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Abstract - An integrated interconnect modeling system,
SIMS, is developed with the parametrized modeling of
interconnect and the interface with a schematic capture and
editor. SIMS automatically drives numerical interconnect
simualtion as directed by technology engineers, creates
polynomial model library for interconnect parasitics, generates
netlist including SPICE model for the interconnect structure
specified by circuit designers, automatically drives circuit
simulations and display the simulation results through
advanced GUI.. VLSI design with SIMSmakes it possible to
consider parasitic effects fast and accurately, whiclbecomes
more important in deep submicroncircuit design area. With
this capability, circuit design with optimized interconnect
layout can be easily achieved. Ultimately the integrated system
helps to reduce the cost otechnology development and the
time-to-market by building up the concept of design-for-
manufacturability.

1.INTRODUCTION

As chip densityandcircuit switching speedre improved,
the parasitieffectsinduced by the interconnect haserged
as one of the most criticdhctors in restricting circuit
performancesl] In order to ensure in-spec design, the
parasiticeffectsshould be taken into account as accuratel
and as early in design flow as possible.

There havébeen several approaches to accompiish.
Earlier, simplified analytical models were used to estimat
interconnect capacitances, which could not ntleetevel of
accuracy required bihe presenVLSI technology2) With
the advent of numerical interconnect simulator, anoth
approach based on simulatiandextraction of interconnect
capacitance was proposed to overcome this diffiga]lty.

However, araccurate interconnect modeliggstem which
aims at the enhancement of desigfficiency should be
integrated with the existing designethodology. It is the
purpose ofthis work to provide such an integrated desigr
environment, called SIMS(SPICE Interconnect Modelini
System), to the design community.

In this paper, the generabnceptand thestructure of the

2. SYSTEM OVERVIEW

The conceptual diagram of tegstemstructure is shown
in Fig 1. SIMS iscomposed of tweeparate modules, called
SIMG and ESCAPE respectively] SIMG automatically
drives 2D/3D numerical interconnect simulator according to
the interconnect structure descriptions input by the
technology engineersand generates interconnect model
library. ESCAPE is the in-house schematic captoa
which, as directed by thtgpes ofinterconnect specified by a
designer,accesseshe interconnect model library generated
by SIMG, creates the netlist including interconnect
capacitances, drives circuit simulatioaad provides real-
time verification of the circuit functionalityaffected by
interconnect through advanced GUI.
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system SIMSand the capacitance modeling which makes the

embodiment of the system possilbe will be presented.

Fig.1 The concept of SIMS(SPICE Interconnect Modeling System)



3. SMG(SPICE Interconnect Model Generator) technology parameter values in the simulation.

As seen in Fig.1, SIMG consists of 4 submodules of 6. INTERCONNECT CAPACITANCE MODELING
PARSER, simulation driver, parasitics extractor and o - )
fitter/generator. Parser takes the input deck, reads in dAtaParametrization of parasitic capacitance
from SIL to createhe simulation input and structure, and
sends this information to simulation driverThen, the  The interconnectased in IC chipgan be approximately
simulation  driver initiates numerical interconnectdescribed ashe array of interconnects which ailaced
simulations to calculate the parasitics as functiorayafut Parallel to each otheabovethe ground plane as shown in
parameters. The parasitic extractor extracts the parasitfd§- 2. The capacitance of each interconnect in this array is
from the simulation results and stores them into the parasifRPresented by the sum of atapacitances with other
database. Finally, the fitter/generator creates interconn&€rconnects as well as that with the ground platosvever
model library based on least square fithe automatic real- &8s the simulated capacitance matsbows inFig.2, the
time verification is implemented to examine thecuracy of contribution in capacitance from other interconnects is

the model for arbitrary design parameters. orders of magnitude smalldran thatfrom thetwo nearest-
SIMG createsdata libraryfor simulation inputs and N€ighbor interconnects, and hence can be neglected.
interconnect structures fothe ease of useand library From this observation, the capacitance of each

management atechnology changes . Not onflge layout interconnect can be given by:

parameters like interconnect line width, lengtid spacing

but also thetechnology parameters such asaterial Ganer= Cg + 2*G; (1.1)
constants, layer thicknesses and resistivities can be assigned Gage = G+ G (1.2)

in the input file. Also the hierarchy and thebjectivity of

the input dataallow the model librarynanager to maintain Where Guer and Gqqe are the capacitances of interconnect
structured database. Tisgstemenvironment can be setPlaced insideand at theedge ofthe arrayrespectively, and
either byUNIX shell variables or by setup files for improvedCg and G are the capacitances of each interconnect with the

maintenance of the system. ground plane(called ground capacitanaeyl withone of its
nearest neighbors(called coupling capacitance), respectively.
4.PARAMETRIZATION OF THE INTER The parameters whidffectinterconnect capacitances can
CONNECT STRUCTURE be grouped into theechnology parameterand layout

parameters. Technology parameters such as layer thicknesses
SIMG performsthe numerical simulations varying theandresistivities, dielectric constant can be considdest]
layout parameters after it reads ithe parametrizedand cannot be changddr optimization by designemnce
interconnect structure template file. The parametrization

the interconnect structure is performed by the simulator
keyword ".param” as following ; Dielectric constant =3.9 o
o um
.param parameter namel = parameter valuel; -oum
.param parameter name2 = parameter value2; M1 M2 M3 + M4 M5
; l || | | | |
. 1.0um 05 * 1.0um
SIMS searches fadhe name of the parameter declared i ~oum

the inputdeck among interconnect template structure file:
and transforms thealue ofthe parameter. The structdile
translated as such fed into the simulator as an inpfite

for simulation. M1 M2 M3 M4 M5

M1 [T 4.9E-16 2.3E-16 4.6E-18 1.7E-18 1.2E-18"]
5. PARASITICS DATABASE
M2 2.3E-16 4.9E-16 2.3E-16 4.6E-18 1.7E-18

To generate models for an interconnect structure, tens
hundreds of numerical simulations have to be performe ™
each of which could take several minutes. Therefore, wh mM4 | 1.7E-18 4.8E-18 2.3E-18 4.9E-16 2.3E-18
an unexpected accident takes place or when model optic
have to be changed during simulation, a large amount M5 1 1.1E-18 1.7E-18 4.BE-18 2.3E-16 4.9E-16 |
time will be required for redoing simulations.

SIMS has the built-in parasitiatatabase for storing and Fig.2 The result of simulation of coupling capacitabesveen wire and other

. .. wire when five parallel metal strip lines run groundplane
fetching out the parasiticalues forthe samdayout and/or

M3 4.6E-18 2.3E-18 4.9E-16 2.3E-16 4.6E-18
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From the analysis of simulation resuits interconnect
capacitance, it is founthat theinterconnect capacitance is
linearly proportional to the line lengthnd to the linavidth (@) (b)
prov_lded .tha.t the width is not too .Sma”' A strong Fig.3 (a) Thedependence of coupling capacitance on the width of the wire in
n(_)n“nea”ty in the depgndence on widtows up forsma_ll given range of space (b) The functiofy¥, depending on the space
width and also on spacing for all the range of line spacing.

From theaboveresults, the interconnect capacitance can
be expressed as a function of layout parameters as follow .
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width below which the non-linearity shows up. dou e
In casehe capacitance is not linearly proportional to th o i or o o

interconnect width, the capacitancks S=§ S=S, S= T e T )

Ss,...., and S=9n a given range(&.Snax) can beexpressed (a) (b)

as follows:

Fig.4 (a) Thedependence of ground capacitance on the width of the wire in

Coma (W) =Cio(S1)+F(W)*{C 1a(S1)-Cuo(S0)} (6.1) given range of space (b) The functiogSf, depending on the space
Gozen(W)=Cin(S2)+ (W) {C 1i(S2)-Cuo( S2)} (6.2) . .
Cogu(W)=Cao(S3)+Fa(W)H{C 11(S5)-Cun(S3)} (6.3) generated, leading to a capability of famtd accurate

estimation of interconnect capacitances.

—si( W)=Co(Si FSLW.*CWl -Cuo 6.4
CorainlW)=Caol SI+FalWIHC wn(S)-Cul S)) (64) B.Parametrization of parasitic inductance

In thiscase, Fsi(Wpare nonlinear functions of Whose L . ) )
value ranges from 0 to 1. It is shown in Fig. 3,4 that Fsl(W),The para5|t!c inductances in IC chlps can be para_\metrlzed
Fs2(W), ... , and Fsi(W) can be represented by th@hd modeled inthe samevay asdescribed irnthe previous
generalized function, Fs(W). section. The inductance of an interconnect lineoimposed

In SIMS, Cw(S)and Fs(W) are represented by theth _of the self induc_tance(;) induced b_y itselff':md_the mutual
order polynomial as following: inductance (k) induced by the neighboring interconnects.
These inductances can Hescribed as a function tyout
n i @) parameters and technology parameters as well.
Cu(S)=3 AS In the interconnect simulatoused in the study,
e RAPHAEL, the inductance is calculated as follgsys)

-1
[L]= %¢[c] ®)
and theircoefficientscan beeasily obtained by least square
fit. where [L] is inductancenatrix, [C] is capacitance matrix
By adoping polynomial-based capacitance model féndc is the speed of light.
interconnect, the needor repetition of time-consuming As found in the analysis of simulation result for
numerical simulations are eliminated once the modelibraryigterconnect capacitance, it is found that the interconnect
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Fig.5 The fitting result for capacitance using SIMS (RAPHAEL vs SIMS) Fig.6 The fitting results for inductance using SIMS(RAPHAEL vs SIMS)
inductance is linearly proportional to the line length, b%lyout parametersising least square fit. A special care is
strongly nonlinear with line widtnd spacing.Therefore, ., on for polynomial representation of stromgnlinear
basically the samemethodology of developing analytic 4, qjons. |t is seen in Fig.5,tBat anexcellent accuracy of
models as for interconnect capacitanceseisployed for e js obtained compared to the simulation results.
interconnect inductances. Dividing the spacing range into fubregionsand the
width range into 2 subregions results in the maximum fitting

7. SMULATION AND CURVE FITTING error less than 3%.

Model library for parasitics is generated for each range of 8.WIRE MODELING IN THE SCHEMATIC CAPTURE TOOL



Once the model library for interconnect parasitics @e of the most criticdhctors in determining performances,
generated, circuit designers caocessthe library through and in this context, thecapability of fastand accurate
the schematic captur®ol in SIMS, which inturn creates interconnect modelingnd analysis provided by SIMS will
netlist including the SPICE modefor aparticular ultimately make an important contribution to the realization
interconnect patterspecified bythe designer , automatically of the concept of design for manufacturability and to the
drives circuit simulatoanddisplaythe circuit performance significant reduction in time-to-market fdhe benefit of
results throughGUI. The designer, therefore, can analyzdesign community.
the effects of various interconnect patternsimher circuits
in a very fast and accurate manner. Moreover, cross-talk can REFERENCES
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