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Abstract--Scaling the minimum feature size of VLSI circuits to sub-quar-Their techniques can handle arbitrary input _signals. Devgan in [8],
ter micron and its clock frequency to 2GHz has caused crosstalk noise tproposes a simple yet clever approach to find an upper bound for
become a serious problem, that degrades the performance and reliabilitgrosstalk noise. The author himself mentions that his model exhibits a
of high speed integrated circuits. This paper presents an efficient methdérge error when the signals are fast and the rise and fall times are
for computing the capacitive crosstalk in sub-quarter micron VLSI cir- short. Unfortunately, this latter scenario occurs frequently when prac-
cuits. In particular, we provide closed-form expressions for the peakiical values of the interconnect parasitics and signal frequencies are
amplitude, the pulse width, and the time-domain waveform of the crosstaldsed. We have observed that the percentage of the estimated error in
noise. Experiments show that our analytical predictions are at least twesuch cases can be as much as 60%. In addition, Devgan [8] does not
times better than the previous models in terms of the prediction accuracyredict the noise pulse width. Knowing the noise pulse width is
More precisely, experimental results show that the maximum error of outrmportant because, in general, the noise margin of a gate depends on
predictions is less than 10% while the average error is only 4%. Finally, both the noise amplitude and pulse width.
based on the proposed analytical models, we discuss the effects of transis- In this paper we propose a new crosstalk noise metric that is capa-
tor sizing and buffering on crosstalk noise reduction in VLSI circuits.  ble of predicting the noise amplitude and noise pulse width of an RC
interconnect as well as an overdamped RLC interconnect. Our noise
1. INTRODUCTION metric has a closed form expression that clearly specifies the depen-

Rapid advances in VLS technology have enabled us to reduce t ency of the noise on the aggressors and victim line circuit parameters

Ly ; 9 : s well as the rise/fall times. We then use our metric in two com-
mimum featre 35 of LS i o sub uaner erons anc 25 o foonidoes o calodte rvant e
this comes at a cost. The digital circuits have now become subject t(‘)stlc_ls_ho the |r_1ed rlve}rtshan UTers. ized as foll | tion 2
the same type of problem that analog integrated circuits have been !N€ remainder or the paper IS organized as Toflows. In Section <,
affected by since their inception. That problem is noise. Although thé-apacitive coupling is reviewed, and through experimental results, it is
device noise sources (i.e. shot noise, flicker noise, thermal noise) aﬁ?o"‘f“ tEaé thte '?dUCtt“]{e coupling PEO%hI\I/IpHIS rﬁgllglbkl)e_f?rdlocal_ et
still not an issue in the performance of digital circuits, external nqsénngC ockead a ata}rge reqtuec?cy 0 1Hz. te'r aW“e escription
sources (i.e. crosstalk, power/ground bounce, substrate noise) signiffl ~€VIaR S MEe, 1E HIOSUCE JUT NOISE MEHE, ks COmPare olr
cantly degrade the performance and the reliability of digital |ntegrated“et r_||c c\iNl e restu SI 0 It a :[))] an ‘ gvgan E ] r'}” a setrles((j)
circuits. These external noise sources are mostly due to the fact thdf e oW Fo o S e & e o shie
on-chip interconnects act like transmission lines where the neighbot'9SSta b a? V‘{e o 0"5" Oltl.r e can e o fé. Y e
ing wires exert electric and magnetic couplings on each other. Among©!S€ reauction technique. Section 4 has our concluding remarks.
the various external noise sources, problems related to the on-ch
capacitive crosstalk are particularly important. Because the thi_ckne_sz' CAPACITIVE COUPLING
of the wires is not scaled down as much as the width of the wires iS\o eyt speeds increase, the effects of on-chip crosstalk noise

and because the wires are packed increasingly closer together, t come more pronounced. Fig. 1 shoWsheighboring wires. The

interwire coupling capacitances become larger, the ratio between tl h f : LS A
: ] . : requency operation of VLSI circuits causes the on-chip wires to
coupling capacitance and the total capacitance increases, and a >g1ibit tC]ransmyissFi)on line effects, and hence we have ele(F:)tricaI and

result the capacitive coupling noise increases. High-speed digital cirz ; . : . :
: ; ; : : PR - 'magnetic couplings between any pair of wires. These electric and
cuits heavily use the dynamic logic family. Dynamic circuits with agnetic couplings reshape the signal waveforms and potentially

their two phase of operations are more susceptible to crosstalk noi ; ; ;
comparedpto the static logic circuits. %duce delay in the signals traveling t%wough the lines.

Various techniques can be utilized to estimate the crosstalk noise.

The most accurate but very time consuming approach is to use—/_—l>_< —/N_»—|>—
HSPICE simulation. For example, our experiments show that simulat- A

ing a small circuit (e.g., a collection of five coupled lossy transmission ™\ _— ._l>_
lines) with HSPICE takes almost three minutes on a 866MHz Intel _/\,—
processor. Since the interconnects are modeled as linear time-invaria ,_[>
systems, model reduction techniques [1][2][3][4][5] can be utilized to .

reduce the comﬁutational complexity. However, model reduction tech- : N
niques, although helpful, do not adequately solve the problem of Iong_/__|>_< ,_I>_

computation times. In addition, these techniques do not provide any
insight to the circuit designers as how to modify the circuit structures
in order to reduce the crosstalk noise.

Deriving simple closed-form expressions that can predict noise Fig. 2 depicts five microstrip lines powered by five CMOS drivers
behavior is more desirable than running a simulation tool. This isalong with their distributed RLC circuit model. The geometrical
especiall%/f true during the early stages of the design process when oparameters of the lines and device sizes are shown in the figures. The
cannot afford to simulate a large number of possible circuit structuresvire lines and the shieldings are all in copper. The input to the first,
and layout solutions. Consequently, a number of researchers hagecond, and fourth lines are periodic square waveforms with non-zero
tackled this problem. Vittalet al. in [6] provide bounds for the rise and fall-times of 8@sec The third and fifth lines are held steady
crosstalk noise using a lumped RC model, but this work ignores thevith a high input voltage at the input of the first driver and the fifth
interconnect resistance. Later on, the same authors, in paper [7], usever. The cycle-time is 2nsec. Fig. 3 indicates a tightly coupled dis-
the %eometrical properties of the crosstalk noise to obtain expressiongbuted RLC model that is used to modélelectromagnetically cou-
for the peak amplitude of the noise as well as the noise pulse widthpled interconnects (for our exampié¢= 5).

Fig. 1. Circuit schematic df on-chip interconnects
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_ closed-form expression for the crosstalk noise. We start our analysis
0.25u technology with copper L=1mm by _rewe_wmgI the derivation of Devgan’s metric and its drawbacks in
HT =5u WD =18 estimating the crosstalk noise in RC circuits. For a more comprehen-

TH=1u SP =04 sive explanation of this metric, please refer to [8].
Cycle-time = &sec

2.1. Devgan’s metric for crosstalk noise estimation
Consider two capacitively coupled RC networks as shown in Fig.
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Fig. 5. Circuit schematic of capacitively coupled aggressor and victim nets

One RC ladder network (called tlaggressomet) is driven by a
flattened ramp voltage whereas the second RC ladder (calledcthe
tim net) is quiet. For this circuit, the node voltage vector at the victim
net, V.OON*! | is related to the voltage vector at the aggressor net,

V100N*2, through the following equation:
[(sC;—Az) —sC(sCy — An)_lscc] Vs

f ) T T = —SC,(SC; — A1) "BV, (1)
= = where Ci=diag(G; +C;) fori =1, 2 andj =1, 2, .. .,N and

Fig.? Circuit schematic of N interconnects that are eletromagnetically cou-~ _qian(_ . - A
pled to each other Cc=diag(-Cy) forj =1, 2, .. .,N. A;y andAp; represent the equiva
. T . ) lent node resistance matrices of the aggressor net and the victim net,
For the interconnect circuit in Fig. 2, HSPICE simulation showsrespectively. Given an infinite ramp input, the node voltages at the vic-
that the resistance value is more than ten times greater than the impetitn node monotonically increase toward their final values. Hence, the
ance represented by the inductancerateZclock cycle time. There-  voltage values at=c  are indeed the largest possible values of node
fore, the distributed RC circuit representation is used instead of theoltages at the victim net. THeal value theorenms utilized to deter-
more accurate distributed RLC representation. To verify this simplifi-mine the steady-state values of node voltages at the victim net. The

iy

||H

cation, the following experiment is performed: result is:
First, the distributed RLC circuit that was extracted from the 1 T VA
HSPICE output file is used. The simulation is run on this circuit to Voss= “AnCABI - (2)

dgﬁg”g:]ndet}qhee r.‘rcr’]'sat."‘gar:’?fo”g-a{n;.':qeor;]em.ﬁﬁg’ 'gﬂléct.?niges j‘rehget\%ere t, is the rise-time of the input signal. For simplicity, it is
FeTC 2 e Smultlon 5 un 29eln on s Revt cleul, i 4 SMOWassume that the ise and fal s are equal. Note tht tis resutis
Fig. 4, we see that the noise waveforms of the two circuits are thg/@lid only if the driving voltages of the interconnects are infinite
same and that we cannot distinguish these two waveforms in the figamPs: This is a critical assumption that seriously limits the accuracy
ure. The absence of any ringing at the output voltage of the intercoref capacitive crosstalk estimation. In practice, the actual driving volt-

: ; ; ; ages of the interconnects are saturated ramp inputs rather than infinite
nect ﬁwnh a Asecclock cycle tlmeL validates the assumption of Thi that th d It t the victi t h thei
modeling the interconnect with distributed RC circuits only. ramEs. IS means that theé node voltages at theé vicim net reach their

peak value at = t, . This peak value is obviously different from the
steady-state value under the infinite ramp input, and the error between
these two values can be quite large if the rise-time of the input is fast.
To better understand the shortcoming of this approach, consider
two second-order RC circuits with two floating capacitances connect-
ing the corresponding nodes of these two circuits. The circuit structure

is shown in Fig. 6.
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Fig 6. A pair of capacitively coupled second-order RC circuits coupled through

| EPAS T P A floating capacitanceg,
el | Nt H ',1' l,' i According to the HSPICE simulation, the reported peak value of
reom ] 1"1 I il ] i voltageV,, is 0.505/. Devgan’s metric for two coupled RC sections
zoom 1] } } yields the following equations:
o = ! ! Vbp

o T = = = = = — = = R VZL ss— 2(R2 + R%)CCT (3)

V,
Vg 5= (2R, + 3R,)Co ¢ > )

Fig. 4. Comparison between the distributed RC circuit model and the RLC
model of Fig. 2 using the HSPICE simulation Using Eq. (4) V2, ssis 0.75V. The estimated error is 48.5%. Since
From Fig. 4 we see that for local wires the on-chip capacitive couplinghe rise-time is small, the crosstalk waveform rolls down quickly, and
is more pronounced than the on-chip inductive coupling. Therefore, ias a result, the error becomes unacceptably large (see Fig. 7). For
this paper, we focus on the capacitive coupling noise problem. cases where the rise-time is large compared to the interconnect delays,
Our goal is to develop a circuit model to predict the capacitiveDevgan’s metric can accurately predict the peak value. Unfortunately,
coupling for on-chip coupled interconnects and thereby derive aases in which the estimations are accurate (i.e., the slow slew-time



for the pulses), are unimportant from a circuit performance viewpoint.

The time constant of this second-order circuit, which is roughl

The reason is that the peak value of the crosstalk is inversely propothe inverse of the 3-dB bandwidth of its system transfer function, |ys

tional to the input rise-time. For slow slew waveforms, the crosstalkequal to the coefficient of the first-order term, nanted

also has a small Fe
u

delay and logic failure rate.

Two coupled RC circuits
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Fig. 7. I'he output voltage and the crosstalk ot two coupled second-order R
circuits.C, = 60fF,C, = 120fF,R, = 100,R; = 20,C. = 100fFt, = 0.08ns

In the next section we derive a new, more accurate noise metric
and compare our results with Devgan’s results and with HSPICE sim-

ulations.

2.2. A new metric for crosstalk noise estimation

1 \
Examining the HSPICE results reported in Fig. 7 helps us identify one ™" ;',' \ \
source of inaccuracy in Devgan'’s metric. The large error in this exam- ] ] \ |
ple comes from the fact that the time constants of the exponentially = i S |
rising portions of victim node voltage$y;j forj=1, 2, .. .,N, in the ] ! |
circuit of Fig. 5 are comparable to (or larger than) the input rise time. ° I = :
The actual peak value of the crosstalk occurs approximately at
To compute this peak value, we recognize that the capacitive crosstalx
noise at every node of the victim net is a rising exponential function in

. As a result,

ak value and thus has little effect on the circuit, should contain this coefficient as a part of its expression. However,

it should be noted that the input voltage source is assumed to be a unit
step function fort,, to properly represent the time constant aj-the
node of the victim net. This is obviously not the case for the coupled
RC circuits. The input voltage to thjeth node of the aggressor itself
experiences an RC delay due to the existing RC path from the input to
thej-th node. This RC delay also needs to be accounted for. In addi-
tion, for RC circuits with orders greater than one, the initial slope of
the step and ramp responses is zero. This zero initial slope leads to an
increase in the circuit delay. Fig. 9 indicates all these delay effects on
crosstalk noise under a flattened ramp input as is compared with the
crosstalk noise under a step input.

Step response vs. ramp response
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Fig. 9. Effects of zero initial slope and RC delay on the crosstalk

the input transient interval. The actual peak value of the crosstalk Consequently, the time constant of gkt node in the victim net

noise at every node of the victim net is the value of the correspondingonsists of two additive terms,,

ard, , wherg  represents the

rising exponential function at=t, where the steady-state value of this time constant of th¢th node in the victim net under a unit step input
exponential function is determined by Devgan’s metric.

Vo max=Vzssf] - expidiag (-

wherediag(.) represents the diagonal matrixg,

for j=1,2,..,N

. . 0
is the time constant
of the j-th node voltage in the victim net, and,  is the vector of

excitation, andt,; represents all additional delays as explained above.
Ty = {I(Ryj eq* Rojeq)Coj + Ryj eqCoj +Ta] for j=1,2, ..., N (7)
heret, is:
j-1

- . T.= Ry e(Cej+Cy) +) [R Cek+Cp) + Ry o C
stead?/ state values of the crosstalk noise voltages at the victim nodes tj.e0(Car + Coy) kZl[ ik e Cor* Cd *+ Row edCail
c

as cal

+ R j
V]._ 1j,eq CCJ le,Eq = > Rli

= j

) Rojeq = ZIRZi

= RojeaTCy

Fig. 8. The equivalent circuit for computing the time constant oftheode

of the victim net

tion is:
Ty,
AL

A(8)= Ry 0Ry;0qC2i Cej S+ [(Ryj o4t Roj e) Co +Roj eCa 1 S+ 1 (6)

al

ulated from Devgan’s metric. Each node in the victim net sees
two capacitances: a grounding capacitai@g,and a floating coupled d
capacitanceC,. The time constant at each victim node is thus propor-a‘n ¢
tional to the time constants seen across each of these two cap
tances. To accurately estimate this time constant, we first construct
equivalent circuit consisting dt,;, Cj, and the equivalent resistances
seen across these two capacitances and replace all of the other ca
tances with open circuits. This circuit model is shown in Fig. 8.

for =1, 2, ..., N(8)
is a constant factor for the delay increase due to the nonzero

alysis we will assume thaf =1.07 . As can be seen, the peak
mplitude of the crosstalk is easily obtained by these calculations.

%{%ite input slope. Its value is in the range [1.05, 1.1]. Throughout our

pq%- To measure the level of accuracy that can be obtained by our met-

therPeak crosstalk noise of two coupled second-order RC sections
with different values for the input rise-time and RC values is com-
puted and the results are compared with those obtained by HSPICE
simulation as well as by Devgan’s metric. Our new metric yields the
following equations for the two capacitively coupled second-order RC
circuits depicted in Fig. 6:

V21, max— V21,ss%‘ - eXpE_ft[d_l % ©)

where
The characteristic polynomial of this second-order transfer func-

Tg, =LO7T(R + Ry )(2C; + Cy) + (R + R) (G + Cy)]

V22, max: V21,SS%L - eXpD__tL -

0 T4, M (10)

where



T3=1.07M( R+ Ry)(C. + Cy) + (2R, + Rp)C, +(Ry + R) C] higher fidelity results compared to Devgan’s, its estimation error
: - S remains roughly constant, and it does not have as large a dynamic
The supply voltage i¥pp=2V, and the cycle-time isrsec Table  yange as Devgan's. In paper|[7], the authors use geometric arguments
1 contains the results of these comparisons. In Table 1 the sour¢g come up with crosstalk noise expression. As a result, they do not
resistances are assumed to be zero. . account for the effects of the non-ideal delays on the crosstalk peak
To verify the accuracy of our approach on multistage RC stagegstimation. On the contrary, our metric is based on the actual charac-
and also to compare with other expressions proposed in [7] and [8leristics of capacitvely coupled RC circuits that are derived from sev-
we set up a set of experiments on a two-line structure InlO25  era| simulations. Consequently, our metric is more accurate than the
CMOS technology. The coupling lengths of the adjacent interconnectgorks in papers [7] and [8].
are varied from 100m to 2mm Results are compared for a range of
rise-times varying between B6 and 20@s Table 2 contains the v _
result of these comparisons. The mean and maximum errors are Maximum crosstalk vs. the input rise-time
reported in Table 3. These tables demonstrate the higher accuracy of ‘ ‘ ‘ ‘
our approach compared to the two previous noise expressions reported

. === HSPICE
in[7]and [8]. _ _ 0| -8 Ouss 1
The susceptibility of logic gates to noise depends not only on the i Devgan

peak amplitude of the crosstalk noise but also on its duration. For
example, digital circuits can often tolerate (and indeed filter out) 03
spike-like crosstalk noise with a large peak amplitude and very small
noise pulse width. Furthermore, in static Io?ic circuits, the peak
amplitude of crosstalk does not result in loss of signal values. Instead,
it tends to cause an increase in propagation delay along the victim line
(which in turn may cause setup time violation in high-speed circuits).
These observations create the necessity for determining the complete
noise waveform.

Given the equivalent time constant and the peak amplitude of the
crosstalk, the noise waveform can be calculated by the following o
equation:

0.25

Maximum crosstalk

EVZSSH —exp%liag E—Tt—dlg% Ost<t, 01l
vz(t)zg Ot-t forj=1,2,...,N o ‘ ‘ ‘ ‘ ‘ | | |
E V5 max exp%jlag D_T—d, 00 t=t, 3 4 5 6 et 9 10 1 Xlo?lllz
(11) Fig. 11. Maximum crosstalk noise vs. input rise-time

Please note that having the noise waveform gives us the maximu P P
amount of information gregardin_g the noise b%havio_r including the>- US€ of @ Schmitt trigger circuit as a buffer
peak amplitude of crosstalk noise as well as the noise pulse widthan effective circuit technique to filter out the crosstalk noise is to do
This information allows designers to find better solutions for noisebuffer insertion. Alpertet al. in [10] show that buffer insertion is
avoidance. . . . . effective for simultaneous optimization of timing and noise. This
Fig. 10 compares Eg. (11) with HSPICE simulation for a pair of paper, however, uses Devgan's metric for formulating the crosstalk
capacitively coupled nets. As one can see, the new metric can acctoise constraint. As we saw in the previous section, this metric pro-
rately predict not only the noise peak amplitude but also the noiseluces a large error for short input rise-times. An obvious improvement
pulse width. Indeed, the effective pulse width is estimated within a 5%would be to use our new metric for capturing the noise constraints.
error. o o . Going further, using Schmitt trigger circuits instead of buffers pro-
Our metric is easily utilized for the general case of havmlgI severalides us with the flexibility to adjust the switching threshold voltage
parallel runs of on-chip interconnects at the same and/or other layetgcording to the directionof the input signal transition as illustrated in
of metal by using the superposition principle. Fig. 14 From a circuit modeling point of view, a Schmitt trigger oper-
Crosstalk noise waveform ates like a resized inverter withW,>>W,  for a low-to-high transi-
08 ‘ ‘ ‘ tion at the input and withw,>>W,  for a high-to-low transition at the

input. Notice that because of this adjustment to the switching thresh-
03 1 old of the Schmitt trigger buffers, these buffers are less susceptible to
the crosstalk noise, 1.e., they can filter out noise pulses with a large
peak amplitude.

0.25
A Input
T S T X
VT High - - - - - -, R

Voltage

0.15

Output

\oltage

0.05

- L
Time
) 05 1 15 2 25 3 35 4 Fig. 14. Signal detection of a Schmitt trigger
Time (sec; -10
Fi . e B To use a convenient circuit structure for the Schmitt trigger we should
ig. 10. Crosstalk noise waveforms for two coupled transmission lines. Theconsider some important facts here:
line characteristics are given as the last entry of Table 2 1. The Schmitt trigger should compensate for the line delay. It

Fig. 11 shows the change in crosstalk when the input rise time varshould have as high a gain in transition response as an inverter with
ies from 5@sto 30Qos and all the geometrical parameters are fixed. the corresponding gate size.
Comparing HSPICE with our approach confirms that one achieves a 2. The Schmitt trigger should operate correctly in sub quarter
high accuracy with our noise metric over a wide range of input rise-micron CMOS technology with low supply voltage in the range of
times. As expected, for long rise-times Devgan’s metric accuratelyl.3V-1.8V. As a consequence, the circuit structure should not contain
predicts the peak amplitude of the noise. Vittal's metric producesstacked transistors. Given the above facts, we use the circuit structure

0




shown in Fig. 15. , , C.,=Cq =C, forall,j O{1,...,N}
The ratio of gate aspect ratios of transistbid; andMN, are used to ) o .
define the lower and upﬁer_ threshold voltages of the Schmitt triggert,J”de_r these assumptions, Eq. (7) is simplified to the following equa-
The operation of this Schmitt trigger is described next. lons:

T Vbp T, = (g, + Tr, + T, +Tg ] (14)
1 >

ﬂ N(N + 3)

v L‘Pl

Vinoml : El__%:/L oVout Tg, = [(N+1)C+NC; +C4]Ry (16)
N3

where T, = [ c.+ MO ¢, NCL[R: @)

M ( )
& Tg, = [NCC + N N2+ 1 C,+ CLz} R, (17)

Tr, = [Cc+ NG, +C5lRy (18)

Rs1 and Rs2 are the output resistances of the Schmitt trigger circuits
; e - ; driving the aggressor and victim lines, respectively. Using equations

dfﬂul\pl)pose_th?]t t.h?. Input is |_n|t|aIIy lng{(“ OIV)' 'I_'ranb5|s_torsé\/ltl)\ll (14)-(18) along with equations (12) and (13), we can find the (W/L)

andMN; are in their linear regions, and the voltages obtained by & = 51i65 of transistors in the Schmitt triggers. Due to the high accuracy

resistive voltage division from the input voltage. The output voltage isof the noise expressions, we can find optimal transistor sizes for max-

in the high logic state. As the input voltage increases, voltagdso imum noise reduction.

increases at a lower rate due to the RC time constant seen at this node.

WhenV, reaches the threshold voltage of the NMOS transistiig , 4. CONCLUSIONS AND FUTURE WORKS

the logic switching occurs. The positive feedback across the inverter

Fig. 15. The Schmitt trigger circuit used for filtering the crosstalk

that is produced byIN, causes a very fast transition time at the out- In this paper, we presented an efficient analysis technique for the
ut. The threshold voltage for the high-to-low transition at the outputcapacitive crosstalk computation in sub-quarter micron VLSI inter-

Is thus equal to: connects. We derived closed-form expressions for the peak amplitude,
rfos, *os the pulse width, and the time-domain waveform of crosstalk noise.

Viue= Vin =t 0 (12) Experiments show that our technique is at least twice as accurate as

DS, revious works. Experimental results show that the maximum error is

The same analysis is performed for the low-to-high transition at thdess than 10% and the average error is 4%. We also briefly discussed
output, with the exception of having the threshold voltagéiéh as  sizing and buffering techniques for the noise reduction. We used our
the point where the low-to-high logic switching occurs. The thresholdnew metric as a noise calculation engine for these optimizations.
voltage for the low-to-high transition at the output is thus equal to: As mentioned before, the noise margin of a gate depends on both
Voin = Voo = Vinbody —| Vipl (13) the noise amplitude and pulse width. Therefore the noise pulse width
whererps andps are the on-resistance of transidutig andMN, ~ Must also be taken into consideration in the circuit design for noise
DS, S . elimination. We will use our noise expressions for the peak amplitude
respectively.Vi, poay is the threshold voltage N, . Fig. 16 shows  and the pulse width to derive a new figure of merit that takes the effect
the input and output waveforms of the Schmitt trigger circuit, with theof both the peak amplitude and noise pulse width into account. This
gate aspect ratios depicted in the figure. figure of merit will give useful guidelines to optimally resize the buff-
ers and Schmitt triggers for noise avoidance.
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given by Eq. (5) is a function of the driving circuit and the load circuit _12.Pp-1817-1824,1999. _ o _
impedances. To clarify this statement, let us assume that the distrilj8] A. Devgan, “Efficient Coupled Noise Estimation for On-chip Interconnects,”
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uted elements of each interconnect are all the same: IEEE Proc. ICCADpp. 147-153. Nov. 1997.
Ry :le =R, , C; :(:lj =C, foralli,j O{1,...,N} [9] Star-HSPICE Manual, Avanti Corp.,1999.
—p = - = i [10] C. J. Alpert, A. Devgan, S. T. Quay, “Buffer Insertion for Noise and Delay
Ry _RZJ =R, , Cy ‘CZJ =C, foralli, j U{1,...,N} Optimization,” IEEE. Trans. Computer-Aided Desigvol. 18, no. 11, pp.

and that all of the coupling capacitances are the same: 1633-1645,1999.



Table 1. Comparison of the crosstalk noise computed by HSPICE, paper [8], and our metric

C C R Ry Ce ty HSPICE Devgan Ours

fF fF fF ns volts volts volts

50 60 100 100 30 0.05 0.216 0.36 0.229
60 60 100 100 30 0.4 0.045 0.045 0.044
70 70 300 50 50 0.1 0.533 0.9 0.547
70 60 80 70 50 0.3 0.08 0.08 0.08
100 120 80 70 90 0.3 0.143 0.144 0.141
100 120 80 40 60 0.1 0.25 0.288 0.235
100 120 100 40 60 0.09 0.291 0.4 0.311
100 120 70 30 100 0.08 0.39 0.525 0.389
120 70 30 100 100 0.08 0.144 0.225 0.131
60 120 100 20 100 0.08 0.505 0.75 0.53
80 220 200 90 160 0.08 0.581 2.4 0.61
70 100 60 40 100 0.03 0.513 1.2 0.52

Table 2. The results of simulations on the 2 capacitively coupled transmission lines using star-HSPICE, paper [7], paper [ aur metric

C1 M r2 C2 Ce Re | Rey Cour | Couz | tr L HSPICE | Devgan | Vittal Ours
(pF/m) | (kQ/m) | (kQ/m) | (pF/m) | (pF/m) (pF) (pF) nsec | (mm) [ volts volts volts volts
88.47 11.47 11.47 89.47 54.36 500 150 0.3 0.05 0/03 0j1 0.0333 0.0p457 0.0333 Q0362
94.1 9.55 9.55 94.1 62.43 80 30 0.2 0.06 0.04 OF 0.0482 0.0732 0.0579 0.p512
97.87 9.55 9.55 97.87 78 20 40 0.3 0.1 0.03 0. 0.129 0.1831 0.1589 0.4377
120 10.2 10.2 100 82 90 100 0.4 0.0¢ 0.1 0.9 0.112 0.1547 0.1p06 0.11
151 12 12 120 100 40 0.08 0.3 0.07 048 1 0.176 0.21%8 0.2026 0.3798
170 15 15 170 120 20 30 0.2 0.1 0.1p 1.3 0.0838 0.0887 0.1156 0.4g825
200 17 17 190 155 20 10 0.3 0.05 0.07 1.9 0.129 0.172 0.162 0.183
235 20 20 220 200 15 20 0.05 0.1 012 2 0.236 0.2733 0.2546 0.2302
235 20 20 220 200 20 30 0.07 0.0§ 008 2 0.321 0.51 0.3325 0.3823
Table 3. Error comparison for three noise metrics
%Error %Error %Error
Devgan’s Vittal’s Ours
63.4 21.6 8.7
52 20.1 6.22
41 23.2 6.7
38 7.7 1.7
22.6 15 2.15
0.9 37.9 1.55
33.3 25.6 3.1
15.8 7.88 2.46
58 3.58 3.52
Average 36.1 18.1 4.0
Maximum percentage error 63.4 37.9 8.7
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