL

The manner of the SL structures figurative changes, 
during the coupled lengths and the wires lengths 
increase, are illustrated in table 3. 

3.2.3. Aggressor driver size 
When the driver size of aggressors, in both SL 

structures, get larger, they become stronger and transfer 
the signals with less delay. According to (26), an 
increase in size of this driver causes a decrease in τa;
thus, the crosstalk amplitude rises (Fig. 10). As this 
driver gets larger, the difference between the crosstalk 
voltages of the two structures will increase. This can be 
explained by the fact that the aggressor driver in 
structure A is closer to the coupling region and affects 
the crosstalk amplitude of structure A more than that of 
structure B. 

Fig. 10. The crosstalk voltage of structures A and B in SL 
versus the aggressor driver size. 

Fig. 11. The crosstalk voltage of structures A and B in SL 
versus the victim driver size. 

3.2.4. Victim Driver Size 
As discussed earlier, due to the constant victim 

input signal, only the NMOS transistor of the driver 
will be on and can be modeled with a resistance Rn.
This resistance becomes smaller as the victim driver 
size gets larger. If Rn in (27) decreases, τv will decline 
and according to (25) the crosstalk voltage gets smaller 
(Fig. 11). In structure B, Rn is close to the coupling 
region and as this resistance gets smaller, the crosstalk 
peak voltage decreases more dramatically. That’s the 

reason why crosstalk voltage in structure B drops more 
considerably than in structure A. 

3.2.5. Load Capacitance 
When the load capacitance CL of the aggressor line 

rises, τa in (39) increases as well. This causes the 
crosstalk voltage waveform of both structures to drop 
(Fig.12). Increasing the victim load capacitance 
increases τv in (27) and CwT in (25) which causes a 
decrease in the crosstalk amplitude (Fig. 13). If the 
load capacitances of both lines get larger, the changes 
in τa and τv will be similar; hence, the variation in their 
ratio can be neglected. However, increasing 
CwT=Cwv+CLv, causes the crosstalk voltage in both 
structures to decline (Fig. 14). 

Fig. 12. The crosstalk voltage of structures A and B in SL 
versus the aggressor load capacitance ((W/L)a=30, 

(W/L)v=10). 

Fig. 13. The crosstalk voltage of structures A and B in SL 
versus the victim load capacitance ((W/L)a=30, 

(W/L)v=10). 

Fig. 14. The crosstalk voltage of structures A and B in SL 
versus the load capacitances ((W/L)a=30, (W/L)v=10). 
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3.3. Multiple Change of Parameters 
In the preceding section, the influence of each 

parameter variation on the crosstalk voltage amplitude 
in SL structures was evaluated individually. 
Accordingly, all the figures 5 to 14 show the 
corresponding results. Now we integrate our new 
results for the crosstalk amplitude variations while the 
values of the aggressor driver size, the victim driver 
size, the wires lengths, and the coupled length are 
varied. 

Fig. 15 demonstrates the crosstalk voltage of 
structures A and B, and the difference between them. 
In order to study the effect of the length parameter, the 
lines lengths are assumed to be 1mm and 2mm. For 
each line length, the coupled length is set to ¼ and ¾ of 
the total line length which leads to four cases. For each 
of them, the victim driver size is assumed to be 1 and 
10, and finally for each of these eight cases the 
aggressor driver size increases from 10 to 100. From 
Fig. 15 it can be understood that the crosstalk voltages, 

for each couple of precisely corresponding 
measurements in 1mm and 2mm length situations, are 
roughly the same due to the increase of all lengths. 
Both the wires and the coupled region double in length, 
as a result their effects on the amplitude of the 
crosstalk voltage remain almost unchanged. It can be 
observed that by increasing the size of the aggressor 
driver, the crosstalk voltage in both structures and also 
their discrepancy rise. If the victim driver gets larger, 
the crosstalk amplitude drops while the difference 
between the crosstalk voltages of the two structures 
increases. 
Fig. 16 shows the propagation delay of both structures 
and their difference. It can be inferred that the delay 
declines as the aggressor driver size increases. The 
delay discrepancy between structures A and B can be 
ignored. When the lines lengths equal to 2mm, the 
delays of all cases become two times more than the 
exact corresponding measurements in the four cases 
when the lines lengths are 1mm

. 

Fig. 15. The crosstalk voltage of structures A and B in SL versus the variation of different parameters (lower diagram) and 
the difference between them (upper diagram). 

Fig. 16. The delay of structures A and B in SL versus the variation of different parameters (lower diagram) and the 
difference between them (upper diagram). 
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Table. 4. Variations of the crosstalk and delay in structures of SL for changing different parameters. 

Structure A Structure B

Crosstalk 
Voltage

Delay

Variable
(increasing) Coupled length Wires length Aggressor driver Victim driver Aggressor 

capacitance
Victim 

capacitance
Both lines 

capacitances

Table. 4 shows the form of changes in the crosstalk 
voltage and the delay of the SL structures, according to 
the variations of different parameters. 

4. Study of LA_SHV Structures 
The second case which we report the results of 

investigation in this article, is called LA_SHV. It 
consists of a long aggressor line and a short victim line. 
This group of structures is illustrated in Fig.17. The 
victim line in structure A is placed at the beginning of 
the aggressor line, and in structure B it is placed at the 
end of the aggressor line. 
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(W/L)v

(W/L)a

CL

Vf

(A)

Ina

Inv (W/L)v

(W/L)a

CL

Vf

(B)

CL

Fig. 17. The structures A and B with different lengths 
(LA_SHV) for studying the crosstalk voltage. 

4.1. Analytical formulations
LA_SHV structures are modeled using lumped RC 

networks (Fig. 18). In this figure, R1 and C1 represent 
the resistance and the capacitance of the coupled region 
which is equal to the length of the victim line. R2 and 
C2, represent the resistance and the capacitance of non-
coupling region. These parameters can be calculated 
using (28) to (31). In these expressions, Rw and Cw
denote the resistance and the capacitance of the related 
wire length. 
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Fig. 18. Circuit models for the structures LA_SHV. 

After writing the KCL equations for all nodes of the 
circuit model in both structures, and using 
mathematical calculations, the crosstalk voltage at the 
end of the victim line in both structures of LA_SHV 
can be calculated. 

The crosstalk voltage of structure A in LA_SHV is 
given by: 
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The crosstalk voltage of structure B in LA_SHV is 
given by: 

Figures19 and 20 show the crosstalk voltage of both 
structures, obtained analytically and by simulations 
respectively, when the values of table 1 substitute the 
corresponding parameters of the equations. As it is 
observed  in  table 4,  the  obtained results  from  the 
analytical model and the HSPICE simulations are 
almost similar, and the difference is because of using a 
simple model for comparing two structures rather than 
a complicated one. 

  

Fig.19. Crosstalk waveforms in LA_SHV obtained from 
the analytical expressions. 

Fig. 20. The waveforms from HSPICE simulations of 
structures A and B in LA_SHV. 

Table. 5. Maximum crosstalk noise in the structures of 
LA_SHV, obtained analytically and by simulation. 

Crosstalk Voltage (mV)
Victim placement

Error*HSPICEAnalytical model
3.2 %24.8624.05Structure (A)
8.6%23.1721.18Structure (B)

7.3%13.5%Relative difference
( |A-B|×100/B )
*: Error = |Model – HSPICE|×100/HSPICE

4.2. Comprehensive crosstalk study of the 
LA_SHV structures 

In this section each circuit parameter is varied 
individually in order to study its effects on the crosstalk 
voltage and the delay in the LA_SHV structures. As 
explained in Section III, using a simple expression for 
crosstalk voltage such as (25) would help to understand 
the manner of crosstalk voltage variations more easily. 
Next, different parameters are varied and their effects 
on the crosstalk voltage amplitude are investigated. 

4.2.1. Coupled length 
Increasing the coupled length means increasing the 

victim wire length. Figures 21 and 22 show the 
variations of the crosstalk voltage and the delay, 
respectively, when the coupled length increases from 
0.1mm to almost full-length coupling, 1.9mm. 

Lengthening the victim line increases the coupling 
capacitance Cc and causes the crosstalk voltage in both 
structures to rise. Due to the structures similarity, in the 
case of full-length coupling the crosstalk peak voltage 
of the two structures will have the same value. 
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Fig. 21. The crosstalk voltage of structures A and B in 
LA_SHV versus the coupled length (Aggressor 

length=2mm).

Fig. 22. The delay of structures A and B in LA_SHV 
versus the coupled length (Aggressor length=2mm). 

4.2.2. Line Length 
In this case, the line length represents the aggressor 

length. If the aggressor length increases (while the 
coupled length is assumed to be 0.2mm), the crosstalk 
voltage in both structures declines while the delay rises 
dramatically. The variations of these two parameters 
versus the aggressor length are illustrated in the figures 
23 and 24.Since the coupled length remains constant, 
Cc doesn’t change in (25), but an increase in the value 
of τa causes the crosstalk voltage in both structures to 
fall. In structure A, the distance between the outputs of 
the aggressor driver and the victim line (where 
crosstalk is measured) doesn’t change. In structure B 
this distance increases as the aggressor wire lengthens. 
Thus, variations of this length affect the crosstalk 
voltage of structure B more than that of structure A. 
The propagation delay is solely related to the aggressor 
line. Making this line longer, cause the delay of both 
structures to increase. 

The decrease in the crosstalk voltage in structure A 
in LA_SHV stops after a specific length and the 
crosstalk voltage amplitude remains constant. The 
reason behind this phenomenon backs to the impedance 
of the aggressor line. If the aggressor line gets longer, 
its equivalent line capacitance and resistance will 
become larger as well, but the equivalent impedance 
approaches almost a constant amount. 

The manner of the structures figurative changes, 
during the increase of the victim length and the 
aggressor length are illustrated in table 6. 

4.2.3. Aggressor Driver Size 
When the aggressor driver gets larger, it becomes 

stronger and transfers the signals with less delay. 
Consequently, similar to the SL structures, the 
crosstalk amplitude in both structures increases (Fig. 
25). 

Fig. 23. The crosstalk voltage of structures A and B in 
LA_SHV versus the aggressor length (Victim 

length=0.2mm). 

Fig. 24. The delay of structures A and B in LA_SHV 
versus the aggressor length (Victim length=0.2mm). 

4.2.4. Victim Driver Size 
Increasing the victim driver size decreases the 

equivalent transistor resistance Rn. Due to the increase 
in τv the crosstalk peak voltage in (38) decreases. The 
crosstalk voltage of LA_SHV structures versus the 
victim driver size are shown in Fig. 26. 

4.2.5. Load capacitance 
In this part, the aggressor load capacitance the 

victim load capacitance, and the load capacitances of 
both lines are varied and their effects on the crosstalk 
voltage are investigated. The results for these three 
cases are illustrated in the figures 27 to 29. In the three 
mentioned cases, increasing the load capacitance leads 
to a drop in the crosstalk voltage of the structures A 
and B. 

Table. 6. The manner of wires figurative changes during length variations 
Variable A B
Victim length

Aggressor length
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Fig. 25. The crosstalk voltage of structures A and B in 
LA_SHV versus the aggressor driver size (when lines 

lengths change and victim driver=10).

Fig. 26. The crosstalk voltage of structures A and B in 
LA_SHV versus the victim driver size (when lines lengths 

change and aggressor driver =20).

4.3. Multiple Change of Parameters 
In this section, the results for changing multiple 

parameters are gathered and integrated to explore new 
achievements. For this purpose, the values of the 
aggressor driver size, the victim driver size and the 
aggressor length are considered. 

Fig. 30 shows the crosstalk voltage of the structures 
A and B, and their discrepancy. In order to study the 
effect of length parameter, the aggressor length is
assumed  to be 1mm  and 2mm, while  the victim 
length 

Fig. 27. The crosstalk voltage of structures A and B in 
LA_SHV versus the load capacitances of the aggressor 

lines ((W/L)a=30, (W/L)v=10). 

Fig.28. The crosstalk voltage of structures A and B in 
LA_SHV versus the load capacitances of the victim lines 

((W/L)a=30, (W/L)v=10). 

Fig.29. The crosstalk voltage of structures A and B in 
LA_SHV versus the load capacitances of both lines 

((W/L)a=30, (W/L)v=10). 

is constant with the value of 0.2mm. For each of these 
two cases, the victim driver size is assumed to be 1 and 
10. Finally, for each of these four cases, the aggressor 
driver size varies between 10 and 100. As can be seen 
in this figure, increasing the size of the aggressor driver 
raises the crosstalk voltage in both structures and also 
their difference. If the victim driver gets larger, the 
crosstalk voltage amplitude drops. 

Fig. 31 demonstrates the delay of both structures 
and their difference. It is inferred that the propagation 
delay declines as the aggressor driver size increases. 
The difference of the delay between the structures A 
and B can be neglected. When the lines lengths get 
equal to 2mm, the delays amplitudes are approximately 
two times larger than the exactly corresponding 
measurements in the two cases when the lines lengths 
were 1mm. 

Table.7. illustrates the form of variations in the 
crosstalk voltage and the delay of the LA_SHV 
structures, according to increase of different 
parameters.

5. Conclusion 
In this research, we have attempted to analyze and 
explore variations and the form of the crosstalk voltage 
and the delay relative to the change of different circuit 
parameters in two groups of structures named SL and 
LA_SHV. The main objective of this work was 
investigating the structures, consisting of coupled 
parallel interconnects with partially coupling and/or 
different lengths.
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Fig. 30.The crosstalk voltage of structures A and B in 
LA_SHV for change of different parameters (lower 
diagram) and the difference between them (upper 

diagram). 

Fig. 31. Delay of structures A and B in LA_SHV for 
change of different parameters (the left axis) and the 

difference between them (the right axis). 

The methodology used, was to achieve how the 
crosstalk voltage changes when different parameters 
are changed while different structures are compared. 
Initially, the analytical expressions were extracted. 
Next, different parameters in the two case studies were 
varied individually or considered together and the 
shape of the crosstalk noise and the propagation delay 
variations have been extracted and evaluated. It was 
shown that by optimizing the parameters, the crosstalk 
voltage in B structures in SL and LA_SHV varies 1%-
92% and 0%-86%, respectively, less than A structures 
of the two groups. Moreover, this study demonstrates 
that, the closer the aggressor driver gets to the end of 
the victim line and the place of measurements, the 
more the crosstalk voltage increases. 

References 
[1] J. A. Davis, R. Vankatesan, A. Kaloyeros, M.

Beylansky, S. J. Souri, K. Banerjee, K. C. Sarawat, A. 
Rahman, R. Reif, and J. D. Meindl, “Interconnect 
limits on gigascale integration in the 21st century,” in
Proc. IEEE, vol. 89, no. 3, pp. 305-324, March 2001. 

[2] R. H. Havemann, and J. A. Hutchby, “High-
performance interconnects: an integration overview,” 
inProc. IEEE, vol. 98, no. 5, pp. 586-601, May 2001. 

[3] D. Pandini, C. Forzen, and L. Baldi, “Design 
methodologies and architecture solutions for high-
performance interconnects,” in Proc. IEEE Int. Conf. 
on Computer Design (ICCD’04), San Jose, California, 
USA, pp. 152–159, Oct. 2004.

Table. 7. Variations of the crosstalk and delay in structures of LA_SHV for changing different parameters. 
Structure A Structure B

Crosstalk 
Voltage

Delay

Variable 
(increasing) Victim length Aggressor 

length
Aggressor 
driver Victim driver Aggressor 

capacitance
Victim 
capacitance

Both lines 
capacitance
s

[4] . T. Bohr, “Interconnect scaling-the real limiter to high 
performance ULSI,” in Proc. Int. Electron Devices 
Meeting, pp. 241–244, Dec. 1994. 

[5] J. Cong, Z. Pan, L. He, C. K. Koh, and K. Y. Khoo, 
“Interconnect design for deep submicron ICs,” In Proc. 
Int. Conf. on Computer-Aided Design, pages 478–585. 
Nov. 1997. 

[6] R. HO, K. W. Mai, and M. A. Horowitz, “The future of 
wires,” Proceeding of the IEEE, vol. 89, no. 4, pp. 490-
504,Apr. 2001. 

[7] Semiconductor Corp., ‘The International Technology 
Roadmap for Semiconductors (ITRS),” 2010 [Online]. 
Available: http://www.itrs.net. 

0

20

40

V
ol

ta
ge

 (m
V

) Diference

1
21
41
61
81

101
121

10 20 30 40 50 10
0 10 20 30 40 50 10
0 10 20 30 40 50 10
0 10 20 30 40 50 10
0C

ro
ss

ta
lk

 V
ol

ta
ge

 (m
V

)

(W/L)Aggressor

Structure B

Structure A

(W/L)victim=1
Aggressor length=1 mm
Victim length=0.2 mm

(W/L)victim=10(W/L)victim=10(W/L)victim=1
Aggressor length=2 mm
Victim length=0.2 mm

0.05

0.15

0.25

0.35

0.45

0.55

0.65

15

25

35

45

55

65

75

85

95

10 20 30 40 50 10
0 10 20 30 40 50 10
0 10 20 30 40 50 10
0 10 20 30 40 50 10
0

T
im

e 
(p

s)

D
el

ay
 (p

s)

(W/L) Aggressor

A B Difference (B-A)

(W/L)victim=1 (W/L)victim=10(W/L)victim=10(W/L)victim=1
Aggressor length=1 mm
Victim length=0.2 mm

Aggressor length=2 mm
Victim length=0.2 mm

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-0
7-

15
 ]

 

                            13 / 14

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.4.4.1
http://jiaeee.com/article-1-459-fa.html


1396زمستان    -شماره چهارم -چهاردهم سال -مجله انجمن مهندسین برق و الکترونیک ایران  

Journal of Iranian A
ssociation of Electrical and Electronics Engineers V

ol14
N

o.4
W

inter2017

[8] D. Sylvester, and K. Keutzer, “Getting to the bottom of 
deep submicron,” Proceedings of ICCAD’98, pp. 203-
211, 1998. 

[9] J. Zhang, and E. G. Friedman, “Crosstalk modeling for 
coupled RLC interconnects with application to shield 
insertion,” IEEE Trans. Very Large Scale Integr. 
(VLSI) Syst., vol. 14, no. 6, pp. 641-646, June 2006. 

[10] T. Zhang, and S. S. Sapatnekar, “Simultaneous shield 
and buffer insertion for crosstalk noise reduction in 
global routing,” IEEE Trans. Very Large Scale Integr. 
(VLSI) Syst., vol. 15, no. 6, pp. 624-639, June 2007. 

[11] H. Kaul, D. Sylvester, and D. Blaauw, “Active shields: 
a new approach to shielding global wires,” Proc. Great 
Lakes Symposium on VLSI (GLVLSI), pp 112-117, 
Apr. 2002. 

[12] A. Liaud, J. Y. Fourniols, and E. Sicard, “On crosstalk 
fault detection in hierarchical vlsi logic circuits,” in 
Proc. Asian Test Symp., pp. 182–187, Nov. 1994. 

[13] D. Li, A. Pua, P. Srivastava, and U. Ko, “A repeater 
optimization methodology for deep sub-micron, high-
performance processors,” in Proc. Int. Conf. Comput. 
Design (ICCD '97), pp. 726–731. Oct. 1997. 

[14] C. J. Alpert, A. Devgan, and S. T. Quay, “Buffer 
insertion for noise and delay optimization,” IEEE 
Trans. Comput.-Aided Design Integr. Circuits Syst., 
vol. 18, no. 11, pp. 1633-1645, Nov. 1999. 

[15] S. Dubey, and J. Jorgenson, “Crosstalk reduction using 
buffer insertion,” IEEE Int. Symp. Electromagnetic 
compatibility, vol. 2, pp. 639-642, Aug. 2002. 

[16] S. M. Li, Y. H. Cherng, and Y. W. Chang, “Noise-
aware buffer planning for interconnect-driven 
floorplanning,” in Proc. ASP Design Automation 
Conf., Jan. 2003. 

[17] I. H. R. Jiang, Y. W. Chang, and J. Y. Jou, Crosstalk-
driven interconnect optimization by simultaneous gate 
and wire sizing, IEEE Trans. Comput.-Aided Design 
Integr. Circuits Syst., vol. 19, no. 9, pp. 999-1010, 
Sept. 2000. 

[18] F. Hasani, and N. Masoumi, Crosstalk and delay 
optimization techniques for nano scale interconnects, 
IEEE Int. Conf. Design Tech. Integr. Syst. Nanoscale 
era (DTIS), pp. 159-163, Sept. 2007. 

[19] X. C. Li, J. F. Mao, H. F. Huang, and Y. Liu, Global 
interconnect width and spacing optimization for 
latency, bandwidth and power dissipation, IEEE Trans. 
Electron Devices, vol. 52, no. 10, pp. 2272-2279, Oct. 
2005. 

[20] A. Sakai, T. Yamada, Y. Matsushita, and H. Yasuura, 
Reduction of coupling effects by optimizing the 3-D
configuration of the routing grid, IEEE Trans. Very 
Large Scale Integr. (VLSI) Syst., vol. 11, no.5, pp. 
951-954, Oct. 2003. 

[21] T. Y. Ho, Y. W. Chang, S. J. Chen, and D. T. Lee, 
Crosstalk and performance-driven multi level full-chip 
routing, IEEE Trans. Comput.-Aided Design Integr. 
Circuits Syst., vol. 24, no. 6, pp. 869-878, June 2005. 

[22] J. Xiong, and L. He, Full-chip routing optimization 
with RLC crosstalk budgeting, IEEE Trans. Comput. 
Aided Design Integr. Circuits Syst., vol. 23, no. 3, pp. 
366-377, March 2004. 

[23] R. Kastner, E. bozorgzadeh, and M. Sarrafzadeh, 
Pattern routing: use and theory for increasing 
predictability and avoiding coupling, IEEE Trans. 
Comput.-Aided Design Integr. Circuits Syst., vol. 21, 
no. 7, pp. 777-790, July 2002. 

[24] T. Jing and X. Hong, The Key Technologies of 
Performance Optimization for Nanometer Routing, in 
Proc. IEEE ASICON, pp. 118–123. 2003.

[25] H. P. Tseng, L. Scheffer, and C. Sechen, Timing- and 
crosstalk-driven area routing, IEEE Trans. Comput.-
Aided Design Integr. Circuits Syst., vol. 20, no. 4, pp. 
528-544, Apr. 2001.  

[26] A. J. Joshi, G. G. Lopez, and J. A. Davis, Design and 
optimization of on-chip interconnects using wave-
pipelined multiplexed routing, IEEE Trans. Very Large 
Scale Integr.(VLSI)Syst., vol. 15, no. 9, pp 990-1002, 
Sept. 2007.  

[27] J. Xiong, J. Chen, J. Ma, and L. He, Post Global 
Routing RLC Crosstalk Budgeting, Proc IEEE/ACM 
ICCAD, Nov. 2002. 

[28] B. Halak and A. Yakovlev, Throughput optimization 
for area-constrained links with crosstalk avoidance 
methods, IEEE Trans. Very Large Scale Integr. (VLSI) 
Syst. vol. 18, no. 6, pp. 1016-1019, June 2010. 

[29] Ch. J. Akl and M. A. Bayoumi, Transition skew coding 
for global on-chip interconnect, IEEE Trans. Very 
Large Scale Integr. (VLSI) Syst., vol. 16, no. 8, pp. 
1091-1096, Aug. 2008. 

[30] C. Duan, V. H. Cordero Calle, and S. P. Khatri, 
Efficient on-chip crosstalk avoidance CODEC design, 
IEEE Trans. Very Large Scale Integr. (VLSI) Syst., 
vol. 17, no. 4, pp. 551-560, Apr. 2009. 

[31] A. Ganguly, P. P. Pande and B. Belzer, Crosstalk-
aware channel coding schemes for energy efficient and 
reliable NOC interconnects, IEEE Trans. Very Large 
Scale Integr. (VLSI) Syst., vol. 17, no. 11, pp. 1626-
1639, Nov. 2009. 

[32] B. Fu and P. Ampadu, Exploiting parity computation 
latency for on-chip crosstalk reduction, IEEE Trans. on 
Circuits Syst.—II: Express Briefs, vol. 57, no. 5, pp. 
399-403, May 2010. 

[33] X.-C. Li, J.-F. Mao, H.-F. Huang and Y. Liu, Global 
interconnect width and spacing optimization for 
latency, bandwidth and power dissipation, IEEE Trans.  
Electron Devices, vol. 52, no. 10, pp. 2272-2279, Oct. 
2005. 

[34] G. Fattah, N. Masoumi, Crosstalk in VLSI Partially 
Coupled Interconnect Structures, a Comprehensive 
Evaluation, SPI 2011. 

[35] NIMO group, Arizona State Univ., Temp, Az, 
Predictive Technology Model, Sept. 2005. [Online]. 
Available: http://www.fulton.asu.edu/~ptm/

[36] Synopsys. HSPICE Z-2007. 03.
[37] F. Sellberg, Simple determination of all capacitances 

for a set of parallel microstrip lines, IEEE Trans. 
Microwave Theory and Tech., vol. 46, no. 2, pp. 195-
198, Feb. 1998. 

[38] M. Mehri, and N. Masoumi, Technical report on An 
effective study on buffer RC modeling. School of ECE 
library, University of Tehran, Jan 2011. 

[39] A. Vittal and M. Marek-Sadowska, Crosstalk reduction 
for VLSI, IEEE Trans. Comput. Aided Design, vol. 16, 
no. 3, pp. 290–298, March 1997.4

 [
 D

O
R

: 2
0.

10
01

.1
.2

67
65

81
0.

13
96

.1
4.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

ae
ee

.c
om

 o
n 

20
25

-0
7-

15
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://dor.isc.ac/dor/20.1001.1.26765810.1396.14.4.4.1
http://jiaeee.com/article-1-459-fa.html
http://www.tcpdf.org

