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Guest Editorial: Special Issue on On-Chip Inductance
In High-Speed Integrated Circuits

HE appropriate interconnect model has changed seve2dD loop inductance models. In the second paper, Kopesay

times over the past two decades due to aggressive teah+eview the basics of 2-D inductance modeling and introduce
nology scaling. New, more accurate interconnect models werevel methods to include distant return paths and synthesize
introduced when parasitic effects that were negligible in eareduced-order circuit models that capture frequency dependent
lier technologies, could no longer be ignored. Currently, RBehavior.

models are used to analyze high resistance nets while capacifhe third, fourth, and fifth papers are exclusively devoted to
tive models are used for less resistive interconnects. Howeveip models and methods to accelerate the use of 3-D models. In
on-chip inductance is becoming increasingly important since ithe third paper Beattiet al. describe the basic concepts on-chip
tegrated circuits now operate at frequencies where the inductidggnetic interactions and review the more effective sparse ap-
impedance of thick wide wires is comparable to wire resistangeoximations to 3-D inductance modeling such as equipotential
and line lengths are long enough, relative to signal rise timeshell methods and window based susceptance extraction. In the
for transmission line behavior to become significant. fourth paper, Galat al.not only advocate sparse 3-D models for
Furthermore, this trend shows every indication of spreadingterconnect analysis they also investigate the influence of of-
beyond the relatively few lines it now affects. Operating frerentimes ignored parasitics like device decoupling capacitances,
quencies that have increased dramatically over the past deca@®ice switching currents, and packaging effects. To handle the
are expected to maintain the same rate of increase over ji¢eased complexity they reformulate the PRIMA algorithm
next decade approaching 10 GHz by the year 2012. The ys&roduce a smaller, symmetric positive definite matrix suit-
of thick upper level metals, large die sizes, and low resistanggle for Cholesky decomposition. The fifth paper by étual.
copper interconnect—already used in many commercial CMQ¥oposes two inductance extraction methods that consider other
technologies, will likewise continue. Finally, because large digrcuit characteristics to obtain highly sparsified and accurate
sizes enable more system integration, the use of long thigierse inductance matrices. The second algorithm folds away
wide wires, once largely devoted to global clock distributiothe power/ground network in a manner the editors find some-
networks, will spread to critical data-buses and control lines.what similar to 2-D loop inductance formulations. Their paper
This special issue deals with the design and analysis of iftso describes K-PRIMA, their extension of the PRIMA algo-
tegrated circuits including parasitic on-chip inductance. It dogighm that handles inverse inductance, or K, matrices.
not deal with intentionally designed structures like the spiral in- The sixth paper by Mezhibet al. investigates the inductive
ductors used in RF circuits and LC tank oscillators. As evidenggoperties of different power grid designs. It explores the trade-
that the subject material is still under investigation, the papersdfis of inductance/area/resistance in allocating metal resources.
this special issue do not present a unified approach to modelinge seventh paper by Svensson reviews the performance of
parasitic inductance. electrical interconnects including inductance and skin effect
The most notable difference centers around the use of 23Rd finds delays, data rates, and power consumption are on par
(or loop inductance) models versus more general 3-D indug superior to optical interconnects. The analytical methods
tance models, and at the center of this debate is the ques®¥ensson employs are necessarily linked to 2-D models. In the
of current loops formed by return currents. The 3-D model adighth paper Massoust al. explore design techniques such
vocates take the position that the return current paths are fundg-shieming, widening lines, increased line separation, buffer
mentally unknown and present sophisticated analysis metheglsertion, differential signaling, and dedicated ground planes to
to cope with the increased complexity of 3-D models. The 2-Rxduce on-chip inductive effects. In the ninth and final paper,
advocates insist that the return currents are equal and opposi#® et al. precharacterize interconnect/power grid/circuit
to the interconnect currents and can therefore, employ simpigferactions to derive an effective-inductance lookup table
models. While this debate is apparent in the second paper whiglitable for timing analysis and buffer insertion.
favors 2-D models and the third, fourth, and sixth papers which
favor 3-D models, several other papers also imply a preference
by presenting analytical methods that are suitable to 2-D models
only. The paper summary below highlights when notable, the
authors stated or implied preference to 2-D or 3-D models.
In the first paper, Ismail presents several analytical methods
for including inductive effects in both timing and noise anal-
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