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MOLECULAR TRANSISTOR CIRCUITS
COMPATIBLE WITH CARBON NANOTUBE
SENSORS AND TRANSDUCERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Pursuant to 35 US.C. § 119(e), this application
claims benefit of priority from provisional patent application
Ser. No. 60/899,667, filed Feb. 5, 2007, the contents of which
are hereby incorporated by reference herein in their entirety

FIELD OF THE INVENTION

[0002] The present invention generally relates to nanotech-
nology, and in particular, to carbon nanotube sensors.

DISCUSSION OF THE RELATED ART

[0003] For decades the civilization-changing electronics
industry implemented first germanium (Group IV-A metal
element), then silicon (Group IV-A non-metal element), and
to some extent Group I11-A/Group V-A combinations (such as
gallium-arsenide and indium-phosphide). One application of
such materials is to move large quantities of electrons within
semiconducting junctions and lattices as signifiers of signals
and quantities subject to transport, storage, and transforma-
tive operations. Nature has worked at a much grander scale
with far more self-sustainable results using chemical reaction
and electrical properties of carbon (Group IV-A non-metal
element). Since Sumio lijima’s discovery of (multi-wall) car-
bon nanotubes in 1991, which is based on the Buckminster-
fullerene (C,) by Richard Smalley and team, the subsequent
1993 discoveries of single-wall carbon nanotubes by a num-
ber of separate research groups, and the first studies of the
electrical properties of these, carbon lattices have rapidly
risen to a position to form a new platform for electronics in a
manner that gracefully inherits the accumulated quantum
theory and design conceptualizations of the now well-en-
trenched semiconductor dogmas and methodologies.
Although other types of molecular electronic materials, sub-
strates, and methods await study and development, carbon
nanotube electronics has captured considerable finding sup-
port and scientific research attention. Additionally, being car-
bon-based, there is the potential for future leverage of carbon-
based electronics in deep and profound ways with carbon-
based organic and bioorganic chemical processes.

SUMMARY

[0004] Features and advantages of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention. The objectives and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0005] In accordance with an embodiment, small-signal
and other circuit design techniques may be realized by carbon
nanotube field-effect transistors (CNFETs) to create analog
electronics for analog signal handling, analog signal process-
ing, and conversions between analog signals and digital sig-
nals. As the CNFETs exist and operate at nanoscale, they can
be readily collocated or integrated into carbon nanotube sens-
ing and transducing systems. Such collocation and integra-
tion is at, or adequately near, nanoscale.
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[0006] These and other embodiments will also become
readily apparent to those skilled in the art from the following
detailed description of the embodiments having reference to
the attached figures, the invention not being limited to any
particular embodiment disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and other aspects, features, and advan-
tages of the present invention will become more apparent
upon consideration of the following description of preferred
embodiments, taken in conjunction with the accompanying
drawing figures.

[0008] FIGS. 1a through 1fillustrate various element scal-
ings for carbon nanotube sensors, interface electronics, and
application systems.

[0009] FIGS. 1g and 1/ illustrate the existence of opportu-
nities for valuable synergies when the sensor interface elec-
tronics is at the same or similar scale as carbon nanotube
sensors, particularly if the sensor interface electronics is
implemented with carbon nanotube transistors.

[0010] FIG. 2 illustrates an exemplary carbon nanotube
chemical species specific or affinity sensor created from a
carbon nanotube with electrode connections at either end of a
portion of its length with a large organic molecule, typically
with affinity properties, positioned between the electrode
connections.

[0011] FIGS. 3a-3d illustrate various situations wherein a
carbon nanotube sensor, positioned within a measurement
volume, is subjected to physical phenomena, and in one
example, the presence of a chemical species. Other phenom-
ena, such as temperature, pressure, conductivity, optical
transmission, pH, etc., may also be measured in such a man-
ner.

[0012] FIG. 4 illustrates the transport of a micro-scale or
smaller droplet via sequenced electric field transport as has
been proposed for reconfigurable and other Lab-on-a-Chip
and microfluidic/nanofluidic implementations.

[0013] FIGS. 5a and 56 show the transport electrode array
of'the droplet transport arrangement of FIG. 4 interconnected
with sequencing and driving electronics.

[0014] FIG. 6a shows a carbon nanotube sensor located in
a region served by an adaptation of the droplet transport
arrangement of FIG. 4.

[0015] FIG. 65 shows another depiction of the general
arrangement of FIG. 6a, here with an exemplary carbon nano-
tube affinity sensor such as that depicted in FIG. 2.

[0016] FIG. 7a depicts a carbon nanotube N-channel field
effect transistor comprising a carbon nanotube draped
between two electrodes over an underlying insulated gate
area.

[0017] FIG. 7bis a cross-sectional view of the arrangement
of FIG. 7a.

[0018] FIG. 7¢ depicts symbols that may be used to depict
a carbon nanotube N-channel field effect transistor in circuit
diagrams.

[0019] FIG. 8a depicts a carbon nanotube P-channel field
effect transistor comprising a carbon nanotube draped
between two electrodes over an underlying insulated gate
area and sealed with an oxygen-impermeable layer.

[0020] FIG. 85 illustrates a cross-sectional view of the
arrangement of FIG. 8a.

[0021] FIG. 8¢ depicts symbols that may be used to depict
a carbon nanotube P-channel field effect transistor in circuit
diagrams.






























