











An FPGA chip is a piece of
programmable  hardware,
comprising a set of gate-level
building blocks, such as
NAND gates and flipflops,
and a data-routing network
that can semi-permanently
wire together these compo-
nents into a digital circuit.
The wiring pattern is imple-
mented  with  CMOS
switches controlled by con-
figuration bits, stored in sta-
tic memory cells. For a
hardware engineer, there is
often a trade-off between the
high performance (and high
cost and long design time) of
a custom ASIC chip versus
the lower performance (and
lower cost and immediate
availability) of using a gen-
eral-purpose processor; an
FPGA is halfway between
these two alternatives, and may be described as
semi-custom hardware.
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ur hybrid technology is called

field-programmable nanowire

interconnect (FPNI) [8-10].

The basic idea is to make a

hybrid nanoswitch/CMOS

chip, using the switch com-

ponents only for configurable

interconnect, and using standard CMOS micro-

circuitry for all other functions, such as logic and

configuration of the interconnect (see Figure 3).

Compared to the standard FPGA architecture, this

approach takes all of the CMOS resources required

for the configuration bits and switches and replaces

them with a set of nonvolatile nanoswitches resid-
ing in the metal interconnect layer.

Since nanoswitches are much smaller than the

configuration bits that consume a large fraction of

the area in a traditional FPGA, this design offers

much greater logic den-
sity. In a recent study [8],
we describe a FPNI circuit
with a factor of eight
increase in logic density,
comparable clock speed
and reduced power dissi-
pation compared to a
CMOS-only FPGA, using
the same transistor tech-
nology. This improvement
is equivalent to three gen-
erations of CMOS devel-
opment, or nearly 10 years
equivalent to Moore’s Law
technological  progress,
without having to shrink
or improve the transistors
in the circuit. Thus, we
see this example as an exis-
tence proof that the per-
formance of CMOS
technology ~ can  be
extended well beyond cur-
rently extrapolated limits
by optimizing the metal
interconnect, which is
already a major perfor-
mance limitation in terms
of operating speed and
power dissipation.

The dense interconnec-
tivity, high bandwidth,
uniformity, and sparse uti-
lization of the nanowire crossbar enables very effec-
tive schemes for defect tolerance [3]. This is
essential, since high defect rates are inevitable for
any technology that incorporates nanoscale
devices, independent of their composition or func-
tion. Our simulations of a defect-avoidance strat-
egy [8] in the FPNI chip showed that even at a
defect rate of 50% for the nano junctions, the
effective manufacturing yield was 99.7% with little
degradation of the circuit speed. Thus, we believe
that it is possible to introduce hybrid technologies,

Figure 2. (a) The crossbar
geometry. Each junction where
a titanium nanowire (green)
crosses over a

platinum nanowire (blue)

has a thin layer of active
switching material (yellow)
between the wires. (b) An
atomic force microscope image
of a section of an actual 34 x 34
crossbar fabricated in our
research group.

THIS IMPROVEMENT IS EQUIVALENT TO THREE GENERATIONS OF

CMOS DEVELOPMENT,
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Figure 3. (a) The nano-scale crossbar and the CMOS micro-circuitry
are fabricated as separate layers of the chip, with an “area-distributed”
electrical interface (blue and green pins) between the two layers [10].
(b) Green pins connect vertical nanowires in the nano layer to gate
inputs in the CMOS layer; blue pins connect horizontal nanowires in
the nano layer to gate outputs in the CMOS layer. (c) The nanowire
junctions are open by default, and by closing selected nano-switches
(red dots) to connect certain horizontal and vertical nanowires, signal
paths are formed to connect gate outputs to inputs. This is equivalent
to the configuration done in traditional FPGA chips. Two configured

D) CMOS a=

data paths are shown.

in which some type of nanoscale switch is used to
complement CMOS, and thereby continue
Moore’s Law rates of improvement in computing
capacity while maintaining reliability for many
more decades into the future with only modest
improvements in transistors. ©
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