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Inductance Effect in Crosstalk Prediction

Grégory Servel, Denis Deschacht, Frangoise Saliou, Jean-Luc Mattei, and Fabrice Huret

Abstract—Rapid progress in integrated circuit technology has wires is often smaller than the distance between adjacent metal
led to an increase in switching speeds of digital circuits. This in- |ayers. This makes the coupling capacitance between adjacent
crease is the primary reason why inductance noise causes chlps_towires on the same layer larger than the ground capacitance to

fail. As aresult, there is a growing interest in the inductance associ- di t Th ducti f dist bet . .
ated with on-chip signal lines. In this paper, we present the electro- adjacent layers. 1he reauction of distances between wires in

magnetic analysis we have followed in order to determine the accu- deep sub-micron technologies increases the coupling effects and
rate values of theR, L, C, G equivalent parameters from which interactions between circuit interconnection lines. Two adja-

a set of multiple coupled transmission lines could be modeled. We cent wires form a coupling capacitor and a mutual inductor. A
then determl_nethe most critical parameters which make the |ndu_c- voltage or a current change on one wire can thus interfere with
tance effect important and we propose a new analytical expression the signal on the other wire. This interference noise (crosstalk)
to accurately evaluate the crosstalk voltage. h : ] ’ - At ¢
consists of the appearance of a glitch in a line (victim line) which
is in its steady state (high or low level) when a neighboring
line (affecting line) makes a transition (high—low or low-high).
Noise profoundly affects the performance of a circuit and is be-
|. INTRODUCTION coming one of the most important areas for concern in the de-

ICROELECTRONICS evolution is characterized by al§ign of deep submicron integrated circuits. This problem is es-
important rise in integration and circuit speed runnin ecially serious for designs with higher clock frequencies, lower

Today the race toward integration is faced with the proble pply voltages, and the use of dynamic logic since they have

of interconnects which has become one of the blocking poirﬂéo"\’er NoIS€ margin. T.O ensure that a final layout is noise m-
in the improvement of circuit performances. Technological agune, accurate .an.d e_ff|C|ent noise models are needed to guide
vances in microelectronic fabrication techniques focus on tngrconnect optimization a.t various stages. .

maximum integration of devices in the same chip. This implies Recently, a number of simple (_:rosstalk noise models were
an increase in the role of interconnects in circuit behavior, whi oposed. The ef_fects of_the cogplmg c_apacnance_ haye been ad-
necessitates the analysis of interconnects in integrated circ ssed by Shoji [1] using a simple linear RC circuit and by

Tools employed in order to get interconnect characteristics cer [2] and Vittal [3], usingl and L lumped-circuit models.
of two kinds. The first kind makes use of tables and analyt ecent models such as [4], [S] propose complex models of pre-

formulations, derived from the equations of electromagnetis jction of crosstalk requiring complex calculations, and, as are-

Here the number of approximations increases considerably V\ﬁtlﬁlt |mp(_)rtant CPU time. Refe_rence [6] proposes a (_:Iosed-form
the problem complexity, so that the results could become unreQEak noise formula by assuming a saturated ramp Input for.the
able even for simple structures. The second type of tool requi ressor net. Most of these models, howe'ver,.dld not cons@er
numerical simulation help (these utilities are often based on t d'St”bUt.ed naturg of RC networks, which is necessary in
finite difference time domain or on the finite element method}c <P sub-micron designs. Servel [7] proposes an analytical ex-

Here the accuracy of the solutions obtained is better than hessmn_of CrOSSt‘?‘lk voltage f(_)r one, two and fogr adjace_nt
the first type. However these tools are mainly geared to si nes, which takes into account interconnect capacitances, line
ulate propagation phenomena in models which eventually shi istance and their distributed nature, driver resistance and vari-
quite a large diversity of sizes (such as small lines imbeddedd le str_engths ofthe pufferg driving coupled lines. None of th_ese
a large background), and from which the users may encoun\ﬁ%rks includes the inductive effects on crosstalk evaluation,
difficulties in meshing the models. Therefore it is desirable t§ 'fh |sfbec0m|ng "X] 'mfF;_OTta’:t conshl_de_ra;uon regar(tjlessdoﬁthe
have numerical methods which could give confident modeli stem frequency. An €fficient on-chip Interconnect modet 1s

of relatively complex structures, and in particular the magnetj |t|c_a| to mtercpnnect 9pt|m|zat|on at high-level, logic syn-
coupling between their constituting elements thesis and physical design. Closed-form formulas are particu-

In deep submicron technology, the wire thickness is oftéﬂrly efficient and effective for these design stages.

greater than the wire width, and the spacing between adjacen this paper, we highlight the importance (.)f on-chip induc-
tance modeling for crosstalk voltage evaluation, and we show

how the most critical parameters make the inductance effect
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equivalent parameters from which a set of multiple coupled
transmission lines could be modeled. In Section Il we com-
pare the time domain response of three coupled lines for RC and
RLCG models to give the respective variations of the crosstalk
amplitude in order to determine the level of modeling which is
necessary to represent interconnects. We investigate the most
critical parameters which make the inductance effect important.
Finally, a corrective term is proposed in Section IV to improve
the accuracy of the simple RC model to take into account thgy 1. Two coupled Cu lines.
inductive effects.

Il. QUASI-STATIC CHARACTERIZATION OF INTERCONNECTS 0

For submicron design, where interconnect dramaticals
affects the performance, the broad-band transmission Ii§
behavior of interconnects have to be characterized by rigorcg
analytical or numerical approaches. Therefore, the simulating 210

of high-speed analog and digital integrated circuits requirc 100 - U.F.B. Full Wave Analysis [8]
the analysis of frequency-dependent transmission lines we | e Quasi-static Analysis
nonlinear devices. 170 7

The frequency-dependent behaviors of transmission lin s . . . . .
such as losses and dispersions are accurately represente 0 5 10 15 20 25 30
the frequency domain, while the determination of transmissic .. FREQUENCY (GHz)

line delays and reflections requires the time-domain simulatiegy. 2. Behavior of serie resistances of the two coupled lines.
of a nonlinear network often used as drivers and terminations.
In order to resolve this dilemma, most analysis programs u
numerical-transform techniques to alternate between frequet
and time-domain.

Interconnect cross-sectional surfaces are inhomogenec
Accordlng Fo ngwell’s equations, all of the prqpagatmg% 00500 ] Full Wave Auslysis (8]
modes within an inhomogeneous structure are hybrid. Usua g™ |, & Quasi-static Analysis

D

to analyze such waveguides, it is necessary to perform% U.F.B.
full-wave analysis. In such cases, the Finite Element Methcg ****]
associated with the Helmholtz equation, is probably tH2
full-wave analysis method that is the most generally applicak 2005091
and the most versatile [8], [9]. The frequency depende :
R, L, C, G per unit length elements can be extracted from tf 130809 0 s 0 5 % M 0
corresponding full-wave results. However, it is advantageous FREQUENCY (GHz)

represent the broad-band interconnect characteristics in ter
of equivalent circuits consisting exclusively of ideal lumped
elements because, in this case, the approach is compatihle, . .
with general purpose circuit simulators such as SPICE. In tt

paper, by considering the standard technological constrail-sook-13 4 mutual capacitance Ci,

of the 0.25um technology, we first demonstrate that theg @~ @ |————ie o (-
per unit length element$R, L, C, ...) of studied digital & 880131 ™

circuits on-chip interconnects can be efficiently determined (£

4,00E-09 Y = S

£ serie inductance L,
< - e

= 3,50E-09

1

mutual inductance L,

S L .
1g. 3. Mutual and serie inductance of the two coupled lines.

quasistatic analysis. A bull Wave Analysis [§]
. . . . . < @ e e Quasi-static Analysis
Since this analysis is readily extended to the multiconductg, . . | VF?
case, the discussion is focused here on two coupled lines £
picted in Flg 1. 68,50E-13- Capacitance Cy;

The calculated self and mutual interconnect line paramete )
are shown in Figs. 2—4. To demonstrate the accuracy of the q  8:40E-13 T T T T T
sistatic calculation, these figures also include the correspondi 0 5 10 FREQUESCY GHo 2 » 30
full wave solution [8].

The bandwidth used in determining relevant frequency corid- 4- Capacitances of the two coupled lines.
ponents of a digital pulse with a transition tirhe is generally
accepted a8.35/tr. We can also estimate the Useful FrequendyGHz for a classical 0.26m technology. For frequencies higher
Bandwidth from the clock frequency . f clock. Thisleadsto thanthisvalue,the spectralcomponentamplitudesare very small.
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In addition, the attenuation of these components increases natu-
rally with the frequency. This phenomenon also decreases the in-
fluences of the higher frequencies’ small components.

In the useful frequency bandwidth (UFB), the compar-
ison shows good agreement between the quasistatic and the
full-wave solutions, and allows us to use frequency-independent
per unit length elements. We have to note that the quasistatic
approximation used in this study, depends only on the frequency
(UFB), and not on the wire length. Finally, the accuracy of the
quasistatic calculation has been also demonstrated for on-chip
interconnects on lossy silicon substrate [10].

Now, this section briefly presents the principles of the anal-
ysis we have followed in order to obtain the numerical values
of the (R, L, C, G) equivalent parameters from which a set of
coupled transmission lines could be modeled. This work has
been performed by using commercial FEM packages developed
for two dimensional computation of electromagnetic problems
[11]. These packages allow us to solve conveniently and inde-
pendently both magnetic and electric fields, provided that the
guasistatic condition is fulfilled. A noteworthy advantage of this
static approach lies in the very reduced CPU time taken for : ;
each computation (about 4 minutes). The computational model @
is based on the static Maxwell's equations. This method divides
the studied structure into sub-domains. It is then possible, witl§- >

this tool, to fit any polygonal shape by choosing the element RN RN SRR AR AN AR R R RS AN RN
shapes and sizes. S y
We focus here on theR; L, C, G) parameters which ;4;”,

S
describe one central and two adjacent parallel transmission I Cp C21_

(a) Electric field and (b) magnetic field.

H=1pm

y
lines. The three copper lines are imbedded in a dielectric matrix T=1um 1 _| I__ 3 3
(permittivity e,, = 3.9), with lower and upper ground planes, as a

sketched in Fig. 6. The electric potentials and the currents have . C L c L c J_

been fixed to arbitrary values. In order to modify the coupling " ”~ &

between a given line and the two other lines, the spacing 7777777%777777;;7777777;7777
between them (denotet) has been changed in the range 0.6-1
pm. Owing to the determination of appropriate mesh patterr{:ég' 6.
an accuracy of about 1% on the computed fields has been ] ) ] )
reached. Typical views of the field distributions are representigPlaced at the potentid;. Obvious symmetry considerations
on Fig. 1. The arrows are the electric field [Fig. 5(a)] or thi¢ad to reduce the twelve unknowns t,(, Loz, L1z, L13)
magnetic field [Fig. 5(b)]; the colors give the intensity of thd" (18), and to €11, G2, C12, C13) in (1b). So, in both these
electric potential or of the scalar magnetic potential (valu&&ses, and for each value taken by the spacing parafetir

increasing from blue to red). They give qualitative indicationég!Ues of the stored energy have been computed (corresponding
on the intensity of the coupling strengths. to different values of the; and of theV;), and the equations

As an example, the magnetic ener@y,.) and the electric Solved. _ _
energy(E, ) stored in the structures have been computed. FromFi9. 6 represents the interconnect geometry used to illustrate

these the following set of parameters can be calculated: the s@ifg Study. The lower metal 3 and upper metal S layers are con-
and the mutual inductancés;; andL,;, j # i), the capacities sidered to be very dense and the perfect metallic walls are taken
and the influence coefficient€;; andC;;, j # 4). Their nu- into account on both sides of the metal 4 layer. In this case, the

merical values have been obtained from the following genef@@nductancé is negligible (10"® mS/cm) and must not be in-
expressions (1a) and (1b): corporated in the model. Corresponding electrical parameters
are given in Table I.

Interconnection geometry.

En=3 Z Li I} + Z Li; I;1; (1a) lIl. COMPARISONBETWEEN RC AND RLC MODELS
=1

i=1,i#j . . . . .
& The first problem is to determine the level of modeling which

E, :% Z CiiV2 + Z Ci;(V; = Vi)? (1b) is necessary to represent deep-submicron interconnects. With
= =T, this aim, we compare the time domain response for RC and RLC
models. The crosstalk amplitude is obtained by HSPICE simu-
where the sums are over the n conductors (here wertake lations with a 0.25:m process, with a level 49 foundry speci-
3). I; denotes the currents flowing through thk line, which fied card model, the interconnection being modeled by an RC
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TABLE | e S A
ELECTRICAL PARAMETERS USED TOMODEL THE INTERCONNECTIONS 1200 L - — - e — -
— 1 1 1 1
> 1 | |
Cii=Cs3 | Cpn | C;p=C23 | Li1=L2=Ls3 |L12=L23| Ri=R>=R3 E-1000 +---- R S S e Sttty Tulaiulal
fF/cm | fF/ecm | fF/cm nH/cm nH/em |  Q/cm ig ! ! S [ .- (D
- R N S gL [P SR . Sl S S U A
S=0.6um| 820 | 500 | 880 4 1.66 216 & 0 ' PRt : i ; ;
S=1pm | 865 | 600 | 560 4 130 | 216 § 600 | S SR S SR T S
= 1 1 1 1 1 1 il
% -400 | b4 _m*—RLC-S=0.6um
@ ! ' ' | 1 1| et RC - S=
Distributed RC or RLC cells 2 i ! ' ; ' ' ! RC -8=0.6um
A O 200 4 ---- ;“AVJ'V_—_:_—__JI_“_%-A;.--\--RLc-s=1um
I s 1 ' 1 | I |- -» -RC-S=1pm
I 0 I I ! ! I I T I
. >C ] 0 2 4 6 8 10 12 14 16
Vmi Length (mm)

25%

i
: : = Fig. 9. Crosstalk amplitude variation versus interconnection length.
V., =
i

T T T

1 1 1

1 1 i

1 I i

_/_-:—% — 20% 4 - - — — |
1 ' 1 1
vin.'! I = : :/ ..‘s,. :
= E15% L - - —— A : !
== > : : 1 T 1|—
c 1 Jor 1 1
. . . 8 1 [N ' f
Fig. 7. Worst-case configuration 910% 4 - - - - :,7/__;.____:_____ L
o B -
a o !
5% + - - - ;J:-~4l~———+l- - ;-
Al [ I 1 I
L] 1 i 1 1
(0% WA S N — ;

0 2 4 6 8 10 12 14 16
Length (mm)

Fig. 10. Discrepancy between RLC and RC model versus interconnection
length.

Voltage (V)

with lengths up to 6 mm with a tendance toward a constant
value. Only an analytical expression can rapidly determine this
maximum value. In a strategy of buffering, the knowledge of
this value is fundamental. When the propagation delay poses
Fig. 8. Signal variation at the output of the victim wire. no problem, the maximum value of interconnect length on a

chip, can for some cases be equal to the half perimeter of the
or RLC distributed model, whose number of basic cells depentip. The propagation can then be made with two or three clock
upon the considered length. The crosstalk amplitude increasgsles. So, even if the maximum number of interconnect in a
with the number of adjacent lines. We only consider the cabas is only a few millimeters, it is important to analyze and to
where inaccurate evaluation of the crosstalk amplitude could Yidate the analytical expressions up to this maximum value.
at the origin of a malfunction of the circuit, so we directly study The discrepancy increases with the interconnection length,
the case of the bus structure. We consider three, 6 mm length, beleause when the length of the wire is no longer negligible in
jacent lines in the worst-case configuration, that is to say, wheamparison with the length of the associated wave, the qua-
Vinl andVin3 (inputs of the aggressors) change from 0t  sistatic hypothesis. Current and Voltage constant in the propaga-
andVin2 (input of the victim line) is al’ dd, we have the most tion direction isn’t realized, then inductance modeling becomes
important noise voltage induced on the victim line [7] (Fig. 7yecessary. For long lines however, the reflection phenomena are
The buffer sizing is calculated to keep a constant loading factnielded from the attenuation factor, the amplitude of the re-
equal to 5, and a 2m receiver size is used. Fig. 8 shows th#lected wave decreases with the increase in length, so that the
temporal variation of the voltage at the output of the victim inreflection effect becomes negligible. The inductance modeling
terconnection. is no longer necessary.

This first result shows a discrepancy between the two modelsWe now analyze this discrepancy versus all the parameters,
and the need to evaluate in detail the inductive effects. The oy beginning with the sensitivity study of interconnect process
ductance increases the crosstalk amplitude, and a logic fault pamameters. Various low-materials have been introduced to
be shielded by using a simple RC model. reduce not only the intra-metal capacitance in the same plane,

Fig. 9 represents the variation of the crosstalk amplitudeit also the inter-metal capacitance between two planes. Fig. 11
versus the interconnection length for two different spaceshows that we have obtained similar results with different rela-
S, between lines, and the corresponding discrepancy in péve permittivity, €,., varying between 4 and 2.5, for three cou-
centage, Fig. 10, between RLC and RC models. Whateysed lines of 6 mm with three different sizing for the buffer cor-
the space between the lines, the crosstalk amplitude increassponding to different loading factofs The relative permit-
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Fig. 11. Discrepancy between RLC and RC model versus permittivity. inductance value.
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) . ) metal layer.
Fig. 12. Discrepancy between RLC and RC model versus interconnection

length for Al and Cu wire.
length. Driver size ranges fromm to 85,m corresponding

400 _3lines - Cu - Fanout=5 to a loading factor between 2 and 12, and two different spaces
! . -4 between lines. We find that a stronger driver notably increases
A200 oo - oo I PP the discrepancy. The higher the driver size, the larger the
1000 Lo ‘ ______ o T RLC/RC discrepancy. The reason for this is that strong drivers
3 K L - 0ot yield faster-ramping waveforms, which give highes/R.
T 00T VT [ The following figures summarize these variations:
2 600+ - N mo s A To- 1) versus the variation of the inductance, written/as=
400 L oo . e T+ RC-s=06mm | Lo(1 + ), Fig. 14, for three different input transition
| - -4 -RLC - $=0.6ym times; we have verified that the mutual inductance has no
20 mTTTT A —+—RC-S=tum significant influence on the crosstalk amplitude;
\ \ ——e—RLC - S=1pm L e .
0 : i . : 2) versus the resistivity of the metal used for the intercon-
0 20 40 60 80 nection, Fig. 15, for three different input transition times.

Wn (um)

Fig.13. RLCand RC crosstalk amplitude versus transistor size for two spacing

between lines. IV. ANALYTICAL EXPRESSION

Fig. 14. Discrepancy between RLC and RC model versus a variation of the

Fig. 15. Discrepancy between RLC and RC model versus the resistivity of the

tiv

In [7], the authors have presented a new simple closer form
ity doesn’t affect Significant|y the discrepancy between REXpression to calculate the crosstalk amplitude between two,

and RLC models. three and five adjacent lines, using an RC distributed model. To

With the aim of higher performance, the use of some low réake into account inductive effects, it is possible to add a correc-

sistivity metals has been studied to replace Al in order to mirfive term to the calculation of this RC model, as
mize wire RC delays and many designers have demonstrated the Loy - w
success of using copper (Cu) wires. Cu is very attractive due to AVrre = AVge - (1 +a- R—>
its low resistivity and excellent electromigration resistance. But line2
the process integration of Cu poses many potential problems qyigh
of which is diffusion, and as a result, barrier layers need to be in-
troduced. We compared the behavior between Al and Cu wiresw =
in Fig. 12. As was expected, the discrepancy between RLC and Teom
RC models increases when the resistivity of the lines decreas@b!

In Fig. 13 we show the noise amplitude and the corresponding , _
discrepancy versus driver siZé/y) for 4 mm interconnect 0.3

2.m-0.35

Rinvit+Riny
1 (BmertBines) 4 Ripvo + Rignes
cexp | — o5

ot
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TABLE I
COMPARISON OFCROSSTALK VALUES FORW 1 = Wins
Length | Wni=Wn3 | W HSPICE HSPICE MODEL Error
(mm) (um) (pm) AVRC (mV) AVRLC (mV) AVR],(‘, (mV) %
0.5 3.3 4.3 -530 —530 -530 0%
1 6.5 8.7 -575 -590 -576 -2.37%
3 19.6 26 =761 -803 -825 2.74%
4 65.6 86.8 -964 -1353 -1377 1.77%
4 26.2 34.7 -860 —-994 -971 -2.31%
4 13.1 17.4 -785 —825 -799 -3.15%
6 98.4 130.2 -1068 -1397 —1447 3.58%
6 39.2 52.1 —1006 —-1208 -1167 -3.39%
6 19.7 26 -914 -970 -954 -1.65%
10 32.8 43.4 -1062 -1174 -1115 —5%
12 39.4 52.1 -1086 -1185 -1130 —4.64%
16 52.5 69.4 -1104 -1174 -1129 -3.83%
TABLE Il

COMPARISON OFCROSSTALK VALUES FORW 1 # Wins

Length | Wi W2 Wi HSPICE HSPICE MODEL Error

(mm) | (pm) | (um) | (um) | AVge (mV)| AVric(mV) | AVric (mV) %
0.5 16.4 8.7 3.3 -562.3 -567 -562 -0.88%
0.5 6.5 4.3 16.4 -1008 -1013 -1008 -0.49%
2 65.5 34.8 13.1 -663.6 -728 -768 5.64%
2 26.5 17.4 65.5 -1100 -1142 -1250 7.76%
4 131 69.5 26.2 -768 -1061 -1004 -5.37%
4 52.4 34.8 131 -1165 -1445 -1518 5.05%
6 196.5 104.3 39.3 -927 -1129 -1190 5.40%
6 78.6 52.1 196.5 -1205 -1467 -1545 5.32%
10 3274 173.8 65.5 -1061 -1203 -1225 1.83%
10 131 86.9 3274 -1182 -1343 -1364 1.56%
15 491 260.7 98.2 -1095 -1183 -1159 -2.03%
15 196.5 130.3 491 -1147 -1241 -1213 -2.26%

Ls- is the inductance of the line &;,,.1, Rinv2 andR;,,3  simulations are
are the equivalent resistances of the inverter 1, 2 and 3 respec-

tively, Ryineo is the resistance of the line 2 afid,,, the rise R=172Q/cm Cy; = C33 = 1870 fF/cm
time at the input of the inverter 2. Cas =1600fF/cm Cpy = Co3 = 400 fF/cm
To validate this expression, we have simulated more than a Ly = Loy = Las = 4.9 nH/cm

hundred different configurations, with a range of wire length
between 0.5 mm to 20 mm. We give here in Tables Il and IIl,
some examples of these comparisons between calculated ar\J—jorS = 1 um, and the size of the buffers calculated to keep
simulated values of the crosstalk amplitude, for the cases where . .
. ) i . a constant loading factor equal to 5, we have obtained the fol-
S = 0.6 um, for different configurations. For all the simula-_ " . :
. . ) . lowing results given in Table IV.
tions, we considered the worst-case configuration, With = . 4 . . .
. For this configuration, largely different from the previous

2.Wy. In Table Il we keep the same size for the buffers of the . .

o . .~ . ohe, the accuracy of our proposed model is also good, and sim-
two aggressor’s lines, the size of the buffer of the victim ling, __! : . . .

: ; . ) . . Ulations with an RLC model are essential. The inductive effect

being different, as reported in the table. We give the simulatign

: o annot be neglected.
values of the simple RC distributed model and the values of t iy .

: he coefficiento has been determined for the 0.28 tech-

RLC model. These values are compared with those calculate . .

. . . nology. For the passage to a new technology, this corrective term
by our expression. Finally the discrepancy between calculate - X !

X . i as the same form, but it will be necessary to fit the new coeffi-
and simulated values is given in the last column. We can see the .
. . cient. In each case, the error between calculated and simulated
good agreement and the importance of the corrective term. . o
. . . values is less than 10%.

In Table Ill, we consider different sizes for the buffers.

Forthese cases, we cansee alsoagood agreementbetween sim-
ulated and calculated crosstalk values and the necessity of taking
into account the inductance effectin a large range of length. It is important for designers to know if crosstalk problems

We now consider a new interconnect geometry. The cormgay arise in their final designs. An analytical expression to cal-

sponding electrical parameters obtained by electromagnetidate the crosstalk would help the circuit designers to locate the

Lis = Loz = 0.912 nH/cm

V. CONCLUSION
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TABLE IV
COMPARISON OFCROSSTALK VALUES FOR ANEW GEOMETRY

Length | HSPICE HSPICE MODEL Error
(mm) AVgre (mV) AVRL(:(I’HV) AVRric (mV) %
0.1 -163.4 -163.4 -163.4 0%

0.5 -202.2 -201.5 -202.2 0.35%

1 -214.4 -221.7 -215.3 -2.9%

2 -242.6 -263.1 -258.9 -1.6%
3 -279.3 -323 -332.9 3%

4 -319.1 -391.7 -412.3 5.3%

5 -351.3 -448.9 -474.2 5.6%

6 -375.4 -487 -512.8 5.3%

8 -397.6 -497.9 -534 7.3%

10 -398.5 -474.5 -513 8.1%

12 -405.1 -456.6 -495.8 8.6%
15 -405.5 -438 -464.7 6%

pair of lines which is most sensitive to crosstalk interference.
The accuracy of RC models is no longer sufficient for deep su’
micron circuits. In this paper, a methodology has been propos
to determine the accurate electrical paramekeré, C, G. We
have shown the influence of inductive effects and proposec
corrective term in order to efficiently deal with them. The acct
racy and applicability of a simple closed-form model for calct
lated crosstalk noise was shown.
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