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ABSTRACT

The present invention relates to a method formanufacturing
a nanoparticle array, a surface plasmon resonance -based
sensor, and a method for analyzing using the same. Accord
ing to one embodiment of the present invention, after a
mixed solution of an ionized binder and conductive nano
particles is prepared , a substrate is dipped into the mixed
solution . Thereafter, by applying an electric field to the
mixed solution into which the substrate is dipped so as to
induce coating of the conductive nanoparticles on the sub
strate , it is possible to manufacture , by a wet method, a
nanoparticle array in which the conductive nanoparticles are
quickly coated on the substrate with high density .
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METHOD FOR MANUFACTURING

NANOPARTICLE ARRAY, SURFACE

PLASMON RESONANCE -BASED SENSOR
AND METHOD FOR ANALYZING USING
SAME

INCORPORATION BY REFERENCE OF ANY
PRIORITY APPLICATIONS

[0001 ] This application is a continuation of U.S. patent
application Ser. No. 14 /784,569, filed on Feb.4 , 2016 ,which
is a national stage application under 35 U.S.C. § 371 of PCT
Application No. PCT/KR2013 / 008182 , filed on Sep. 10 ,
2013 , which claims priority to Korean Patent Application
No. 10-2013-0041228 , filed on Apr. 15 , 2013 , and to Korean
Patent Application No. 10-2013-0083142 , filed on Jul. 15 ,
2013. Each of the above applications is incorporated herein
by reference in its entirety.
TECHNOLOGICAL FIELD

[0002 ] The present invention describes a sensor technol

ogy for detecting biological or non -biological substances. In
more detail, a method for manufacturing a nanoparticle
array , a surface plasmon resonance - based sensor and a
method for analyzing using the same.
BACKGROUND TECHNOLOGY

[0003 ] A surface plasmon resonance (SPR ) refers to a

phenomenon of the propagation of surface plasmon polari
tons (SPPs) which are formed on or near the surface of
conductive materials by coupling of electrons and photons
having a specific wavelength . In general, SPR is a collective

oscillation of conduction band electrons propagating along
the interface between a metal with a negative dielectric
constant and a medium with a positive dielectric constant.
SPR has an enhanced intensity in comparison with an
incident electromagnetic wave and shows characteristics of
an evanescent wave which exponentially decreases as get
ting far -off perpendicularly from the interface .
[0004 ] The SPR can be classified as propagating plasmons
observed at the interface between 10-200 nm -thick flat
metal surface and a dielectric substance ; and a localized SPR
(LSPR ) observed from nanoparticles or nanostructures.
LSPR detects a change in the SPR wavelength showing
maximum absorbance or scattering which depends on a
change of the chemical and physical environment on the
surface (for example , a change in refractive index of a
medium near the surface ) ofnanoparticles or nanostructures .
A LSPR -based sensor has many merits over a conventional
bulk SPR sensor which utilizes a plasmon propagation by
prism coupling, because the detection of the SPR wave
length change permits to distinguish specific molecules or to
analyze concentration of specific molecules in a medium ;
LSPR is highly sensitive to the change of refractive index
and that allows label- free detection .
[ 0005] Nano -patterning technologies, such as an electron
beam lithography, a focused ion beam , and a nano - imprint,
have been proposed as methods for preparing metal nano
particle array to induce LSPR . However, such conventional
technologies have limitations in improving production yield
upon applying continuous processes or various substrate
sizes. Furthermore , the conventional technologies often lead
to defective products due to defects or contaminations, in the
case of requiring a mechanical contact . As another manu

facturing method , a technology was proposed to deposit a
metal thin film having a continuous profile and then ther
mally anneal to form an array of nano- islands isolated each
other. In this case , however, substrate materials for nano
island formation are limited to heat-resisting materials such
as glass and there is a problem of not obtaining a nanopar

ticle array with a high nanoparticle density .

DETAILED DESCRIPTION OF THE
INVENTION
Technical Problems

[0006 ] The technical problems which the present inven
tion aims to solve is to provide a method for manufacturing
a nanoparticle array which allows a high production yield
upon applying continuous production processes; a wide
window for selecting a substrate material due to capability
of a low or room temperature production process ; and
immobilization of high density conductive nanoparticles on
a substrate to enhance SPR or LSPR amplification effect .
[0007 ] In another aspect, another technicalproblem which

the present invention aims to solve is to offer a SPR- or
LSPR -based sensor which is manufactured using the stated
nanoparticle array and has an enhanced spectroscopic analy
sis sensitivity.

[0008] In another aspect, another technical problem which
sensor, to offer a spectroscopic analysis method having a
simple analysis process, quick response and high reliability .
the present invention aims to solve is, using the stated
Solutions for Technical Problems

[0009 ] In the first embodiment to solve the stated technical

problem , a method for manufacturing a nanoparticle array
comprises a process providing a mixed solution of an ionic
binder and conductive nanoparticles; a process dipping a

substrate into the mixed solution ; a process applying an
electric field to the substrate-dipped mixed solution for
inducing coating of conductive nanoparticles onto the sub
strate .

[0010 ] In the second embodiment to solve the stated
different technical problem , a spectroscopic analysis sensor
comprises a substrate; a polymer binder layer coated on the

substrate ; conductive nanoparticles dispersed and immobi
lized on the polymer binder layer . The sensor can be a
SPR -based spectroscopic analysis sensor.
[0011 ] In the third embodiment to solve the stated another
different technical problem , a spectroscopic analysis method
comprises a process dipping a spectroscopic analysis sensor
into a target analyte -dispersed solution ; a process detecting
change of reflected or transmitted light on a surface of the
sensor using SPR or LSPR . In another different embodi
ment, the above stated spectroscopic analysis method
includes a process dipping two or more sensors spacially
isolated and stacked into a target analyte -dispersed solution ;

a process detecting change in SPR- or LSPR mode- coupled
reflected or transmitted lightupon applying an incident light
onto the sensor.

Effect of the Invention

[0012] Referring to the present invention , a cost -effective
wet method to manufacture a nanoparticle array can be
offered through quick and high density coating of metal

nanoparticles onto the substrate by dipping the substrate into
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a mixed solution of an ionic binder and conductive nano

particles followed by applying an electric filed outside .
[0013 ] In addition , referring to the present invention , a
sensor with an enhanced detection sensitivity , which
depends on a kind and concentration of a target analyte , can
be offered by adapting the high metal nanoparticle density
sensor for a SPR or LSPR mode-based spectroscopic analy
sis. In addition , in the case of performing a SPR or LSPR
based spectroscopic analysis after multiple stacking of the
stated sensor, it can be easy to amplify a measurement
sensitivity practically as much as the number of stacked
sensor through the effect of an increased conductive metal
nanoparticle density per unit light transmitted area .
BRIEF DESCRIPTION OF THE DRAWINGS

[0014 ] FIG . 1 is a flow chart for explaining a nanoparticle
array manufacturing method , referring to the first embodi
ment in the present invention .
[0015 ] FIGS. 2a -2e illustrate a method for manufacturing
a nanoparticle array, referring to the first embodiment in the
present invention .
[0016 ] FIG . 3 illustrates an equipment for manufacturing
a nanoparticle array, referring to the first embodiment in the
present invention .
[0017 ] FIGS. 4a and 4b are optical images of gold nano
particle arrays manufactured referring to the above embodi
ment and the above comparative example , respectively, in
the present invention .
[0018] FIGS. 5a and 5b are scanning electron microscopy
(SEM ) images of gold nanoparticle arrays manufactured
referring to the embodiment and the comparative example ,
respectively , in the present invention .
[ 0019 ] FIG . 6a is a schematic illustration of a spectropho
tometer referring to the embodiment in the present invention
and FIG . 6b illustrates a cuvette for a spectroscopic analysis
referring to the first embodiment in the present invention .
[0020 ] FIG . 7 shows graphs illustrating response levels of

the sensors, measured using a spectrophotometer, referring
to the embodiment and the comparative example, respec
tively, in the present invention .
[0021 ] FIG . 8 is a perspective view of a cuvette referring
to another embodiment in the present invention.
[0022] FIGS. 9a and 9b are graphs showing wavelength
dependent absorbance and amount of absorbance change ,
respectively, in the absorption spectra measured using 1-3
LSBR -based sensors for the samples having different refrac
tive indexes , referring to the first embodiment in the present
invention .

[0023 ] FIG . 10 is a graph showing a relationship between

an absorbance change and a refractive index change mea
sured using 1-3 LSPR sensors.
PREFERRED EMBODIMENTS OF THE
INVENTION

[ 0024 ] Preferred embodiments of the present invention are
described in detail referring to the accompanied drawings .

[0025 ] The embodiments in the present invention aim to
provide more complete explanation of the invention to

people who have common knowledge in the stated techno
logical fields. The following embodiments can be modified

to various different forms and the scope of the present
invention is not limited to the following embodiments.
Rather, those embodiments make all the invention more

faithful and complete and aim to completely deliver the idea
of the present invention to people skilled in the relevant
technology
[0026 ] In drawings, a same mark indicates a same ele

ment. In addition , as used in the specification of the present

invention , the terminology “ and /or ” includes one and all
[0027] The terminologies used in the present specification

combinations of more than one among the items listed .

are used for explaining the embodiments and are not
intended to limit the scope of the present invention . In
addition , even though a word in the specification has a
singular form , it can include a plural form if not clearly
indicating a singular form in the context. In addition , the
terminologies " comprise " and " comprising " used in the
specification specify thementioned shapes, numbers , stages ,
actions, absence , elements and/or the presence of these
group . They do not exclude different shapes, numbers,
stages, actions, absence, elements and/ or the presence or
addition of the group .

[0028 ] In the specification , mentioning a substrate or a

layer formed on a different layer can refer to a layer formed
directly above the mentioned substrate or the different layer,
a mid -layer formed on the mentioned substrate or the
different layer, or a layer formed between the mid - layers. In
addition , for people skilled in relevant technological fields,
the structure and shape placed adjacent to a different shape
can be overlapped with the adjacent shape or have a portion

placed below .
[0029 ] In the present specification , words indicating a
relative direction such as “ below ” , “ above ” , “ upper” ,
“ lower” , “ horizontal” and “ vertical” , as illustrated in the

drawings, can be used for describing a part of compartment,
a compartment of a different layer or region , a relationship

of a layer or region . It should be understood that these words
encompass different directions of the component as well as

the directions shown in the drawings.

[0030 ] Following this , the embodiments of the present
invention will be explained referring to cross sectional
drawings schematically illustrating ideal embodiments (and
mid - structures ) of the present invention . In the drawings, for
example , the size and shape of the compartments can be
exaggerated for convenience and clarity in explanation and
it can be expected to modify the shape illustrated upon a real
embodiment. Thus, the embodiments of the present inven
tion should not be interpreted such that they are limited only
to the specific shapes illustrated in the specification . In
addition , reference marks for the compartments on drawings
indicate the same compartments in the entire drawings.

[0031] FIG . 1 is a flow chart for explaining a nanoparticle

array manufacturing method referring to the first embodi
ment of the present invention and FIGS . 2a -2e illustrate a
nanoparticle array manufacturing method referring to the
first embodiment of the present invention .
[0032] Referring to FIGS. 1 and 2a , it is possible to
prepare a mixed solution (40 ) by dissolving an ionic binder
( 10 ) in an appropriate solvent followed by dispersing con
ductive metal nanoparticles ( 30 ) in the above stated solution ;

or by adding an ionic binder (10 ) into the solvent (20 )
dispersed with conductive nanoparticles (30 ) (S10 ). In the
mixed solution (40 ), an ionic binder ( 10 ) and conductive
metal nanoparticles (30 ) bind together and can form a gel. In
some embodiments , the mixed solution (40) can be stirred
for achieving homogeneous dispersion of the conductive
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nanoparticles and preventing their coagulation ; or applied to
ultrasonic energy for preventing coagulation of the conduc
tive nanoparticles.
[0033 ] An ionic binder ( 10 ) can be a polymer bearing a
cationic or anionic charge in the mixed solution (40 ). In the
first embodiment, the polymer can be selected among ionic
polymers having a molecular weight between 1,000 kDa and
60,000 kDa. In the case of the polymer having a molecular
weight less than 1,000 kDa, an immobilization force
between the conductive nanoparticles and the substrate is
not enough ; whereas in the case of the polymer having a
molecular weight larger than 60,000 kDa, it cannot be
expected , due to very high viscosity , as will be discussed
later, to have an enough flux even upon applying an electric
field .

[0034 ] In the first embodiment, a cationic polymer can
contain one or a mixture of poly diallydimethylammonium
chloride, poly allylamine hydrochloride, poly 4 -vinylben
zyltrimethyl ammonium chloride and polyethyleneimine an
anionic polymer can contain one or a mixture ofpoly acrylic
acid , poly sodium 4 -styrene sulfonate , poly vinylsulfonic
acid , poly sodium salt and poly amino acids. However , the
above stated polymers are just some of many examples and
thus the scope of polymers in the present invention includes
polymers or copolymers having different ionic functional
groups , polymers having cationic or anionic functional
groups on the skeletal structures of the above stated poly

mers, different synthetic polymers, natural polymers, or
electrolyte polymers .
[0035 ] The above stated solvent can be one or a mixture of

water such as distilled water and deionized water, aliphatic
alcohols , aliphatic ketones, eaters of aliphatic carboxylic
acids, imides of aliphatic carboxylic acids, aromatic hydro
carbons, aliphatic hydrocarbons, acetonitrile and aliphatic
sulfoxides .However, the above stated solvents are just some
ofmany examples and thus the scope of the solvent in the
present invention can include other polar solvents.
[0036 ] The conductive nanoparticles ( 20 ) binding with the
above stated polymers ( 10 ) in the mixed solution (40 ) can
have an average diameter between 10 nm and 200 mm ; and
have one or a combined shape of a sphere, nano tube, nano
column, nano rod , nano pore and nano wire. The stated
nanoparticles can have one of completely filled, porous and
hollowed forms. The above stated conductive nanoparticles
can be conductive particles of carbon , graphite , metalloids,
metals, alloys of the above stated metalloids or metals ,
conductive metal oxides, and metal nitrides or core - shell
type particles of a glass or dielectric polymer bead coated
with a conductive layer such as a metal thin film .

[ 0037 ] The above stated metalloids can be one or an alloy
of antimony (Sb ), germanium (Ge) and arsenic (As). The
above state metals are metals , transition metals or post
transition metals and they can be one or an alloy of titanium
( Ti), zinc (Zn ), aluminum (Al), scandium (Sc ), chromium
(Cr), manganese (Mn ), iron (Fe), cobalt (Co ), nickel (Ni),
copper (Cu ), indium (In ), tin (Sn ), yttrium ( Y ), zirconium
( Zr ), niobium (Nb ), molybdenum (Mo), ruthenium (Ru),
rhodium (Rh), palladium (Pd ), gold ( Au ), silver ( Ag ), plati
num (Pt), strontium (Sr), tungsten (W ), cadmium (Cd) and
tantalum ( Ta ).
[0038 ] The above stated conductive metal oxides com
prise , but not limited to , indium tin oxide (ITO ), indium zinc
oxide (IZO ), aluminum -doped zinc oxide (AZO ), gallium
indium zinc oxide (GIZO ) and zinc oxide (ZnO ). In addi

tion , the above stated conductive nitrides comprise , but not
limited to, tungsten nitrides(WN ).
[0039 ] Themixed solution (40 ) can contain 0.01wt. % -0.3

wt. % of an ionic binder ( 20 ), 0.1 wt. % -0.3 wt. % of

conductive nanoparticles (30 ) and a solvent. The above

stated wt. % can be determined depending on the kinds of the
ionic binder (20 ) and the conductive nanoparticles (30 ) and
the present invention is not limited to the above stated wt. % .
In some embodiments, there can be added dispersion stabi
lizers such as an alginic acid , alginic acid derivatives and
their mixture or pH regulating agents such as boric acid ,
orthophosphoric acid , acetic acid , ascorbic acid and citric
acid. Or, in the case of photo - sensitive ionic binders, photo
initiators can be added for bridging reaction .
[0040] Referring to FIGS. 1a and 2b , the substrate (50) is
immersed into the mixture solution (40 ). The substrate (50 )
can be fixed in a vessel by using an appropriate item and
more than two substrates can be immersed . The substrate
(50 ) can be washed or surface - treated before immersion .
[0041 ] The substrate (50 ) can be a transparent or opaque
substrate, but transparent one is preferable . The thickness of
the substrate can be within a range of 50 um and 2 mm The
above stated transparent substrate , for example , can be a
glass or polymeric material having 85 % or higher optical
transmittancy. For example , the above stated polymeric
materials can contain polycarbonate(PC ), polyethylene
terephthalate( PET), poly (methylmethacylate) (PMMA ), tri
acetyl cellulose ( TAC ), cyclic olefin , polyarylate, polyacry
late , polyethylene naphthelate , polybutylene terephthalate or
polyimide , but the scope of the present invention is not
limited to the examples.
[0042 ] The above stated opaque substrate can include, but
not limited to , sapphire or silicon single crystal. In addition ,
in other embodiments, a substrate (50 ) can include silicone
rubbers, latexes or magnetic materials .
[0043 ] Referring to FIGS. 1a and 2c , an electric field ( E )
is applied to the mixed solution in which a substrate (50) is
dipped . In some embodiments, the direction of an electric
field can be determined according to the main surface , the
surface where conductive nanoparticles will be mainly
coated , of the substrate (50 ). For example, if want coating
the conductive nanoparticles on the upper part of the sub
strate , an electric field can be formed downward direction

perpendicular to the substrate when a cationic binder is used .
Conversely, an electric field can be formed upward direction
perpendicular to the substrate when an anionic binder is
used .

[0044 ] The conductive nanoparticles (30 ) bound to an
electric field (E ) inducing their electrophoretic movement
which creates a directional flux of the conductive nanopar
ticles ( 30 ) toward the substrate (50 ). The above stated flux
can be accelerated by an electric field and activated due to
higher kinetic energy. That enhances coating speed of the
conductive nanoparticles ( 30 ) onto the main surface of the
substrate (50 ); increases immobilization power of the con
ductive nanoparticles (30 ); and allows high density coating
of the conductive nanoparticles (30 ) on the substrate (50 ).
[0045 ] According to the embodiment of the present inven
tion , the substrate (50 ) is in an electrically floating state
because of its insulating nature; and an electric field (E ) is
generated outside the mixed solution (40) and penetrates
inside the mixed solution (40). An electric field (E ) can have,
ionic binder can be accelerated toward the substrate by an

but not limited to , an electrostatic field , an alternating
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electric field or another type of waves . The above stated
chamber and details about this will be described later by
referring to FIG . 3 .

electric field (E ) can be generated by plasma discharge in a

[0046 ] After that, the substrate (50 ) is retrieved from the

mixed solution (40 ) upon sufficient immobilization of the
conductive nanoparticles (30 ) onto the substrate (30 ). Then ,
the retrieved substrate (50 ) can be applied to a drying

process; or ultraviolet light or heat to induce a bridging

reaction of the binder. In some embodiments , a washing
process of the substrate (50) can be performed Unimmobi
lized conductive nanoparticles can be removed by the wash
ing process followed by the contraction of the binder that
occurs by a drying process.
[0047] Referring to FIG . 2d , conductive nanoparticles (30 )
are immobilized on the substrate (50) by the polymeric
binder layer (10') originated from a cationic binder. The
conductive nanoparticles can form a monolayer of a nano
particle array . In some embodiments , the upper surface of
the conductive nanoparticles (30 ) is exposed upon the con
traction of a polymeric binder layer ( 10 ') and thus, as will be
described later, they can be used as a SPR- or LSPR -based
sensor. In some embodiments , the stated polymeric binder

layer ( 10 ') can be a dielectric substance .
[ 0048] Referring to FIG . 2e , in some embodiments , it is
possible to form an additional immobilization substance (L ),

above stated AC discharge , a positive potential can be
applied to the anode (AE ) and a negative potential can be
applied to the cathode (CE ). After placing the container,
containing themixed solution ( 30 ) dipped with the substrate
(50 ), between the cathode (CE ) and the anode (AE ), a
process for immobilizing nanoparticles is performed for a
few seconds to a few minutes while an electric power is
supplied between the anode (AE ) and /or the cathode for
plasma generation . The distance between the anode (AE )
and the container (6 ) can be maintained between 0.5 cm and

40 cm .

[0054 ] In the manufacturing equipment (1000 ) in FIG . 3 ,
when applying an electric power to the AC generator of the
cathode (CE ), the cathode (CE) has negative potential due to
self-bias and thus an electric field (E ) is generated to the
arrow direction between the anode (AE ) and the cathode

(CE) which are electrically grounded . The electric field
generates a flux of the conductive nanoparticles and ionic
binder in the mixed solution and by applying the electric
field continuously for a few seconds to a few minutes the
conductive nanoparticles can be immobilized on the sub
strate (50)
[0055 ] The location of the anode (AE ) and cathode (CE )

illustrated can be opposite . In addition , the anode (AE ) is not
limited to a flat shape and can have a side wall like a cap

limiting a space for gaseous discharge or can be a main body

on the conductive nanoparticles (30), which can specifically
bind to target analytes. The immobilization substances (L )

of the chamber. In some embodiments, the pressure of the

conductive nanoparticles (30 ) besides the surface of the
conductive nanoparticles (30 ). The immobilization sub
stances (L ) can be any one of low molecular weight com
pounds, antigens, antibodies , proteins, peptides, DNA,
RNA , PNA , enzymes, enzyme substrates, hormones, and
hormone receptors as well as any one of synthetic chemicals
having functional groups, their mimics, or their combina
tions, which can bind to the target analytes. Themethod for
their immobilization can be referred to the technology in the
present article .
[0049 ] FIG . 3 illustrates an equipment (1000 ) for manu

provided to the manufacturing equipment (1000 ).

can be formed on the surface of the binder layer between

facturing a nanoparticle array according to the first embodi
[0050 ] Referring to FIG . 3, the manufacturing equipment
( 1000 ) is an electric field ( E ) generator which is drawn

ments of the present invention .

referring to FIG . 2c. The manufacturing equipment (1000 )
can have two electrodes, an anode (AE) and a cathode (CE ),
to generate an electric field. In addition , the manufacturing
equipment ( 1000 ) can have an adequate gas flow regulator

for gas discharge .
[0051 ] A gas (P ) is introduced into the space between the
anode (AE) and the cathode (CE ) as indicated using the
arrow A and released continuously as indicated using the
arrow B. In another embodiment, the gas (P ) can be supplied
from any one or both of the anode ( A ) and the cathode (B );
and for gas supply the anode (AE ) and the cathode (CE ) can
have penetration holes similar to those of a shower head .
[0052] The above stated gas can be one or a mixture of
helium (He), neon (Ne), argon ( Ar), nitrogen (N2) and air .
However, these gases are some ofmany examples and thus
the gas (P ) can be other reactive gases .
[0053 ] A cathode (CE ) can be electrically combined with
an AC generator (a RF generator) for gaseous discharge of
the gas(P ), that is a generation of plasma, and an anode(AE )
can be electrically grounded . Or, for DC discharge unlike the

space for gaseous discharge can be an atmospheric pressure
or a lower vacuum state for which a vacuum pump can be

Manufacturing a Nano Array
[0056 ] The mixed solution was prepared by adding 0.01
wt. % of an electrolyte polymer and 0.01 wt. % of a
stabilizer as the previously stated ionic binder and 0.05 wt.
% of gold nanoparticles as conductive nanoparticles into
deionized water under magnetic stirring . Polyethylene
terephthalate (PET) or polycarbonate (PC ) was washed with
deionized water, surface -treated and then dipped into the
mixed solution . After that , a nano array was manufactured
by proceeding a coating reaction in which the above stated
mixed solution was placed inside the electric field generator
and then an electric field was penetrated through the mixed
solution for quick and homogeneous coating of the conduc
tive nanoparticles bound to the ionic binder onto the above
stated substrate .
[0057] As previously stated , to compare coating time, in
the samemixed solution, in the cases of applying an electric
field (referred to as an embodiment) and no electric field
(referred to as a comparative example), absorbance mea
surement was performed after conductive nanoparticle coat
ing . In the case of the embodiment, within 5 minutes, an
absorbance value reached to 0.5 and thus a coating process
for achieving an appropriate coating density was completed .

However, in the case of the comparative example, it took at
least 12 hours to obtain a coating density corresponding to
the absorbance value of 0.2 .
[0058 ] FIGS. 4a and 4b are optical picture images of the
gold nanoparticle arrays manufactured referring to the
embodiment and comparative example, respectively . The
substrate used is polyethylene terephthalate (PET). Refer
ring to FIGS . 4a and 4b , it is clearly seen that the case
following the embodiment shows darker color than the case
following the comparative example. This observation indi
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cates that the case following the embodiment has denser
gold nanoparticle coating than the case following the com
parative example .
[0059 ] FIGS. 5a and 5b are scanning electron microscopy

(SEM ) images of the gold nanoparticle arrays manufactured
referring to the embodiment and comparative example ,

respectively . The substrate used is polycarbonate (PC ).
[0060] Referring to FIGS. 5a and 5b , the case following
the embodiment leads to more homogeneous and higher
density coating of gold nanoparticles on the substrate , as
compared with the case following the comparative example .
[0061] From those results , referring to the embodiment of
the present invention , it is possible to achieve high density
coating of gold nanoparticles on the substrate in a shorter
time. The previously stated embodiment is for gold nano

particles , but it can be applied to the previously stated other
conductive nanoparticles because a specific binding of con
ductive nanoparticles to the binder is not necessarily
required . Thus, the present invention is not limited to the
above stated embodiment.
[0062 ] In the case ofwet coating of conductive nanopar
ticles in an electric field (a constant or alternating electric
field , preferably an alternating electric field ), in the mixed
solution of the conductive nanoparticles and the ionic bind
ers, the conductive nanoparticles bound together with ionic

binders can have kinetic energy by the electric field and then
be activated . Like this , the activated ionic polymers or
conductive nanoparticles can increase their flux delivered
onto the surface of the substrate and provide a strong
immobilization force on the surface of the polymer sub
strate . Accordingly , in an electric field induced -wet process ,
a coating speed of conductive nanoparticles increases and
thus it is possible to obtain a high density coating of the
nanoparticles on the substrate. In addition , referring to the
embodiment of the present invention , the wetprocess allows
a mass production as well as a low temperature process
which enables to use a polymeric substrate having weak heat
resistance and thus to manufacture light-weight cost-effec
tive sensors . These merits will be clearer in the following.
[0063] Referring to the embodiment of the present inven
tion , an SPR -based spectroscopic analysis sensor, like the
one illustrated in FIG . 2d, was manufactured and its absor

bance change was measured at the setup illustrated in FIG .

6a using a Thermo -Fisher Genesys 10A UV -VIS spectro
photometer ( 2000 ) having a basic setup illustrated in FIG .

6a . In addition, a spectroscopic analysis sensor ( 100 ) can be
manufactured as a spectroscopic analysis cuvette (300A )
like the one illustrated in FIG . 6b .
[0064 ] Referring to FIG . 6a , the spectrophotometer (2000 )
comprises a light emission part ( 2000_1), a transparent
substrate (50 ), a SPR- or LSPR -based sensor comprising a
conductive nanoparticle array (30L ) formed on the main
surface of the transparent substrate, and a lightdetection part
(2000_2 ). The light emission part (2000_1) can emit light
passing through the transparent substrate (50 ). Preferably ,
the light can be emitted to the direction perpendicular to the
transparent substrate (50), but the present invention is not
limited to that . In some embodiments , the light emission part
( 2000_1 ) and the light detection part ( 2000_2 ) can be placed
opposite each other against the sensor ( 100 ). However, the
present invention is not limited to this. Depending on the
measurementmode of the transmitted light or reflected light,
or the combination of appropriate optical devices such as
reflectors or lenses , the present invention can have a setup in

which the light emission part (2000_1 ) and the light detec
tion part (2000_2) are not oppositely placed . The above
stated light can have a wavelength between 380 nm and
1,500 nm , covering the ultraviolet and visible regions of the

electromagnetic wave.
[0065 ] One , two or more sensors ( 100) can be placed
along the light path between the light emission part ( 2000_1)

and the light detection part ( 2000_2 ). The setup having more
than 2 sensors will be described later referring to FIG . 8. The

spectrophotometer (2000) analyzes by measuring change of
absorbance or an absorption wavelength showing a maxi
mum signal, calculated from the light emitted from the light
emission part (2000_1) and the light arrived to the light

detection part ( 2000_2 ).
[0066 ] The above stated degree of change in the absor
bance and the absorption wavelength is based on the LSPR
phenomenon and derived from change of an effective refrac
tive index around the conductive nanoparticles depending on
the reactivity of biological or non -biological substances, in
samples, contacting with the above stated conductive nano
particles . As stated previously , change of the absorbance and
the absorption wavelength and thus a sensitivity can be
improved through the high density coating of conductive
nanoparticles. The spectrophotometer (2000) can contain an
additional analysis module (not illustrated ) for analyzing the
above stated target analytes. The above stated analysis
module can comprise, but not limited to , a computing
system such as a typical microprocessor, memory and stor
age device.
[0067 ] Referring to FIG . 6b , because the cuvette (300A ) is
made with a transparent material, the light (Lin ) emitted
from the light emission part can pass through the sensor

(100 ) and the passed light (Lout) can be delivered to the light
detection part. Even not illustrated here, the cuvette (40 ) can
contain an additional holding part inside for holding the
sensor ( 100 ) and an additional injection part for injecting
reaction samples containing target analytes .
[0068 ] FIG . 7 shows graphs of the sensor sensitivities
measured by using the spectrophotometer ( FIG . 6a_2000 )
referring to the embodiment and comparative example ,
respectively.
[0069 ] Referring to FIG . 7 , the degree of an absorbance
value change against a refractive index value change of the
sensor is enhanced more than 43 % when following the
embodiment, as compared when following the comparative
example . The enhancement confirms the measurement sen
sitivity enhanced that much due to the high density of the
conductive nanoparticles coated .
[0070 ] FIG . 8 is a perspective view of the cuvette ( 300B )
referring to the embodiment of the present invention .

[0071] Referring to FIG . 8 , the cuvette (300B ) contains

two SPR- and LSPR -based sub - sensors (100_1, 100_2)
placed along the beam path between the light emission part
and the light detection part of the spectrophotometer (FIG .
6a_2000). In this case , each conductive nanoparticle array
( 30L ) on the sub -sensors ( 100_1 , 100_2) can have same or
different coating density or coating thickness . In the case of
using multiple number of sensors comprising conductive
nanoparticle arrays with different optical properties, it is
possible to have simultaneous acquisition of absorbance at
wavelengths showing different optical properties so as to
analyze 2 or more substances at a time.

[0072 ] In another embodiment, each of the sensors (100_
1 , 100_2 ) can include immobilization substances which can
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bind with same or different target analytes and thus the
sensors can be used for simultaneous spectroscopic analysis
of multiple number of same or different samples.
[0073 ] Referring to the previously stated embodiments ,
use ofmultiple number of sensors spatially stacked along the
beam path between the light emission part and light detec
tion part, in a SPR- or LSPR -based analysis , can amplify
measurement sensitivity practically as much as number of
the sensor used , through an effect of practical enhancement
of conductive nanoparticle density per unit transmitted area .

[0074 ) FIGS. 9a and 9b are graphs showing wavelength
dependent absorbance and absorbance change, respectively,
in the absorption spectra measured using 1-3 LSPR -based
sensors for the samples having refractive indexes different

each other, referring to the first embodiment of the present
[0075 ] Referring to FIG . 9a , the refractive index ( RI) of
distilled water at room temperature is 1.3333 , the refractive
invention .

index of 40 % glycerol at room temperature is 1.3841, and
composed of 1 , 2 or 3 units. However, the amount of
absorbance increase and thus the amount of LSPR detection
signal increase, at wavelengths within a specific range,
increases about twice upon measuring using 2 sensors and
those refractive indexes are same for LSPR -based sensors

about triple times upon using 3 sensors , as compared with
measuring using a unit sensor.
[0076 ] Therefore , it is clear that absorbance increases
twice or more upon spatial stacking of multiple number of
the sensors followed by placing them along the beam path .
As a result, referring to the embodiment of the present
invention , it is possible to increase detection sensitivity
easily in a SPR -based spectroscopic analysis by using mul
tiple number of sensors .
[0077 ] The table 1 below showsdetection sensitivities (the
comparative examples 1 and 2 ) taken from the published
corresponding articles about SPR -based spectroscopic
analysis experiments using conductive nanoparticles and
detection sensitivities (the embodiments 1 to 3 ) measured
upon increasing number of analysis sensors referring to the
embodiments of the present invention .
TABLE 1
Detection limit

(absorbance

change

Example of experiment

Sensor

Embodiment 1
Embodiment 2

2 sensors

Embodiment 3

Comparative example 1
( Anal Chem 2004, 76 , 5370-5378)
Comparative example 2
(Microelectronic Engineering
86 ( 2009 ) 2437-2441)
Comparative example 3
( Anal Chem 2002, 74 , 504-509)

1 sensor

3 sensors

Nanostructures on

refractive index
change )
1.0
2.0
2.6
1.2

Nanostructures on

glass substrates
glass substrates

0.7

Nanostructures on

0.5

glass substrates

[0078 ] Referring to the table 1, a detection sensitivity and
thus an intensity of a LSPR signal is measured differently
depending on kind of spectrophotometers and number of
sensors . Especially , referring to the embodiment of the
present invention , it is clear that an intensity of a LSPR
signal (a ratio of absorbance change to unit refractive index
change ) increases almost linearly as number of the sensor

increases. It is also clear that in the case of using 2 or more
sensors, the slope of reaction is greater than that obtained
when analyzing referring to the comparative examples 1 and
2. Thus , referring to the embodiment of the present inven
tion , it is possible to detect target analytes more sensitively
and accurately because the slope of reaction increases in the
same medium .

[0079 ] Referring to FIG . 9b , similar to the graph in FIG .

9a , in the case of using mediums having the same refractive
index , it is clear that in various wavelength ranges, using 2
sensors increases the degree of absorbance change in optical
absorption spectra about twice and using 3 sensors increases
the degree of absorbance change more than three times, as
compared with using a unit sensor.

[0080 ] FIG . 10 is a graph showing a relationship between

refractive index change and absorbance change, measured
using one or two LSPR sensors.
[0081 ] Referring to FIG . 10 , it is clear that the ratio of the
absorbance change to refractive index change is about 1.0
when using a unit sensor, but the ratio is about 2.0 when
using 2 LSPR sensors and increases to about 2.6 when using
3 LSPR sensors .

[0082 ] In the previously stated various embodiments , the
spectrophotometer can be modified as below and that is also
included within the scope of the present invention. For an
example , to use a well -plate reader and a microplate reader
together with the above stated sensors, unlike the illustration

in FIG . 6a, the light emission part and the lightdetection part
can be aligned to upper and lower parts , respectively , with
respect to the well -plate reader placed flat. In this case , the
above stated sensors should be manufactured to sizes small
enough to be put in each well of the well-plate and the
sensors can be aligned as an array form so as to put them
simultaneously into the well .
[ 0083 ] In addition , each substrate of the sensors can be

arrayed in a parallel direction to the light emission part and
the light detection part which are placed upper and lower
parts, respectively. To apply 2 or more sensors to unit well ,
each sensor, for example , can be spatially separated and
stacked as a pair of two sensor sheets in a perpendicular
direction . In another embodiment,multiple number of LSPR
sensors can be attached to a microfluidic device opposite
each other and be repeatedly stacked with spacers between
them to provide various flow channels. In another embodi
ment, the above LSPR sensor can be selectively used to the
topmost layer and /or the bottom layer of the array for
amplifying LSPR - based absorbance several times.
[0084 ] Referring to the embodiment of the present inven
tion , the manufacturing cost can be reduced because a low
temperature wet process is possible and thus a substrate of
a polymer material allowing easy molding and processing
can be used. In addition , according to the embodiment of the
present invention , a quick analysis of various substances is
possible because a target analyte analysis is possible using
a LSPR phenomenon without any pretreatment step for
attaching marker substances like fluorophores.
[0085 ] It is very clear that the present invention stated up
to now is not limited to the previously stated embodiments
and drawings and thus various substitutions ,modifications
and alterations are possible within the scope not deviated
from the technical idea of the present invention, to people
having general knowledge in the technical fields to which
the present invention belongs.
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What is claimed is :

1. A nanoparticle array manufacturing method comprises

a process to provide a mixed solution of an ionic binder and
conductive nanoparticles; a process to dip a substrate into
the stated mixed solution ; and a process to apply an electric
field to the mixed solution into which the stated substrate is
dipped so as to induce coating of the stated conductive
nanoparticles on the stated substrate .

