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Abstract

Crosstalk in interconnects had a great impact on overall
reliability and performance of 1C and thus it plays a key role
in deep submicron (DSM) VLSI circuits.In this paper
schmitt trigger is designed as a buffer which operates at a 20
GHz frequency so as to minimize crosstalk noise and delay
in interconnects. In order to propagate the signal with the
reduced noise and delay simultaneous buffer and wire sizing
is done along with buffer insertion through interconnects
Accurate SPICE results shows that at 90nm technology
node crosstalk noise is reduced by 60% and delay by 56%
for 1V power supply.
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Introduction

The increase of integration density in submicron designs
contributes to the greater proximity of adjacent wires on the
same layer with higher aspect ratio, thus it results in an in-
crease of crosstalk noise and delay. Due to mutual coupling
capacitance between two neighboring wires, unwanted
crosstalk noise is produced. For example, when two wires
are placed adjacently they form a coupling capacitor and a
mutual inductor and thus a current or a voltage change on
one wire can interfere the signal on the other wire resulting
in crosstalk. The inductive effects must be considered at
higher frequencies increasing above 500MHz [1].

The interaction between signals on two different
electrical wires leads to crosstalk. One of the wire creating
crosstalk is called an “aggressor”, and the one receiving ef-
fect is called a “victim”. A wire can be an aggressor as well
as a victim. The RC delay of the interconnect should be re-
duced so as to increase the operating speed of an integrated
circuit. The interconnect resistance (R) and interconnect
capacitance (C) increases linearly with increase in intercon-
nect length, making the RC delay to increase quadratical-
Iy[2].Along with increased signal propagation delay, in-
creased power dissipation is another effect of large intercon-
nect impedance. The total signal propagation (RC) delay of
an interconnect can be reduced with the repeater

insertion operating at a higher frequency. In CMOS technol-
ogy, the simplest form of a repeater consists of two transistor
(PMOS and NMOS) inverter. The objective of the paper is
to design a buffer operating at 20GHz frequency and to in-
sert the buffer for the purpose to reduce delay, power and
noise in VLSI interconnects.

In this paper, Schmitt trigger as a buffer is designed to op-
erate at a higher frequency so as to reduce delay and power
in interconnects along with transmission of signals at a high-
er rate[3]. In Comparison with the ordinary CMOS buffer, a
Schmitt trigger switches fastly .Thus it leads to the reduction
in delay .Coupling noise is reduced by simultaneous buffer
and wire sizing. The organization of the paper is as fol-
lows.Section 2 will provide an overview of the buffer de-
signing, buffer insertion, and driver and interconnect siz-
ing.Section 3 describes the results and discussions by apply-
ing a wire and buffer sizing methodology to a 90nm tech-
nology node. Finally conclusions will be given in section 4.

Our Approach

In this section we discuss designing of a buffer at 20GHz
frequency, buffer insertion and wire sizing so as to reduce
crosstalk noise and delay. Here Schmitt Trigger is used as a
buffer as shown in Figure.l.

e

Figure 1: Schmitt trigger as a buffer.

Figure.1 describes Schmiit Trigger as a buffer which
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consists of PMOS and NMOS transistor.Width of PMOS
is 3 times the width of NMOS.
w, = 3W, (1)

The reason behind designing this Schmitt trigger is that it
responds faster to an input signal transition than a simple
CMOS buffer.

The designed Schmitt trigger buffer is inserted through an
interconnect length so as to exactly propagate the signal
from transmitting to receiving end at a higher frequency.
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Figure 2: Buffers inserted in an RC interconnect model

Crosstalk noise and delay can be reduced through buffer
insertion and wire sizing. In addition to this, power con-
sumption is also reduced. However, using Schmitt Trigger as
a buffer results in an increase in area.

Consider two interconnect i and j with width w and height
h, separation between two interconnects is s, t is the thick-
ness of the dielectric and I is length of the interconnect, the
interconnect resistance R is expressed as

R=pl/wh 2

Where p stands for resistivity of the material. interconnect
capacitance C can be expressed as

C=Ke,,| 3)

Where K is a constant and ¢,, is the oxide permittivity[4].

The RC interconnect delay is 0:377RCI? .Thus the delay is
proportional to the square of the wire length . Hence by
dividing the interconnect into k segments with repeaters, the
interconnect delay term is reduced to 0:377RCI?/K. Howev-
er, these repeaters can introduce additional gate delay.
Optimal sizing and number of the repeaters can be deter-
mined to achieve the minimum delay [5]. The optimum num-
ber of repeaters k,,. _grc and the optimum repeater size
hope —rc Can be calculated from the following expressions.

kopt—RC(Wint) =
R; w; C; w; 1
J mt( u;t; " lgt ( int ) * —om (4)
-3 Rolo [1+0.16(T Lint /Ry (Win)®)]

_ |Ro Cint ( Wint)
hopt—RC(Wint) _% . (5)
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3 03
[1+0.16(TLine /Ry, Win)3)]

_ LintWine )/Rinte Wine)
TLint/Rint(Wint) - \/ - tRDCOt : (6)
C, and R, are the input capacitance and output resistance of
a minimum size repeater respectively.R;,, (W;,) and
Cine (W) are the interconnect line resistance and capacit-
ance as functions of interconnect width[5].

Results

At 90nm technology node and 1V power supply the buffer is
designed with an operating frequency of 20 GHz. The input
and output simulation waveform for the buffer is shown in
Figure.3.
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Fig. 3. Input and Output Waveforms of a Buffer.

When input pulse ranging from 0 to 1V is applied to buffer ,
square wave output is obtained with the same voltage range.
The simulation results are calculated for a time period of
500ps.

The parameters used for the designing of buffer are speci-
fied in the Table.1.

Table.l1 Specifications of the Buffer
Technology used 90nm
Supply Voltage 1.0v,0.8V
Rise time 0.001n
frequency 20GHz

Average power
consumed

3.492109e-009 watts
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The high frequency buffer is inserted through an intercon-
nect and is operated at 1V supply, signal propagated from
input to output with a certain delay as shown in Figure.4 and
5.
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Fig.4. Interconnect with Buffer Insertion.

Figure.4 describes buffer insertion through interconnect. The
output simulation waveform shown in Figure.5 is obtained
with a certain delay of 50 ps.
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Fig. 5. Output Waveforms With Buffer Insertion.

The average power consumed is 6.565955e-005 watts with
delay of 50ps.

As the signal through an interconnect is propagating with
a delay from input to the output ,buffer sizing / insertion as
well as interconnect sizing is done using closed form solu-
tion. The wire sizing can be calculated from the following
expression[7].

For any segment i of a wire, 1< i < n ,where n is the total
number of segments of a wire .

19Cp

h, = (6)

i CoRy

where R, and Cp are the upstream resistance and down-
stream capacitance of segment i respectively.

Thus the output obtained after buffer and wire sizing is ob-

tained with less delay as shown in Figure. 6 and 7.

v

Fig.6 Buffer and Interconnect Sizing.

Figure.6 describes buffer and wire sizing. Interconnect
length is divided into segments. Alongwith this, buffer inser-
tion and sizing is done through interconnects so as to reduce
the delay.

OLTELT WAVEFORM.

[} bl 10 1 ] ] 1 bl L) € w
Tne <]
Fig.7. Input and Output Waveforms with buffer and intercon-
nect sizing.

The delay calculated after buffer and wire sizing is reduced
to 22ps.The noise for the interconnect after buffer and wire
sizing is calculated to be approximately 2.96mV.
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Fig. 8. Noise curve calculated with Buffer and Interconnect
Sizing.
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Table2. Specifications of the Interconnect with Buffer Inser-
tion/Sizing and Wire Sizing.

Technology used 0.1um
Supply voltage 1.0v
Rise time 0.001n
frequency 20 GHz
delay 22ps
noise 2.96mV
Average power 1.820624e-007 watts
consumed

The crosstalk noise calculated between two interconnects
after buffer and wire sizing is calculated to be 3.61mV.

Fig. 9. Crosstalk Noise between two interconnects with buffer
and wire sizing.
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Fig.10. Noise curve calculated with Buffer and wire Sizing
between two interconnects.

Thus, Crosstalk Noise and delay is reduced so as to improve
the signal propagation from input to the output.

Conclusion

In order to reduce crosstalk noise ,buffer operating at 20GHz
frequency is proposed alongwith buffer insertion /sizing and
wire sizing so as to reduce the crosstalk noise .In addition to
this,the proposed buffer also helps to reduce delay and

power. We have observed that crosstalk noise is effectively
reduced by 60% and delay is reduced by 56%. Through the
various results obtained using SPICE at 90nm technology
node we were able to analyze and reduce crosstalk through
different techniques such as driver sizing, by varying inter-
connect length and by designing buffer operating at a higher
frequency.
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