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Abstract— Recent advances in process technology have brought forth
several options that have brought three-dimensional (3D)ircuits within
the realm of the possible and probable. This new design paragm will
require a major change in design methodologies, and an optiad 3D
design will look very different from an optimal 2D design. Shce the
move from conventional 2D to 3D is inherently a topological kange, it
stands to reason that a number of 3D-specific problems lie inhe domain
of physical design. This paper addresses challenges reldtéo physical
design for 3D integrated circuits.

. INTRODUCTION

thermal profile, or the tradeoffs with other optimizatioiteria, such
as wirelength, may be unacceptably large. Even the besérmpiait
may not be able to meet a specific temperature criterion, lgimp
because there is no escape path for the heat generated.

This issue is addressed by judiciously positionithgrmal vias
within the layout, which achieves improved heat removaleSéh
vias correspond to inter-tier metal connections that havelectrical
function, but instead, constitute a passive cooling teldgyo that
draws heat from the problem areas to the heat sink. Methads fo

With interconnect delays becoming the dominant factor in d@Ptimal thermal via positioning have been presented in $6h post-

termining circuit performance, it has become important se all
possible means to negate their effects. Thanks to recegtgs® in
fabrication technology, it has become possible to builduits “up-
wards” in the third dimension to reduce the problem of cotiges

The need to densely pack circuits, and locate critical l@skclose
as possible to each other, has led to the advent of threendioreal
(3D) technologies [1], with multiple tiers of devices stadkatop
each other. The increased packing density improves the wi@tiqn
per unit volume, and results in diminished on-chip intercant
problems due to reduced parasitics. This curtailment irpdrasitics
is achieved by reductions in the average interconnect hesnéin
comparison with 2D implementations, for the same circute)i
as well as by denser integration, which results in the replant
of chip-to-chip interconnections by intra-chip connento Conse-
quently, 3D integration can be an enabler for enhancemerggstem
performance, power, reliability, and portability. Recemlvances in
industrial [2], government [3] and academic [4] researdjotatories
have demonstrated 3D designs with inter-tier separatibttsecorder
of a few microns.

Fundamentally, the problem of 3D design is related to togiokd
arrangements of blocks, and therefore, physical desigrs @lanatural
role in determining the success of 3D design strategiessiBdly

design in the 3D realm requires a fresh approach, as new c

functions become important, and new design structures rbast
devised, and ordinary extensions of 2D approaches are ahégu
the task of solving these problems.

Il. 3D-sPECIFICPHYSICAL DESIGN

Physical design for 3D circuits includes problems related 2]

floorplanning, placement and routing. An additional conderchip-

level 3D integration is related to the fact that a large nundfective

devices are packed into a much smaller area, so that the plamsity
is much higher than in a corresponding 2D circuit. As a resigh

levels of temperature build-up are possible unless therssaks are
given primacy among the set of design objectives.

During placementcells are arranged in rows within the layout to

achieve a reasonable temperature distribution, while edgaiuring
traditional placement requirements. The challenges heria lensur-
ing that all of the competing constraints are simultangosatisfied,

while also ensuring that the algorithms within the CAD took a (6]
scalable and can handle large problem instances. A 3D pkmem

technique, based on a force-directed paradigm, with endzbéidite
element-based thermal analysis, is presented in [5].

Although placement may try its utmost to equalize the distion
of temperature, it is either fundamentally unable to createeven

placement optimization. However, the issue of thermal lé@gment
is one that can be addressed at all levels of design, rangorg f
design planning right up to optimization.

A placed circuit must undergo rauting step to obtain a complete
layout. During routing, several objectives and constgimtust be
taken into consideration, including avoiding blockageg du areas
occupied by thermal vias, incorporating the effect of terapee on
the delays of the routed wires, and of course, traditiongailves
such as wire length, timing, congestion and routing congietAn
algorithm for temperature-driven 3D routing, with intetge thermal
via insertion, is presented in [7].

Ill. CHALLENGES

Current research has made a promising start to addressing th
challenges of physical design for 3D ICs, but many issuesaiem
to be resolved. Besides enhancing the efficiency of floorptey
placement and routing methods, reliable power deliveryOrd@signs
is a significant bottleneck. In addition, as 3D technolodiesome
more sophisticated, adding more layers, heterogeneolesslapr
building systems with integrated analog/RF/digital comgruts, phys-
ical design issues related to design complexity and noigigation
will have to be addressed, while working under the congsain
ggposed by the underlying technology.
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