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3pocTaHHSl CKJIAJHOCTI CYyYACHHX iHTerpajbHHX cXeM MNPH3BOAUTH A0 3POCTAHHSA
BAJKJIMBOCTI Takux edeKTiB, 0 BHHHKAIOTH MiK 3’€IHAHHAMH, SIK 3ATPHMKH Ta nepexpecHi
3aBagu. Ili epexTH BU3HAYAIOTHCA MAPA3UTHHMH eJleMeHTAMH BiANOBiAHO 10 3’€AHYBAJIbHUX
JiHii. AHagi3y€ThCcsl BIJIMB reoMeTpH4HOi KoH(pirypauii mmu Ha napa3uthi emuocri. Jas
nboro 0yja BuBeaeHa opmyJia 1Jisl HOKPALIIAHHS TOYHOCTI EMHiICHHX MoJeIeii.

Increasing complexity of modern integrated circuits causes that importance of effects
occurring in interconnections, such as delay and crosstalk, grows. These effects are
determined by parasitic elements corresponding to the connection lines. In this paper we
discuss influence of geometrical configuration of the bus on parasitic capacitances. Suitable
formulas improving accuracy of capacitance models have been developed.

Introduction

Continuous progress in VLSI technology enables increasing of the circuits’ scale of integration.
Modern chips including millions of transistors become more and more complex and their area grows. As a
result, complexity of the net of conductive lines connecting devices in the subcells and leading signal
between the subcells rapidly grows too. In effect propagation parameters of the interconnections are even
crucial for performance of the circuit. These parameters strongly depend on values of parasitic elements
corresponding to the interconnection lines. For this reason availability of effective models allowing to
determine parasitic capacitances is indispensable for correct verification of the circuit.

In our previous works [1-3] we discussed some problems of interconnection capacitance modelling.
Numerical methods, used in such computer programmes as CAPCAL [4] and FastCap [5-7] are too time-
consuming for verification of large circuits, especially during statistical verification. For such purposes
empirical models have to be used. But existing empirical models [8-12] determine the capacitance values
basing only on line dimensions (width () and thickness (7)) and on spacing between the line and closest
neighbours (spacing between lines (S) and distance to the plane (H)). In our works we have shown this
approach is not justified for lines on one plane (Fig. 1). In such a case further lines intercept part of the
flux and influence the values of Caf (capacitance between the line and the plane) and Ccoup (capacitance
between the lines). It is less important for connections inside the subcells, because of their relatively low
lengths. But lines leading signal between subcells may be long (even several centimetres) and these effects
should not be neglected.
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Fig. 1. Parallel lines on one plane. Ccoup-capacitance between the lines,
Caf -capacitance between the line and the plane

Earlier we considered the influence of the line’s neighbourhood on the Caf values and created a
model of this influence, presented in [3]. It allows to evaluate the Caf values for connection lines with
different number of neighbour lines on both sides.

In this paper in Section Il we discussed further neighbourhood influence also on Ccoup values. This
influence is much less significant than in the case of the Caf value (Section III). In Section IV we
discussed usability of our model of further neighbourhood influence on Caf value [3] when spacings
between the lines in the bus are not the same.

Further neighbourhood influence on Ccoup

In [1-3] we have shown that neglecting the further neighbourhood influence on Caf may introduce
significant errors of circuit simulation results. Here we verify this influence for Ccoup too. In our work we
used numerical simulator CAPCAL [4]. Borders of the solution area were placed far enough to make
simulation results practically independent of them.

We observed that practically only two closest lines on every side of Ccoup capacitance influence its
value (Figs. 2 and 3). We decided to check significance of this influence for different sets of line
dimensions. The result Ccoup values for the middle line in 3-lines and 15-lines bus are presented in Table
I. Deviation between Ccoup for line with large number and with minimal number of neighbours on every
side depends on lines dimensions but is only several percent. In the case of successive lines in one bus
these deviations would be much smaller.

It may be observed that increasing distance to the plane (H) increases the deviation. That is because
the plane intercepts less of the flux and influence from the further line is stronger. But still this influence is
rather weak. Our observations indicate that we may neglect further neighbourhood influence evaluating
capacitances between parallel lines on one plane.
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Fig. 2. Capacitances between successive lines in 15-lines bus. Lines on one plane,
W=0.4pum, T=0.7um, S=0.6um, H=0.6um
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Fig. 3. Capacitances for the middle line for different number of lines in the bus. Lines on one plane,
W=0.4um, T=0.7um, S=0.6um, H=0.6um.

Table 1
Ccoup for middle line in 3-lines and 15-lines bus

Tlum] | S[um] | H[um] | W[um] | Ccoup, |Ccoup, |deviation
3 lines 15 lines | [%]
[aF/um] | [aF/um]

0.2 0.2 0.3 0.2 61.3 59.3 3.4

0.2 0.2 0.3 1 73.5 72.2 1.8

0.2 0.2 1.3 0.2 71.5 66.6 7.4

0.2 1 1.3 0.2 214 20.1 6.5

0.5 0.5 0.3 1 55.3 54.1 2.2

0.5 0.5 1 1 68.2 66.2 3

0.5 1 0.3 0.2 20.5 19.8 3.5

0.5 1 1 0.2 30.3 28.8 5.2

0.6 1 1 0.4 36.7 35.1 4.6

0.6 1 2.5 0.4 44 40.9 7.6

0.6 0.5 1 0.4 68.3 65.6 4.1

0.7 0.6 0.6 04 59.5 57.5 3.5

0.7 0.6 1.6 04 67.9 64.5 5.3

Model of further neighbourhood influence on Caf
Further neighbourhood influence on the Caf values is significantly stronger than in the case of
Ccoup. Distinctions between Caf for the lines with different number of neighbours may be much larger
(Table 1) and more neighbour lines affects every Caf value (Figs. 4 and 6). Neglecting this influence may
introduce significant errors so we created model of this effect (Eqgs. 1-4), allowing to determine Caf for
lines with different number of neighbours [3]. In [3] we assumed the spacing between parallel lines (S) to
be constant. In next section we present modification of the model for different S values.
NL-1 NR-1
4 4
PN =73 NR—7 (M

*

+ +
Caf(3) 2 Caf3) 2

where
B=X+09*Y*H 2)
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Table 2

Caf for middle line in 3-lines and 15 lines bus

Tlum] | S[um] | H[um] | Wlum] | Cqf, Caf, deviation
3 lines 15 lines | [%]
[aF/um] | [aF/um]
0.2 0.2 0.3 0.2 552 46.6 18.5
0.2 0.2 0.3 1 14.9 13.9 7.2
0.2 0.2 1.3 0.2 21.9 12.7 72.4
0.2 1 1.3 0.2 394 3.02 30.5
0.5 0.5 0.3 1 172 162 6.2
0.5 0.5 1 1 61.5 52.6 16.9
0.5 1 0.3 0.2 103 94.2 9.3
0.5 1 1 0.2 474 38.1 244
0.6 1 1 0.4 54.4 45.1 20.6
0.6 1 2.5 0.4 29.9 20.3 47.3
0.6 0.5 1 0.4 40.4 32 26.3
0.7 0.6 0.6 0.4 63.4 54.7 15.9
0.7 0.6 1.6 0.4 31.6 22.9 38

X =

5 1

1
El14+ - E15*S
wis (exp(Wlb) w7 ]

|

P o520 5+ )ECT8)

Caf(3) — Caf value for the middle line in 3-lines bus.

NL, NR — numbers of parallel lines on left and right side of the modelled one

Caf(3) may be determined analytically, but to avoid error of Caf(3) evaluation, for verification of our

model we used CAPCAL values.
In Figs. 4-7 capacitances achieved with our model and one of existing empirical models (Wong's

model [12]) are compared to CAPCAL results. Wong's model does not depend on further neighbourhood

configuration. Presented results shows that using our formula allows to strongly decrease errors of

modelling.
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Fig. 4. Caf for the middle line in the bus for different N value, achieved with CAPCAL,

our model and Wong’s model [12]. T=S=H=W=0.5um. [3]
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Fig. 5. Error of Caf value for the middle line in the bus obtained with our model
and with Wong’s model [12]. T=S=H=W=0.5um. [3]
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Fig. 6. Caf for successive lines in the 9-lines bus, from CAPCAL, our model and Wong’s model [12].
T=S=H=W=0.5um. [3]
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Fig. 7. Error of Caf for successive lines in 9-lines bus, obtained with our model
and Wong’s model [12]. T=S=H=W=0.5um. [3]
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Evaluating of Caf values for different spacing between lines in the bus

In the case of interconnections leading signal between subcells assumption of constant spacing
between the lines is usually justified. They are placed close to each other to save the area. But in some
regions S values may change, for instant because of need to put contact to one of lines inside the bus. Our
simulations have shown that when parallel lines are placed close to each other, not the number of lines but
area covered by them decides about the Caf value. Capacitance values obtained for line with 7 neighbours on
each side and with one neighbour on each side, but of width equal to area covered by those seven lines (Figs.
8a and 8b) are almost the same (Table III).

Fig. 8. Parallel lines on one plane

Table 3
Caf for middle line in the bus

Tum] |S[um] |H[um] | W[um] |15-lines bus (Fig. 8a.) |3-lines bus (Fig. 8b.)
[aF/um] [aF/um]
0.2 0.2 0.3 0.2 46.6 46.4
0.2 0.2 1.3 0.2 12.7 12.5
0.2 0.2 0.3 1 139 139
0.5 0.5 0.5 0.5 66.3 66.2
0.5 0.5 2.5 0.5 15.5 153
0.6 1 1 0.4 45.1 44.4
0.6 1 2.5 0.4 20.3 19.5
1 1 1 1 65.8 65.6

In Table IV the Caf values for middle line in 15-lines bus (Fig. 8a) and in modified bus, where every
second line on one side of the modelled one was removed (Fig. 8c) are presented for different sets of
dimensions. Even after such strong modification deviation between Caf for both cases is rather small.

Achieved results indicate that when lines in the bus are close to each other, changes of the width and
spacing between further neighbours of the modelled line have a weak influence on the Caf value for this
line. The area covered by those further lines determines this value. So in such cases our formula (Eq. (1))
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may be modified by defining parameters NL and NR not as number of lines on both sides of the modelled
one, but from the equations:

NI = Areal (5)
S+W

NR = AVeaR (6)
S+W

where Areal, AreaR — width of the area covered by lines on left and right side of the modelled line.

Table 4
Caf for middle line in the bus
TTum] | S[um] | H[um] | #[um] | 15-lines bus (Fig.8a.) |modified bus (Fig.8c.) |deviation
[aF/um] [aF/um] [%%]
0.2 02 0.3 0.2 46.6 47.4 1.7
0.2 0.2 1.3 0.2 12.7 13.2 39
0.2 02 0.3 1 139 140 0.7
0.5 0.5 0.5 0.5 66.3 67.4 1.7
0.5 0.5 2.5 0.5 15.5 16.1 3.9
0.6 1 1 0.4 45.1 46.4 2.9
0.6 1 2.5 0.4 20.3 213 4.9
1 1 1 1 65.8 66.8 1.5

Conclusions

Further neighbourhood of the interconnection line has weak influence on the coupling capacitance
between lines on one plane. Numerical simulation results show that this “neighbourhood effect” may be
neglected. Contrary to that neglecting influence of further neighbours configuration on capacitance
between the line and the plane may introduce significant errors, especially for long lines between subcells.
Our model allows taking this effect into account in verification process. As we have shown, it may by used
even for buses with disturbed geometry. Such model may be useful in verification of circuit design.
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