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67 ABSTRACT

On-chip microplasma discharge devices capable of produc-
ing light, including ultraviolet light, capable of detecting
atomic and molecular gas, and capable of detecting atomic
and molecular contaminants in water samples. The on-chip
microplasma discharge devices utilize nanoparticles or mag-
nets to tune or confine microplasma discharges generated by
electrodes delivering a voltage to the device. Selective control
of the gaseous pressure at a value between atmospheric pres-
sure and a vacuum pressure allows for further refinement of
gas or contaminant detection, or for further tuning of the
wavelength of the light to be produced.

17 Claims, 11 Drawing Sheets
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source may provide a direct current negative bias voltage of
up to 3000 volts to the electrodes, or a voliage in the range
from approximately 300 volts to approximately 1500 volts. In
some embodiments, the means for controlling gaseous pres-
sure may comprise a vacuum pump in fluid communication
with the interior of the housing.

In some embodiments, the present invention provides a
light source comprising a reservoir containing a tagging dye
bound to biomolecules, a spectrometer and at least two fiber
optic cables, wherein the dye reservoir receives ultraviolet
spectra from the nanoparticles through a first fiber optic cable,
and emits fluorescent spectra through a second fiber optic
cable to the spectrometer.

In other embodiments, the present invention provides a
plurality of reservoirs within a glass substrate and a glass
sealing layer, wherein the nanoparticles are contained within
each reservoir. In such embodiments, the means for energiz-
ing the nanoparticles may comprise a plurality of anodes, and
a plurality of cathodes, such that power may be selectively
applied to one or more reservoirs to energize the nanopar-
ticles therein. Other embodiments may further comprise a
runner anode, the runner anode engaged with each anode such
that power may be applied to the runner anode to energize
each anode.

In some embodiments, the present invention provides an
on-chip gas detector and analyzer, comprising a housing, at
least two magnets positioned within the housing, a means for
energizing the area adjacent to the magnets and a means for

controlling the gaseous pressure within the housing. In such 5

embodiments, the housing may comprise a substrate, the two
magnets engaged with the substrate. In yet other embodi-
ments, the means for controlling the gaseous pressure within
the housing may comprise a vacuum pump in fluid commu-
nication with the interior of the housing. In other embodi-
ments, the present invention may provide a means to deliver a
gas sample to the housing, which may comprise an on-chip
through-port. In many embodiments, the magnets may be
positioned with their poles facing each other within the sub-
strate and the means for energizing the area adjacent to the
magnets may comprise a patterned layer of metal coating the
surface of each magnet to form a hollow cathode, an anode,
and a power source connected to the cathode and the anode. In
many such embodiments, the power source may provide a
direct current negative bias voltage in the range of about 300
to about 1500 volts to the cathode and the anode.

In some embodiments, the present invention may provide
an on-chip diagnostic device comprising a housing, an aque-
ous sample positioned within the housing, a plurality of nano-
particles positioned within the housing, a means for removing
moisture from the sample and for energizing the nanopar-
ticles, and a means for controlling the gaseous pressure within
the housing. In yet other embodiments, the housing may
comprise a glass substrate with a reservoir, the nanoparticles
positioned within the reservoir. In other embodiments, the
means for controlling the pressure within the housing may
comprise a vacuum pump in fluid communication with the
interior of the housing. Yet other embodiments may provide a
means for removing moisture from the sample and for ener-
gizing the nanoparticles that may comprise at least two elec-
trodes connected to a power source. In other embodiments,
the power source may provide a direct current negative bias
voltage in the range from about 300 to about 1500 volts to the
electrodes. In many embodiments, the nanoparticles used in
the on-chip microplasma device for detecting water contami-
nants niay comprise material selected from the group consist-
ing of silica oxide, ceramic and polymer.
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In still other embodiments of the present invention, the
on-chip microplasma device may comprise at least one fiber
optic cable in communication with a spectrometer, wherein
the cable receives light from the detector.

The above summary of the present invention is not
intended to describe each illustrated embodiment or every
possible implementation of the present invention. The figures
and the detailed description which follow, however, do par-
ticularly exemplify these cmbodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a)-1(d) are schematic drawings of one embodi-

“ment of the present invention comprising an on-chip light

source.

FIGS. 2(a)-2(e) are schematic drawings of one embodi-
ment of the present invention comprising an array of on-chip
light sources.

FIG. 3 is a schematic drawing of one embodiment of the
present invention comprising an on-chip light source utilized
to fluoresce bio-molecules using bio-tagging dye.

FIGS. 4(a)-4(e¢) are schematic drawings of one embodi-
ment of the present invention comprising an on-chip water
diagnostic system.

FIGS. 5(a)-(e) are schematic drawings for fabricating one
embodiment of the present invention comprising an on-chip
water diagnostic system.

FIG. 6 is a perspective drawing of one embodiment of the
present invention comprising an on-chip water diagnostic
system.

FIG. 7 is a perspective drawing of one embodiment of the
present invention comprising an on-chip gas detector.

FIGS. 8(a)-8(d) are schematic drawings for fabricating one
embodiment of the present invention comprising an on-chip
gas detector.

FIG. 9 is a schematic drawing of one embodiment of the
present invention in operation.

FIGS. 10(a)-10(c) are schematic drawings for fabricating
one embodiment of the present invention comprising an on-
chip light source.

While the invention is amenable to various modifications
and alternative foinis, specifics thereof have been shown by
way of example in the drawings and will be described in
detail. 1t should be understood, however, that the intention is
not to limit the invention to the particular embodiments
described. On the contrary, the intention is to cover all modi-
fications, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF INVENTION

Several terms as used herein are intended to have their
broadest meanings. The term “microplasma discharge” or
simply “microplasma” means any relatively small and highly
efficient plasma discharge. The term “nanoparticles” means a
microscopic particle with at least one dimension, and whose
size is measured in nanometers (nm). It is defined as a particle
with at least one dimension <100 nm. The term *“‘micromag-
net” means a magnet whose size is measured in millimeters or
smaller. The term “electrode” generally means a conductor
used to establish electrical contact with a nonmetallic part of
a circuit. Although the term “electrode” is used frequently
herein, the terms “lead” or “electrical lead” are intended to
also mean an electrode and/or its connection to the remainder
of the circuit, including to a power supply, such that electrical
contact is established through the electrode. The term “micro-
heater” means any device or method known in the art for
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into the glow region of microplasma discharge 108. Addi- be applied by a thermal evaporation method, as is known in
tional atomic transitions or reaction events change the color the art. Photolithography methods, as are known in the art,
of microplasma discharge 108, creating a distinct spectral and as described below with reference to microheaters used in

emission 109, as shown in FIG. 1(d). A full range of very an on-chip diagnostic system within the scope of the present
bright discharge colors can be realized by doping with differ- 5 invention, may then be used to create a mask to pattern
ent nanoparticles 102 at different gaseous pressures. At atmo- chrome leads, which serve as electrodes 118, 118’ and 119,
spheric pressure, emission is dominated by atomic transitions along the surfaces of substrate 110' and sealing layer 104’ and
from nanoparticle 102. By enclosing the system within a into reservoirs 103’ such that the end of each lead 118, 119 is
vacuum chamber, microplasma discharge 108 may be created exposed to the contents of reservoirs 103" and such that runner
within reservoir 103 at levels of gaseous pressure below 10 anode 118'is positioned to be in contact with electrodes 118
atmospheric pressure. At these lower gaseous pressure levels, when the system is in use. The ends of electrode leads 119 and
atomic spectral emission disappears from the glow and is 118 within each reservoir 103" are preferably from about 1.5
replaced by a steady state oxidation/reduction emission. As is millimeters (1.5 mm) to about 2 millimeters (2 mm) apart
known in the art, sheaths form on nanoparticles 102 to repel such that when a potential difference is applied to electrodes
electrons while oxygen and nitrogen ions accelerate toward 15 118 and 119, microplasmas 108’ are confined and energized
nanoparticles 102, producing a reaction molecular spectral within reservoir 103'". Once electrodes 118 and 119 are in
emission 109. In this manner, on-chip light source 010 is  place on substrate 110, each reservoir 103' is loaded with
tunable from atomic to molecular spectral emissions by vary- nanoparticles 102', preferably about twenty grams (20 g) per
ing the gaseous pressure level within the device. reservoir, Reservoirs 103' may contain the same nanoparticles
Referring now to FIGS. 2(a)-(e), an on-chip light source 20 102', and thus create a uniform array of light when in use, or
010 comprising multi-cavity arrays may be fabricated as may be individually loaded with varying types of nanopar-
described herein. In this embodiment, substrate 110' may ticles 102" such that the user directs the types of light emitted
comprise a block of glass. Substrate 110’ preferably measures from each reservoir 103" by the selection of nanoparticles 102’
about 144 cubic millimeters (144 mm?) in volume and about for reservoirs 103' within the array. Sealing layer 104', pref-
3 millimeter (3 mm) in thickness. As shown in FIG. 2(a), a 25 erably a glass sheet sized to coordinate with substrate 110',
stencil 121, e.g. electrical tape or other materials suitable for removably fixes onto the top of substrate 110’ such that res-
stenciling as are known in the art, is applied to the perimeter ervoir 103’ is relatively sealed from the influence of outside
of substrate 110’ to allow for exposure of a plurality of 1-1.5 air and such that runner anode 118’ is in electrical communi-
square millimeter (1-1.5 mm?) areas within a uniform pattern cation with electrodes 118 to each reservoir 103". Power sup-
upon substrate 110’ as generally described in FIG. 2(e). 30 ply 107 connects to electrodes 118' and 119 through their
Although two rows of reservoirs 103" are depicted therein, it ends exiting substrate 110". The system may be placed into

should be appreciated by those with skill in the art that mul- vacuum chamber 311, with power supply 107 connections
tiple arrangements of arrays with varying numbers of cavities inserted through through-ports thercin.
may be fabricated without departing from the scope of the In operation of embodiments illustrated, a direct current

invention. With the stencil 121 in place, as shown in F1G. 2(b), 35 negative bias of up to 3000 volts, preferably about 300 volts to
substrate 110’ is microsandblasted, using techniques known about 1500 volts (or any range therein) is applied by power
in the art, such that reservoirs 103' are formed, measuring source 107 to electrodes 119 and 118’ to create microplasma
about 1-1.5 square millimeters (XX mm?®) each and 500 discharges 108 within each reservoir 103’ between electrodes
micrometeres to 1 millimeters (500 um-1 mm) deep within 119 and 118, in the same manner as described above with
substrate 110". Sealing layer 104', preferably a glass sheet 40 reference to one reservoir. A full range of very bright dis-
sized to coordinate with substrate 110', removably fixes onto charge colors can be realized by doping with different nano-
the top of substrate 110'. Once reservoirs 103’ are formed. particles 102’ at different gaseous pressures.

chrome wires, which serve as electrodes 119 and 118, may be Referring now to the embodiment shown in FIG. 3, an
placed along the surface of substrate 110" and into reservoirs on-chip light source 010 may be fabricated as described
103' such that each reservoir 103' receives one end of elec- 45 above and implemented to fluoresce or excite bio-molecule
trode 119 and one end of electrode 118 and the contents of tagging dye 122 for the detection of bio-molecules 123. In
reservoirs 103’ areexposed toeach suchend, as shown in FIG. this embodiment, the system includes an on-chip light source
2(d). Although chrome is used for the electrodes in this par- 010, a sample reservoir 111 holding tagging dye 122 bound to
ticular embodiment, it should be understood by those in the bio-molecules 123, spectrometer 113 (e.g., HR2000CG-UV-
art that other inert metals, including platinum, titanium and 50 NIR High Resolution Spectrometer, Ocean Optics, Inc.,
the like, would be suitable for placement on substrate 110 to Dunedin, Fla.), and fiber optic cables 112. On-chip light
act as electrodes. The ends of electrode wires 118 and 119 source 010 has reservoir 103 containing chrome oxide
residing within each reservoir 103’ are preferably from about (Cr,05) nanoparticles 102". Although chrome oxide nano-
1.5 millimeters (1.5 mm) to about 2 millimeters (2 mm) apart particles are used in the embodiment described herein, it

such that when a potential difference is applied to electrodes 55 should be appreciated by those skilled in the art that other
118 and 119, microplasmas 108’ are confined and energized metal oxides or nanoparticles, including copper oxide (Cu0), -

within reservoir 103'. Another chrome wire, anode runner iron oxide (Fe,0,), silica oxide, polymer or ceramics, may be

118', which is positioned to be in contact with electrode 118 used to fluoresce biomolecules in this manner. Sample reser-

when the system is in use, may be fixed along the inner voir 111 may be fabricated from any materials known in the
surface of sealing layer 104’ such that when sealing layer 104' 60 art, and preferably allows for entry of ultraviolet spectra 114
is in place and power supply 107 is connected to the system, for fluorescence of tagging dye 122 through fiber optic cable

electrodes 118 and 118’ are in electrical communication with 112 and for exit of fluorescence spectra 116 through fiber
each other and serve as one anode to the array of reservoirs optic cable 112 to spectrometer 113. Bio-tagging dye 122, -
103', as shown in FIG. 2(d). In other embodiments, substrate e.g., 7-methoxycoumerin-3-carboxylic acid (e.g., M-1420-
110 and sealing layer 1604’ may be patterned with chrome 65 MP, Invitrogen Corp., Carlsbad, Calif.) and bio-molecules. .
clectrodes. In these embodiments, after reservoirs 103" are 123, e.g., DNA, may be jointly prepared and delivered to :
formed within substrate 110", a layer of chrome coating may sample reservoir 111. Spectrometer 113 may be any of those -
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the art such that reservoir 203 is formed with electrodes 205,
206 exposed through the square aperture. In some embodi-
ments, as shown in FIG. 5(c), an additional glass sheet 228
may be etched with a sandblaster to form two small apertures,
one aperture 215 for water sample delivery and the other
aperture 216 for transmission of emission spectra to fiber
optic cable 214. In those embodiments utilizing a third glass
sheet 228, sheet 228 may be adhered to sheet 227 with epoxy
or other adhesive as are known in the art such that aperture
215 allows for delivery of aqueous sample 211 into reservoir
203 and aperture 216 allows attachment of fiber optic cable
112 for transmission of spectral emission 209 or other mea-
surement or analytical system as is known in the art. The
cross-section of a fully assembled three-layer on-chip diag-
nostic system 020 is shown in FIG. 5(d). The cross-section of
a fully assembled two-layer on-chip diagnostic system 020 is
shown in FIG. 5(e). In use, an open two-layer device may be
preferable for some applications.

In operation, as shown in FIGS. 4(a)-(d), aqueous sample
211, taken from a water source to be tested for contaminants
or impurities, may be placed inside reservoir 203. Approxi-
mately 0.01 grams (0.01 g) or 10 parts per million (10 ppm) of
silica (§i0,) nanoparticles 202 may be mixed into the sample
reservoir 203 and thereafter bond with the contaminants to
form a nanoparticle-contaminant complex 212. A direct cur-
rent negative bias of about 12-100 volts (12-100 V) is applied
by power source 107 to electrodes 205 and 206, which act as
a microheater to energize aqueous sample 211 and evaporate
water from solution 211, leaving within reservoir 203 a con-
centrated mixture 212 of nanoparticles 202 and contaminants
(as shown in FIG. 4(b)). A direct current negative bias of up to
3000 volts, preferably about 300 volts to 1500 volts or a range
therein, may then be applied by power supply 107 1o elec-
trodes 205, 206, which induces an arc of microplasma dis-
charge 208 between cathode 205 and anode 206 (as shown in
FIG. 4(c)). The negatively-charged contaminant particle-
nanoparticle complexes 212 levitate into the glow region and
become a constituent of microplasma 208, altering the spec-
tral emission 209 of discharge 208 (as shown in FIG. 4(d)).
Utilizing fiber optic cable 112, the intensity of spectral emis-
sion 209 as a function of wavelength may be measured with
spectrometer 113. In this manner, contaminants in aqueous
sample 211 may be identified by referring to atomic and
molecular spectradata tables. Varying the gaseous pressure of
the sample reservoir 203 from atmosphere to vacuum allows
for both atomic and molecular contaminant spectral emis-
sions 209 to be detected. For example, as ambient pressure is
reduced to a vacuum, negatively charged contaminants may
be enveloped by a microsheath that scatters free electrons but
permits positively charged oxygen and nitrogen atoms to
continuously oxidize and reduce the contaminant particles,
producing spectral emission 209. In this manner, on-chip
water diagnostic system may identify concentrations of
atomic and molecular components by varying the gaseous
pressure level within the device.

FIGS. 7 and 8(a)-(d) illustrate yet another embodiment of
the present invention. An on-chip gas detector comprises a
housing 301, electrodes 305, 306, micromagnets 303, 304,
and power supply 107. In some embodiments, housing 301 is
formed from substrate 319 alone. In other embodiments,
housing 301 may generally comprise substrate 319 enclosed
within a vacuum chamber 311 (as shown in FIG. 7). Vacuum
chamber 311 further comprises a vacuum pump 312 (as gen-
erally shown in FIG. 7). Preferably, vacuum chamber 311 is
approximately 1 cubic foot (1 ft*) in volume and has through-
ports for connections to power supply 107. Substrate 319 may
fusther comprise a glass sheet 308 and an epoxy substrate 307
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in which micromagnets 303, 304 are embedded. Micromag-
nets 303, 304 preferably are formed from niobium/iron epoxy
composite as is known in the art, and preferably provide 0.7
Tesla (0.7 T) of magnetic field strength at their surfaces.
Micromagnets 303, 304 are positioned within substraie 319
such that the north poles 317, 318 of micromagnets 303, 304,
respectively, oppose each other across a distance of about 1.2
millimeters (1.2 mm), as shown in FIG. 8(a).

Hollow cathode 305 is formed between poles 317, 318 of
micromagnets 303, 304. Anode 306 is positioned on the sur-
face of substrate 319 remote from hollow cathode 305, for
example, about 2-8 millimeters (2-8 mm) from the base of
micromagnet 304, as shown in FIG. 8(d). Hollow cathode 305
and anode 306 generally comprise highly conductive materi-
als for carrying electrical signals from power source 107 to
energize gas sample 320, including but not limited to metals
such as chrome, copper, titanjium and platinum, patterned
onto the surface of micromagnets 303, 304 and substrate 319
by methods known in the art, and as described below. It is
further preferable that electrodes 305, 306 are fabricated in a
manner that withstands intense heat as may be produced by
microplasma discharge 308. When a potential difference is
applied from power source 107, cathode 305 and anode 306
complete an analog circuit. Power source 107 comprises any
device known in the art to supply a potential difference across
cathode 305 and anode 306 of up to 3000 voits. Because of the
small scale of the device of the present invention, power
source 107 preferably comprises a 12 volt lithium ion battery
connected to a high voltage converter that is light weight,
consumes low power, and has a wide temperature range (e.g.,
EMCO High Voltage Corp. Model Q50N-5 (0.125 in* 5kV)).
In operation, the potential difference applied to hollow cath-
ode 305 and anode 306 is up to 3000 volts, preferably a
voltage between 300 volts and 1500 volts (or any range
therein). Referring now to FIGS. 8(a)-(d), an on-chip gas
detector 030 comprising micromagnets 303, 304 may be fab-
ricated as described herein. Micromagnets 303, 304 may be
fabricated by mixing niobium-iron nanoparticles (made from
commercially available off the shelf niobium-iron alloy mate-
rials, or purchased in nanoparticle form) and epoxy resin into
rectangular molds, then applying a strong magnetic field to
reorient the niobium-iron nanoparticles and produce a per-
manent magnetic field. It should be understood that micro-
magnets 303, 304 may be fabricated in any manner as is
known in the art, or may be commercially available (e.g.,
Niobium-iron-boron magnets, McMaster-Carr, Chicago,
I11.), preferably prismatic and approximately 1 millimeter (1
mm) by 2 millimeters (2 mm) by 3 millimeters (3 mm) in
dimension. A glass sheet may be used as the base layer for
substrate 319. As shown in FIG. 8(a), micromagnets 303, 304
may be placed onto glass sheet 308 and preferably fixed in
place with epoxy or any other conventional adhesive. A pat-
terned metal layer may then be applied to the top and faces of
micromagnets 303, 304, and the surface of glass substrate
308, as shown in FIG. 8(b), to formn a continuous holiow
cathode 305. Although hollow cathode 305 is shown in FIG.
8(b) coating the top and north faces of the surface of micro-
magnets 303, 304, hollow cathode 305 also may coat the top,
north and south faces of each micromagnet 303, 304, or the
entirety of the exposed surfaces (i.e., all non-embedded sur-
faces of all faces) of the micromagnets 303, 304. Once pat-
terned metal layer is applied, glass sheet 308 and micromag-
nets 303, 304 may be placed into Teflon mold 316, and epoxy
or other conventional resin may be injected into mold 316 to
form an epoxy layer 307 as shown in FIG. 8(c). Although
epoxy layer 307 should cover the portion of hollow cathode
305 stretching between micromagnet 303 and micromagnet
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nanoparticles through a first fiber optic cable, and emits fluo-
rescent spectra through a second fiber optic cable to the spec-
trometer. Further, the light source of the present invention
may be presented in embodiments with a purality of cavities,
in which case a runner anode may be used to energize each
reservoir’s anode such that voltage is efficiently provided to
each cavity at one time to generate a microplasma discharge
as described above, and such runner anode, a plurality of
anodes, and a plurality of cathodes may be patterned electri-
cal leads as well as traditional electrical wiring. In some
embodiments, the runner anode may be patterned onto the
interior surface of the glass sealing layer, each cathode may
be patterned onto the surface of the glass substrate and each
anode may be patterned onto the surface of the glass substrate
such that each is engaged with at least two reservoirs.

In the same manner, it should be appreciated that the
presentinvention encompasses methods related to the devices
described herein. Specifically, the present invention provides
a method of producing light, comprising the steps of: a)
depositing a plurality of nanoparticles within a housing; b)
supplying power to at least two electrodes engaged with the
nanoparticles; and c¢) controlling the level of gaseous pressure
within the housing. This method may utilize nanoparticles
made from metal oxide, including but not limited to chro-
mium oxide, iron oxide, or copper oxide, glass, silica oxide,
polymers or ceramics. Also, the gaseous pressure within the
housing may be controlled by a vacuum pump in fluid com-
munication with the interior of the housing. The electrodes
used in this method of producing light may also comprise at
least one anode and at least one cathode, and a direct current
negative bias voltage of up to 3000 volts, preferably a voltage
in the range of approximately 300 volts to approximately
1500 volts, may be supplied to the electrodes to create a
microplasma discharge.

It should be further understood that although the micro-
magnets of embodiments of the present invention used to
detect gas, as described above, may be placed any distance
apart such that the direct current negative bias voltage applied
to the anode and the hollow cathode formed on the surface of
the micromagnets creates a confined microplasma discharge,
preferably the poles of the micromagnets may be positioned
at least 0.1 mm apart and up to 20 mm apart to maintain a
confined discharge. Magnets may be fabricated using any
known or future developed method, but preferably may com-
prise niobium-iron epoxy composite and preferably may be
sized approximately 1 mm by 2 mm by 3 mm. The patterned
layer of metal used to form the hollow cathode and the anode
may be constructed of any metal, preferably copper. The
gaseous pressure surrounding the magnets may be controlled
using a vacuum pump in fluid communication with the hous-
ing or any other means as is known in the art, and a gas sample
for detection may be delivered to the gas detector using a
through-port within the housing or any other means as is
known in the art.

The present invention further provides a method for detect-
ing gas comprising the steps of a) delivering a gas sample to
a housing, the housing comprising a substrate, at least two
magnets engaged with the substrate, a cathode comprising a
patterned Jayer of metal coating at least one surface of each
magnet, and a metal anode positioned on the substrate and
remote from the magnets; b) supplying power to the cathode
and the anode; ) selectively controlling the gaseous pressure
within the housing to a desired pressure; and d) detecting with
a spectrometer atomic and molecular emissions. This method
may utilize a vacuum pump in fluid communication with the
interior of the housing to control the gaseous pressure of the
interior of the housing. The electrodes used in this method of
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detecting gas may comprise a hollow cathode formed on
exposed surfaces of the magnets, and a remote anode, pref-
erably an anode positioned near but not touching the magnets,
and a direct current negative bias voltage of up to 3000 volts,
preferably a voltage in the range of approximately 300 volts
to approximately 1500 volts, may be supplied to the elec-
trodes to create a microplasma discharge.

The present invention further provides for a water diagnos-
tic device as described above, wherein the electrodes may be
understood to encompass any material that is conductive,
including metals, such as copper, chrome, platinum and the
like. The electrode may also be patterned onto the housing as
described above, but may also encompass placement upon the
substrate of the device in any manner that is known or future
developed in the art such that the direct current negative bias
voltage may be applied to the region in which a microplasma
discharge is desired though a cathode and an anode, or other
variations of electrodes as are well known in the art. In
embodiments providing a water diagnostic device, the elec-
trodes serve to deliver a first voltage of up to 12 volts, pref-
erably a voltage in the range of approximately 12 volts to
approximately 100 volts, to preconcentrate the sample (i.c.,
evaporate the aqueous sample) and a second voltage of up to
3000 volts, preferably a voltage in the range of approximately
300 volts to approximately 1500 volts, to create a micro-
plasma discharge as better described above. The present
invention also provides for a method for detecting contami-
nants in aqueous solution, comprising the steps of a) deliver-
ing an aqueous sample to a transparent housing, the housing
comprising a plurality of nanoparticles positioned within the
housing; b) supplying power to at least one cathode and at
least one anode 10 remove moisture from the sample and to
energize the nanoparticles; c) selectively controlling the gas-
eous pressure within the housing to a desired pressure; and d)
detecting with a spectrometer atomic and molecular emis-
sions. This method may wiilize a vacuum pump in {luid com-
munication with the housing to selectively control the gas-
eous pressure within the housing.

It should be further understood that the embodiments of the
present invention may be utilized in combination with at least
one fiber optic cable in communication with a spectrometer,
wherein the cable receives light from the device, whether for
detecting gas or contaminants in water or fluorescence from
tagged biomolecules, all as described above, and the spec-
trometer provides communicates spectral analysis from the
light and transmits this analysis to the user via a processing
system, such as a digital signal processor, a microprocessor, a
compuler, or similar component.

Within the scope of the present invention, an on-chip diag-
nostic kit may be assembled comprising, (a) an on-chip diag-
nostic device comprising a housing capable of receiving an
aqueous sample, a plurality of nanoparticles positioned
within the housing, a means for removing moisture from the
sample and for energizing the nanoparticles, and a means for
controlling the gaseous pressure within the housing; (b) a
spectrometer; (c) a means for transmitting light from the
housing to the spectrometer; and d) a means for communi-
cating spectral analysis from the light from the spectrometer
to auser. Other embodiments of an on-chip diagnostic kit may
be assembled comprising, (a) an on-chip gas detector com-
prising a substrate, at least two magnets engaged with the
substrate, a means for energizing the area adjacent to the
magnets, and a vacuum chamber surrounding the magnets
and the substrate; (b) a spectrometer; (c) a means for trans-
mitting light from the housing to the spectrometer; and d) a
means for communicating spectral analysis from the light
from the spectrometer to a user. Lastly, other embodiments of
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an on-chip diagnostic kit may be assembled comprising (a) an
on-chip ultraviolet light source comprising a housing, a plu-
rality of nanoparticles within the housing, a means for ener-
gizing said nanoparticles, and a means for controlling the
gaseous pressure within the housing; (b) a separate reservoir
containing biomolecules associated with tagging dye; (¢) a
spectrometer; (d) a means for transmitting light from the
housing to the reservoir, and from the reservoir to the spec-
trometer; and d) a means for communicating spectral analysis
from the light from the spectrometer to a user. Each of these
on-chip diagnostic kits may be contained with a rugged con-
tainer and may present wireless elements such that the spec-
trometer and/or means for communicating spectral analysis
from the spectrometer may receive data or light from the
rugged container in a location remote from the rugged con-
tainer.

Accordingly, all such modifications, adaptations, changes,
and improvements are intended to come within the scope of
the present invention.

We claim:

1. An on-chip light source, comprising:

a housing,

a plurality of nanoparticles within the housing,

a means for energizing said nanoparticles,

a means for controlling the gaseous pressure within the

housing,

a reservoir containing a tagging dye bound to biomol-

ecules,

a spectrometer and

at least two fiber optic cables, wherein the dye reservoir

receives ultraviolet spectra from the nanoparticles
through a first fiber optic cable, and emits fluorescent
spectra through a second fiber optic cable-to the spec-
trometer.

2. The light source of claim 1 wherein the nanoparticles
comprise a material selected from the group consisting of
metal oxide, silica oxide, polymer and ceramic.

3. The light source of claim 2 wherein the metal oxide is
selected from the group consisting of chromium oxide
(Cr,0,), copper oxide (CuO), and iron oxide (Fe,05).

4. The light source of claim 1 wherein the means for ener-
gizing the nanoparticles comprises at least two electrodes
connected to a power source.

5. The light source of claim 4 wherein the electrodes are
metal.

6. The light source of claim 4 wherein the power source
provides a direct current negatlve bias voltage of up to 3000
volts to the electrodes.
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7. The light source of claim 1 wherein the means for con-
trolling gaseous pressure comprises a vacuum pump in fluid
communication with the interior of the housing.

8. The light source of claim 1 wherein the housing com-
prises a plurality of reservoirs within a glass substrate and a
glass sealing layer, wherein the nanoparticles are contained
within each reservoir.

9. The light source of claim 8 wherein the means for ener-
gizing the nanoparticles comprises a plurality of anodes, and
a plurality of cathodes, such that power may be selectively
applied to one or more reservoirs to energize the nanopar-
ticles therein.

10. The light source of claim 9 further comprising a runner
anode, the runner anode engaged with each anode such that
power may be applied to the runner anode to energize each
anode.

11. The light source of claim 1 wherein the means for
energizing comprises at least one anode and at least one
cathode, a power source, and wherein the means for control-
ling the gaseous pressure comprises a vacunm pump in fluid
communication with the interior of the housing.

12. An on-chip diagnostic device comprising a housing, an
aqueous sample positioned within the housing, a plurality of
nanoparticles positioned within the housing, a means for
removing moisture from the sample and for energizing the
nanoparticles, a means for controlling the gaseous pressure
within the housing, and at least one fiber optic cable in com-
munication with a spectrometer, wherein the cable receives
transmitted light from the device.

13. The device of claim 12 wherein the housing comprises
a glass substrate with areservoir, the nanopamcles positioned
within the reservoir.

14. The device of claim 13 wherein the power source pro-
vides a direct current negative bias voltage in the range from
about 300 to about 1500 volts to the electrodes.

15. The device of claim 12 wherein the means for control-
ling the pressure within the housing comprises a vacuum
pump.

16. The device of claim 12 wherein the means for removing
moisture from the sample and for energizing the nanopar-
ticles comprises at least two electrodes connected to a power
source.

17. The device of claim 12 wherein the nanoparticles com-
prise material selected from the group consisting of silica
oxide, ceramic and polymer.

* X * kX
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304, epoxy layer 307 need not fill Teflon mold 316, rather,
epoxy layer 307 may preferably be about 9.5 millimeters (9.5
mm) deep. As shown in FIG. 8(d), Teflon mold 316 may be
removed and a metal anode may be patterned onto the surface
of epoxy layer 307 near micromagnets 303, 304. Gas detector
020 may then be placed into a vacuum chamber 311 with
throughports for power supply 107 and gas sample delivery
system 310, as shown in FIG. 7.

Referring to the embodiment shown in FIG. 7, in operation,
vacuum chamber 311 of gas detector 030 receives gas sample
320 from gas sample delivery system 310. A direct current
negative bias of about 350 volts to about 1500 volts, or any
range therein, is applied by power source 107 to electrodes
305 and 306 to create a magnetically confined microplasma
discharge 321 within the region of magnetic field between
micromagnets 303 and 304. Micromagnets 303, 304 create
circular magnetic fields at their top faces where the corre-
sponding electric field is highest, confining electrons in this
region to circular orbits, thus increasing ionization of the
surrounding gas. The corresponding spectral emission 322
from microplasma discharge 321 may then be transmitted
through fiber optic cable 112 to spectrometer 113, where the
intensity of the spectral emission 322 as a function of wave-
length is transmitted to and/or analyzed by end-use equip-
ment, such as microprocessors, computers, and the like. As
the pressure within the vacuum chamber changes from atmo-
spheric pressure to a vacuum pressure using vacuum pump
312, electron energy may be decreased to optimize the spec-
tral intensity of different gasses. For example, when alcohol
vapor is introduced through gas delivery system 310, charac-
terization of emission spectra 322 from microplasmic dis-
charge 321 allows for measurement of the alcohol’s molecu-
lar constituents, as well as of nitrogen within the background
gas.

Referring now to the embodiment shown in FIG. 9, an
on-site kit 250 comprising on-chip diagnostic system 020, as
described more fully above, is illustrated as may generally be
utilized in the field. In this embodiment, on-site kit 250 com-
prises housing 201, electrodes 205, 206, power supply 107,
fiber optic cable 112, data sampler 238, wireless transmitter
235, and an antenna 232. Referring still to FIG. 9, power
supply 107 further comprises twelve volt (12 V) lithium ion
battery 231 and high voltage converter 230. Lithium ion bat-
tery 231 may be connected to ground. Power supply 107
supplies direct current negative bias voltages, as described
above, to electrodes 205, 206 to evaporate aqueous samples
delivered to housing 201, leaving negatively-charged con-
taminants bound to nanoparticles, also as described above,
and to confine and energize microplasma discharge 208 con-
taining contaminant-nanoparticle complexes. In this embodi-
ment, receiving antenna 232, spectrometer 113, digital signal
processor 233 and microprocessor 234 may be remote from
on-site kit 250 such that on-site diagnostics (i.e., diagnostics
to be accomplished at water treatment plants, natural water
sources, and the like) may be accomplished using a small
device such as on-site kit 250, and data obtained may be
digitally converted and analyzed at a different location where
large scale devices such as spectrometer 113 and micropro-
cessor 234 may be used (i.e., laboratories, corporate head-
quarters, and the like). In operation, spectral emission 209
from microplasma discharge 208 may be transmitted via fiber
optic cable 112 to data sampler 238, which allows for trans-
mission of data signal 237 by wireless transmitter 235 to
spectrometer 113 utilizing antennas 232, Streaming data sig-
nal 237 may be transferred from antenna 232 within on-site
kit 250 to antenna 232 off-site, which then transmits the data
to spectrometer 113. Spectrometer 113 analyzes spectral
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emission 209, and optionally transmits the resulting data,
including intensity of emission as a function of wavelength, to
a digital signal processor 233, which in turn communicates
with an end-user device such as a microprocessor, computer,
laptop, workstation or other device capable of displaying
results and/or processing data as directed by a user. In other
embodiments, on-site kit 250 may transmit spectral emission
209 directly to spectrometer 113 via fiber optic cable 112.
Although system 020 is shown in operation in FIG. 9, it
should be appreciated by those in the art that an on-chip
ultraviolet light source 010 and accompanying reservoir for
tagging dye and biomolecules (as shown in FIG. 3) may be
substituted for system 020 within on-site kit 250 such that
field operation may be accomplished in a similar manner.
Likewise, gas detector 030 may be substituted for system 020
within on-site kit 250 in a similar manner.

In some embodiments, as shown in FIG. 9, the on-site kit
250 comprising system 020 may be contained in one rugged
container with a convenient receptacle for water samples.
This type of on-site device may run for longer periods of time
on electrical energy stored in battery 231 if only those com-
ponents required for testing an aqueous sample, and for
recording and transmitting those results are included within
the on-site kit 250. On-site kit 250 will also be more compact
and discrete if fewer components are included, allowing for
mounting or positioning in a wider range of placements in the
field.

Once fully assembled, embodiments of the present inven-
tion, as described above, may be coated with black powder-
coating epoxy for insulation of optics and electronics. These
embodiments also may be further packaged within rigid
metal containers with all electrical circuits grounded to the
packaging, and if necessary, to an earth ground. In some
embodiments, vacuum chamber 311 may also be contained
within a rigid metal container to prevent broken glass or other
sharp objects from protruding from the systems. Although the
circuitry of electrodes 105, 106, 205, 206 and 305, 306 has
been described in a simplistic manner, all circuitry energizing
microplasma discharges may be designed in a more sophis-
ticated manner, for example, to automatically shut-off the
power supply 107 in the event that a fire or electrical short is
detected or in the event that a breach is found in the housings.

Although certain preferred embodiments have been
described above, it will be appreciated by those skilled in the
art to which the present invention pertains that modifications,
changes, adaptations, and improvements may be made with-
out departing from the spirit of the invention defined by the
claims. For example, although the electrodes have been
described generally as metal, other embodiments of the
present invention may utilize chrome, copper, titanium, plati-
num or other metals within the spirit of the invention. More-
over, the electrodes may be patterned onto the housings or
substrates as described above. In the same manner, the power
source generally described herein may provide a direct cur-
rent negative bias voltage of up to 3000 volts, but preferably,
the voltage used to create a microplasma discharge between
the electrodes may range between approximately 300 volts
and approximately 1500 volts. The user may select any volt-
age in this range and still achieve successful results. As
described above, the gaseous pressure within the interior of
the housing should be controlled, preferably by a vacuum
pump in fluid communication with the interior of the housing.
Moreover, the light source of the present invention is envi-
sioned to comprise a reservoir holding tagging dye (e.g.,
7-methoxycoumerin-3-carboxylic acid dye) bound to bio-
molecules, a spectrometer and at least two fiber optic cables,
wherein the dye reservoir receives ultraviolet spectra from the
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known in the art to measure intensity of the Auorescent spec-
tra 116 as a function of its wavelength, preferably an instru-
ment of a small size to reduce the size of the system overall.
Fiber optic cables 112, which are commercial off the shelf
cables designed to guide light along their length by total
internal reflection, are preferably connected from light source
010 to sample reservoir 111 at right angles, and preferably
connected from sample reservoir 111 to spectrometer 113 at
right angles, such that the fluorescence spectra 116, which is
emitted 90 degrees from incident ultraviolet spectra 114, is
maximally transmitted to spectrometer 113.

In operation, as shown in FIG. 3, in the manner described
above, microplasma discharge 108" negatively charges
chrome oxide nanoparticles 102". Nanoparticles 102" levitate
or sputter into the glow region of microplasma discharge 108"
to create a distinct Path I ultraviolet spectral emission 114.
Ultraviolet spectra 114 travels through fiber optic cable 112 to
sample reservoir 111. The ultraviolet components of spectra
114 are absorbed by tagging dye 122 (shown as Path II
absorption spectra 115), causing an emission of Path III fluo-
rescent spectra 116. Path III fluorescent spectra 116 travels
through fiber optic cable 112 to spectrometer 113, where the
intensity of the fiuorescent spectra as a function of its wave-
length is transmitted to and/or analyzed by end-use equip-
ment, such as microprocessors, computers, and the like.

FIGS. 4, 5 and 6 illustrate another embodiment of the
present invention. As shown in FIGS. 4(a)-4(d), an on-chip
water diagnostic system 020 comprises a housing 201, elec-
trodes 205, 206, and power supply 107. In some embodi-
ments, housing 201 comprises a substrate 210. In other
embodiments, housing 201 may generally comprise substrate
210 enclosed within a vacuum chamber 311 (as shown gen-
erally in FIG. 7). As shown in FIG. 7, vacuum chamber 311
further comprises a vacuum pump 312. Preferably, vacuum
chamber 311 is approximately 1 cubic inch (1 in®) in volume
and has through-ports for connections to power supply 107.
Referring again to FIGS. 4-6, substrate 210 may further com-
prise at least two layers of glass sheets 226, 227 as described
below.

Electrodes 205, 206, through the delivery of differing lev-
els of potential differences, may act as a microheater to con-
centrate aqueous solutions, and may also act as traditional
electrodes to complete an analog circuit, causing confinement
and energization of microplasma discharge 208 adjacent to
the ends of electrodes 205, 206. Electrodes 205, 206 thus

comprise highly conductive materials for carrying electrical -

signals from power source 107 to energize aqueous sample
211 and nanoparticles 202 within reservoir 203, including but
not limited to metals such as chrome. copper, titanium and
platinum, patterned onto the surface of substrate 210 by meth-
ods known in the art, and as described below. 1t is preferable
that electrodes 205, 206 be constructed from metals with a
significant resistance to electroplating, as the potential for
some transfer of metal atoms from the electrodes into the
microplasma may contaminate the spectral emissions data. It
is further preferable that electrodes 205, 206 are fabricated in
a manner that withstands intense heat as may be produced by
microplasma discharge 208. When a potential difference is
applied from power source 107, electrodes 205, 206- first
serve as a microheater to evaporate the water within aqueous
sample 211. Power source 107 comprises any device known
in the art to supply a potential difference across the ends of
cathode 205 and anodes 206 of up to 3000 volts. Because of
the small scale of the device of the present invention, power
source 107 preferably comprises a 12 volt lithium ion battery
connected to a high voltage converter that is light weigh,
consumes low power, and has a wide temperature range (e.g.,
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EMCO High Voltage Corp. Model Q50N-5 (0.125 in® 5kV)).
In embodiments comprising a microheater as shown in FIGS.
4-6, anodes 206 may comprise several metal wires or leads
creating separate circuits with cathode 205 to effectively pro-
vide for effective evaporation. In operation, the potential dif-
ference applied to cathode 206 and anodes 205 to concentrate
aqueous solution 211 is preferably between 12-100 volts
(12-100 V). Once the aqueous sample is concentrated using
electrodes 205, 206 as a microheater, or if the sample arrives
at the diagnostic system 020 previously pre-concentrated, a
second potential difference of up to 3000 volts, preferably
between 150 volts and 3000 volts, or any range therein, may
be applied by power source 107 across the ends of cathode
205 and one of anodes 206 to form one analog circuit.

In one embodiment of the present invention, nanoparticles
202 comprise silica oxide microparticles ball-milled from
commercial off-the-shelf larger particles. In other embodi-
ments, nanoparticles 202 may comprise polymers, ceramics,
silica, glass or other materials known in the art to adequately
form nanoparticles 202 suitable for doping microplasma dis-
charges 208.

Referring now to FIGS. 5(a)-5(e), an on-chip microplasma
diagnostic system 020 may be fabricated as described herein.
In this embodiment, substrate 210 may comprise at least two
layers of glass sheets. Microheater sheet 226 may preferably
measure about fifteen square millimeters (15 mm?) in surface
area and about one millimeter (1 mm) in thickness. Sheet 226
further may-comprise a layer of chrome coating, typically
applied by a thermal evaporation method, as is known in the
art. Microheater sheet 226 may then be rinsed in acetone to
remove dirt that may have accumulated on the surface of the
chrome layer. Microheater sheet 226 may be placed inside a
photoresist spinning machine, and a layer of photoresist (e.g.,
Microposit S1813 Photoresist, Shipley Co., Marlborough,
Mass.) applied to the surface of the chrome layer. Microheater
sheet 226 may be spun at 4000 rpm for forty-five seconds (45
s) to ensure an even coating of photoresist throughout the
entire surface, approximately one micron (10 thick. Sheet 226
may then be baked at ninety degrees Celsius)(90° for 180
seconds (180 s) to harden the photoresist layer. After cooling,
a mask pattern, shown in FIG. 5(¢), may be placed over the
substrate and a five minute exposure of ultraviolet light
source applied. During the exposure, the areas of the photo-
resist layer exposed to the ultraviolet light weaken, while the
unexposed portions remain intact. Sheet 226 may be baked at
110 degrees Celsius)(110° for 150 seconds (150 s). After
cooling, the photoresist layer may be developed in a bath of
photoresist developer (e.g., Microposit MF-319 Photoresist
Developer, Shipley Co., Marlborough, Mass.). The weakened
photoresist layer may be removed, leaving the hardened pho-
toresist behind in the form of the image of the mask, as
desired. Sheet 226 may then be cleaned in a bath of water and
dried with compressed air. Once dry, sheet 226 may be
immersed in a bath of chrome etch to remove the areas of the
chrome layer not covered with photoresist. During this
immersion, all photoresist remaining on the surface of sheet
226 may also be removed. Sheet 226 may then be cleaned
again in a bath of water and dried with compressed air. The
chrome remaining on the surface of sheet 226 in the form of
a mask, like one shown in FIG. 5(¢), provides patterned
electrical leads to the embodiments described herein. The
second glass layer, sheet 227, also may measure about fifteen
square millimeters (15 mm?) in surface area and about one
millimeter (1 mm) in thickness. A sandblaster then may etch
a 15-20 millimeter (15-20 mm) square aperture into sheet 227
to form reservoir 203. Sheet 227 may be adhered to micro-
heater sheet 226 with epoxy or other adhesive as are known in
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evaporating a substantial amount of aqueous solution such
that contaminants or constituent materials remain at a con-
centrated level after application of heat or energy, including
using electrodes as described herein. The term “housing” as
used herein is to be construed broadly, and means any struc-
ture devised to enclose, contain or encase embodiments of the
present invention. In many embodiments, a housing may
comprise simply the substrate upon which the device is built.
In other embodiments, a housing may comprise a vacuum

chamber wholly enclosing the device or substrate. In yet other

embodiments, a housing may comprise a rugged outer con-
tainer that encloses a vacuum chamber within which the
device is situated, or that encloses the device itself while
providing a means to control the gaseous pressure within the
container.

FIGS. 1(a)-(d) illustrate one embodiment of the present
invention. As shown in FIG. 1(a), an on-chip light source 010
comprises a housing 101, electrodes 106, 105, a power source
107, and nanoparticles 102 contained in a reservoir 103
within substrate 110. In some embodiments, housing 101
comprises a substrate 110 and a sealing layer 104 as shown in
FIGS. 1(a)-(d). In other embodiments, housing 101 may gen-
erally comprise substrate 110 enclosed within a vacuum
chamber (as shown generally in FIG. 7). As seen in FIG. 7,
vacuum chamber 311 comprises a vacuum pump 312, as is
known in the art. Preferably, vacuum chamber 311 is approxi-
mately 1 cubic inch (1 in®) in volume and has through-ports
for connections to power supply 107. Referring again to
FIGS. 1(a)-(d), substrate 110 and sealing layer 104 are
formed generally from a transparent material, preferably
glass. In some embodiments, substrate 110 may be formed
from two or more layered sheets of glass. Substrate 110 has a
reservoir 103, preferably formed by sandblasting.

Referring still to FIGS. 1({a)-1(d), electrodes 105, 106 com-
prise highly conductive materials for carrying electrical sig-
nals from power source 107 to energize the nanoparticles 102
within reservoir 103, including but not limited to metals such
as chrome, copper, titanium and platinum, patterned onto the
surface of substrate 110 by known or future developed meth-
ods, some of which are described below. It is preferable that
electrodes 105, 106 be constructed from metals with a sig-
nificant resistance to electroplating, as the potential for some
transfer of metal atoms from the electrodes into the micro-
plasma may contaminate the spectral emissions data. It is
further preferable that electrodes 105, 106 are fabricated in a
manner that withstands intense heat as may be produced by
microplasma discharge 108. When a potential difference is
applied from power source 107, electrodes 105, 106 serve as
cathode 106 and anode 105, with their respective ends
exposed to the interior of reservoir 103 to form an analog
circuit. Power source 107 comprises any device known in the
art to supply a potential difterence across the ends of cathode
105 and anode 106 of up to 3000 volts, in certain embodi-
ments. Because of the small scale of the device of the present
invention, power source 107 preferably comprises a 12 volt
lithium ion battery connected to a high voltage converter that
is light weight, consumes low power, and has a wide tempera-
ture range (e.g., EMCO High Voltage Corp. Model Q50N-5
0.125 in* 5 kV)). In operation, the potential difference
applied to cathode 105 and anode 106 is up to 3000 volts,
preferably between 300 volts and 1500 volts (or any range
therein).

Nanoparticles 102 comprise very small particles ball-
milled from commercial off-the-shelf larger particles of vary-
ing materials. In those embodiments of the present invention
directed to a light source, nanoparticles may preferably com-
prise metal oxides. In other embodiments, nanoparticles may
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comprise polymers, ceramics, silica, glass or other materials
known in the art to adequately form nanoparticles suitable for
doping microplasma discharges.

Referring now to FIGS. 10(a)-(¢), an on-chip light source
010 may be fabricated as described herein. In this embodi-
ment, substrate 110 may comprise a block of glass. Substrate
110 preferably measures about 625 cubic millimeters (625
mm®) in volume and more than about 3 millimeters (3 mm)in
thickness. A stencil 123, e.g. electrical tape or other materials
suitable for stenciling, is applied to the perimeter of substrate
110 to allow for exposure of about 15-20 square millimeters
(15-20 mm?) in the center of substrate 110. With stencil 123
in place, substrate 110 may be microsandblasted, using tech-
niques known in the art or any other methods now or future
developed, such that reservoir 103 is formed, measuring
about 15-20 square millimeters (15-20 mm?) and 3 millime-
ters (3 mm) deep within substrate 110, as shown in FIG.
10(b). Once reservoir 103 is formed, chrome wires, which
serve as electrodes 105 and 106, may be placed along the
surface of substrate 110 and into reservoir 103 such that the
end of each wire is exposed to the contents of reservoir 103,
as shown in FIG. 10(c). The ends of electrode wires 105 and
106 are preferably from about 2 millimeters (2 mm) to about
4 millimeters (4 mm) apart such that when a potential differ-
ence is applied to electrodes 105 and 106, microplasmas 108
are confined and energized within reservoir 103, In other
embodiments, substrate 110 may be patterned with chrome to
form electrodes 105, 106. In these embodiments, after reser-
voir 103 is formed within substrate 110, a layer of chrome
coating may be applied by a thermal evaporation method, as
is known in the art. Although chrome is used for the patterned
electrodes in this particular embodiment, it should be under-
stood by those in the art that other inert metals, including
platinum, titanjum and the like, would be preferably suitable
to form layers on substrate 110 for patterning electrodes.
Photolithography methods, as are well known in the art, and
as described below with reference to microheaters in an on-
chip diagnostic system within the scope of the present inven-
tion, may then be used to create a mask to pattern chrome
leads, which serve as electrodes 105 and 106, along the sur-
face of substrate 110 and into reservoir 103 such that the end
of each lead is exposed to the contents of reservoir 103. The
ends of electrodes 105 and 106 are preferably from about 2
millimeters (2 mm) to about 4 millimeters (4 mm) apart such
that when a potential difference is applied to electrodes 105
and 106, microplasmas 108 are confined and energized within
reservoir 103. Although wires and patterned electrodes have
been described, it should be understood by those skilled in the
art that many other shapes and sizes of electrodes are within
the scope of the present invention.

Referring now to FIG. 1(a), once electrodes 105 and 106
are in place on substrate 110, reservoir 103 is loaded with
nanoparticles, preferably about 0.01 grams (0.01 g) or
approximately ten parts per million (10 ppm). Sealing layer
104, preferably a glass sheet sized to coordinate with sub-
strate 110, removably fixes onto the top of substrate 110 such
that reservoir 103 is relatively sealed from the influence of
outside air. Power supply 107 connects to electrodes 105 and
106 through their ends exiting substrate 110. The system may
be placed into vacuum chamber 311, with power supply 107
connections inserted through through-ports therein.

In operation, as shown in FIG. 1(a), a direct current nega-
tive bias of about 350 volts to about 1500 volts may be applied
by power source 107 to electrodes 105, 106 to create micro-
plasma discharge 108. As suggested in FIG. 1(b), micro-
plasma discharge 108 negatively charges nanoparticles 102.
As shown in FIG. 1(¢), nanoparticles 102 levitate or sputter
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ON-CHIP MICROPLASMA SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/760,091, filed Jan. 18, 2006, and U.S.
Provisional Application No. 60/760,092, filed Jan. 18, 2006,
each of whichis hereby incorporated by reference herein iniits
entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

This invention was made with government support under
Contract No. DAAD19-02-1-0338 awarded by the Defense
Advanced Research Projects Agency (DARPA). The govern-
ment may have certain rights in the invention.

BACKGROUND OF INVENTION

A. Field of the Invention

The present invention relates to a system utilizing on-chip
microplasma discharges in a variety of applications, includ-
ing for sources of light, for detecting and analyzing gas
samples, and for detecting and analyzing contaminants in
water. The present invention further relates to methods for
utilizing on-chip microplasma discharges for generating
light, methods for detecting and analyzing gas samples, and
methods for detecting and analyzing contaminants in water.

B. Description of Related Art

Numerous efforts exist to utilize small scale on-chip plas-
mas (also referred to herein as microplasmas) for a variety of
purposes, which may include microscale gas detectors and
light sources. The present invention improves upon these
efforts to present areliable, affordable, and innovative system
for generating light, including ultraviolet spectra, for detect-
ing and analyzing gas samples, and for detecting and analyz-
ing contaminants in agueous solution.

Plasma-based discharges are used extensively for lighting
in the macro-world, for example, neon bulbs and fluorescent
lighting are ubiquitous as lighting sources, Small scale pyra-
midal discharge devices have been reported as micro-scale
light sources, but these types of devices produce visible light
only. In previous work, the present inventors developed a light
source by striking a plasma discharge to metal-salt doped
water in a microfluidic channel, see Mitra, B., et al. “Ultra-
Violet Emission Source for Direct Fluorescent of Tryp-
tophan,” Proc. Engineering in Medicine and Biology Soc.,
September 2003, pp. 3380-4; C. G. Wilson et al. “Profiling
and Modelling of DC Nitrogen Microplasmas,” J. App. Phys.,
94(5), September 2003, pp. 2845-51, each of which is herein
incorporated by reference inits entirety. It is desirable to have
an on-chip tunable light source that may operate within a
vacuum and that may be used to fluoresce biomolecules and
tagged DNA.

In the same manner, impurities or contaminants in water
may be detected and analyzed using microplasmas, see C. G.
Wilson et al. “Spectral Detection of Metal Contaminants in
Water Using an On-Chip Microglow Discharge,” IEEE Trans.
Electron Devices, vol. 49, No. 12, December 2002, pp. 2317-
2322; C. G. Wilson and Y. B. Gianchandani, “Led-SpEC:
Spectroscopic Detection of Water Contaminants Using Glow
Discharges from Liquid Microelectrodes,” Proc. IEEE Conf.
on MEMS, January 2002, pp. 248-51; and L. Que et al.
“Microfluidic Electrodischarge Devices with Integrated Dis-
persion Optics for Spectral Analysis of Water Impurities,” J
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Microelectromechanical Sys., vol. 14, No. 2, April 2005, pp.
185-191, each herein incorporated by reference in its entirety,
Such impurities or contaminants may.be atomic (such as
copper) or molecular (such as phosphorous and calcium). The
latter lack large atomic spectral emission lines in the visible
region, making them hard to detect by present means. Addi-
tionally, water impurities may also exist in small quantities
such that detection is difficult. It is desirable to have an
on-chip tunable device purporting to detect a broad range of
impurities or contaminants in aqueous solution, including at
small quantities, by utilizing a preconcentrator (for example,
by evaporating the aqueous solution) and with the capability
of operation at vacuum levels, used in combination with a
spectrometer to detect and analyze water impurities or con-
taminants (see J. W. Sweeney and C. G. Wilson, “A Dusty
Microplasma Spectroscopic Microdevice for On-Site Water
Chemistry Analysis,” Louisiana Materials and Emerging
Technologies Conference, October 2006, Louisiana State
University, Baton Rouge, La.; J. W. Sweeney and C. G. Wil-
son, “Microdevices for On-Site Water Chemistry Analysis,”
Louisiana Materials and Emerging Technologies Conference,
December 2005, Louisiana Tech University, Ruston, La.;
each of which is herein incorporated by reference in its
entirety).

In addition to micro-scale light sources and water diagnos-
tics, there is also presently a widespread need for the micro-
scale detection of explosive gases, spanning from industrial
safety to homeland security applications. Plasma emission
spectroscopy is one of the most widely used forms of gas
detection. However, direct current plasmas are typically pre-
ferred for atomic spectroscopy, not molecular spectroscopy,
as red and infrared emissions are limited. Because magneti-
cally confined plasmas have higher densities with lower elec-
tron energies, it is known that spectral emissions from
molecular gases may be optimized by magnetically confining
the microplasma. Previous efforts by the present inventors
included magnetically enhanced microplasmas utilized to
locally etch silicon (see “Miniaturized Magnetic Nitrogen
DC Microplasmas,” IEEE Transactions on Plasma Science,
vol. 32, No. 1, February 2004, pp. 282-287, herein incorpo-
rated by reference in its entirety). The ability to enhance the
parameters of a direct current microplasma using micromag-
nets is a distinct advantage for developing inexpensive sens-
ing devices on a microscale. Therefore, it is also desirable to
utilize such micromagnets within an on-chip tunable gas
detector that may operate in combination with a spectrometer
to detect and analyze molecular gases in addition to atomic
gases.

BRIEF DESCRIPTION OF THE INVENTION

In one embodiment, the present invention provides an on-
chip light source comprising a housing, a plurality of nano-
particles within the housing, a means for energizing said
nanoparticles, and a means for controlling the gaseous pres-
sure within the housing. In some embodiments, the light
source may comprise a transparent substrate with a reservoir,
the nanoparticles positioned within the reservoir. In yet other
embodiments, the nanoparticles may comprise a material
selected from the group consisting of metal oxide, silica
oxide, polymer and ceramic, where the metal oxide may be
selected from the group consisting of chromium oxide
(Cr,03), copper oxide (Cu0), and iron oxide (Fe,0-). In yet
other embodiments of the light source, the means for ener-
gizing the nanoparticles may comprise at least two electrodes
connected to a power source, the electrodes of some embodi-
ments being made of metal. In other embodiments, the power
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