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FIG. 2 illustrates an example fabrication process of the
dual function nanostructure device in accordance with the
innovation.

FIG. 3A illustrates an example schematic of dual function
nanostructure device in accordance with the innovation.

FIG. 3B illustrates an example schematic of a pre-pat-
terned doped substrate in accordance with aspects of the
innovation.

FIG. 4 illustrates an example microscopic image of a
graphene film crossing a wafer edge in accordance with the
innovation.

FIG. 5 illustrates an example micrograph illustrating
contact of graphene with an electrode in accordance with
aspects of the innovation.

FIG. 6 illustrates an example experimental response of the
dual function nanostructure device in accordance with the
innovation.

FIG. 7 illustrates an example experimental response of the
dual function nanostructure device in accordance with the
innovation.

FIG. 8 illustrates an example I-V (Current-Voltage) char-
acteristic of the dual function nanostructure device with the
introduction of the volatile species in accordance with the
innovation.

FIG. 9 illustrates an example -V characteristic of the dual
function nanostructure device with the removal of the vola-
tile species in accordance with the innovation.

FIG. 10 illustrates the schematic of the device showing
the substrate, the polymer nanofiber, and the external elec-
trical connections for device operation.

FIG. 11 illustrates an optical microscope image (top view)
of the actual substrate, the metal electrode at the substrate
edge and the polymer nanofiber crossing the substrate edge.

FIG. 12 illustrates a magnified SEM image of a polymer
nanofiber crossing the substrate edge.

FIG. 13 illustrates the device current-voltage curves under
operation. The green curve represents the operation in
vacuum; the black curve represents the device operating in
a toxic NH; environment; the blue curve represents the
device operating in a toxic free environment after removal of
NH;. This shows that the device continues to operate
without damage by toxic gases.

DETAILED DESCRIPTION

The innovation is now described with reference to the
drawings, wherein like reference numerals are used to refer
to like elements throughout. In the following description, for
purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the
subject innovation. It may be evident, however, that the
innovation can be practiced without these specific details.

While specific characteristics are described herein (e.g.,
thickness), it is to be understood that the features, functions
and benefits of the innovation can employ characteristics
that vary from those described herein. These alternatives are
to be included within the scope of the innovation and claims
appended hereto.

Further, in view of the aspects and features described,
methodologies that may be implemented in accordance with
embodiments of the subject innovation will be better appre-
ciated with reference to the figures. While for purposes of
simplicity of explanation, the methodologies are shown and
described as a series of drawings representing steps or acts
associated with the methodologies, it is to be understood and
appreciated that the claimed subject matter is not limited by
the order of the drawings, as some drawings may occur

10

15

20

25

30

35

40

45

50

55

60

65

4

concurrently with other drawings and/or in different orders
than what is depicted and described herein. Where non-
sequential, or branched, flow is illustrated via flowchart, it
can be appreciated that various other branches, flow paths,
and orders of the blocks, may be implemented which
achieve the same or a similar result. Moreover, not all
illustrated drawings may be required to implement the
methodologies described hereinafter.

The innovation described herein and shown in the figures,
in one aspect thereof, is representative of a nanostructure
that may be a dual use nano-switching/sensing device com-
prised of a graphene-based nano-Schottky diode. The per-
formance of the innovation has been experimentally tested
in an ambient atmosphere as well as under other non-volatile
and volatile atmospheres. For example, the innovation has
been experimentally tested under ammonia gas (NH;), but
could operate under other volatile or toxic gases, such as
hydrogen, hydrocarbons, nitrogen oxides, carbon monoxide,
carbon dioxide, etc. The resulting experimental data dis-
closed herein, demonstrates a dual switching/sensing nature
(and function) of the innovation. Hence, the acronym
nanoSSSD (nano-Switch/Sensor Schottky Diode). Further,
the resulting experimental data also reveals a reversible
characteristic of the innovation, which makes it suitable for
nanosensing applications where access to the sensor and its
potential replacement opportunities are limited (e.g., bio-
sensors, harsh environment, etc.).

Specifically, due to the following characteristics of gra-
phene, the innovation has extreme sensitivity to different
gaseous species with a remarkable attribute of having
reversibility properties, thereby serving as a building block
for a volatile species sensor. As is known, graphene is
formed from a single layer (one atom thick) of carbon and
has a hexagonal shape. Thus, graphene is a 2-dimensional
material and, as such, its entire volume is exposed to its
surroundings, thereby making it sensitive to the adsorption
and desorption of a single gas molecule. Further, graphene’s
single layer structure makes graphene a zero-gap semicon-
ductor, where the valence band and the conduction band
overlap, thereby giving graphene superior electrical conduc-
tion and low electrical noise properties. This high electrical
conductance also contributes to graphene’s sensitivity to the
adsorption and desorption of a single gas molecule. Because
graphene is sensitive to the adsorption and desorption of gas
molecules, the resistivity of graphene also changes, thereby
giving the graphene-based innovation its sensing ability.
Therefore, the innovation, when operating as a sensor, is
able to cycle between active and passive sensing states in
response to the presence or absence, respectively, of the
gaseous species. Furthermore, graphite is a three-dimen-
sional material that is derived from stacking multiple layers
of graphene. The electrical properties of thin layers of
graphite will more closely resembled the electrical proper-
ties of graphene than those of thick graphite layers. The
advantages of using graphite for the present invention
include ease of fabrication and compatibility with standard
semiconductor device processing techniques. Hence, the
current device uses graphite as the sensing element as well
as graphene.

In addition, because of the aforementioned sensitivity and
diode properties, the device can be used as a switch whose
operational stages (i.e., open/close or on/off) could be con-
trolled by a given gaseous species. Consequently, the inno-
vation has great potential as a building block for implemen-
tation of a switch/sensor device for harsh, embedded or
enclosed environments (e.g., human body, space-based habi-
tats, aircraft, rail, etc.) where the longevity and reusability of
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