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Continuous scaling of VLSI circuits can pose
significant problems for interconnects, especialbr
those responsible for long distance communicatiorao
high performance chip. Both power and delay of ¢hes
interconnects is likely to rise significantly inetHuture.
International Technology Roadmap for Semiconductors
(ITRS) predicts, that in spite of new material®li®u and
low-k dielectric, beyond the 130nm technology node,
performance improvement of advanced VLSI is likely
begin to saturate unless a paradigm shift fromgmiekC
architecture is introduced. Our modeling predibtst the
situation is worse than anticipated in the ITRS,ich
assumes that the resistivity of copper will not rdea
appreciably with scaling in the future. We showttha
resistance of interconnect wires in light of scglinduced
increase in electron surface scattering, fractiocralss
section area occupied by the high resistivity learend
realistic interconnect operation temperature veiid to a
significant rise in the effective resistivity of CLL].
Although, above constraints have been insignificanhe
past, they are beginning to effect the interconnect
performance and will become increasingly importaith
the aggressive scaling suggested in the ITRS {2lhé
light of various metal interconnect limitationsteshate
solutions both at technology and architectural lleveed
to be pursued.

One such promising technique is 3-D ICs with
multiple active Si layers [3]. A large number of
information signals paths could be transferred from
horizontal interconnects to vertical interconnect$is
can potentially increase transistor packing denséguce
chip area, interconnect length and therefore iotamect
delay. Our simulations show that vertical integratiof
devices would allow a substantial reduction in cipe
and thus limiting the maximum required interconngire
length resulting in reduced interconnect delaysendy,
there are several possible fabrication technolobiiag
investigated that can be used to realize multigiers of
active-area separated by inter-layer dielectrie®)Ifor
3-D circuit processing. These include epitaxialvgto of
a single crystal Si seeded from an open windowhi
ILD on Si substrate [4], bond two fully processedfers
[5] on which devices and interconnects are fabeitain
the surface and solid phase crystallization usiedig
agents such as Ni [6].

Another promising technique is optical
interconnects with potential advantages in bandwidt
delay, cross-talk and power. While, the usefulness
optics in chip to chip communication is becomingackr,
there exists a considerable ambiguity in utilityogftical
interconnects in high performance on-chip applaosti
We have modeled the optical interconnect systeraydel
bandwidth and power consumption and compared the
performance between electrical and optical intenects
[7]. There exists a critical length well within tlebip size,
beyond which the optical system is faster thanféiséest
copper system with repeaters. There is quite aftibubt
as to the adequacy of conventional metal basedk cloc
distribution schemes to meet performance spedifioat
in the future. Therefore, one of the first applicat of
optical interconnects on-chip is believed to becliock

—

distribution because of reduction in skew andrjigted in
some cases even power advantages. The opticahsyste
consists of the transmitter (laser), the medium
(waveguide) and the receiver. Integration of opibacks
could be done by placing transmitter off chip, gsfree
space as the transmission medium and the receiver
including a detector on the chip. Ge appears ta bery
attractive choice for this purpose. Ge has a hidtwer
field carrier mobility which should allow the fabation

of high performance deep sub-micron Ge MOSFETS. In
addition, the smaller optical bandgap of Ge broadbe
absorption wavelength spectrum allowing opto-etettr
integration to enhance CMOS functionality. Unligg
however, the lack of a stable native oxide hindies
passivation of Ge surfaces. Recently we have
demonstrated MOS devices on Ge with ZrQate
dielectric [8]. With more development, this novel
technology should allow the heterogeneous integnaif
high performance deep sub-micron Ge MOSFETs and
optical detectors on Si.
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