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soften the nano fingers such that the nano fingers collapse towards each other to capture molecules entrained in the gas therebetween.

[Continued on next page]



WO 2018/017113 A1 || /0000 AR

Published:
—  with international search report (Art. 21(3))



WO 2018/017113 PCT/US2016/043485

HEATED NANO FINGER COLLAPSE FOR CAPTURE OF
MOLECULES IN GAS FOR SENSING

BACKGROUND

[0001] Surface-enhanced luminescence (SEL) techniques, such as surface-enhanced
Raman spectroscopy (SERS), are sometimes used for analyzing the structure of
inorganic materials and complex organic molecules. SEL techniques focus
clectromagnetic radiation or light onto an analyte supported by a stage, wherein the

radiation scattered or reflected by the analyte is detected for analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Figure 1 is a schematic diagram of an example gas sensing system.

[0003] Figure 2 is a flow diagram of an example method for the sensing of

molecules in a gas.

[0004] Figure 3 is a schematic diagram of an example gas sensing system

prior to collapse of nano fingers.

[0005] Figure 4 is a schematic diagram of the example gas sensing system of

Figure 3 after collapse of the nano fingers.

[0006] Figure 5 is a top view of example nano fingers of the gas sensing

system of Figure 3 prior to and after collapse of the nano fingers.

[0007] Figure 6 is a sectional view of the example nano fingers of the example

gas sensing system of Figure 3 with an example heater.

[0008] Figure 7 is a sectional view of the example nano fingers of the example

gas sensing system of Figure 3 with an example heater.

[0009] Figure 8 is a sectional view of the example nano fingers of the example

gas sensing system of Figure 3, prior to their collapse, with an example heater.



WO 2018/017113 PCT/US2016/043485

[00010] Figure 9 is a sectional view of the example nano fingers of the example

gas sensing system of Figure 3, following their collapse.

[00011] Figure 10 is a sectional view schematically illustrating an example gas

sensing system.

[00012] Figure 11 is a flow diagram of an example method for counting and

sensing molecules in a gas.

[00013] Figure 12 is a flow diagram of an example method for carrying out

SEL sensing of molecules in a gas.

DETAILED DESCRIPTION OF EXAMPLES

[00014] Surface enhanced luminescence (SEL) techniques are frequently
utilized to detect characteristics of inorganic materials and organic molecules in liquid
solutions. Such SEL techniques may utilize nano fingers which close towards one
another in response to evaporation of the liquid solution from about the nano fingers.
The closed nano fingers capture the molecules (particles) of interest in a gas for
enhanced sensing sensitivity. Such SEL techniques are not well-suited for the
detection of the characteristics of inorganic materials and organic molecules in a gas
phase or volatile compound, wherein evaporation is unavailable to facilitate closure of

the nano fingers and capture of the molecules of interest.

[00015] The present disclosure describes gas sensing systems that utilize nano
fingers as part of such SEL techniques to provide enhanced sensitivity. To capture
molecules of interest in the gas for sensing, the gas sensing systems heat the nano
fingers to a temperature so as to soften the nano fingers such that the nano fingers
collapse towards each other and capture molecules therebetween. In some
implementations, light scattered from the molecules in the gas is also sensed to

facilitate counting of the molecules.
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[00016] Figure 1 is a schematic diagram of an example gas sensing system 20,
Gas sensing system 20 utilizes nano fingers as part of such SEL techniques to provide
enhanced sensitivity. To capture floating particle molecules of interest in the gas for
sensing, gas sensing system 20 heats the nano fingers to a temperature high enough to
soften the nano fingers such that the nano fingers collapse towards each other and
capture molecules therebetween. Gas sensing system 20 comprises gas conduit 24,

gas flow source 28, surface enhanced luminescence (SEL) stage 32 and heater 36.

[00017] Conduit 24 comprises a passage that guides gas flow from gas flow
source 28. In one implementation, at least portions of the wall or walls of conduit 624
are transparent so as to transmit light from a light source, such as a laser, onto stage
32 and so as to allow light resulting from the interaction of light with molecules on
stage 32 to pass through conduit 624 for collection by a light sensor. For example one
implementation, the entirety of conduit 624 is optically transparent. In another
implementation, portions of conduit 64 opposite to a SEL light sensor and sensor, and
generally above SEL stage 32, may include a transparent portion or transparent
window for such transmission of light. In yet other implementations, the SEL light
source and sensor alternatively be supported within conduit 24. Conduit 24 may have

any of a variety of different sizes and shapes.

[00018] Gas flow source 28 comprises a device with supplies a flow of gas
through conduit 24 and across stage 32. In one implementation, gas flow source 28
supplies a flow of gas (gas phase molecules or volatile compounds) having molecules
less than or equal to 10 nm in diameter. As will be described hereafter, SEL stage 32
is well-suited for capturing such small molecules for subsequent detection and
sensing. In one implementation, gas flow source 28 comprises a container enclosing a
supply of gas and a gas driver, such as a fan or blower, for directing gas from the
supply in a flow through the conduit 24. In another implementation, gas flow source
28 comprises a gas driver, such as a fan or blower, for drawing gas in from the
surrounding environment and directing such gas in a flow through conduit 24. As

indicated by broken lines in Figure 1, instead of pushing gas through conduit 24 and
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across stage 32, gas flow source 28 may alternatively or additionally drawer pull the

gas through conduit 24 and across stage 32.

[00019] SEL stage 32 comprises substrate 40 and nano fingers 42. Substrate 40
comprises a layer of material which serves as a platform supporting nano fingers 42.
Each of nano fingers 42 comprises an upstanding pillar, nano wire, pole, post, column
or rod rising up from substrate 40. In one implementation, nano fingers 42 comprise
nanoscale enhanced Raman spectroscopy (NERS) structures that may increase the
intensity of radiation scattered by the analyte adsorbed on such structures by a factor
as high as 10'®. Each of nano fingers 42 is formed from a material that softens in
response to being heated to a given temperature. Each of nano fingers 42, upon
softening, bends or collapses in a sideways direction towards other nano fingers 42.
Such bending or collapse of nano fingers 42 towards one another facilitates the
trapping or capture of molecules in the gas being directed by gas flow 28 across stage

32 for SEL sensing.

[00020] In one implementation, the nano fingers 42 have a high-aspect ratio
such that the length is at least two times longer than the shortest width. The nano
fingers may have an aspect ratio ranging from 2:1 to 20:1, with the aspect ratio being
based on the longest dimension to the shortest dimension. Furthermore, each nano
fingers 42 may have a width or diameter between 10 nm to 1 pm. In one
implementation, nano fingers 42 are spaced apart from one another by a distance of at
least 10 nm and no greater than 1 um. In one implementation, nano fingers 42 are
uniformly spaced from one another. In other implementations, nano fingers 42 are
non-uniformly spaced from one another, such as where nano fingers 42 are arranged
in clusters. In some implementations, at least some nano fingers 42 have asymmetric
characteristics, such as being asymmetrically stiff or formed from materials having
different modulus of elasticity, so as to tend to bend in one direction versus another
direction and so as to bend or collapse in a selected or predetermined direction

towards other nano fingers 42.
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[00021] In one implementation, nano fingers 42 are formed from a polymer.
Examples of materials from which nano fingers 42 may be formed to facilitate such
softening with the application of heat by the heater 36, include, but are not limited to,
polypropylene, poly-3-hydroxybutyrate, ply(vinyl acetate),
polychlorotrifluoroethylene, polyamide (Nylone-6,x), polylactic acid, polyethylene
terephthalate, poly(vinyl chloride), poly(vinyl alchohol), polystyrene, Poly(methyl
methacrylate), acrylonitrile butadiene styrene (ABS), polycarbonate, epoxy (SUS),

negative photoresist and Polydimethylsiloxane (PMDS), or combinations thereof.

[00022] Heater 36 comprises a device located so as to heat nano fingers 42 to a
temperature sufficient to soften at least portions of nano fingers 42 such that nano
fingers 42 bend or collapse towards one another, capturing or entrapping molecules
therebetween. The collapse of the nano fingers facilitates capture of the molecules.
Such capture the molecules between nano fingers may provide enhanced sensing

sensitivity and performance.

[00023] Once captured by the collapsed or bent nano fingers 42, radiation or
light from a light source, such as a laser, is supplied and impinges the trapped
molecules of the analyte. The light impinging the trapped molecules interacts with
the trapped molecules such that light emanates from the trapped molecules. A sensor
is used to collect and sense the light from the trapped molecules. In one
implementation, the collected light is light that is reflected from the trapped
molecules. In other implementations, depending upon the form of surface enhanced
illumination being used, the light collected by the sensor may be the result of other

interactions such as scattering or emissions due to excitation.

[00024] In one implementation, heater 36 is located below substrate 40. As
indicated by broken lines, in other implementations, heater 36 may be provided over
or above nano fingers 42. As will be described hereafter, in some implementations,
heater 36 may comprise an electrically resistive layer connected to an electrical
current, wherein application of electrical current across electric resistive layer outputs

heat that heats nano fingers 42 to a temperature so as to soften nano fingers 42 such
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that they collapse. For example, heater 36 applies heat to heat nano fingers 42 to a

temperature above the glass transition temperature of at least portions of nano fingers
42 such that nano fingers 42 collapse towards one another. In some implementations,
the degree of collapse or bending is controlled by controlling the temperature and the

duration at which temperature of the nano fingers 42 is maintained.

[00025] Figure 2 is a flow diagram of an example method 100 for sensing
characteristics of a gas. In particular, figure 2 is a flow diagram of an example
method 100 for sensing gas phase molecules and/or volatile compounds having
molecules of the size less than or equal to 10 nm in diameter. Although method 100
is described in the context of gas sensing system 20, method 100 may be carried out

using any of the gas sensing systems described hereafter.

[00026] As indicated by block 104, gas flow source 28 directs gas with
molecules less than or equal to 10 nm in diameter across the nano fingers 42 of stage
32. In one implementation, the gas is drawn from a container enclosing a supply of
gas with a gas driver, such as a fan or blower, that pushes a flow of the gas through
the conduit 24 and across nano fingers 42. In another implementation, a gas driver,
such as a fan or blower, draws gas in from the surrounding environment and pushes
such gas in a flow through conduit 24. In other implementations, the gas is pulled
through conduit 24, from a container or from the surrounding environment, across

nano fingers 42.

[00027] As indicated by block 108, heater 36 heats nano fingers 42 to a
temperature to soften nano fingers 42 to nano fingers 42 towards one another to
thereby capture the molecules, carried within the gas, therebetween. As illustrated in
Figure 1, in one implementation, the heat may be applied to nano fingers 42 from
below substrate 40. In another implementation, the heat may be applied to nano

fingers 42 from above nano fingers 42.

[00028] As indicated by block 112, at least after such molecules have been in
trapped or captured by the collapsed nano fingers 42, light is directed at nano fingers
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42 and such trapped molecules. In one implementation, light is provided by a laser.

In other implementations, light may be supplied from other sources.

[00029] As indicated by block 116, light emanating from the illuminated and
trapped molecules is collected and sensed. In one implementation, the light
emanating from the illuminated and trapped molecules is a result of light reflecting
off of the trapped molecules. In other implementations, the light emanating from the
illuminated and trapped molecules may be the result of other interactions of the light
directed at the molecules with such molecules. The sensed light may be utilized to
determine a characteristic or multiple characteristics of the molecules contained
within the gas. The entrapment of the molecules by the nano fingers enhances the

sensitivity of the sensing of such molecules in the gas.

[00030] Figures 3 and 4 schematically illustrate another example gas sensing
system 220 during the sensing method 100. Figure 3 illustrates system 220 prior to
entrapment of molecules by the nano fingers. Figure 4 illustrates system 220 after

such an entrapment of molecules by the nano fingers.

[00031] System 220 is similar to system 20 described above, except that system
220 1s specifically illustrated as comprising SEL stage 232, an example of SEL stage
32. SEL stage 232 is similar to SEL stage 32 except that SEL stage 232 comprises
nano fingers 242. Nano fingers 242 each comprise a pillar portion 244 and a metal tip
246 supported by pillar portion 244. Metal tip 246 comprises a material that enhances
plasmonic response by analyte or molecules trapped by nano fingers 242. Metal tip
246 may be formed from metal such as gold, silver, copper, aluminum, platinum,

metal oxides and combinations thereof.

[00032] As shown by Figure 3, gas flow source 28 directs a supply of gas of
molecules 248 having diameters of less than 10 nm each through conduit 24 and
across nano fingers 242. As nano fingers 242 are being exposed to the molecules
contained in the gas flow, heater 36 heats nano fingers 242 to a temperature sufficient
to soften nano fingers 242 such that the nano fingers 242 collapse towards one another

as shown in Figure 4. In one implementation in which nano fingers 242 comprise
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pillar portions 244 four from a polymer, here 36 heat pillar portions 244 to a
temperature above the glass transition temperature of the particular polymer and
maintain pillar portion 244 at the elevated temperature until pillar portions 244 have
sufficiently collapsed. In one implementation, the elevated temperature and elevated
temperature duration are predetermined empirically and are controlled by a controller
which controls heater 36. In another implementation, an optical sensor or other
sensors may be used to detect the collapse of pillar portion 244 of nano fingers 242,
wherein the value of the elevated temperature and the duration of the elevated
temperature is achieved by control of heater 36 based upon signals from the optical

sensor or the other sensors.

[00033] As further shown by Figure 4, the collapsed nano fingers capture or
trap molecules 248. In one implementation, once nano fingers 242 has collapsed, the
application of heat by heater 36 may be ended, wherein nano fingers 242 cool and
retain their collapsed state or shape. In another implementation, heater 36 continue to
apply heat to nano fingers 242 to maintain the material or materials of pillar portions

244 of nano fingers 242 in a softened and collapsed state.

[00034] Figure 5 is a top view illustrating one example arrangement 260 of
nano fingers 242 upon stage 40, within conduit 24, before and after the collapse of
nano fingers 242 in response to heat from heater 36. As shown in solid lines in Figure
5, in one implementation, nano fingers 242 are arranged in a two dimensional array or
grid. In one implementation, the heat induced softening of nano fingers 242 causes
nano fingers 242 to collapse and tilt or bend in random directions (as indicated in
broken lines) with some nano fingers collapsing towards other nano fingers to provide
enhanced light sensing response or enhanced plasmonic response such as in the case

of surface enhanced Raman spectroscopy (SERS).

[00035] Figures 6-8 illustrate various examples of different heaters that are
used to heat the nano fingers within conduit 24. Figure 6 is a sectional view
illustrating one example heater 336 provided upon substrate 40 and underlying nano

fingers 242. Heater 336 comprises electrically conductive layer 340 and electrically
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resistive layer 350. Electrically conductive layer 340 comprises a layer of electrically
conductive material. Layer 340 comprises a first portion 32 and a second portion 364
spaced from the first portion 362 by a gap. One of portions 362, 364 is to be
electrically connected to a source of electrical current while the other of portions 362,
364 is to be electrically connected to ground. In the example illustrated, one of
portions 362, 364 is to be electrically connected to a pulse voltage supply while the
other of portion 362, 364 is to be electrically connected to ground. In one
implementation, electrically conductive portions 362, 364 of electrically conductive
layer 340 are formed from a same material. In one implementation, portions 362, 364
are formed from electrically conductive material having an electrical resistance less
than or equal to 0.04-0.1 ohm/square. In one implementation, portions 62, 64 formed
from an electric conductive material including, but not limited to, Al, AlCu, AlCuSi,
Cu, Ti, TiN, Ta, W, Mo, Pt and Au. In one implementation, portions 362, 364 of
layer 340 have a thickness of 4000-10000 Angstroms and a sheet resistance of 0.04-
0.08 ohms/sq.

[00036] Electrically resistive layer 350 comprises an electrically resistive layer
in contact with and extending between portion 362 and 364 of layer 340. Electrically
resistive layer 350 is formed from a material or multiple materials which conduct
electrical current and which emit heat as a result. Electrically resistive layer 350
forms an electrically resistive bridge across the gap between portions 362, 364.
Electrical current flows through electrically resistive layer 350 to heat nano fingers
242,

[00037] In one implementation, electrically resistive layer 350 is formed from a
material and has a thickness so as to emit heat at a rate of at least 10 degrees Celsius
per microsecond so as to warm nano fingers 242 and the surfaces about the
environment of nano fingers 242 to a temperature of at least 50°C. In one
implementation, electrically resistive layer 350 is formed from a material and having
a thickness so as to emit heat when conducting electrical current so as to warm nano
fingers 242 and the surfaces about the environment of nano fingers 242 to a

temperature above a glass transition temperature Tg of the polymer or polymers of



WO 2018/017113 PCT/US2016/043485

10

nano fingers 242 but less than or equal to the lower of (a) a decomposition
temperature of the analyte of interest on such nano fingers 242 and (b) a detachment
temperature, the temperature at which the analyte of interest will leave or become
detached from the surface of the nano fingers 242. In one implementation,
electrically resistive layer 350 has an electrical sheet resistance of at least 30
ohm/square and no greater than 900 ohm/square. In one implementation, electrically
resistive layer 350 is formed from TaAl and has a thickness of 950 Angstroms, and a
sheet resistance of 30 ohms/sq. Examples of materials from which ¢lectrically
resistive layer 50 may be formed include, but are not limited to, TaAl, WSiN, TaAiN,
TiN TaC, Ta, W, Pt, RuO2, MnOx, In,05, SnO2, ITO and ZTO, as well as alloys
thereof.

[00038] Figure 7 is a sectional view illustrating one example heater 436
provided upon substrate 40 and underlying nano fingers 242. Heater 436 is similar
heater 336 except that heater 436 additionally comprises passivation layer 474.
Passivation layer 174 comprises a layer between the heat emitting electrically
resistive layer 50 and nano fingers 42. Passivation layer 474 protects electrically
resistive layer 350 from interactions with the analyte containing liquid that is applied
to nano fingers 242. Passivation layer 474 may additionally inhibit interactions
between the liquid and electrically resistive layer 350 which might otherwise
contaminate the solution and analyte being tested. Examples of materials from which
passivation layer 474 may be formed include, but are not limited to, SiN, SiC, HfOx,
SiNOx, AL, O3, Ta;0s and SiOx. In one implementation, passivation layer 474 has a
thickness of at least 100 Angstroms and no greater than 8000 Angstroms.

[00039] Figure 8 is a sectional view illustrating another example heater 536 for
heating nano fingers 242. Heater 536 is supported on substrate 40 and comprises
interlayer diclectric 537, electrically conductive layer 540, electrically resistive layer
550, passivation layer 574, ground 582 (schematically shown), pulse voltage supply
584 (schematically shown) and controller 585.
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[00040] Interlayer diclectric 537 comprises a layer of dielectric material
sandwiched between substrate 40 and electrically resistive layer 550. Interlayer
dielectric 537 electrically insulates electrically resistive layer 550 from substrate 40.
In one implementation, interlayer diclectric 537 may comprise a material having a
greater electric resistivity as compared to selectively resistive layer 550, such as S10,
or TEOS. In other implementations, interlayer dielectric 226 may comprise other

dielectric materials.

[00041] Electrically conductive layer 540 is similar to layer 340 described
above except that electric conductive layer 540 is formed on top of electrically
resistive layer 550. Electrically conductive layer 540 comprises spaced portions 562
and 564 which conduct electrical current across the underlying electrically resistive
layer 550. In the example illustrated, portion 562 of ¢lectrically conductive layer 540
is electrically connected to pulse voltage supply 584 on a first side of layer 540 while
portion 564 is elected connected to ground 582 on a second side of layer 540.

[00042] In the example illustrated, portions 562, 564 are spaced by a gap and
cooperate with passivation layer 574 to define and form the shape of a depression or
concavity 586 having a floor 588 and sides 590, wherein passivation layer 574
follows the shape formed by the underlying selectively resistive layer 550 and the
underlying portions 562, 564. Floor 588 supports nano fingers 242 which rise from
floor 588. Sides 590 rise above floor 588.

[00043] In one implementation, ¢lectrically conductive portions 562, 564 of
electrically conductive layer 540 are formed from a same material. In one
implementation, portions 562, 564 are formed from an electrically conductive
material having an electrical resistance less than or equal to 0.04-0.1 ohm/square. In
one implementation, portions 562, 564 formed from an electric conductive material
including, but not limited to, Al, AlCu, AlCuSi, Cu, Ti, TiN, Ta, W, Mo, Pt and Au.
In one implementation, portions 562, 564 of layer 340 have a thickness of 4000-
10000 Angstroms and a sheet resistance of 0.04-0.08 ohms/sq. In one
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implementation, portions 562, 564 of layer 540 have a thickness of 950 Angstroms

and a sheet resistance of 425 ohms/sq.

[00044] Electrically resistive layer 550 is similar to electrically resistive layer
250 described above except that layer 550 underlies portion 562, 564 of electrically
conductive layer 340 and passivation layer 574. Electrically resistive layer 550
comprises a flat planar layer horizontally extending below in contact with portions
562, 564 as well as passivation layer 574. As with electrically resistive layer 250,
electrically resistive layer 550 forms an electrically resistive bridge spanning between

portions 562, 564.

[00045] In one implementation, electrically resistive layer 550 is formed from a
material and having a thickness so as to emit heat at a rate of at least 10 °C per
microsecond so as to warm nano fingers 242 and the surfaces about the environment
of nano fingers 242 to a temperature above a glass transition temperature Tg of the
polymer or polymers of nano fingers 242 but less than or equal to the lower of (a) a
decomposition temperature of the analyte of interest on such nano fingers 242 and (b)
a detachment temperature, the temperature at which the analyte of interest will leave
or become detached from the surface of the nano fingers 242. In one implementation,
electrically resistive layer 550 has an electrical sheet resistance of at least 30
ohm/square and no greater than 900 ohm/square. In one implementation, electrically
resistive layer 250 is formed from TaAl and has a thickness of 950 Angstroms, and a
sheet resistance of 30 ohms/sq. Examples of materials from which ¢lectrically
resistive layer 550 may be formed include, but are not limited to, TaAl, WSIiN,
TaAiN, TiN TaC, Ta, W, Pt, RuO,, MnOx, In,O3, SnO,, ITO and ZTO, as well as
alloys thereof.

[00046] Passivation layer 574 is similar to passivation layer 474 described
above, except that passivation layer 574 overlies and takes the shape of the underlying
electrically resistive layer 550 and portions 562, 564 of electrically conductive layer
540 to form the above described concavity 586. Passivation layer 574 protects

electrically resistive layer 550 from interactions with the gas. Passivation layer 574
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may additionally inhibit interactions between the gas and electrically resistive layer
550 which might otherwise contaminate the solution and analyte being tested. .
Examples of materials from which passivation layer 574 may be formed include, but
are not limited to, SiN, SiC, HfOx SiNOy, Al,O;, Ta;O5 and Si0x. In one
implementation, passivation layer 574 has a thickness of at least 100 Angstroms and

no greater than 8000 Angstroms.

[00047] Ground 582 is electrically connected to portion 564. Pulse voltage
supply 584 is electrically connected to portion 562. Controller 585 comprises a
processing unit that controls the output of pulse voltage supply 584. In some
implementations, controller 585 may control other devices or operations of sensing

system 220 as well.

[00048] For purposes of this application, the term “processing unit” shall mean
a presently developed or future developed computing electronics or hardware that
executes sequences of instructions contained in a memory. Execution of the
sequences of instructions causes the processing unit to perform steps such as
generating control signals. The instructions may be loaded in a random access
memory (RAM) for execution by the processing unit from a read only memory
(ROM), a mass storage device, or some other persistent storage. In other
embodiments, hard wired circuitry may be used in place of or in combination with
software instructions to implement the functions described. For example, controller
585 may be embodied as part of one or more application-specific integrated circuits
(ASICs). Unless otherwise specifically noted, the controller is not limited to any
specific combination of hardware circuitry and software, nor to any particular source

for the instructions executed by the processing unit.

[00049] Figure 9 illustrates heat being applied to nano fingers 242 two facilitate
closing of the nano fingers and improve performance of the sensor. As will be
described hereafter, the heat is applied to the nano fingers to temporarily soften the

nano fingers during use of the sensor such that they more easily bend to facilitate



WO 2018/017113 PCT/US2016/043485

14

closure of the nano fingers for testing. By facilitating or enhancing closure of the

nano fingers, the sensitivity and performance of the sensor may be enhanced.

[00050] As shown by 9, controller 585, following instructions in a non-
transitory computer-readable medium, outputs control signals causing pulse voltage
supply 584 to supply pulses of electrical current to portion 562 of electrically
conductive layer 540. The electrical current is conducted across electrically resistive
layer 550 to portion 562 and to ground 582. As electric current is conducted across
electrically resistive layer 550 between portions 562 and 564, heat (indicated by
arrows 534) is generated and passed through passivation layer 574 to heat nano
fingers 242. A sufficient amount of heat 534 is provided so as to soften or make more
pliable the pillars 244 of nano fingers 242. As a result, nano fingers 242 may bend or

towards one another to facilitate enhanced sensing.

[00051] In one implementation, the softening of pillars 244 by heat 534 is a
result of electrical resistive layer 550 converting the electrical energy into heat so as
to heat pillars 244 to a temperature above a glass transition temperature Tg of the
material or materials of pillars 244. The amount of energy to be applied to soften
pillars 244 may be determined by multiplying (a) the specific heat capacity of the
material or composition of each pillar 244, (b) the temperature difference between the
current temperature and the glass transition temperature multiplied and (¢) the amount
of material or size of each pillar 244. In one implementation, controller 585 controls
the application of pulses of electric currents us to heat pillars 244 to a temperature of
at least 80°C. In one implementation, each pillar 244 may be formed from a polymer
that may be softened. Examples of materials from which pillars 244 may be formed
to facilitate such softening with the application of heat by the heater formed by
portions 562, 564 and layer 550 include, but are not limited to, polypropylene, poly-3-
hydroxybutyrate, ply(vinyl acetate), polychlorotrifluoroethylene, polyamide (Nylone-
6,x), polylactic acid, polyethylene terephthalate, poly(vinyl chloride), poly(vinyl
alhohol), polystyrene, Poly(methyl methacrylate), acrylonitrile butadiene styrene
(ABS), polycarbonate, epoxy (SU8), negative photoresist and Polydimethylsiloxane
(PMDS), or combinations thereof.
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[00052] In one implementation, controller 585 causes supply 284 to supply
electrical current that produce heat and softens pillars 244 so as to facilitate a plastic
or ¢lastic the formation of pillars 244 to further facilitate collapse of such pillars 244.
In one implementation, each pillar 244 is softened to a degree such that each of pillars
244 plastically or elastically deforms to bend and move in a direction towards and
adjacent nano finger 42 by a distance of at least one half of the diameter of nano
finger 242. In one implementation, controller 585 outputs control signals causing
supply 584 to cause supply 584 to provide electrical pulses to portion 562 for a
predetermined empirically determined amount of time with predetermined pulse
widths and amplitudes so as to soften pillars 244 by a predetermined extent to

facilitate bending.

[00053] In another implementation, controller 585 may adjust the duration or
characteristics of the electrical pulses supplied by supply 584 based upon sensed
feedback from at least one sensor, such as an optional sensor 598. For example, in
one implementation, sensor 598 may comprise an optical sensor. In other
implementations, such an optical sensor may be provided by an external device, such
as SERS detector and analyzer. In such implementations, the optical sensor senses
the bending of nano fingers 242, wherein controller 585 adjusts the duration or
characteristics of the electrical pulses supplied by supply 584 based upon the sensed
bending of nano fingers 242 during the application of heat. In another
implementation, sensor 298 may comprise a temperature sensor which senses the
temperature of the environment about nano fingers 242, wherein controller 585
adjusts the duration or characteristics of the electrical pulses supplied by supply 584

based upon closed-loop feedback regarding the temperature about nano fingers 242.

[00054] Figure 10 schematically illustrates an example gas sensing system 620.
Gas sensing the system 620 performs to separate sensing operations with respect to a
gas flow: (1) system 620 counts particles or molecules in a gas flow using sensed light
scattering and (2) determines characteristics of the molecules in the gas flow by
collapsing nano fingers to trap such molecules which are illuminated, wherein the

light interactions with the molecules are sensed. As will be described hereafter,
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system 620 further employees a static electric field across the nano fingers to facilitate
the collection and trapping of molecules by the nano fingers. System 620 comprises
gas conduit 624, gas flow source 28 (described above), first light source 626, lens
627, transmitted light detector 628 scattered light detector 630, filter 632, SEL stage
232 (described above), nano finger clectrode 634, counter electrod