B090696/ PCT DESCRI PTION Structure, Chip for Localized Surface Plasnon
Resonance Sensor, Localized Surface Plasnon Resonance Sensor, and
Fabri cati ng Met hods Therefor Technical Field [0001] BOSUFHied FiCAvent i on
relates to a structure that is able to provide a |ocalized surface plasnon
resonance sensor of high sensitivity, a chip for localized surface plasnon
resonance sensor, a localized surface plasnon resonance sensor obtained
therefrom and fabricating nmethods therefor. More particularly, the
invention relates to a novel mcrostructure devel oped under attention to
material transfer of a |ight responSiyéFrateri al based on light irradiation
in the presence of a liquid, an optical processing nethod and a fabricating
met hod. Background Art [0002] 60% of the human body is constituted
of water and half of remaining 40%is made up of proteins. Mst of cells,
nmuscl e andsisikidrofe t hen hunmeor bodys i sz ccbrposied-of P praotael issdAccardi ngly, it
has been frequently recognized

Sensor, Localized Surface Plasmon Resonance Sensor, and

Fabricating Methods Therefor

Technical Field
[0001]

This invention relates to a structure that is able
to provide a localized surface plasmon resonance sensor
of high sensitivity, a chip for localized surface plasmon
resonance sensor, a localized surface plasmon resonance
gsensor obtalned therefrom, and fabricating methods
therefor. More particularly, the invention relates to a
novel micreostructure develcoped under attention to
material transfer of a light responsive material based on
light dirradiation in the presence of a ligquid, an optical
processing method and a fabricating method.

Background Axrt
[0002]

60% of the human body is constituted of water and
half of remaining 40% is made up of proteins. Most of
cells, muscle and skin of the human body is composed of

proteins. Accordingly, it has been freguently recognized



B090696/ PCT t hat di seases are interrelated wwth the nutation of proteins.
Wth cancers, influenza and ot her di seases, specific types of proteins
increase in the body (or in the blood or the like) as th&dilsé€asdes pr oceed.
[ 0003] Accordi ngly, when the status of a specific type of protein
(the presence or absence, an anount, etc., of a specific type of protein)
is nmonitored, the norbidity and progress of disease can be known. At
present, the interrelations between several tens of proteins and di seases
have been confirned. For instance, a bionol ecule, which increases in
associ at i orhan tdi ddhves v ogress:tofr e taimt Ycancerd ,muitssiciall edft t unor mar ker,
and different tunor markers, which correspond to the sites of tunor

occurr enceyrdiavien beeminowcspeeifi, ednflo@d4p and otheTheibieemslsecul es such
as of proteins, DNA and sugar chains are often in direct relation with the
occurr ences©fc di seasgsss Wienotdre: 104 erractd 0ne bet ween ddey bicemlrecul es is
anal yzed, it has been becom ng possible to elucidate the nmechani sm of

di sease ang develop & specifig drag.tHH00MAsca d.ooteddr neasuring the

presence or absence and
[0003]

Accordingly, when the status of a specific type of
protein (the presence or absence, an amount, etc., ol a
specific type of protein) is monitored, the morbidity and
progress of disease can be known. At present, the
interrelations between several tens of proteins and
diseases have been confirmed. For instance, a biomolecule,
which increases in association with the progress of a
tumcr {(cancer), is called tumocr marker, and different
tumer markers, which correspond to the sites of tumor
occcurrence, have been now specified.

0004 ]

The biomelecules such as of proteins, DNA and sugar
chains are often in direct reiaticon with the occurrence
of diseases., When the interaction between the
biomolecules is analyzed, it has been becoming possible
to elucidate the mechanism of disease and develop a
spacific drug.

[0005]

As a tool for measuring the presence or absence and



B090696/ PCT anounts of specific types of proteins including the
above-nentioned tunor markers in high accuracy and in a sinple manner,
there is nmentioned a bi osensor whose future applicationsBpgoﬁﬁé/ﬁpgvention
of m sdiagnosis, early diagnosis, preventive healthcare and the |ike have
been expected. [0006] For a method of detecting the interaction of
bi onol ecul es such as of proteins, surface plasnon resonance (SPR) has been
utilized. The surface plasnon resonance is a resonance phenonenon, which is
caused by the interaction between free electrons on a netal surface and an
el ect r omagietine wae SHEG Gt | = &ff &tlt éntiten Hast 'How beeh i d thereto as a
sinpl er procedure than a fluorescent detection system because of the
unnecessi tabofe arsgdnplred dbeled Wt fitudrest entcsiiist aice. 1 THe sensor
maki ng use of the surface plasnon resonance is classified into a

pr opagat i ngiisurd acepdas nore resonamcd isersbra anid> et oralitred: sur f ace

pl asnon resonance sensor. [0007] The principle of the propagating
surface plasnore regonance. sensor filse hriefdnt idd ust rated agntdsref erence to
Figs. 10(a) to (d). As shown in Figs. 10(a) and 10(c), a propagating
surface plasfion desonance, sensofntlilvd shoreh B09OY66E PCle whigkreeiimean about 50
nmthick netal film 13, such as of Au, Ag or the like, is fornmed on a

surface ofp&glasssuhstrate 12.
[0006]

For a method of detecting the interaction of
biomeclecules such as of proteins, surface plasmon
regonance (SPR) has been utilized. The surface plasmon
resonance is a resonance phenomenon, which is caused by
the interaction between free electrons on a metal surface
and an electromagnetic waves (light), and attention has
now been paid thereto as a simpler procedure than a
fluorescent detection system because of the unnecessity
of a sample labeled with a fluorescent substance. The
sensor making use of the surface plasmon resconance is
classified into a propagating surface plasmon resonance
sensor and a localized surface plasmon resonance Sensor.
[C007]

The principle of the propagating surface plasmon
resonance sensor is briefly illustrated with reference to
Figs. 10(a) to {(d). As shown in Figs. 10(a) and 10{c), a

propagating surface plasmon resonance sensor 11 is one



[ 0008] Thi s propagating surface plasnon resonance sensor 11 is
irradiated with light froma side of the glass substrate 12, and the |ight
is totally reflected at the Interface between the gl ass &iBStErPr&a/€CI2 and
the netal film13. The totally reflected light is received to nmeasure the
refl ectance of the light thereby sensing the bio ol ecules and the |ike.

[ 0009] More particularly, when the reflectance i s neasured by
changi ng an incidence angle 0 of the light, the reflection angle is
significantly attenuated at a certain incidence angle (resonance incidence
angl e) 01 wdse:showed neddwgs: 10(d). tAhts hstheécause Whensthée kisghtt, 2whi ch is
incident at the interface between the glass substrate 12 and the netal film
13, is totml lyr nefd ectied ats therrigd erf ace;ueveranestentgldsght (near-field
light) occurring at the interface and the surface plasnon wave of the netal
are interagtied wiih each other. In particular, this is because in a

speci fic wavel ength or specific incidence angle, the energy of light is
absor bed i?O@@@]netal film B090696/ PCT 13 and converted to a vibration
energy of free electrons In the netal film 13, thereby considerably

I overing the rth%QEa%%%p%%aEH%@tsu&%%%@]plasmom resonance Sensor

11 is irradiated with light from a side of the glass
substrate 12, and the light is totally reflected at the
interface between the glass substrate 12 and the metal
film 13. The totally reflected light i1s received to
measure the reflectance of the light thereby sensing the
biomolecules and the like.

[0009]

More particularly, when the reflectance is measured
by changing an incidence angle € of the light, the
reflection angle is significantly attenuated at a certain
incidence angle (resonance incidence angle) 81 as shown
in Fig. 10(b). This is because when the light, which 1is
incident at the interface between the glass substrate 12
and the metal film 13, is totally reflected alt the
interface, evernescent light (near-field light) occurring
at the interface and the surface plasmon wave of the
metal are interacted with each other. 1In particular, this
is because in a specific wavelength or specific incidence

angle, the energy of light i1s absorbed in the metal film



Thi s resonance condition depends on the dielectric constant (refractive

i ndex) of a peripheral material of the nmetal film 13, so that such a
phenonenon is used as a procedure of detecting a changelﬁ$%ﬂﬁ&ﬁ&ﬁﬂT
properties of a peripheral material in high sensitivity. Especially, in
case where used as a biosensor, an antibody 14 (probe) to be specifically
bound to a specific type of protein (antigen) is fixed beforehand on the
surface of the nmetal film 13 as shown in Fig. 10(a). If an antigen 16
serving as a target exists in a testing sanple being introduced, the

anti gen 16l 3pecifieatdytdi nds 4 o7t tantri bodrdd @s ShowedartRiqs 10(c).
The bi ndi ng between the antigen 16 and the anti body 14 results in the
change i n reftactmaes i ntiekn around: 4 o perdrphetyroflt heoweestalg filan 13 and
al so in a resonance wavel ength and a resonance incidence angle. [0011]
Accor di ngl ys £f Wheram@asuf i ngytee change in resonance wavel ength, a change in
resonance i ncidence angle or a tinmew se change in resonance wavel ength or
resonance mgigence angle, each prior to and after the introduction
B090696/ PCT of the testing sanple, it can be checked whether or not the

antigen 16 is containeddf the testding samelenAddid itonrald:y hewimuch the

antigen 16 is contained can al so be checked. [0012] Fig. 10(d)
shows an | pshange: of L b sesul {5, 8y easul GrEnt el 4 hedependence of the
refl ectance on the incidence angle 0. In Fig. 10(d), the broken line

i ndi cates @H%eféggt cgmspfcg§€n%g;@ Prior, téhéggh%@gﬂqucgééglég 4 he

testing sanple, and SO ine indicates a reflectance spectrum 17b

after binding of the antigen 16 to Nt roducti on
of the tes?f%ﬁegﬁﬁ%log'% 01379 @ épgﬁﬁeﬁhg}g¥ Ange %esﬁ?é$ﬁ%i$%§%ﬁance

I nci dence an rior.to and. after i ntroducti.on of the testing sanple
i s measur ed ﬁff 18Ty ket A ?%rhhg? tHe testing sa G%Zégﬁﬁﬁlﬁs tﬂg
antigen 16 can be checked. In addition a concentratd f th ntlgen 16
can al so beEfietRad® ana the Prosentesar: absefite 874 & %e&??

be specifically bound to a specific type of protein
(antigen) is fixed beforehand on the surface of the metal
film 13 as shown in Fig. 10(a). If an antigen 16 serving
as a target exists in a testing sample being introduced,
the antigen 16 specifically binds to the antibody 14 as
shown in Fig. 10{c). The binding between the antigen 16
and the antibody 14 results in the change in refractive
index around the periphery of the metal film 13 and also
in a resonance wavelength and a resconance incidence angle.
[0011]

Accordingly, when measuring a change in resonance
wavelength, & change in regonance incidence angie or a
timewise change in resonance wavelength or resonance

incidence angle, each prior to and after the introduction



of pat hogeni c organi sm and al so of disease can be checked. [0014]

It will be noted that with an ordi nary propagating surface plasnon
resonance sensor, a prismis used so as B090696/ PCT to ffddd 494 i nto the
gl ass substrate. Hence, the optical system of the sensor becones
conplicated and | arge-sized, and there is a need of bringing a chip for
sensor (glass substrate) and the prisminto intimte contact with each

ot her by means of a matching oil. [0015] However, the propagating
surface plasnon resonance sensor is so configured that a sensing area is at
several hundrgds ofs nanpreteris f riomdde urdiacecof thethytasy: substrate and
is thus larger than the size of protein (of about 10 nm. Hence, this
sensor is t@apt 4o beeaffecteddytdihed enpertat uresstchangeagfla. testing sanpl e
and foreign matters (e.g. proteins other than a test object) in the testing
sanpl e. Wadbiosensory, itobhecarrestisensitioen t6 aes antritgeimedaotarbound to an
anti body and floating in a testing sanple. [0016] These cause

noi ses, thusss endesndgdd. difficult to nmake a sensor that is small in
signal-to-noise ratio (S/Nratio) and high in sensitivity. In order to nake
a sensor ofohigh sensitivity, it is necessary to provide the step of
renmoving a foreign matter that is a cause of noise and accurate tenperature

control means forykeepignga denperat ureof.a testing samle cgnstant. Thus,
t he -

measurement of the dependence of the reflectance on the
incidence angle 0. In Fig. 10(d), the broken line
indicates a reflectance spectrum l7a prior to the
introduction of the testing sample, and the solid line
indicates a reflectance spectrum 17b after binding of the
antigen 16 to the antibody 14 after the intreduction of
the testing sample.

100137}

When a change AB of the resonance incidence angle
orior to and after the introduction of the testing sample
is measurad in this way, whether or not the testing
sample contains the antigen 16 can be checked. 1In
addition a concentration of the antigen 16 can also be
checked, and the presence or absence of a specific type
of pathogenic corganism and also of disease can be checked.
[0014]

It will be noted that with an ordinary propagating

surface plasmon resconance sensor, & prism is used so as

@)



B090696/ PCT appar atus becones |large in size or high in cost. [0017]

In contrast thereto, with a localized surface plasnon resonance sensor,
since a near field occurring on the surface of netal fin&lgarcticeeIP€s (net al
nano fine particles) becones a sensing region, there can be realized a
sensitivity region of several tens of nanoneters, which is equal to or |ess
than a diffraction limt. As a consequence, the localized surface plasnon
resonance sensor does not have sensitivity for a test object floating in a
region distant fromthe nmetal fine particles, but is inparted with

sensi tivitye ordad flargte: tiesio obijeectl said aclied- ta0ca vERyIcRar tbw regi on on the
surface of the netal fine particles, with the possibility that there can be
real i zed asensor ofstirgher Sensidriabd ypedd@B]complicatedhend ocal i zed
surface plasnon resonance sensor naking use of netal fine particles shows
no sensitiMigyefor-ant estq objedt ifd catiag ayayfnomdde netal fdne
particles and thus, noise conponents becone reduced. In this sense, higher
sensi tivi ty.ds, ensured whens-compar edwidihe thes $f opagatimg rsaird ace pl asnon
resonance sensor. However, with sensors of the type that nakes use of
surface pl { §S0NANCE.,0GEUTI g, i fine par tj ol es; 0f 518090696/ PCT
netal s such as Au, Ag and the [i1ke,” the intensity of signals obtained from
a test objp§51§itached on the surface of the nmetal fine particles is snall.
In that sense, the sensitivity has been still |ow or has not been
satisfactory. [0019 . Ln _order .ta soly u iLfficul i.n
handl i ng, there ﬁ%@lxﬁﬁﬁ ﬁfbfgg gggtﬁgﬁ%fﬁgé'cghﬁgﬁgggb é%%%ﬁﬁ¥%%5nance

sensor that has a,plurality of recesses which is simlar to diffraction
| atti ces (%%%§0?0}£e§%n%?%11$%ﬁ%3t§%iﬁnﬁm§ﬁnﬁj@g drea 1s at sévéraf

hundreds of nancmeters from the surface of the glass
substrate and is thus larger than the size of protein {of
about 10 nm). Hence, this sensor is apt to bes affected by
the temperature change of a testing sample and foreign
matters (e.g. proteins other than a test object) in the
testing sample. With a biocsenscr, it becomes sensitive to
an antigen, not bound to an antibody and floating in a
testing sample.
[0016]

These cause noises, thus rendering it difficult to
make a sensor that is small in signal-to-noise ratioc {S/N
ratio} and high in sensitivity. In order to make a sensor
of high sensitivity, it is necessary to provide the step
of removing a foreign matter that is a cause of noise and
accurate temperature control means for keeping a

temperature of a testing sample constant. Thus, the



[ 0020] As shown in Fig. 11, the above localized surface plasnon
resonance sensor has a substrate 19 having a structure wherein depressions
(recesses) forned by nano inprinting are regul arly arrangéd0céid P&Thet a
material being built up over the recesses by vacuum deposition or
sputtering whereby the resulting netal |ayer 20 reflects the underlying
profile. As shown in Fig. 12, with this |ocalized surface plasnon resonance
sensor 18, when linear polarized light 21 is irradiated fromthe side of
the netal |ayer 20 of the substrate 19 a strong electric field 22 is
concent r atgshatathe vecesseslaf@02l] sBOI0GIGIRET in cost. By the way, in
Pat ent Docunent 2, there is described a structure fornmed by dropping a

gi ven anmountgofi a |iquid containing a given anount of polystyrene

m crospheres (diameter: 250 nn) over a surface of an azo polymer |ayer,

under which a gi ven dJgmiensit yrefreblye JLED Gwavelangth: =465=amto 475 nm is
irradiated for a given tine, followed by renoving the m crospheres, so that

portions ig coptact. with-thespolyst ysene: ni crospheress ajeqdepnessad to
provi de a structure having such a shape that the azo polymer rises about

the pol ystyiene, picrospheres., (see,pasagk aphs. [ 41281: 19101300 and Fig. 8 of

Pat ent Docunent 5. Prior Art Docunents Patent Docunents [0022]
particles) becomes a sensing reglon, there can be
realized a sensitivity region of several tens of
nanometers, which is equal to or less than a diffraction
limit. As a consequence, the localized surface plasmon
resonance sensor does not have sensitivity for a test
cbiect floating in a reglon distant from the metal fine
particles, but is imparted with sensitivity only for a
test obiject attached to a very narrow region on the
surface of the metal fine particles, with the possibility
that there can be realized a sensor of higher sensitivity.
[0018]

The localized surface plasmon resonance sSensor
making use of metal fine particles shows no sensitivity
for a test object floating away from the metal fine
particles and thus, noise components become reduced. In
this sense, higher sensitivity is ensured when compared
with the propagating surface plasmon resonance Sensorn.
However, with sensors of the type that makes use of

surface plasmon resonance occurring in fine particles of



Pat ent Docunent 1: Japanese Lai d-open Patent Publication "Japanese Patent
Lai d-open No. 2008-216055 (|l aid open on Septenber 18, 2008)" Pat ent
Docunent 2: Japanese Lai d-open Patent Publication "Japanésé ORP&teemCT
Lai d- open No. 2008-170241 (laid open on July 24, 2008)" Summary of

I nvention Techni cal Problem [0023] B090696/ PCT However, with the

| ocal i zed surface plasnon resonance sensor set out in Patent Docunent 1, it
is described in Patent Docunent 1 that distance d between adj acent recesses
is preferably not |arger than 400 nm |f distance d between the recesses is
t oo cl ose Hsee Figicrld)s i flat tened poritiken ath«a gaprbethweent t he recess
bottons is recognized with Iight as a protrusion and thus, the once forned

recess | 0sgsqidss famatios Mg parddicwiardys dhesdiosaldrzethesurface pl asnon
resonance sensor set out in Patent Docunent 1 has a problemin that if

di stance dsbetween,t he 4 agessessise nade: ;i 4 efs tand Ncr ease rasdensity of
the recesses for higher sensitivity, the recesses per se do not function.
[ 0024]

sense, the sensitivity has been still low or has not been
satisfactory.
(00191

In order to solve such a difficulty in handling,
there has been disclosed a localized surface piasmon
resonance sensor that has & plurality of recesses which
is similar to diffraction lattices {(see, for example,
Patent Document 1).
[00Z201

As shown in Fig. 11, the above localized surface
clasmon rescnance sensor has a substrate 19 having a
structure wherein depressions (recesses) formed by
nancimprinting are regularly arranged, and a metal
material being built up over the recesses by vacuum
deposition or sputtering whereby the resulting metal
layer 20 reflects the underlying profile. As shown in Fig.
12, with this lcocalized surface plasmon resonance sensor
18, when linear polarized light 21 is irradiated from the
side of the metal laver 20 of the substrate 19, a strong
electric field 22 is concentrated at the recesses.

(00211



The invention has been nade in view of the above problens and has for its
obj ect the provision of a structure and a chip for |ocalized surface

pl asnon resonance sensor, each capabl e of providing a | oddl%0£éd /PG ace

pl asnmon resonance sensor of higher sensitivity, and also of a |ocalized
surface plasnon resonance sensor configured therefrom Additionally, the
invention has as its object the provision of nmeans for fabricating the
above structure. Technical Solution B090696/PCT [0025] The present
i nventors have made intensive studies so as to solve the above probl ens
and, as a result pysueeeeded iin establi shicngeatnét hadeof fiabricating a
structure set forth bel ow and found that there can be realized a |ocalized

surface plasi®mn desonance: Sensorsofmdd gherd:sensid v tyidyn apphircat i on of
the structure to the | ocalized surface plasnon resonance sensor and

conpl eted the; presemt ddwmention 4 0028dn amount oMy€lLpartiewd arly, in
order to solve the above problens, the structure according to the invention

i's charactgfized by dncl uding & planarsectdon and,tuhul asr bodies; wherein
t he tubul ar bodi'es are vertically arranged so that openings thereof open at

pl anar surface, of the. planase seplion . an auerags.daner i agpteriof the

openi ngs e tu bodies is wthin a range of from5 nmto 2,000 nn,

and a ratio, (A B), Rt wees, aner, dipreler A of 1he opehings ofihe, tubular
a

bodi es and'{fner di anet er t "a mdpoint of a dept rom t he openi ngs of

the tubul ar. bodies. js within a ran of fro 1. 80. the structure
accordi ng *fjom?'he&?]hi\/oe"‘ﬁ\,\élli obrﬁi The” %tgﬂeo%se o] l%%s%%% ar di?%aagt are

aspherical in shape, [0027 . . .
P portf@n lH[COHtACt with the polystyrene microspneras are

depressed to provide a structure having such a shape that
the azo polymer rises about the polystyrene microspheres
(see paragraphs [0128] to [C130] and Fig. 8 of Patent
Document 2.
Prior Art Documents
Patent Documents
10022

Patent Document 1: Japanese Laid-open Patent
Publication “Japanese Patent Laid-open No. 2008-2160553
(laid open on September 18, 20087

Patent Document 2: Japanese Laid-open Patent
Publication “Japanese Patent Lald-open No. 2008-170241
{(laid cpen on Jduly 24, 2008)"
Summary of Invention
Technical Problem

[0023]
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B090696/ PCT According to the above configuration, when the above
structure is used, for exanple, as a substrate for |ocalized surface

pl asnon resonance sensor and a netal layer is fornmed on t&0$GET/EEE t her eof
along the profile of the substrate, there can be fabricated a chip for

| ocal i zed surface plasnon resonance sensor. Wth the thus fabricated chip
for localized surface plasnon resonance sensor, free electrons in the netal
i nside the recesses and at the periphery of the openings of the tubular
bodi es and incident |ight are coupl ed therebetween. Eventually, an electric
field is concent Hatvedeirnsivdent heer ecesdesecanduat: asthe cpesimphery of the

openi ngs of the tubul ar bodies, thereby generating a very strong | ocal zed
surface plasfmiedesonance: sAccandi ngl ygatwren using:rtthe chitp,issuch an ef f ect
is obtained that there can be provided a | ocalized surface plasnon
resonance &ensorsof M gherersensidunw ity .1 [t10028]distance dhe:ighign for

| ocal i zed surface plasnon resonance sensor is able to develop such a very

strong | ocalqzed swdace i asimn - desonance,phenongnon and aan he

conveniently used as a chip for surface enhanced Raman scattering

spect roscopy, .a;fd 4or esgence snhancing-plate, : & L wo-photon dduarescence
enhanci ng plate, a second B090696/ PCT harnoni c wave generating substrate

and the 118, [0028:ceney pord fbPr4els L, SQYS, dde {101 egolag, probl ems, the

chip for localized surface pl'asnon resonance sensor is characterized by

formng, o0, sybsirate. g sirychurg hnglpding.a planal, section and tubul ar

bodi es, wHerein r ies arevertically arranged in s a way
t hat openings thereof open at th | anar, surface of th | anar section, an
aver age ir#ﬁ% %F%ﬁmééﬁm%f %?%?%%EHF%%% %?Sti%p?Eﬁﬁﬁarl 3%1es iswithin a
range of from5b5 nmto 2,Qg0 nm nd%@ rl?]%%oé]A/P%betV\j@esn innceer di ameter A
of the opémihgs ofdthe tidbul &r© TS And-Friner - diaret T B'Et“a i dpoi nt  of
a depth fromthe openings of_the tubular bodies is mﬁt%&g a range or from
1.00 to 1.80 %m0 sy Forfanyga Metdletayer’ad asPi1d  cover” at'deast a
part of the surface of the structure and reflect a surface structure of the
structure.if ndihearts o flort ¥oval Thedrsuriace bt dsioh Fe3ohance® sensor
according to the invention, the bottons of the tubular bodies are
aspheri cal iiprehapez f0080Fy of the recesses for higher sensitivity,

the recesses per se do not function.

[0024]

The invention has been made in view of the above

problems and has for its object the provision of a

structure and a chip for localized surface plasmon

resonance sensor, each capable of providing a localized

surface plasmon resonance sensor of higher sensitivity,

and also of a localized surface plasmon rescnance Sensocr

configured therefrom. Additionally, the invention has as
its obkject the provision of means for fabricating the

above structure.

Technical Solution



According to the above configuration, coupling between the free el ectrons
in the netal inside the recesses and at the periphery of the openings of
the 8090696/ PCT tubul ar bodi es and incident |ight takesZEBfl%@des/&ad an
electric field is concentrated at the inside of the recesses and at the
peri phery of the openings of the tubular bodies to generate a very strong
| ocali zed surface plasnon resonance. Accordingly, such an effect is
obtained that there can be provided a | ocalized surface plasnon resonance
sensor of higher sensitivity. [0031] In order to solve the
foregoing prafdens, a nethod for manufacturing the structure according to
the invention is characterized by including a liquid coating step of
coating a particulrat ¢ fateri ahvkrheersi quivd onda linghhsiespensidvesmateri al
and a light irradiation step of irradiating light on the |light responsive
materi al of, Wi chy the dd quid Dasrbesricoatedid, the d igHd coating step.
According to this nethod, the structure of the invention can be sinply

fabricat ed;only.dyqi 1+ adi-atdy ng:d4.0hts anethe ld ghtayesponsiye, material on
which the particulate material-free liquid has been coated. As to the

fabri cati on, of .4 he. st ruciure, based, on, whatever. pri noiple,cal though

i nvestigations have now been made, we assune as follows. That is, in case

where t he c e. o : ent . 4 is. f i ram a filmof a
aht T oaportl Vet rT el o A Sl Tage BT e CanetT AL 090696/ POT such ac
of glass, plastics or.the. like, and irradiati I coat,i of a
parti cul at}gl(%la?lér?%lll@f?le\éﬂfff gbUY da%pgljt%%&fér?n(%yt %aé g%}r?l?%:él}%? eL%%%i al -free
liquidis jnfi traéed~iﬁ%o thf Ii&@t responsi ve naigrégl gélnitqagn ext ent
t her eby i mcr®ast hgt Ae” mobt 1715751 ot aeutars chii ne’ i 7% He 15 ght "t esponsi ve
material film It is assuned that upon the light irradiation, near-field

| i ght generat e af P ouyhh®es Points on the surface such as of the glass or
pl astic substrate, and the |ight responsive material is subjected to
material tranéfer depending on the intensity of the near-field |ight,
thereby formng the tubular structure. On the other hand, it is also

consi dered that a&ide FadmaHe Tat-eriralo4dEhsicers Of a &9 iSghHtVS esponsi ve
mat eri al depending on the intensity of near-field light, when light is

i rradi at edpre¢heehighthérsadiation caosediadchangesi e tinety>at the
interface between the substrate surface and the |ight responsive materi al
filmto bringraboutispotbty statedsiod dipierentsaffiomties, tihereby causing
such a nmechanismthat the |ight responsive material undergoes nateri al
transfer upenikkghthéreadi ahéonuitol eccurdsesuttaneouslyabiyi ndependently.

[ 0032]

arranged so that openings thereof open at planar surface
of the planar section, an average inner diameter of the
openings of the tubular bodies is within a range of from

5 nm te 2,000 nm, and a ratio (A/B) between inner

diameter A of the openings of the tubular bodies and

inner diameter B at a midpoint of a depth from the
cpenings of the tubular bodies is within a range of from
1.00 to 1.80. 1In the structure according to the invention,
the bottoms of the tubular bodies are aspherical in shape.

[0027]



When the structure fabricated according to the B090696/ PCT above nethod is
used as a substrate for |ocalized surface plasnon resonance sensor and a
metal layer is forned on the surface along the profile of8d%e FIstTr at e,
there can be made a chip for |ocalized surface plasnon resonance sensor.
Wth the thus obtained chip for |ocalized surface plasnon resonance sensor,
coupling between the free electrons in the netal inside the recesses and at
t he periphery of the openings of the tubular bodies and incident |ight
occurs, and an electric field is concentrated at the inside of the recesses
and the peri pherycefoAdie:copenitngs o vishe chitiuhar thodi, esrhiehercély gener ati ng
a very strong localized surface plasnon resonance. Accordingly, such an

ef fect is gbtained-thatrs hes evcan, besf abrdgated @ st racidne capabt e of
providing a localized surface plasnon resonance sensor of high sensitivity
in a sinple,-stable andslow COSindRMNEEend0033ensor and Thenseihod for
fabricating a structure according to the invention is characterized by

including (i) fabrigating g, finstsstruct unesthyoughya, liguigsoaténg step
of coating a particulate naterial-free liquid on a. I1ght responsive

mterial apd a.lightolriadiation. step of Lipadiating |iot encthe 1ight

responsi ve materi ich't | 1 qui d has been coated, (ii) fabricating a

6090696/ PCT_second.str petur e, serying. as,aml d.of .the first 4 ysture by

coating a er nosetti ng I‘ESI ocurable resin so as to conpletely

ph
cover the rface_of the first.structure and re n h hosetting
resin or pﬁ%?%%ﬁ?%%@ec?égl O%T%%ﬁagh?%%gs%ﬁg?%%PBX%ﬁgoé|??% ta?nlng a
third structure, which is a duplicate of the first str#cture o g filling a
thernnsett?ﬁ@s?e5|h*%? phot oturabt’e r%glhefﬁ a-Por £ onof ~ t he® setond
structure serving as the nold of the first structure and]Pl anVIng t he

t her moset t #1ig ﬁésFHe PGEHBP%eﬁr%BIEh?eg?ﬁré??ﬁr uring“theérdof. According
to this nethod, there can be readily duplicated the structure of the

i nventi on, DP8EcExanfl enchyeapplyPig %f?h%@ﬁﬁé%@tf%%r?%%F%C%P phot ocur abl e

resin to the nol d, followed by renoval after curing.
Eventually, an electric field is concentrated inside the

recesses and at the periphery of the openings of the
tubular bodies, thereby generating a very strong
localized surface plasmon resonance. Accordingly, when
using the chip, such an effect is obtained that there can
be provided a localized surface plasmon resonance sensor
of higher sensitivity.

[0028]

The chip for localized surface plasmon resonance
sensor is able to develop such a very strong localized
surface plasmon resonance phenomenon and can be
conveniently used as a chip for surface enhanced Raman
scattering spectroscopy, a fluorescence enhancing plate,

a two-photon fluorescence enhancing plate, a second

13



[ 0034] As stated hereinbefore, there is described, in Patent
Docunent 2, a structure, which is fornmed by dropping a given anount of a
liquid containing a given anount of polystyrene nicrosphé&ted qodi/amst er: 250
nm over a surface of an azo pol yner |ayer, under which blue LED

(wavel ength: 465 nmto 475 nn) of a given intensity is irradiated for a
given tine, followed by renoving the m crospheres thereby providing a
profile of the azo pol yner having depressed portions having once been in
3090696/ PCT contact with the polystyrene m crospheres and rai sed portions

about the Haaspecid wespolgsteranegncrospheres(ses:pariagraphs [0128] to
[0130] and Fig. 8 of Patent Docunent 2). However, the description of Patent
Docunent 2rgdeszdirected to the structure nade to evaluate the optica
deformab lity of a solid phase carrier for optical fixation having the azo

pol yner |ayer andn s, el itnt ended t0.ef abricgatie @ sstunuekir, e tper csep | n
respect of the fact that a given anount of a liquid containing a given

amount of pol ygtyrene.m gofospheres, {giamet£1:2.280 duhsd.s dropped over the
surface of the arc polyner layer, his conpletely differs fromthe nethod

for fabricatingthe structure of.dhe,inyention..da thestechnigue according

to Patent cunent 2, the defornmation of the azo pol yner occurs by the

action of Mgﬂc@%%;@g%§;9h§eéﬁézbgﬁavfé %J%%%af{%%@e@arx icles,

(pol ystyrene m cro associ at e t irradiation, neaning

t hat because the deformation of the az | yer CMrs. o i vicinity
of the par?@%l%%?uf%gu ?%%@Fi?ﬁ?f&?%ﬁ%%%fp e %%%%%90§ fﬁgléﬁgxiag particle
sur f aces. re particularly, the structure set out in_ Patent cunent 2 has
Feceoses WhoEe DOt OIS bEEOHES BOHeT il (O T P Sbpr BT mat el spfer ca
form (see Fig. 8 of Patent Docunment 2). In_ contrast #h&{eto t he structure
of 30906967PETT he® preent 21 nvEnt i oh B et TS F 2 s iR THATTRE bot t ons

of the tubul ar bodi es are aspherical (see Fig. 13 and Figs. 20 to 25 of the
present ap%fi%%?i%%§Uiaf hodles is within a Tange of from % nm to

2,000 nm, and a ratio (A/B) between inner diameter A of
the openings of the tubular bodies and lnner diameter B
at a midpoint of a depth from the copenings of the tubular
bodies is within a range of from 1.00 to 1.80 and alsc by
forming a metal layer so as to cover at least a part of
the surface of the structure and reflect a surface
structure of the structure. In the chip for localized
surface plasmon resonance sensor according to the
invention, the bottoms of the tubular bodies are
aspherical in shape.
[0030]

According to the above configuration, coupling
between the free electrons in the metal inside the

recesses and at the periphery of the openings of the

14



[ 0035] The present inventors found that there can be nmade a
structure provided with a barnacl e-shaped profile in a planar surface by
forming a thin filmof a |light responsive nmaterial (azo pOINIREC) E6F a gl ass
substrate, coating a suspension dispersing particles whose average di aneter
is wthin a range of from1l nmto 100 pmonto the thin filmand irradiating
light on the light responsive material, on which the suspension has been
coated, froma side of the glass substrate, and already filed an
application for patent (PCT/JP2010/059340, hereinafter referred to as

"rel at ed apphilcat ironti)es land hendinertt iidryrof tadiess rnelated @appldrcation, the
particles serve as a nold and a barnacl e-shaped profile is planarly forned.
I n contrasiiddieriet o idhe fabrdcatnomiet hod dfe tthes sta uct urtee of t he present
invention differs in that a particulate material-free liquid not the
particle suspensddnnd sotetediphas, heenree sarqurising anchainexpect ed
fact for us that the structure of the invention is fornmed in the absence of

particl es senving asi@:4old. qddemidd e o ed thay thestidud ar bodi es of
6090696/ PCT the structure of the present invention differs in nore stunpy

structure éxﬂ%éé‘%l@s’rﬁ@?' esshaped. prefile afihe structur e relcthesrel at ed
application. [0036] Al t hough conmon with the technique set out in

Pat ent Docunent,, 2; 1}, 1espect. of..caat ing,of it he, particl £ suspension on the
| i ght responsive material and subjecting to light irradiation, the related

application and Patent Do di ff.er £ r in that light is
irradi ate nloaﬁmtl%pé ﬁtc“fsg% a‘F%%g%ér}lé?(\;/% g?rgatkgw}{aeir}pﬁ%gt%g@ of the glass
substrate Lé‘l %ﬁs rel ated application, whereas light is irradiated fromthe
side of th % icles in Patent Docunment 2. In the related application,

| i ght isadiated an the |i gcht relsvpeorﬁli

Tn order To so QY%oregoing preoblems, a method
for manufacturing the structure according to the
inventicn is characterized by including a liguild coating
step of coating a particulate material-free liguid on a
light responsive material and a light irradiation step of
irradiating light on the light responsive material on
which the liguid has been coated in the liguid coating
step. According to this method, the structure of the
inventicon can be simply fabricated only by irradiating
light on the light responsive material on which the
particulate material-free liquid has been coated. BAs to
the fabrication of the structure based on whatever
principle, although investigations have now been made, we
assume as follows. That is, in case where the structure

of the invention is fabricated by forming a film of a

light responsive material on a surface of a substrate

15



material fromthe side of the glass substrate, so that the |ight responsive
material is entirely irradiated with |light thereby ensuring high nobility
of the light responsive material. And the bottom of the mESWaIamFCT

bar nacl e-shaped profile beconmes aspherical. In the technique of Patent
Docunent 2, since light is irradiated on the Iight responsive material from
the side of the particles, irradiated light is scattered with the
particles. Especially, an irradiation anmount of |ight against the |ight
responsi ve material hidden behind the B090696/PCT particles becones

rel ativel yssaml 4s antl ¢1ess, tiheasobid idy oOfe t hieke i ghtd respohisiiviergrat eri a

| owers. Hence, as stated above, the structure described in Patent Docunent
2 has recesseist Whoser botd ohsg as® sphert call {10s hat apps bxi et el ygisipheri cal
form (see Fig. 8 of Patent Docunent 2). It is to be noted that since no
particles agrecpsedsim, thes fabriLatione medhodh ©f - fhee stiqgctdres of the
present invention, the bottons of the tubular bodies of the structure

become asphetricalaisdespestive pighheréspadi até onadireet i pnefedight (see
Fig. 13 and Figs. 20 to 25 of the present application). Advantageous Effect

[0037] extenté‘stﬁéf‘él%? hereinaboyesaces di NG, torthe dayenti on, there can
be obtained an effect of providing a preferred structure and its

fabri cati on.geLbod thal i s;uLi1izable: as f.chip.fori s, ooal iged surface

pl asnmon resonance sensor o sensitivity, a chip for surface enhanced

Raman scat LeLi ng, SPECL 1 oscanyy, . a [Luor eseence, enhanging. plate. - A, Lo phot on

fluor esce_nce ennancil ng a a ( ar noni C. wave generati ng Substrate
R e r i B L DN
the glass or plastic substrate, and the light responsive
material is subjected to material transfer depending on
the intensity of the near-field light, thereby forming
the tubular structure. On the other hand, it is alsc
considered that aside from the material transfer of the
light responsive material depending on the intensity of
near—-field light, when light is irradiated, the light
irradiation causes a change in affinity at the interiface
between the substrate surface and the light responsive
material film to bring about spotty states of different
affinities, thereby causing such a mechanism that the
light responsive material undergoes material transfer
upon light irradiation to occur simultaneously or
independently.
(0032}

When the structure fabricated according to the
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6090696/ PCT obt ai ned that a structure, which can be used to fabricate a
l'ocalized surface plasnon resonance sensor of high sensitivity, can be made
in a sinple, stable, and | owcost nmanner. Brief Descri pt i Cof cEER ngs

[0039] [Fig. 1] Fig. I is a plan view showi ng an exanple of a
basic configuration of a reflection optical systemof a |ocalized surface
pl asnon resonance sensor according to an enbodi nent. [Fig. 2] Fig.

2 is a plan view showi ng an exanple of a basic configuration of a
transm ssion optical systemof the |ocalized surface plasnon resonance
sensor accasgiagudioian enbodidrent .a [FRilgit:3te for localized surface

plasmon resonance sensor and a metal laver is formed on
the surface along the profile of the substrate, there can
be made a chip for localized surface plasmon resonance
sensor. With the thus cbtained chip for localized surface
plasmen rescnance sensor, coupling between the free
electrons in the metal inside the recesses and at the
periphery of the openings of the tubular bodies and
incident light occurs, and an electric field is
concentrated at the inside of the recesses and the
peripvhery of the openings of the tubular bodies thereby
generating a very strong localized surface plasmon
resonance. Accordingly, such an effect is cbtained that
there can be fabricated a structure capable of providing
a localized surface plasmon rescnance sensor of high
sensitivity in a simple, stable and low-cost manner.
[0033]

The method feor fabricating a structure according to
the invention is characterized by including (1)
fabricating a first structure through a liguid coating
step of coating a particulate material-free liguid on a
light responsive material and a light irradiation step of
irradiating light on the light responsive material on

which the liquid has been ccated, (ii) fabricating a

17



Fig. 3 shows an enlarged schenatic configuration of a region of nmeasurement
in a localized surface plasnon resonance sensor according to an enbodi nent
wherein (a) is a plan view and (b) is a sectional vi ew t & eomgT i ne A- A
in Fig. 3(a). [Fig. Fig. 4 shows sectional views show ng an exanpl e of
B090696/ PCT a nethod for fabricating a chip for |ocalized surface plasnon
resonance sensor according to an embodinent. [Fig. 5] Fig. 5is an
atom c force mcroscope (which may be sonetines referred to as "AFM
hereinafter) image of a structure obtained in Exanple 1. [Fig. 6]
Fig. 6 is s=graphsofumonmldgzed valaesa ofoldp pedis bt ned by wroppi ng
liquids (water, triethylene glycol) having different refractive indices on
a surface 19f dder Chi e fote sensor: obj ataeth i ar Exenple:dsb respecti vel y, and
measuring transm ssion spectra

as to completely cover the surface of the first structure

and removing the thermosetting resin or photocurable

resin after curing therecf, and (iii} obtaining a third

structure, which is a duplicate of the first structure,

by filling & thermosetting resin or photocurable resin in

a portion of the second structure serving as the mold of

the first structure and removing the thermosetting resin

or photocurable resin after curing thereocf. Acceording to

this method, there can be readily duplicated the

structure of the invention, for example, by applying a

thermosetting resin or photocurable resin to the mold,

followed by remcval after curlng.

[0034]

As zstated hereinbefore, there is described, in

Patent Document 2, a structure, which is formed by

dropping a given amount of a ligquid containing a given

amount of polystyrene microspheres (diameter: 250 nm)

over a surface of an azo polymer layer, under which blue

LED (wavelength: 465 nm to 475 nm) of & given intensity

is irradiated for a given time, followed by removing the

microspheres thereby providing a profile of the azo

polymer having depressed portions having once been in
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[Fig. 7] Fig. 7 is an AFMinmage of the structure obtained in
Exanple 2. [Fig. 8] Fig. 8 is a graph of nornalized values of top
peaks obtai ned by dropping |iquids (water, polydinethyl siBlGR&é,/ PCT
triethylene glycol, glycerol diglycidyl) having different refractive

i ndices on a surface of the chip for sensor made in Exanple 2. [Fig. 9]
Fig. 9 is a graph wherein a refractive index of a liquid dropped on the
sensor chip in Exanple 2 is taken B090696/PCT as an absci ssa and a shift
anount of a peak wavel ength of a plasnon resonance absorption-derived
spect rum icorttaken vais:ranttor diclatse.yfeFieg.nikfjospheres and raised

portions about the respective polystyrene microspheres
(see paragraphs [0128] te [0130] and Fig. 8 of Patent
Document 2). However, the description of Patent Document
2 is directed to the structure made to evaluate the
optical deformability of a solid phase carrier for
optical fixation having the azo polymer layer and is not
intended to fabricate a structure per se. In respect of
the fact that a given amount of a liquid containing a
given amount of polystyrene microspheres (diameter: Z50
nm) is dropped over the surface of the azo polymer layer,
this completely differs from the method for fabricating
the structure of the invention. In the technique
according to Patent Document Z, the deformation of the
azc polymer occurs by the action of the near-field light
in the vicinity of the particles {(polystyrenec
microspheres) associated with the light irradiation,
meaning that because the deformation of the azo polymer
occurs only in the vicinity of the particles, resulting
in the structure formed only along the particle surfaces.
More particularly, the structure set out in Patent
Document 2 has recesses whose bottoms become spherical
(or in approximately spherical form) (see Fig. 8 of

Patent Document 2). In contrast thereto, the structure of

19



Fig. 10 shows views schematically showi ng the principle of an existing

propagating surface plasnon resonance sensor. [Fig. 11] Fig. 11 is
a sectional view showing a schematic configuration of anlﬁ%&QﬁQGﬁquocallzed
surface plasnon resonance sensor. [Fig. 12] Fig. 12 is a sectiona

view showi ng an electric field being strongly concentrated at recesses in
the existing localized surface plasnon resonance sensor. [Fig. 13]
Fig. 13 is an atomc force mcroscope (AFM image of a structure according
to an enbodi ment of the invention. [Fig. 14] Fig. 14 shows AFM
phot ogr aphsheofpitdmesrst ructamiesoobi@inedh thyy ahnelat1ngira dhghttireesponsi ve
material, after formation of a |ight responsive material film under vacuum
condi ti onshatt-&OC orcdd minutes anth 60 amaut €she BOYO69GIRCTFig. 13

and Figs. 20 to 25 of the present application).

[0035]

The present inventors found that there can be made

a structure provided with a barnacle-shaped profile in a

planar surface by forming a thin film of a light

responsive material {azc polymer) on a glass substrate,

coating a suspension dispersing particles whose average

diameter is within a range of from 1 nm to 100 upm onto

the thin film and irradiating light on the light

responsive material, on which the suspension has been

coatad, from a side of the glass substrate, and already

f£iled an application for patent (PCT/JP2010/059340,

hereinafter referred to as “related application”). In the

invention of this related application, the particles

serve as a mold and a barnacle-shaped profile is planarly

formed. In contrast thereto, the fabrication method of

the structure of the present invention differs in that a

particulate material-free liguid, not the particle

suspension, 1is coated. It has been a surprising and

unexpected fact for us that the structure of the

invention is formed in the absence of particles serving

as a mold. Tt will be notsed that the tubular bodies of
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and 20 hours in the nmethod for fabricating a structure of the invention.
[Fig. 15] Fig. 15 is such that, in a light irradiation step of the
met hod for fabricating a structure of the invention, (a)BC§C&RcAECN i mage
of the structure obtai ned one second after the light irradiation, (b) is an
AFM i mage of the structure obtained five seconds after the |ight
irradiation, (c) is an AFMinmage of the structure obtained 10 seconds after
the light irradiation, (d) is an AFMimage of the structure obtained 15
seconds after the light irradiation, (e) is an AFMinmage of the structure
obt ai ned 25:ssecondsvafd erf tthe: IrrgHent dadicatiiom Jiff)f € am ARMS mage of the
structure obtained 30 seconds after the light irradiation, (g) is an AFM

i mge of tdewsgty ucture wobt aimed 4k Seconrds eafdtercdceddighte iafr adicati on, (h)
is an AFMinmage of the structure obtained 60 seconds after the |ight

irradi ati orianthidd Jod s:tan ARMtgmgeafi dzhe gt ruct ure obtai ned 300 seconds
after the light irradiation. [Fig. 16] Fig. 16 is a schematic view
illustrating=an enbodiment of a light irradiation step in the nmethod for
fabricating a structure according to the invention. The

Although common with the technique set out in
Patent Document 2 in respect of ccoating of the particle
suspension on the light responsive material and
subjecting to light irradiation, the related application
and Patent Document 2 differ from each other in that
light is irradiated on the light responsive material from
a side of the glass substrate in the related application,
whereas light is irradiated from the side of the
particles in Patent Document 2. In the related
application, light is irradiated on the light responsive
material from the side of the glass substrate, so that
the light responsive material is entirely irradiated with
light thereby ensuring high mobility of the light
responsive material. And the bottom of the resulting
barnacle-shaped profile becomes aspherical. In the
technique of Patent Document 2, since light is irradiated
on the light responsive material from the side of the
particles, irradiated light is scattered with the
particles. Especially, an irradiation amount of light

against the light responsive material hidden behind the
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8090696/ POT embodi ment shown in Fig. 16 is one wherein light is irradiated
froma substrate side. [Fig. 17] Fig. 17 is a schematic view
illustrating an enbodi ment of a light irradiation step i BOPRE e tRAd f or
fabricating a structure according to the invention. The enbodi nent shown in
Fig. 17 is one wherein light is irradiated froma liquid side. [Fig. 18]
Fig. 18 is a schematic view illustrating an embodi ment of a |ight
irradiation step in the nmethod for fabricating a structure according to the
invention. The enbodi ment shown in Fig. 18 is another enbodi ment wherein
light is igenadicteed Hercomees |dequitd vsilde sifeRilg.artBthus, the Figplligd s a
pl anar SEM i mage of the sensor chip made in Exanple 4. [Fig. 20] Fig. 20 is
a TEN i mages afhdP-12'grgeatdsgrorafidehenaterial lowers. Hence, as stated

above, the structure described in Patent Document Z has

recesses whose bottoms are spherical (or in approximately

spherical form) (see Fig. 8 of Patent Document 2). It is

to be noted that since no particles are used in the

fabrication methed of the structure of the present

invention, the bottoms of the tubular bodies of the

structure become aspherical irrespective of the

irradiation direction of light (see Fig. 13 and Figs. 20

to 25 of the present application).

Advantagecus Effect

[0037]

As stated hereinabove, according to the invention,

there can be cbtained an effect of providing a preferred

structure and its fabrication method that is utilizable

as a chip for a localized surface plasmon resonance

gsensor of high sensitivity, a chip for surface enhanced

Raman scattering spectroscopy, a fluorescence enhancing

plate, a two-photon fluorescence enhancing plate, a

second harmonic wave generating substrate and the like.

(0038}

Especially, according to the methoed for fabricating

a structure according to the invention, such an effect is
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sensor chip shown in Fig. 19. [Fig. 21] Fig. 21 is a TEN imge of QQ
section of the sensor chip shown in Fig. 19. [Fig. 22] 3090696/ PCT

Fig. 22 is a TEN image of R-R section of the sensor chi pSHswe/ iFvTFi g. 19.
[Fig. 23] 23 is a TEN imge of S-S section of the sensor
chip shown in Fig. 19.

obtained that a structure, which can bhe used to fazbricate
a localized surface plasmon resonance sensor of high
sensitivity, can be made in a simple, stable, and low-
cost manner.

Brief Description of Drawings

[0039]

[Fig. 1]

Fig. 1 is a plan view showing an example of a basic
configuration of a reflection optical system of a
localized surface plasmen resonance sensor according to
an embodiment.

[Fig. 2]

Fig. 2 is a plan view showing an example of a basic
configuration of a transmission cptical system of the
localized surface plasmon resonance sensor according to
an embcdiment.

{Fig. 3]

Fig. 3 shows an enlarged schematic configuration of
a region of measurement in a localized surface plasmon
resonance sensor according to an embodiment wherein {a)
is a plan view and (b} is a sectional view taken along
line A-A in Fig. 3{a).

[Fig. 4]

Fig. 4 shows sectional views showing an example of
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[ Fig. 24] Fig. 24 is a TEN image of T-T' section of the sensor
chip shown in Fig. 19. [Fig. 25] Fig. 25 is a TEN inmage of U U
section of the sensor chip shown in Fig. 19. [Fig. 26] BOSOEOEREGT 26
shows the results of investigation on the possibility of detecting a CRP
antigen by use of a sensor chip on which a Creactive protein (CRP)
anti body has been fixed in Exanple 4 and is a view plotting a peak
wavel engt h of transm ssion spectra relative 'CO the concentration of the
CRP antigen reacted. [Fig. 27] Fig. 27 shows the results of
i nvest i gatd ameionod hespossihiddtiynofa detigetiag laodd brigwwgen: antd gen by use
of a sensor chip on which a fibrinogen anti body has been fixed in Exanple 5
and is a viewidottdnganpeakevavel angthilofe transmssianmnrspectra rel ati ve
to the concentration of the B090696/ PCT

[Fig. 5]

Fig. 5 is an atomic force microscope (which may be
sometimes referred to as “AFM” hereinafter) image of a
structure obtained in Example 1.

[Fig. 6]

Fig. 6 is a graph of normalized values of top peaks
ohtained by dropping liguids (water, triethylene glycol)
having different refractive indices on a surface of the
chip for sensor obtained in Example 1, respectively, and
measuring transmission spectra.

[Fig. 7]

Fig. 7 is an AFM image of the structure obtained in
Example 2.

[Fig. 8]

Fig. 8 is a graph of normalized values of top peaks
obtained by dropping liguids (water, polydimethylsiloxane,
triethylene glycol, glycerol diglycidyl) having different
refractive indices on a surface of the chip for sensor
made in Fxample 2.

[Fig. 9]

Fig. 9 is a graph wherein a refractive index of a

liguid dropped on the senscr chip in Example 2 is taken
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fibrinogen antigen reacted. [Fig. 28] Fig. 28 shows the results of
investigation on the possibility of detecting a leptin antigen by use of a
sensor chip on which a leptin antibody has been fixed i nERAMIE 6 Tand is a
view plotting a peak wavel ength of transm ssion spectra relative to the
concentration of the leptin antigen reacted. [Fig. 29] Fig. 29 is
a view showing the results of sinulating, according to an FDID (finite
difference time domain) nmethod, an electric field concentration intensity
in the chip for localized surface plasnon resonance sensor nmade in Exanple
7. Mode fors Garraping. Qe drhie d mreintti eamd0040]£ An rerbodiarenteraftit e
invention is now described bel ow
a plasmon rescnance absorption-derived spectrum is taken
as an ordinate.
rFig. 10]
Fig. 10 shows views schematically showing the
principle of an existing propagating surface plasmon
resonance sensor.
[Fig. 11}
Fig. 11 is a sectional view showing a schematic
configuration of an existing localized surface plasmon
resonance sensoxr.
[Fig. 121
Fig. 12 is a sectional view showing an electric
field being strongly concentrated at recesses in the
existing localized surface plasmon resoconance sensor.
[Fig. 13]
Fig. 13 is an atomic force microscope (AFM) image
of a structure according to an embodiment of the
invention.
[Fig. 14}
Fig. 14 shows AFM photographs of the structures
obtained by annealing a light responsive materilal, after

formation of a light responsive material film, under

vacuum conditions at 80°C feor 10 minutes and 60 minutes
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[ 0041] It wll be noted that in the present specification, "Ato B"
indicating a range means "not less than A to not larger than B " and
various physical properties nmentioned in the present spe@oﬁpéﬁﬁ/gﬁTnean

val ues neasured according to the nethods described in exanpl es appearing
B090696/ PCT herei nafter unless otherw se indicated. [0042] In
order to solve the foregoing problens, the structure according to the
invention is characterized by including a planar section and tubul ar bodies
wherein the tubul ar bodies are vertically arranged so that openings thereof
open at afpicarar rsurfaade ofhet Fe thlcande s et on, lan taverage tiriér °di anet er
of the openings of the tubular bodies is within a range of from5 nmto
2,000 nm tdrd i@w=atdie(A/ B) of inner dianeter A of the openings of the
tubul ar bodies to inner dianeter B at the mdpoint of a depth fromthe
openi ngs dffitghe ltfibul ar bodies is within a range of from1.00 to 1.80. In
particular, the bottons of the tubular bodies of the structure of the
invention are aspher.i aal is[ 048] that, in a light irradiation step

of the method for fabricating a structure of the
invention, {(a) is an AFM image of the structure obtained
one saccond after the light irradiation, (b} 1s an AFM
image of the structure obtained five seconds after the
light irradiation, (c) is an AFM image of the structure
obtained 10 seconds after the light irradiation, (d) 1s
an AFM image of the structure obtained 15 seconds after
the light irradiation, (e) is an AFM image of the
structure obtained 25 seconds after the light irradiation,
(f) 1s an AFM image of the structure obtained 30 seconds
after the light irradiation, (g} is an AFM image of the
structure obtained 45 seconds after the light ilrradiation,
(h) is an AFM image of the structure obtained 60 seconds
after the light irradiation, and (i) is an AFM image of
the structure obtained 300 seconds after the light
irradiation.
[Fig. 16]

Fig. 16 is a schematic view illustrating an
embodiment of a light irradiation step in the method for

fabricating a structure according to the invention. The
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According to the above configuration, there can be made a chip for

| ocal i zed surface plasnon resonance sensor, for exanple, by using the above
structure as a substrate for |ocalized surface piasnon r&§GRafée P§8nsor and
formng a netal |ayer on the surface thereof along a profile of the
substrate. Wth the chip for localized surface plasnon resonance sensor
obtained in this way, there occurs coupling between the free electrons in
the B090696/PCT netal in the inside of the recesses and at the periphery
of the openings of the tubular bodies and incident Iight, so that an

el ectric fadadiiirercondentr atrediion tlfe lisnsirde vofendien rlecgdsess and at the
peri phery of the openings of the tubular bodies thereby generating a very
strong | ociaddzzeid tsut ffacen pl asrort regsongnce. Accordingly, when using this
chip, such an effect is obtained that there can be provided a |ocalized
surface pl@asion rgsonance sensor of higher sensitivity. [0044]

Since such a very strong |ocalized surface plasnon resonance phenonenon

devel ops, the chimgforn 7l acald zedesurfaceiphasnmmsresonanpcensensor can be
conveniently used as a chip for surface enhanced Raman scattering

spect r 0SCopy, o rfd Mor@s cence ienhand g ol &t &+ 8 two-photen Hddworescence
enhanci ng plate, a second harnoni c wave generating substrate and the |iKke.

[ 0045] fapri e St ruciure-of -4 he-ddwentd on, perdn 4s,a0: elect reragnet i
field caused by i1ncident light to be nore strongly localized at the

peri phery &gﬁgﬁke§ﬁo$ﬁehgqﬁ§$§qﬁ(gstgg%t*gggégnt§¥g§§.ign this sense,
the (A/B) indicated before is nore preferably within a Tange of from 1. 00
to 1.50. f%%gg¥§¥£gj%rom a liguid side.
[Fig. 18]
Fig. 18 is a schematic view 1llustrating an
embodiment of a light irradiation step in the method for
fabricating a structure according to the invention. The
embodiment shown in Fig. 18 is another embodiment wherein
light is irradiated from a ligquid side.
[Fig. 19]
Fig. 19 is a planar SEM image of the sensor chip
made in Exanple 4.
[Fig. 20}
Fig. 2C is a TEM image of P-P’ section of the
sensor chip shown in Fig. 19.
[Fig. 21]
Fig. 21 is a TEM image of Q-Q' section of the
sensor c¢hip shown in Fig. 19.

[Fig. 22]
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[ 0046] The structure of the invention is preferably such that a

di spersion density of the tubular bodies in the planar section is within a
range of from1 to 500,000 bodi es/ 100 um squares. Accor dizig oted ét/ir€Tabove
configuration, where a chip for localized surface plasnon resonance sensor
is made, there can be devel oped a nore strong | ocalized surface plasnon
resonance, thus leading to the provision of a |ocalized surface plasnon
resonance sensor of higher sensitivity. [0047] The structure of
the invention may he nmade of a stinulation responsive material. The

stimul ati on respensgi.ve2materi alEMmayabe eirt Rer’a skeati ohesgonsicve material or
a light responsive nmaterial. [0048] The stimul ation responsive

materi al is.psef erabl ysiasdid gt wegponsi ve material. Mreover, wth the
structure of the invention, the |1ght responsive material should preferably

contain an;gzo polymer derivative. This configuration enables the structure
to be obtained nore easily. [0049] Wth the structure of the invention, the

i ght BOQOGQG/P@Eg. 23 1s a TEM image of S-5' section of the
sensor chip shown in Fig. 19.
[Fig. 241

Fig. 24 is a TEM image of T-T’ section of the
sensor chip shown in Fig. 19.

[Fig. 251

Fig. 25 is a TEM image of U-U’ section of the
sensor chip shown in Fig. 19.

[Fig. 26]

Fig. 26 shows the results of investigation on the
possibility of detecting a CRP antigen by use of a sensor
chip on which a C-reactive protein (CRP) antibody has
been fixed in Example 4 and is a view plotting a peak
wavelength of transmissicn spectra relative to the
concentration of the CRP antigen reacted.

[Fig. 27]

Fig. 27 shows the results of investigation on the
possibility of detecting a fibrincgen antigen by use of a
sensor chip on which a fibrincgen antibody has been fixed
in Example 5 and is a view plotting a peak wavelength of

transmission spectra relative to the concentration of the
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responsive material is preferably made of an azo pol yner derivative having
an azo benzene group at the main and/or side chains. This configuration

al so enables the structure to be obtained nore easily. [GOBU]696/PCT  |n
order to solve the foregoing problens, the chip for localized surface

pl asmon resonance sensor of the invention is characterized in that the
structure of the invention is forned on a substrate, and a netal |ayer is
formed to cover at |east a part of the surface of the structure and to
reflect the surface structure of the structure. [0051] In order to
sol ve the foregobagn problesrs, redhetehi p for | ocalized surface plasnon
resonance sensor according to the invention is characterized by form ng, on
a substrateri@. sttucture having a planar section and tubul ar bodi es wherein
the tubul ar bodies are vertically arranged so that openings thereof open at
a planar surface rofg.t he plhanar Sectdcom? tan odverage tinprerich ametér of the
openi ngs of the tubular bodies is wwthin a range of from5 nmto 2,000 nm
and a rati@-£AB)10fyifnedcdianetera A ofc thevopenimgsy ofs4 hef taibul ar bodi es
to inner dianeter B at the midpoint of a depth fromthe openings

B090696/ PCI- 0f £ he, { byl apy bodi £s1 &5 wh thinigodanges abedsom 10040 1. 80,
and further formng a netal |ayer to cover at |least a part of a surface of

t he Structt&gmaﬂg &%@}‘i@% @ SHrf ace: std ugtiw g, ofathesstryuctare. The chip

for localized surface plasnon resonance sensor according to the invention

has the tUbULAL, POCI &% Wose DOLLOLB; oL & a5phe Sl ool O022lon of the

Accor di ng rguration, there occurs coupling between the
free electrons.in_the netal ipside the recesses and at the periphery of the
openi ngs oie?ﬁént%%Bf%?nbgﬁﬁégg%hd incident light, and an electric field is
concentrated.in %Eg inside of the recesses and at the periphery of the
openi ngs of “the bul ar bodi es, thereby generating a very strong |ocalized
surface plasnon resonance. Accordingly, such an effect is obtajned that
there can be provided & |'otdl i Z&d” s%?‘%/"éfc‘yég qué%n%%SLFﬁ‘s%n% ce'Sensor of

hi gher sensitivity. o , . ,
according to an FDTD (finite difference time domain)

method, an electric field concentration intensity in the
chip for localized surface plasmon resonance sensor made
in Example 7.

Mode for Carrying Cut the Invention

[G040]

An embodiment of the invention is now described

It will be noted that in the present specification,
“A to B” indicating a range means “not less than A to not
larger than B,” and various physical properties menticned
in the present specification mean values measured

according to the methods described in examples appearing
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[0053] In the chip for localized surface plasmon resonance sensor
according to the invention, the above (A/B) is nore preferably within a
range of from1.00 to 1.50. According to this confi gur at iFor 0 &f / FCT
el ectromagnetic field ascribed to incident light can be nore strongly
| ocal i zed 3090696/ PCT at the periphery and inside of recesses of the
tubul ar bodies. [0054] ifl the chip for localized surface plasnon
resonance sensor according to the invention, the structure may be made of a
stinul ation responsive material. The stinulation responsive material may be
ei ther a heateresponsiwel arat eriilat roks@a Bightatresponsi ve materi al
Preferably, the stimulation responsive material is a |light responsive
materi al . [QD55]
In order to sclve the foregeing prcblems, the
structure according to the invention is characterized by
including a planar section and tubular bedies wherein the
tubular bodies are vertically arranged so that openings
therecf open at a planar surface of the planar section,
an average inner diameter of the openings of the tubular
bodies is within a range of from 5 nm teo 2,000 nm, and a
ratio (A/B) of inner diameter A of the cpenings of the
tubular bodies to inner diameter B at the midpoint of a
depth from the openings of the tubular bodies is within a
range of from 1.00 to 1.80. In particular, the bottoms of
the tubular bodies of the structure of the invention are
aspherical.
[0043]
According to the above configuration, there can be
made a chip for localized surface plasmon resonance
sensor, for example, by using the above structure as a
substrate for localized surface plasmon resconance Sensor
and forming a metal layer on the surface thereof along a
profile of the substrate. With the chip for localized

surface plasmon resonance sensor obtained in this way,

there occurs coupling between the free electrons in the
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Wth the chip for localized surface plasnon resonance sensor according to
the invention, the thickness of the netal layer is prefe%§%|§9§ﬁ52%n a
range of from10 nmto 500 nm nore preferably within a 8 ( om 30 nm
to 200 nm and nost preferably within a. range of from40 nmto 125 nm
According to this configuration, there can be provided a |ocalized surface
pl asnon resonance sensor of higher sensitivity. [0056] Wth the
chip for localized surface plasnon resonance sensor according to the
invention, it is preferred that the netal layer js fornmed thereon with an
organi ¢ nolEEAUl ar I dyfert FoEH 94 ﬁ@%i%%&%@d THi & BEGEEEPET
configuration enables the use as a biosensor capable of detecting a

speci fi c t3fpelet orergisledd eq dosylar Podiesnwar ting iy o Tocal i zed
surface plasnon resonance sensor according to the invention, the organic

nol ecul ar dcaydratprast erlaliy icontigi s ol €S RiGse Jrendtth FroMa he surface
of the nmetal |ayer ranges fromnmto 200 nm and nol ecul es whose | ength from
t he surfacef dfha heeamstsds laykratr digeeFriagmer nmi dHe s a5 hm
According to this configuration, the nol ecules having a length of from1 nm
to | ess thare S0:nmdn rodslitsos bitonmolbec Waesebdat e avicimid t3c ofnd he netal | ayer
and the nol ecules having a length of from50 nmto 200 nmbinds to the

bi onol ecul es-Kepte@wayr faemd hesqet ated @yerce Thécnoleldukés  havieng a | engt h
of from50 nmto 200 nm and binding to the bionolecules are so bent as to
permt the;dionolecul @sid,0 hematdit act et owarabitdienad cimit yeiofrd he net al

| ayer. In doing so, a nunber of bionolecules can be gathered in the

nei ghbori ng, 1 egi on-of: e dAretdlalayer . sdhtsse thetensan-deoprav ded a
bi osensor whose sensor sensitivity is higher. 0058]

sensor of higher sensitivity.

(0044]

Since such a very strong lccalized surface plasmon
resonance phencomenon develops, the chip for localized
surface plasmon resonanhce sensor can be conveniently used
as a chip for surface enhanced Raman scattering
spectroscopy, a fluorescence enhancing plate, a two-
photon fluorescence enhancing plate, a second harmonic
wave generating substrate and the like.

[0045]

The structure of the invention permits an
electromagnetic field caused by incident light to be more
strongly localized at the periphery and inside of the
recesses of the tubular bodies. In this sense, the (A/B)

indicated before is more preferably within a range of

from 1.00 to 1.50.
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Wth the chip for localized surface plasnon resonance sensor according to
the invention, the material B090696/ PCT of the netal layer is preferably
made of Au, Ag or an alloy thereof. According to this co ﬁ&@?éﬁ?@ﬁ, Au, Ag
or an alloy thereof is able to generate a strong | ocalized surface plasnon
resonance. [0059] In order to solve the foregoing problens, the

| ocal i zed surface plasnon resonance sensor is characterized by including
such a chip of the invention for |ocalized surface plasnon resonance sensor
as set out hereinabove, a light source irradiating light on the chip for

| ocal i zed Sit%¥%ce pl asnon resonance sensor, and a photodetector receiving
light reflected at or transmtted through the chip for localized surface

pl asnon resonancé&hsenserctpOB6OF the invenhdedr dengredcthelgbsvel
configuration, because of the provision of the chip for |ocalized surface
pl asnon r esortancel isersor @ cbirdi g taof tihee inventdomed dsodal itZed resonance
electric field can be generated at the inside of the recesses and at the
peri phery mwfartzhe openicgsi ofwithin a range of from 1 te 500,000

bodies/100 um-sguares. According to the above
configuration, where a chip for localized surface plasmon
resonance sensor is made, there can be developed a more
strong localized surface plasmon resonance, thus leading
to the provision of a locallzed surface plasmon resonance
sensor of higher sensitivity.

[0047]

The structure of the invention may be made of a
stimulation responsgive material. The stimulation
responsive material may be either a heat responsive
material or a light responsive material.

[0048]

The stimulation responsive material is preferably a
light responsive material. Morecover, with the structure
of the invention, the light responsive material should
preferably contain an azo polymer derivative. This
configuration enables the structure to be obtained more
easily.

[0049])

With the structure of the invention, the light
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t he tubul ar bodies of the chip. Wien light fromthe |ight source is
irradiated on the region and the light reflected fromor @@@gggi% %d
through the region is received with the phot odet ector, t K Iéc ance or
B090696/ PCT transmittance in the sensor chin, or the light intensity
received with the photodetector can be neasured. Thus, according to the
above configuration, such an effect is obtained that there can be provided
a localized surface plasnon resonance sensor of higher sensitivity. [0061]
Wth the | ocalized surface plasnon resonance sensar of the invention, it is

pr ef er r ed IHRCNT G S0 0 or° Adte SRV e Gt r € eft%r 64 8" he surface
of the ch for localized surface plasnon resonance sensor to measur e
ref | ect ancs i6fa 1 1HGHEY 6 17 FESFEEE VB Sy 61 e gt 9'5°&F I8¢ éd at t he
chip for localized surface plasnon resonance sensor, transmttances at the
respect i ves v eltenigtchs fRansrPELedUERF6GHh3LHEe ERPP-£6r t1'6cal i zed surface
pl asmon resonance sensor, or the light intensities at the respective
refl ect ed orrudtansita ede wavied levgt e 54 t9% Shle/ phot odet ect or. According to
this configuration, there can be evaluated a variation in resonance
wavel engt hidysclonparing the refl ectances, transmttances or |ight
intensities at two or nore specified wavel engths. Accordingly, the sensor
can be conveni entthy cusied fror sdetrectirg fohegpresepcebdrmabseneecofiva known
speci fi ed substance. [0062]

for localized surface plasmon resonance sensor of the

invention is characterized in that the structure of the

invention is formed on a substrate, and a metal layer is

formed to cover at least a part of the surface of the

structure and to reflect the surface structure of the

sCructure.

10051

Tn order to sclve the foregoing problems, the chip

for localirzed surface plasmon resonance sensor according

to the invention is characterized by forming, on a

substrate, a structure having a planar section and

tubular bodies wherein the tubular bodies are vertically

arranged so that openings thereof open at a planar

surface of the planar section, an average inner diameter

of the openings of the tubular bodies is within & range

of from 5 nm to 2,000 nm, and a ratie {A/B) of inner

diameter A of the cpenings of the tubular bodies to innerx

diameter B at the midpoint of a depth from the cpenings
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2090696/ PCT In order to solve the foregoin.g problens, a nmethod for
fabricating the structure according to the invention is characterized by
including the liquid coating step of coating a particul afé “R&ériFall- fr ee
liquid on a light responsive material, and the light irradiation step of
irradiating light on the |ight responsive material on which the |liquid has
been coated by the liquid coating step. According to this nethod, there can
be sinply made the structure of the invention only by irradiating Iight on
the Iight responsive material, on which the particulate material-free

li qui d hasobegre doatddic Adhictgh stidilds: Favier s rd hddeon -how the
structure is fabricated on the basis of whatever principles, the present

i nvent or s assumerid farmdrmerf aseifral lcowsstafhalte yes, Where athe sthgctur e of
the invention is fabricated by formng a filmof a |light responsive

mat eri al on dde sur faceioface substiratse suchias ofd glass;Tipasta cs or the
like and irradiating |ight after coating of a particulate material -free
liquid on gherddd gt dhespas tdcultad esnmateniad - f meée ldhgui doienfiltrates into
the light responsive material filmto an extent thereby increasing the

mobi lity ofcddre sol ecul dfchai Agndm tdheddrght Jesponsivesmitrer ied film It
is assuned that the light irradiation enables near-field light to generate
at  B090696/ PCT, + oughness: Poimt s..onthe s face0fsd heogl@ss,apd astic or
the |ike substrate. Depending on the intensity of the near-field Iight, the
|'i ght respgﬂgg%Q%igggprial is subjected to material transfer, thereby
formng a tubular structure. On the other hand, aside fromthe materi al
transfer of 5@@ | i ght responsive material depending on the intensity of the
pear-;ield;?lg %, the light irradiation causes a change in affinity at the
interface between the substrate surface 1 li.ght r nsj teria
film Ejher eby for nr}’ilcr?ézr%o ytostta ees%bé)%%dicf%%%rl uteraa JT%Plrii tl”i?%g:% ﬁ\lﬁl?ﬁ?t i's
considered that.there is caused.another nechanismof subject] he 1i ght
responsi ve~ Wet %W%ﬁo?ﬂﬁ%%?eg?%lLT?%n%f%ﬁté?%%lf%n%%%s %ﬁ%f %% eﬁ%ndent?y.

[ 0063] ) The chig for localized surface plasnon resonapnce sensor can
be fgbrica?%? Byrusiwg the %?rﬁ%?u?%rﬁﬁﬁgﬁéc%brg?%go?%F{%%ﬁa v fret hod as
a substrate for | ocalized surface plasnpn resonance sensor and formng a
net al IayeFu%%l%ﬁéb%®&$%c%n%Ibﬁ@l@%%tp+b$@¢e ofdt e slectric fidpgmng

is concentrated in the inside of the recesses and at the
periphery of the openings cf the tubular bodies, thereby
generating & very strong localized surface plasmon
resonance. Accordingly, such an effect 1s cbtained that
there can be provided a localized surface plasmon
resonance sensor of higher sensitivity.

[0053]

In the chip for localized surface plasmon resonance
sensor according to the invention, the above (A/B) 1is
more preferably within a range of from 1.00 to 1.50.
According to this configuration, an electromagnetic field

ascribed to incident light can be more strongly localized
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substrate. Wth such a chip for localized surface plasnon resonance sensor
obtained in this way, there occurs coupling between the free electrons in
the metal in the inside of the recesses and at the peri pHetdp &5fe e
B090696/ PCT openi ngs of the tubular bodies and incident light, so that an
electric field is concentrated in the inside of the recesses and at the
peri phery of the openings of the tubular bodies, thereby generating a very
strong |l ocalized surface plasnon resonance. Accordingly, such an effect is
obtained that there can be fabricated a structure capable of providing a

| ocal i zed surflac e ptiasnon resonancelsensorcofs i gher Tensithuday in a
sinple, stable and | owcost nmanner. [0064] In the nmethod for
fabricatingodtes structure according to the invention, the liquid is
preferably nmade of at | east one selected fromthe group including water, an
al cohol ando@tu prgani ¢ sol vent capabl e of dissolving the |light responsive
material. The liquid has such an effect that it is easy to handle and a
desired structurer sHd kel tdbe ebhiaized.sddtsawid Iplhemot ed stthatciche
liquid may contain hitherto known surface active agents. [0065] Another

nmet hod forgfabsi catingiihe b1 et ureyaceosd) ngnd ost hect Mventd rod s
characterized by including

made of a stimulation responsive material. The
stimulation responsive material may be either a heat
responsive material or a light responsive material.
Preferably, the stimulation responsive material is a
light responsive material.
(00551

With the chip for localized surface plasmon
resonance sensor according to the invention, the
thickness of the metal layer is preferabliy within a range
of from 10 nm to 500 nm, more preferaply within a range
of from 30 nm to 200 nm and most preferably within a
range of from 40 nm to 125 nm. According to this
configuration, there can be provided a localized surface
plasmon resonance senscr of higher sensitivity.
[0056]

With the chip for localized surface plasmon
resonance sensor according to the invention, it is
preferred that the metal layer is formed thereon with an

organic molecular layer for fixing biomolecules. This
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fabricating a first structure through a liquid coating step of coating a
particulate material-free liquid on a light responsive naterial and a |ight
irradiation step ofradiating light on the |ight responsi V& %t%r/iFA” on
which the liquid has been coated, (ii) fabricating a second structure
serving as a nold of the first structure by coating a thernosetting resin
or photocurable resin so as to conpletely cover the surface of the first
structure and renoving the thernosetting resin or photocurable resin after
curing thereof, and (iii) obtaining a third structure, which is a
dupl i cat e @fnfheufdrisin straicies eshoyads 149 iy Bl AIETrIDE et HY-F €51 n or
phot ocurable resin in a portion of the second structure serving as the nold
of the firsttstiriucy ur esrand: Fenovimg ¢hesidiermosetdi ng resin or photocurable
resin after curing thereof. According to this nmethod, there can be readily
duplicatediathe/structure of the invention, for exanple, by applying a
t hernosetting resin or photocurable resin to the nold, followed by renoval
after curing. [0086]n Especirdld Yod tldcs igrebersned stce répeatort he step  (iii)
plural times. To repeat the step (iii) plural times |eads to ease in
mass- pr odugd figh 4 1= SEEUEE M £-AEEOT €l N> the invention, the organic

molecular layer preferably contains molecules whose

length from the surface of the metal layer ranges from 50

nm te 200 nm and molecules whose length from the surface

of the metal layer ranges from 1 nm to less than 50 nm.

According to this configuration, the molecules having a

length of from 1 nm to less than 50 nm binds to

bicmelecules in the vicinity of the metal layer and the

molecules having a length of from 50 nm te 200 nm binds

to the biomolecules kept away from the metal layer. The

molecules having a length of from 20 nm to 200 nm and

binding to the bicmolecules are so bent as to permit the

bicmolecules to be attracted toward the vicinity of the

metal layer. In doing so, a number of bilomolecules can be

gathered in the neighboring region of the metal layer.

Thus, there can be provided a bilosensor whose sensor

sensitivity is higher.

[0058]

With the chip for localized surface plasmon

resonance sensor according to the invention, the material
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to the invention. [0067] Hence, when the thus duplicated structure is used
3090696/ PCT as a substrate for |ocalized surface plasnon resonance sensor
and a metal layer is formed on the surface al ong the profidS® s /tthE
substrate, there can be made a chip for localized surface plasnon resonance
sensor. Wth the thus made chip for |ocalized surface plasnon resonance
sensor, there occurs coupling between the free electrons in the netal in
the inside of recesses and at the periphery of the openings of the tubular
bodi es and incident light, so that a strong electric field is concentrated
in the insideciod rdie=t ubwlsar bodimest¢teriebynagenerfating 40 v@r yarst r ong

| ocal i zed surface plasnon resonance. Accordingly, such an effect is
obt ai ned tdatct hetereah. béckabriicat ed tthe sstoouctigrne acdpabl éuef Agr ovi di ng a
| ocal i zed surface plasnon resonance sensor of higher sensitivity in a
sinple, stablel and toww-costidrenier.td 0P68jrate a stdan@rideraltioc<sdl ve the
foregoing problens, a nmethod for fabricating a chip for |ocalized surface

pl asnmon resenanNce SEASHn accandimng 10 the invention is characterized by
including the steps of making a structure by any one of the fabrication
met hods of [ghegstructure according to the invention and covering a surface
of the structure obtained by the above step with B090696/ PCT

In order to solve the foregoing problems, The
localized surface plasmon resonance sensor 1s
characterized by including such a chip of the invention
for lecalized surface plasmon rescnancese sensor as set out
hereinabove, a light source irradiating light on the chip
for localized surface plasmon resonance sensor, and a
photodetector receiving light reflected at or transmitted
through the chip for localized surface plasmon resonance
Sensor.

[0060]

According to the above configuration, because of
the provision of the chip for localized surface plasmon
resonance sensor according to the invention, a locealized
resonance electric field can be generated at the inside
of the recesses and at the periphery of the cpenings of
the tubular bodies of the chip. When light from the light
source is irradiated on the region and the light
reflected from or transmitted through the region 1s

received with the photodetector, the reflectance or
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a netal to forma nmetal layer having a profile reflected with the profile
of the structure. According to the above nethod, such an effect is obtained
that there can be fabricated a chip for |ocalized surfacé&{EstoifGesonance
sensor, which is capable of providing a |ocalized surface plasnon resonance
sensor of higher sensitivity in a sinple, stable and | owcost manner [0069]
The invention enbraces all the structures (including the above-stated
structures of the invention, and a crescent-shaped structure, a

bar nacl e- shaped structure and the |ike described hereinafter) which can be
f abri cat edt aocondingnt® ihe:methwddorcabr i catilmg al sty vctigesdHecording to
the invention. These structures can be utilizable as a chip for localized
surface plasmonw¢esohanceh s ersorgda ehijpr forn sur fraces entranc ddivRanan
scattering spectroscopy, a fluorescence enhancing plate, a two-photon

fl uor escenge-enhangi g phate;ode secohts ladnont ¢ wavie genefdtingisubstrate
and the like. [0070] (I) Structure The materials for configuring
the structikes aceordhag tio=tdi sarenbodsrentdad ea nobcspeced i cattycdi mted and

may be either inorganic materials or organic 0090696/ PCT
plasmon resonance sensor of higher sensitivity.
10061

With the localirzed surface plasmon resonance sSensor

of the invention, it is preferred that lights of two or
more wavelengths are entered to the surface of the chip
for locallzed surface plasmon resonance sSensor To measure
reflectances of the lights of the respective wavelengths
reflected at the chip for localized surface plasmon
resonance sensor, transmittances at the respective
wavelengths transmitted through the chip for leocalized
surface plasmon resonance sensor, or Tthe light
intensities at the respective reflected or transmitted
wavelengths with the photodetector. According to this
configuration, there can be evaluated a variation in
resonance wavelength by comparing the reflectances,
transmittances or light intensities at two or more
specified wavelengths. Accordingly, the sensor can be
conveniently used for detecting the presence or absence
of a known specified substance.

[0G62]
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materials, or mxtures thereof. Mreover, the structure according to the
invention may be made of a stimulation responsive material (e.g. a |ight
responsive material, a heat responsive material or the | 59%d@?ﬂ
[ I norganic material ] As an inorganic material, nmention is nade of
silicon (crystalline, polycrystalline, anorphous), carbon (crystalline,
anor phous), nitrides, semconductive materials and the like. These inorgan
c materials nmay be sintered ones of fine particles. [0072] [Organic
material) As an organi c mate purpose polynmers, enginee plastics,
liquid crystal cémpounds andscheel tke CRREER REY PBECHTEREuUr ésTEREFEof and
may be those whose secondary or tertiary structure is controlled as having
a crosslinked Sthructairie)s e tHese orga @ vt erd als, thestinm et h
responsi ve nmate

is characterized by including the liquid coating step of

coating a particulate material-free liquid on a light

responsive material, and the light irradiation step of

irradiating light on the light responsive material on

which the liguid has been coated by the liguild ceoating

step. According to this method, there can be simply made

the structure of the inveniion only by irradiating light

on the light responsive material, on which the

particulate material-free liguid has been coated.

Although studies have been made on how the structure 1is

fabricated on the basis of whatever principles, the

present inventors assume 1n a manner as follows. That is,

where the structure of the inventicn is fabricated by

forming a film of a light responsive material on the

surface of a substrate such as of glass, plastics or the

like and irradiating light after coating of a particulate

material-free liguid on the film, the particulate

material-free liquid infiltrates into the light

responsive material film to an extent thereby increasing

the mobility of the molecular chains in the light

responsive material film. Tt is assumed that the light

irradiation enables near-field light Lo generate at
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als may be included wherein physical properties or a shape thereof is
changed in response to external stinulation. [0073] [Stinmulation responsive
material] B090696/ PCT The stinul ati on responsi ve B¥eCéricdI’STar e ones
having nobility of nolecular chains in response to an external stinulation.
More particularly, nmention is nmade of a heat responsive material and a

| i ght responsive material. [0074] [Heat responsive naterial]

roughness points on the surface of the glass, plastic or
the like substrate. Depending on the intensity of the
near~field light, the light responsive material is
subjected to material transfer, thereby forming a tubular
structure. On the cother hand, aside from the material
transfer of the light responsive material depending on
the intensity of the near-field light, the light
irradiation causes a change in affinity at the interface
between the substrate surface and the light responsive
material film thereby forming spotty states of different
affinities. Thus, it is considered that there is caused
another mechanism of subijecting the light responsive
material to material transfer simultaneously or
independently.

[0063]

The chip for localized surface plasmon resonance
senscr can be fabricated by using the structure made
according toe the above methed as a substrate for
localized surface plasmon rescnance sensor and forming a
metal layver on the surface along the profile of the
substrate. With such a chip for localized surface plasmen
resonance sensor obtained in this way, there occurs
coupling between the free electrons in the metal in the

inside of the recesses and at the periphery of the
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The heat responsive material is one wherein the nol ecul ar chains of the
material undergo violent nobility in response to a thermal stinulation. The
material exhibits fluidity or undergoes softening or def GRS 6H B
application of heat stinulation. Mre particularly, there can be used

anor phous materials such as polystyrene and acrylic materials, typical of
whi ch is polynethyl nethacrylate, crystalline materials such as

pol yet hyl ene, pol ypropyl ene, pol yethyl ene terephthal ate, isotactic

pol ystyrene and the |ike, urethane resins, urea resins, nelam ne resins,
phenol i ¢ r&sHs ENE T HE'G i KL UI& defdi 't %k Copul YifEts SsiieH rass®

styrene-net hacryl ate copol yners (bl ock copol yners, random copol yner and the
like) may @islo de alsad:r Itheses Matled | A5 afdy DeeUsed FHie cﬁh%lic%atQ%n. [ 0075]
[Light sensitive material] 3090696/ PCT The Iight sensitive

mat eri al i shone tdmte urndet goest materd dhamanst erheyorngrradisatdfortlof 1 ght .
More particularly, those materials are nentioned wherein a materi al

transfer phenonendrmdicour stladorgy brérghtatand: darkesectionsy of |ight at an
irradi ated region thereof. [0076] As such a light responsive

materi al, nocspecid iutiad atlomds placethso. f accasdingly,ablert eanunder go
optical deformation and exhibits the material transfer in response to the
bri ght andegasde sectdons ofd theat ighird raadies etkegiond For 1 nstance,
mention is nade of organic or inorganic materials which contain, in a

matri x matefiabsuan dnonedi ent {phetoneact i ve-d ngredi entacapabl e of
causi ng abl ation, photochro s , light-induced nol ecular orientation and the
li ke by i_r%s(ﬁgéz%ﬁ on of 4 i ghts ands i s, ehanged. i f.vol ues « fensidy, free vol ume
and the like by irradiation of light. As a |ight responsive material,
mention may. al s0 b§“§ﬁgg of jan.jnorganic.mterial generically called

chal cogeni te gl ass, Ich contains a structure wherein any of elenents

sel ected féfg%% e group including sulfur, seleniumand telluriumand any of
el enents selected fromthe group including germanium arsenic and anti nony
are bound togeth%ﬂi,[0077

the method for fabricating the structure
according to the invention, the liquid is preferably made
of at least cne selected from the group including water,
an alcohol and an organic solvent capable of dissclving
the light responsive material. The ligquid has such an
effect that it is easy tce handle and a desired structure
is likely to be obtained. It will be noted that the
liguid may contain hitherto known surface active agents.
[0065]

Another method for fabricating the structure
according to the invention is characterized by including
(1} fabricating a first structure through a liguid
coating step of coating a particulate material-free

liguid on & light responsive material and a light
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9090696/ PCT The photoreactive ingredient includes, for exanple, a
phot oi soneri zabl e i ngredi ent or a photopol yneri zabl e i ngredient, which is
an ingredi ent capabl e of undergoing an anisotrop c phot oF€&Eti%6r FicAvol vi ng
a profile change of material. [0078] The phot oi soneri zabl e
ingredient is, for exanple, one capable of undergoing trans-cis photoisone
zation, and is particularly and typically an ingredient that has a dye
structure having an azo group (-N=N-), especially, a chem cal structure of
azobenzene or a derivative thereof. [0079] I n case where the
i somer i zatdomd griadi enter oTa Ivatasti el ircontigd i g &y el isthtuct ure havi ng an
azo group, it is preferred that the dye structure has one or two or nore
el ectron at¢saotiives fuaietdienalorgrdups: (dlection atitaadtdare substd t uent
groups) and/or one or two or nore el ectron donative functional groups
(el ectron ¢onatiake istisitrid uente grralps)rudvbre: preferablag dotdiaelatt ron
attractive functional groups and el ectron donative function groups are
provi ded. {0088 skheswehectuon at taactinve  wictironadt ighrouprdsin or

photocurable resin so as to completely cover the surface

of the first structure and removing the thermosettlng

resin or photocurable resin after curing therecf, and

(i1i) obtaining a third structure, which is a duplicate

of the first structure, by filling a thermosetting resin

or photocurable resin in a portion of the second

structure serving as the mcld of the first structure and

removing the thermosetting resin or photocurable resin

after curing therecof. According to this method, there can

be readily duplicated the structure of the invention, Zfor

example, by applying a thermcosetting resin or

photocurable resin to the mold, followed by removal after

curing.

[0066]

Especially, it is preferred to repeat the step

(i11) plural times. To repeat the step (iii) plural times

leads to ease in mass-producing the structure according

to the invention.

[00&7]

Hence, when the thus duplicated structure is used
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B090696/ PCT preferably such a functional group whose substituent constant o
in the Haommett equation is a positive value. The el ectron donative
functional group is preferably a functional group whose S¥5$EHUERt
constant o in the Hamrett equation is a negative value. [0081] In
ot her words, the above isonerization ingredient should preferably have such
el ectron donative substituent and el ectron attractive substituent groups as
ment i oned above under conditions of establishing the following fornula (1)
El o; 1 ol | +k752(1) (wherein o is a substituent constant in the Hamrett
equation, ad 4 ssw@bsubscl tiuent! constzad ofr yane group) awRbe2ds a
substituent constant of am no group). In doing so there nmay be contained a
dye structagesdhaind ss seewcantrzold edi 4 hatrree € utrof fheveevet fengt ke latna | onger
side of |ight absorption wavel engths exits in a wavel ength region that is
shorter than afduorescenthpeak swavel engtte it @af [uomestent dyig f or
fluorescent analysis. This allows accurate neasurenent. [0082] The

dye structeyge iSchotz&fidicalcd niypeoant pref.erabdandanel udesh fae exanpl e,

a dye structure having 0090696/ PCT
thus made chip for localized surface plasmon resonance
senscr, there occurs coupling between the Lree electrons
in the metal in the inside of recesses and at the
periphery of the openings of the tubular bodies and
incident light, so that a strong electric field is
concentrated in the inside of the tubular bodies thereby
generating a very strong localized surface plasmon
resonance. Accordingly, such an effect is obtained that
there can be fabricated the structure capabkle of
providing a localized surface plasmon resonance sensor of
higher sensitivity in a simple, stable and low-cost
manner.
0068}

Tn order to solve the foregoing problems, a method
for fabricating a chip for localized surface plasmon
resonance sensor according to the invention is
characterized by including the steps of making a
structure by any one of the fabrication methods of the
structure according to the invention and covering a

surface of the structure obtained by the above step with
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an azo group and especially, a chem cal structure of azobenzene or a
derivative thereof. Mre particularly, the |ight responsive materi al
preferably contains an azo pol ymer derivative and nore pEEFERIBIYCan azo
pol yner derivative having an azobenzene group at the main chain and/or side

chains thereof. [0083] In a matrix material of the light responsive
material, the light responsive ingredient nay be nerely dispersed or nay be
chem cally bound to the constituent nolecules of the matrix nmaterial. In

view of the substantially conplete control of the distribution density of

t he phot oreactiake ingfedi entmaTrl He et rliad it e irloand alsol Bt ahe heat
resistance and stability with age of the material, it is preferred that the
| i ght respansi vené ngreti entof sctehenioatthyrdouddcbodihe constict aente

nol ecul es of the matrix material. [0084] As the matrix material,

t here may heriused organic abieri als suchiasd oridi narhe polgarerecgmt eri al s, and
inorganic materials such as glass. Wien taking into account the uniform

di sper sabi fdyi @it i ndi £1gi properiycofitde dughdcs esponsiverdngraedieent to
the matrix material, organic materials, particularly, polymer materials,

are B090696/PCT prefer abl y-asath e [0085toviding a Aldhoughed heat ype: of
polynmer material serving as a matrix material is not critical, it is

preferred that, repealing,structanalcnitshof thespolyiey have an urethane
group, a urea group or an am de group. It is nore preferred fromthe

st andpoi nt mDDS,ats{QEi%t&E‘&?léMQ@t rhhg-.structure such as a phenyl ene
group is contained in the main chain of the polyner.
[0069]
The invention embraces all the structures
(including the above-stated structures of the invention,
and a crescent-shaped structure, a barnacle-shaped
structure and the like described hereinafter) which can
be fabricated according to the method for fabricating a
structure according to the invention. These structures
can be utilizable as a chip for localized surface plasmon
resonance sensocr, a chip for surface enhanced Raman
scattering spectroscopy, a fluorescence enhancing piate,
a two-photon fluorescence enhancing plate, a second
harmeonic wave generating substrate and the like.
[0070]
{I}) Structure
The materials for configuring the structure
according to this embodiment are not specifically limited

and may be either incorganic materials or organic
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[ 0086] _ The polyner material serving as a matrix material is not
critical with respect to the nolecul ar weight and the de%ree of
pol ynmeri zation so far as it is noldable into a required SREPEZSTRE ol ymer
configuration may be in a linear, branched, |adder-structured, star or the
li ke form and may be either a honopol yner or a copol ymer. [0087]
Although it is preferred for the stability wwth age of optical defornmation
that the glass transition tenperature of the polymer material is as high
as, for exanple, not |ower than 100C, those pol ymers whose glass transition
t enper at ure: ties ‘roigm tenperdture dhdselow ntigrbevasables FO088] Y B090696/ PCT
The light responsive materials usable in the invention include, for
exanpl e, [0088]d{rChem cale Formartacl] may be made of a stimulation

responsive material (e.g. a light responsive material, a

heat responsive material or the like).

[0C71]

[Inorganic material]

As an inorganic material, mention is made of
silicon (crystalline, polycrystalline, amorphous), carbon
{crystalline, amorphous), nitrides, semiconcuctive
materials and the like. These inorganic materials may be
sintered oneg of fine particles.

[0072]
[Organic material]

As an organic material, menticn is made of general-
purpose polymers, engineering plastics, super engineering
plastics, liquid crystal compounds and the like (which
may ke mixtures thereof and may be those whose secondary
or tertiary structure is controlled as having a
crosslinked structure). Of these organic materials,
stimulation responsive materials may be included wherein
physical properties or a shape thereof is changed in
response to external stimulation.

[G073]

[Stimulation responsive material]
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an azo polynmer having the above structure (a copolymer of N phenyl mal ei m de
(z), 4- sopropenyl phenol (y) and

4' -[ Net hyl - N- (4-i sopropenyl phenoxyet hyl ) anm no] -4"- ni tr o&fctheryze€T( x) (x :
y : z=0.43: 0.07 : 0.50) (reference literature: Mat. Res. Soc. Synp.
Proc. Vol. 488 (1998), pp. 813 to 818, "Synthesis of H gh-Tg Azo Pol yner
and the optim zation of its poling condition for stable PO system" see
Japanese Patent Laid-open No. 2006-77239 and this polyner may be

herei nafter abbreviated as "PMPD43" sonetines), an azo pol yner having the
foll owi ng struct une: =aisi.de<tcha meazonpakynmestepdkycorargentem 1

i sophor onedi socyanate) and used in exanpl es appearing hereinafter [0090]

[ Cheni cal Wormy an2]i: BO90SOGIPEIu AN diLfrer encerddd@rsad ure:aDi rect
Fabrication of Surface Relief Hol ographic Diffusers in Azobenzene Pol yner

Films, OPTLGAL REVIEWMOI 5- 127 . Nowors (2005)-1:383 159 386, itthi S spelaywer is
noted as "POT1" in exanples), and poly[4;-][]2-

(acryl oyl oxy)etiwdJ ethyl am npl - tr.0azobenzeneln ( Wi ghoi s referred as

"pDR1A, " reference literature,
pol y[ 4" [[ 2;(.acryl oyl oxy) eEhyl ] et hyl am no] - 4- ni t r oazobenzene],

(00747
[Heat responsive materiall

The heat responsive material is one wherein the
molecular chains of the material underge viclent mobility
in response to a thermal stimulation. The material
exhibits fluidity or undergoes softening or deformation
by application of heat stimulation. More particularly,
there can be used amorphcous materials such as polystyrene
and acrylic materials, typical of which is polymethyl
methacrylate, crystalline materials such as polyethylene,
polypropylenea, polyethylene terephthalate, isotactic
polystyrene and the like, urethane resins, urea resins,
melamine resins, phenolic resins and the like. In
addition, copolymers such as styrene-methacrylate
copolymers (block copolymers, random copolymer and the
like) may also be used. These materials may be used in
combination.
[0C75]

[Light sensitive materiall
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Macr onol ecul e Vol . 25, (1992) 2268 to 2273), and the |ike. [0091]

[ Structure] The structure according to this enbodinent is provided
with a planar section and tubul ar bodi es and has such a &88Picgar&CiTon t hat
t he tubul ar bodies are vertically arranged so that openings thereof open at
t he planar surface of the planar section. In other words, the structure has
such a configuration as if chimeys extend thenselves fromthe ground into
t he sky. The openings of the tubular bodies are not |limted to a circle,

but may be in an elliptical, square or the like form 8090696/ PCT [0092]
The aver age i nnefrhdi ameher sefistithe vepenicpgs 20f ithertubokar ubodirgs<ef the
structure according to this enbodinent is within a range from5 nmto 2,000
nm The aver@age dinnera-difreter ofrddieswdpeniargsi iofhit .heMbubul ar bodi es can be
determ ned by observing the openings of the tubular bodies with an atomc
force m crioscope: (:AFN), thSscandng el ectyen mireroscope(SEN), -

transm ssion el ectron mcroscope (TEM or the |Iike and neasuring the inner
di anet er s ;of: 4:he, OpENHNGS: r Thed@tdndr neru A aetef 0fi gpenimysiadis
intended to nmean a dianmeter of the maxinmuminscribed circle in relation to
the shape of ithe ,openings: and 4,s i ntendadd o-deadh fir-exanple, a dianmeter
of a circle 1n case where the shape of the openings is substantially

circul ar, ﬁq@j@Pr axis of an ellipse in case of the shape being
substantially €elliptic, a side length of a quadrate in case of the shape

being substant | ally sguare, and 3.spork;skg.length of.a pectangl e in case
e

of the shape being substantiallyr angular. The inner aneters of the

openi ngs of. a, ltuj;?%i%&??{a Jol egoer abrl yarﬁ nat ]ltsesgbfg?ﬁ%#g)%%rpéoe preferably

not |ess thdfh r'e preferably not |ess ubul ar bodi es
e - A e a0, Yol e Lherepl. 1o, obtalned, pnd Li, defi ned as
response to the bright and dark sections of the light
irradiated region. For instance, mention is made of
organic or inorganic materials which contain, in a matrix
material, an ingredient (photoreactive ingredient)
capable of causing ablation, photochromism, light-induced
molecular orientation and the like by irradiation of
light and is changed in volume, density, free volume and
the like by irradiation of light. As a light responsive
material, mention may also be made of an inorganic
material generically called chalcogenite glass, which
contains a structure wherein any of elements selected
from the group including sulfur, selenium and tellurium
and any of elements selected from the group including

germanium, arsenic and antimony are bound together.

(007771
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i nner dianeter of the openings of the tubular bodies.” It will be noted
that if an average inner dianeter of the openings of the tubul ar bodi es of
the structure according to the enbodinent is within a rafB§é06P5 Fem 5 nmto
2,000 nm incident light can be localized in the inside of the recesses and
at the periphery of the openings of the tubular bodies, so that the
structure can be favorably utilizable for the fabrication of a chip for

| ocal i zed surface plasnon resonance sensor. Mre preferably, the average

i nner dianeter of the openings of the tubular bodies is within a range of
200 nmto 500 nnihwhehothecaverage inonerdidhamener udkst hécopenpngseof the
tubul ar bodies is within a range of 200 nmto 500 nm incident |ight can be
mor e stronglphdacaldrzed.z {H0093ngredient The ssturudtapred varecorzdicdg t o t he
enbodi nent has a ratio (A/B) between the inner dianeter A of the opening of
t he tubul armmdbedy and the dmner i aneterdiBrat dédemadpoi nindsfrddiecdept h from
t he openi ngs of the tubular bodies is within a range of from1.00 to 1. 80.
When the ahove, vale ofc (NB)odesn i n e aheyve range,1suchrar ef fect can
be enjoyed that an electromagnetic field caused by incident |ight can be
strongly loealized in the inside of the recesses and at the periphery of
the B090696/ PCT openi ngs of the tubul ar bodies. The value of (A/B) is nore
preferablyiq@¢§fn a range of from1.00 to 1.50, nuch nore preferably within
a range of from1.00 to 1.30, and nost preferably within a range of from

1.00 to 1.20. Wen the ahove valueof (GABL4;S W thinsuch.a,tange as

defi ned above, the s??ucture accordi ng tg thi s enbodi nent has al nost no

di fference between the inner_ di er nd. i,nher_dianeter B, i.e. it

can be sai @ that*the ti u%nare’g%%@%f“rt%esas%% tnudr{e&"o%oﬁ“e er%loO i'ment has a
stunpy configuration in the inner structure thereof. Since;the.nner
structure %?gth%wﬁ%% Gt oty Gt t?%?%ﬁ?iu%lﬁ%a%ﬁgﬁﬁﬁ%é%§ﬂﬁﬁé%£%¥ybecones

stunpy, so that such an effect can be enjoyed it _an electro netic field
caused by @N%Y%e%QIW?EHﬁGC%%Vh%Qn%?ea%?r%ﬂéﬁ% }ggéﬁgkedE?QF?%égﬁkside of
the recesses and at_ the periphery of the openings gf t he tubul ar bodi es.

[ 0094] a chemipgl | fingrC di aret erd 20RFRES e §hrfercdi afetef° B can be
grasped froma sectional view of the tubular bodies taken with the atomc
force m croseopel (AFM . The manner of neasuring the inner dianeters A and B
is particularly illustrated with reference to Fig. 13. Fig. 13 is an atom c
force mcrogeopic (AFM inmmge of the structure according to the enbodi nment.

A vertical sectional view of
Tn case where the isomerization ingredient is a

material containing a dye structure having an azo group,
it is preferred that the dye structure has one or two or
more electron attractive functicnal groups (electron
attractive substituent groups) and/or one or two or more
electron donative functional groups (electron donative
substituent groups). More preferably, both electron
attractive functional groups and electron donative
function groups are provided.

(0080}

The electron attractive functional group is
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B090696/ PCT t he pl anar section of the structure of the enbodi nent is taken
fromthe AFMinmage. In the planar section of the tubular body which is

i ntended for neasurenent of an innerdianeter, the two apexXes{dmdicdat ed by
downward triangles in the figure) nost projected fromthe planar section
are found out. A distance between intersection points of the vertical |ines
drawn fromthese apexes to a line indicating the planar surface of the

pl anar section in the figuree an x axis in the figure) and the x axis is
obt ai ned and defined as inner diameter A [0095] Next, the manner
of measurimge fanesl diamet er Biistiddasteated. wTve: hghesttypoiint (a hi ghest
point in case where the arrow direction of the y axis is taken as a
positive digestion,sindicat ethdyethes gownwar ot 4 rd angd ecine thel fé gure) of a
t ubul ar body and the | owest point of the tubular body (a | owest point in
case wher ertlec asronsdi d@ed i DR of utdel ynaXi $rdisp t akefr@Se salposid i ve
direction, indicated by the upward triangle in the figure) are found out. A

di stance between,@al l{heo aywno par abh et i teethecxnaxi st ab thechowest point
(i ndicated by dotted ne in the figure) and a line drawn parallel to the X

axi s at th@“ﬂﬁghesé RO Ny, (4 ndl cad ed:- by. a, doubl e arrow line in the figure)
is defined as ° depth froman opening of a tubular B090696/PCT body." The

i nner di amete gf t he tubul ar body at the m dpoint (indicated by the arrow
in the flgure§ f the depth is measured and defined as inner dianeter B. It

will be noted th the e {iner aneters A

and B are, respec |vgi Y, VP ue§ neasﬁ%%%ﬁmfg%%%ﬁbl Fﬁég%l Al In the

structure accordin s enbodi ment ., the averag e val u t hs
L%S‘g?L?ﬁ%bi%bu? 25 %uah elecTron 9% $%8£ £p§69€p

from the openy ies T8 prefera a'range of
from5 nmto 10 nor e referabl { range of from10 nmto 500 nm
The dept hs@Bf &l E%F%? ty B?C%bY%févgﬁFy ﬁ%?t|%£ u?ﬁaﬂsl%@nﬁb?%e%referably
not |ess than 20 and nuch nore preferabl not | ess t ha go% t ubul ar bodi es
are neasuré@oéﬁdd%ﬁeév%?%ﬁét%%Tﬁeofh%?e Ligh 6%?a?ﬁ%diﬁh effned as "an
average val ue of the depths fromthe openings of the tubular bodies.” It is
to be notedorhataiflthe average val ue of the depth fromthe openings of the
t ubul ar bodies of the structure according to the enbodinent is within a
range of fromb5 mwindb A0 Miimid4! is €dabled to strongly |ocalize incident
light in the inside of the recesses ant at the periphery of the openings of
t he tubul arwbediés andst huspbshetsenactoretean be favorlabhytutilized for
the fabrication of a chip for |ocalized

equation, ol is a substituent constant of cyano group,

and o2 is a substituent constant of amino group). In
doing so, there may be contained a dye structure that is
so controlled that a cutoff wavelength at a longer side

light abscrption wavelengths exits in a wavelength

[

o
region that is shorter than a fluorescent peak wavelength
in a fluorescent dye for fluorescent analysis. This
allows accurate measurement.

[oogz]
The dye structure 1s not critical in type and

preferably includes, for example, a dye structure having
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B090696/ PCT surface plasnon resonance sensor. [0097] It will be
noted that the structure of the enbodinent is so configured that the

i nnernost portion of the tubular body may lie at a m nus Esi%de %of/ &1l i ne (X
axis in the figure) indicating the planar surface of the planar section, or
at a plus side thereof. In other words, in case where the tubul ar body-free
surface of the structure is disposed in a vertically downward manner, the
bottons of the recesses of the tubular bodies may lie either bel ow or above
t he planar section. [0098] The dispersion density of the tubular bodies in
t he aln secd i omis preferablye Mithia ehamngel oft fuomiie tof 500, 000
bodi es per 100 pm square, nore preferably within a range of from 10 to

300, 000 badig&sepeind 09 pinsquare: and 1mstepr ef ewakl yawictihion za 1rvange of from
50 to 200, 000 bodies per 100 pm square. This dispersion density is

det er mi ned-hy coy i Adsddes nuirber: of i 4 ubulare hodi esc@xi StiNgn man
arbitrary region through AFM or the |like and cal cul ating the nunber per 100

p”‘Square;&m%%%f(%%riéggﬁﬂe and more preferably an azo polymer

derivative having an azobenzene group at the main chain
and/ocr side chains thereof.
[0C83]

In a matrix material of the light responsive
material, the light responsive ingredient may be merely
dispersed or may be chemically bound to the constituent
molecules of the matrix material. In view of the
substantially complete control of the distribution
density of the photoreactive ingredient in the matrix
material and also of the heat resistance and stability
with age of the material, it is preferred that the light
responsive ingredient is chemically bound to the
constituent molecules of the matrix material.

[00841

As the matrix material, there may be used organic
materials such as ordinary polymer materials, and
inorganic materials such as glass. When taking into
account the uniform dispersability or binding property of
the light responsive ingredient to the matrix material,

organic materials, particularly, polymer materials, are
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In the structure of this enbodinent, the tubul ar bodies may be so shaped
that the inner dianeter decreases 8090696/PCT fromthe opening toward the
deep portion (V form, or may be so shaped that the inne®BCdiCaretr&rT

i ncreases fromthe opening toward the deep portion (inverted V form. Mre
particularly, the tubular bodies shown in Figs. 20 and 21 have an inner

di aneter that increases toward the deep portion and can be called inverted
V-form The tubul ar bodies shown in Figs 22 and 24 have an inner dianeter
t hat decreases toward the deep portion and can be called inverted V-form

[ 0100] preferafsisshowriin Fig. 13 and Figs. 20 to 25 appearing
hereinafter, the structure of this enbodinent is so configured that the
bott om of tdmsdwbul ar bodies is aspherical. Especially, as shown in Figs.
20 to 25, the structure of the enbodi nent has tubul ar bodi es whose bottom
i s approxi mat el y zpkanali: the ‘thett om ob ltubul aetkaediees'scnrpans aspertion
situated at a side opposite to the opening. [0101] (II) Chip for localized

surface plasion. resonance Sensor critical,lhe: chi pforetooaldzed surface
pl asnmon resonance sensor is characterized in that such a structure as set

out herei nahgve: 4§y f@‘rf@gt%fﬂ‘ Ssubst rat e, hand, a.het alatayar is formed so as
to cover at ‘1 east a part of the

urethane group, a urea group or an amide group. It is
more preferred from the standpoint of heat resistance
that a ring structure such as a phenylene group is
contained in the main chain of the polymer.

[0086]

The polymer material serving as a matrix material
i3 not critical with respect to the molecular welight and
the degree of polymerization so far as 1t is moldable
into a required shape. The polymer configuration may be
in a linear, branched, ladder-structured, star or the
like form, and may ke either a homopolymer or a copolymer.
(00873

Although it is preferred for the stability with age
of optical deformation that the glass transition
temperature of the polymer material is as high as, for
example, not lower than 100°C, those polymers whose glass
transition temperature 1s room temperature or below may
be usable,.

(00881

[ &)
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B090696/ PCT surface of the structure and reflect a surface structure of he
structure. In other words, the chip for |ocalized surface plasnon resonance
sensor is characterized in that there is formed, on a substuacates,/rar
structure made up of a |light responsive nmaterial and provided with a planar
section and tubul ar bodies, wherein the tubular bodies are vertically
arranged so that openings thereof open at a planar surface of the planar
section, an average inner dianmeter of the openings of the tubular bodies is
within a range of from5 nmto 2,000 nm a ratio (A/B) of inner dianmeter A
of the openings af the tubylar bediesrand inner .di.amet er, Brat the nidpoint
of the height of the tubular bodies relative to the planar section is
within a range of ,fromi,00 te.1.80.and a netal layer is further forned to
cover at least a part of a surface of the structure and reflect a surface
structuren§§%§@ﬁ structure. It will be noted that wwth respect to the chip
of this enbodinent for |ocalized surface plasnon resonance sensor, those
matters copmpn mﬁtf 5g§ﬁ£p£ oi ng structure should be referred to the "(I)
Structure.” [?ﬂiﬁﬁ FOETUSS ot the substrate used in the chip for localized
surface plasnon resonance, sepnsgr according to this enbodinent, there is
preferably used glagsg~ Vil 3090696/ PCT resins, anorphous carbon,
crystalline silicon, Png £y | p@jsilicon, anorphous silicon or the
like. Especially, asia

resonance net hod of aﬁt type, a substrate of high optica
transmttance (a totak.light transmttance of not |ess than 60% (converted
to I mmthickness)) I's hégferably used. [0103] Since the chip for

| ocal i zed surface pl asnon# esonance gensoOr according to this enbodi nent has
such a profile of the str re as setd@ut before, there occurs coupling
bet ween the free el ectrons 'n™he i ngT4e" of the recesses and at the

peri phery of the openings of the tubular bodies and incident |light, an

el ectric faeldzd spcbynwent naredyi hhe hedodnsi deroftthe fecessesyamd af the
peri phery of the openings of the tubular bodies, hereby causing a very
strong | ocetpizedy sus fatei pkasapn £ esomancestolocewr ] The dedm’ +D¢al i zed
resonance electric field" used herein means an electric field wherein a
resonance glteg¢triciiekdpdopsnniobhonopagat el ahongoa-aetal surface and the
region of an electric field reinforced wwth resonance is smaller than a

diffracti opitigitoeénkagkdent lighty [0404]0.43 : 0.07 : ©.50)

{reference literature: Mat. Res. Soc. Symp. Proc. Vol.
488 (199%8), pp. 813 to 818, “Synthesis of High-Tg Azc
polymer and the optimization of its poling condition for
stable EO system,” see Japanese Patent Laid-open No.
2006-77239 and this polymer may be hereinafter
abbreviated as “PMPDR4L3” sometimes), an azo polymer having
the following structure: a side-chailn azo polymer,
poly{orange tom-1 isophoronedisocyanate) and used in
examples appearing hereinafter

[00e0]

[Chemical Formula 2]
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B090696/ PCT The chip for localized surface plasnon resonance sensor
according to the enbodi nent has such "tubul ar bodi es" as stated
her ei nbefore. According to this configuration, coupling betoween tthe free
electron in the netal in the inside of the recesses and at the periphery of
t he openings of the tubular bodies and incident light is nore likely to
occur, so that a stronger electric field is concentrated in the inside of
the recesses and at the periphery of the openings thereby causing a
stronger | ocalized surface plasnon resonance to occur. [0105] Wth
the chip for localized surface pla n resonance sensor according to the
enbodi nent, an average inner g ter of the openings of the tubular bodies
is within a range+gf~fn .2,000 nm When used for a biosensor, the
average i nner diaTEter, f the operi*hgs of the tubular bodies is nore
preferably within r e of from nmto 1,000 nmsince the size of
ordinary proteins is atsgpproxi mately 10 nm [0106] Wth the chip
for localized surface plia. snon resonance sensor according to the
enbodi nent, an average k%}ue of the depths fromthe openings of the tubular
bodies is preferably within a range of from5 nmto 10 pm B090696/ PCT
nore preferably within a range of from 10 nmto 500 nm If the depth of the
tubul ar body is within the above range, | ocal j zed surface plasnr
resonance phenohEion %%%eﬁ%t%%%Ve%?Eéh?yg%%ﬁ%%%t%%no%guéu fé%%gh sensor
sensitivitg. [0107] : , ,

elief Holeographic Diffusers in Azobenzene Polymer Films,

OPTICAL REVIEW Vol. 12, No. 5 {(2005) 383 to 386, this
polymer is noted as “POT1” in examples), and poly{4'-[[Z-
(acryloyloxy}ethyllethylamino]-4-nitroazobenzene] (which
is referred as “pDR1A,” reference literature, polyl4'-
[{2-{acryloyloxy)ethyllethylamino]-4-nitroazobenzene],
Macromolecule Vol. 25, {(1992) 2268 to 2273), and the like.
[0091]

[Structure]

The structure according to this embodiment is
provided with a planar section and tubular bodies and has
such a configuration that the tubular kodies are
vertically arranged so that openings thereof open at the
planar surface of the planar section. In other worﬁs, the
structure has such a configuration as if chimneys extend
themselves from the ground into the sky. The openings of
the tubular bodies are not limited to a circle, bult may

be in an elliptical, square or the like form.
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Al t hough the chip for localized surface plasnon resonance sensor according
to the enbodinent is no critical with respect to the di stance between
tubul ar bodi es, the dispersion density of the tubul ar boditesdas Arlig pl anar
section is preferably within a range of from1l to 500,000 bodies per 100 um
square, nore preferably within a range of from 10 to 300, 000 bodi es per 100
um square and nost preferably within a range of from50 to 200, 000 bodi es
per 100 um square. [0108] Wth the chip of the enbodi nent for

| ocal i zed surface plasnmon resonance sensor, the thickness of the netal

| ayer is preferpbly within a range of from10 nmto 500 nm Wen the netal

| ayer thickness is within the above range, a satisfactory quantity of

reflected light agawells as,0f tdansiitded J ight: reande iensured theesul ting
in high measurenent accuracy. [0109] 8090696/PCT For the chip for

| ocal i zed ?1%%%@ &L@é{@n@f esonance, Sensor, aceoidhng: § octhe enbodi ment, the
(0] a

mat eri al yer preferably i ncl udes Au, Ag, or an alloy
thereof . V@ﬁ oéﬂ%eﬁ@t Iﬂt %‘f%@%eg ﬁﬁ fy 2A@O@r}§n Q%@Oy
t hereof, a strong [ oca |ze surface plasnon resonance can be caused to
occur. [0110; . = e
dverage inner diameter of the openings of the tubular
bodies can be determined by observing the openings of the
tubular bodies with an atomic force microscope (AFM), a
scanning electron microscope {(SEM), & transmission

electron microscope (TEM) or the like and measuring the
inner diameters of the openings. The term “inner diameter
of openings” is intended to mean a diameter of the
maximum inscribed circle in relation tc the shape of the
openings, and 1s intended to mean, for example, a
diameter of a circle in case where the shape ¢f the
openings i1s substantially circular, a minor axis of an
ellipse in case of the shape being substantially elliptic,
a side length of a guadrate in case of the shape being
substantially square, and a short side length of a
rectangle in case of the shape being substantially
rectangular. The inner diameters of the openings of a
plurality of (preferably, not less than 10, more
preferably not less than 20 and much more preferably not
less than 50} tubular bodies are measured and an average

value thereof is obtained and thus defined as an “average
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An inorganic material |layer may be further formed on the netal |ayer. This
is because the netal |ayer can be prevented from oxidative degradati on and
nol ecul es such as of proteins used as a neasuring object B d3e /indhi bi t ed
from deactivation. For the inorganic material, mention is conveniently nade
of silicon dioxide, zinc oxide, tin oxide, titanium oxide and the I|ike.

[0111] Wth the chip for localized surface plasnon resonance
sensor according to the enbodinent, it is preferred that an organic
nol ecul ar layer for fixing onol ecules is formed on the netal |ayer. This

enabl es t he &bt piasé i asensor capables off detectuing - specidd ¢’ t ype of
bi onol ecul e. More particularly, when using the chip of this enbodinent, a

surface argg f ofe fQEMENG HAE OF gani ov &Pl @cul iade t ayermeady ber iner eased,
thereby | eading to inproved sensor sensitivity. B090696/PCT [0112]

Wth the chip fog:localizedysurdface,»lasmon resonance: sensfcaceoigdi ng to
t he enbodi ment, the organic nolecular |ayer preferably contains nol ecul es

whose | engémﬁ %ﬂ&%ﬁﬁ'@%ﬁéﬁﬂ 1ayer-surface fanges F+am $0,mmd o2 200 nm and
nol ecul es ose length fromthe nmetal |ayer surface ranges froml nmto

| ess than '?*(F.) nm [ 113] li%l’at SR Wen £ he, or ganj ¢ tﬂ@é%%e | ayer,contains

I1r C
such mol ecul’es™ as mention ove, the nolecules having a length from1l nm

to less than 50 nm bind.to_bionple i I cini nmetal |ayer
and the nof ecur &8°having a e n%)%l%?&fe}?o%fl%@%rﬁ\%%ﬁ? %yn(?ﬁg b%%g to
bi onol ecul es_apart, fromthe tal layer. The nol ecul es whose length ranges
from 50 nnrd-208 R AR whi gﬁh%%véh eeh” Bound” t 6~ he b)lf\g(;ﬁ% aek():ﬁfes bend, so
that the bionmplecules_are pulled toward the vicinit t he, nmetal |ayer.

£

. of !
Accor di ngl Y1 hi gReat htibere of 2T bndh ecdl @5 Ean’be %%]f heT e T 7

nei ghboring region of the netal |ayer, thereby | eadi ng t% nor e _enhances
sensor Sen%p%fquyplasmon resonancé sSensor. ore preferably, the

average inner diameter of the openings of the tubular
bodies is within a range of 200 nm to 500 nm. When the
average inner diameter of the openings of the tubular
bodies is within a range of 200 nm to 500 nm, incident
light can be more strongly localized.

[0093]

The structure according to the embodiment has a
ratio (A/B) between the inner diameter A of the opening
of the tubular body and the Inner diameter B at the
midpoint of the depth from the openings of the tubular
bodies is within a range of from 1.00 to 1.80. When the
above value of (A/B) is within the above range, such an
effect can be enjoyed that an electromagnetic field
caused by incident light can be strongly localized in the

inside of the recesses and at the periphery of the
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[ 0114] The nol ecul es form ng the organi c nol ecul ar |ayer include

bi oti n-nodi fi ed pol yethyl ene glycol, ORLA 18 (comercial nanme, made by Ol a
Protein Technol ogi es Ltd.), B090696/ PCT dextran and the |5dkesdaIEL5E]

The neasurenent of the nolecular chain | ength can be nmade according to a
dynam c light scattering nethod. [0116] (II1l) Localized surface plasnon
resonance sensor The | ocalized surface plasnon resonance sensor
according to this enbodi ment includes such a chip for localized surface

pl asnmon resonance sensor as in the foregoing enbodi nent, a |ight source

irradiati &h ght s opr thiee chiip.for bogats zedrsurf-ace plrasmis)r ésonance
sensor, and a photodetector receiving light reflected at or transmtted

through the,ehiprfor Localized sufacespl asmaot esonancs Sensormudi0ll7]
The | ocalized surface plasnon resonance sensor of this enbodi nent generates

a localized resgnapce.gleciric:figl d0p-the surfacesofcdhe oefakndayer of
the chip for localized surface plasnon resonance sensor, and light fromthe

Lont Visﬁ;fﬁ(gms%ﬁp%%rg@g:;l,ﬁ&?dw?@h&bea surface.pf sLhe semsor chips. fallomed by
the above value of [(A/B) is within such a range as
defined above, the structure according to this embodiment
has almost no difference between the inner diameter A and
the inner diameter B, i.e. it can be said that the
tubular body of the structure cof the embodiment has a
stumpy configuration in the inner structure thereof.
Since the inner structure of the tubular body of the
structure of this embodiment becomes stumpy, so that such
an effect can be enjoyed that an electromagnetic field
caused by incident light can be more strongly localized
in the inside of the recesses and at the periphery of the
openings of the tubular bodies.

[coo4r

The inner diameter A and the inner diameter B can
be grasped from a sectional view of the tubular bodies
taken with the atomic force microscope (AFM). The manner
of measuring the inner diameters A and B is particularly
illustrated with reference to Fig. 13. Fig. 13 is an
atomic force microscopic (AFM) image of the structure

according to the embodiment. A vertical sectional view of
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phot odetector, light reflected at or transmtted through a regi on where the
resonance electric field occurs on the surface of the netal |ayer. The

refl ectance or B090696/PCT transmittance of the sensor bicpser /IPicght
intens received with the photodetector is neasured. [0118] Wth the
| ocal i zed surface plasnon resonance sensor according to the enbodi nent,
lights of two or nore wavel engths may be vertically irradiated on the
surface of the sensor chip to neasure the reflectances or transmttances of
lights of the respective wavel engths reflected at or transnmtted through
the sensor: (GhiyD,arQfr |dghts dihtegnsind es ratctihe: respect i osdvelrengtshs with

t he phot odetector. [0119] According to this enbodi nent, when

conpari ng {thet eflectancesori fdansnirht apees 1ehaki gbtti Bheasi thes at two or
nore wavel engt hs, a change in resonance wavel ength can be eval uat ed.

Accor di nglyy,y, 1S dirent is usefiled reappld.cation forodetrecting the
presence or absence of a known specified substance.
inner diameter, the two apexes (indicated by downward
triangles in the figure) most projected from the planar
section are found cut. A distance between intersection
points of the vertical lines drawn from these apexes to a
line indicating the planar surface of the planar section
in the figure (i.e. an x axis in the figure) and the x
axis is obtained and defined as inner diameter A.
[0095]

Next, the manner of measuring inner diameter B is
illustrated. The highest point (a highest point in case
where the arrow direction of the y axis is taken as a
positive direction, indicated by the downward triangle in
the figure) of a tubular body and the lowest point of the
tubular body (a lowest point in case where the arrow
direction of the y axis is taken as a positive direction,
indicated by the upward triangle in the figure) are found
out. A distance between a line drawn parallel to the x
axis at the lowest point (indicated by dotted line in the
figure) and a line drawn parallel to the x axis at the
nighest point (indicated by a double arrow line in the

figure) is defined as “depth from an opening of a tubular
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[0120] Wien a | ocalized surface plasnon resonance occurs in the
chip for localized surface plasnon resonance sensor of the enbodi nent, the
energy of irradiated |light is absorbed with a surface pl asmwomowaweTof the
netal |ayer, so that the light reflectance or transm ttance, or

B090696/ PCT the light intensity received with the photodetector |lowers at a
certain wavel ength (resonance wavel ength). [0121] Thi s resonance
wavel engt h changes dependi ng on the refractive i ndex of a medi um present at
the inside of the recesses and periphery of the openings of the tubul ar

bodi es. Wienusi ngnsughnarl acahkzed surtacerpbasaennsepsar, tdeposition of a
dielectric substance in the regions and a change in anount of the

deposi ti on can ;be detected.. Fspecial Iy dhe sansors can be favorably used as
a biosensor to detect a specific type of protein. [0122]

Additiona'r%& with the |ocalized surface plasnon fesenance; seasor according
to this e d&inent, an electric field i1s greatly enforced in the inside of

the recesses jand at_.the periphery of garheti%ergflgﬁq(pfig%tti@yl armbodi es,
very st 'surtace p i !

t her eby causi’ng a very rong sur asnon resonance to occur. Thus,

sensing of, very high sensitiyvi is enabl ed when. c npgmi W th

convent i ordt" pr o%a%éeﬁ%‘”g“ sUr?naC%:ZB pl 'agnon resonance ’sens*od:eg5 or localized
surface pIasnoqﬁresoqggcewiensors. [0123] Especially, the localized
surface pl™&EHON $esbnande 'sensor of this enbodi ment includes such tubul ar

bodi es as
[0096]

In the structure according to this embodiment, the
average value of the depths from the openings of the
tubular bodies is preferably within a range of from 5 nm
to 10 um, more preferably within a range of from 10 nm to
500 nm. The depths of a plurality of (preferably not less
than 10, more preferably not less than 20 and much more
preferably not less than 50) tubular bodies are measured
and an average value thereof is obtained and defined as
“an average valiue of the depths from the openings of the
tubular bodies.” It is to be noted that if the average
value of the depth from the openings of the tubular
bodies of the structure according to the embodiment is
within a range of from 5 nm to 10 um, it is enabled to
strongly localize incident light in the inside of the
recesses ant at the periphery of the openings of the
tubular bodies and thus, the structure can be favorably

utilized for the fabrication of a chip for localized
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B090696/ PCT set out, for which when light is entered to the surface in the
regi on where the tubular bodies are fornmed, there occurs coupling between
the free electrons in the side surface of the netal of thedowwr/nal | of

t he tubul ar bodies and the incident |ight. Hence, a stronger electric field
is concentrated in the inside of the tubular bodies thereby causing a
stronger localized surface bias= resonance to occur. [0124]

Further, the localized surface plasnon resonance sensor of the enbodi nent
has sensitivity within a. narrow regi on of about several tens of nanoneters

fromthe syrface. of) 1he metal-hayer,s80:4hat noi ses ascribed to a substance
in aregion distant fromthe netal |ayer are small thereby enabling a

| ocal i zed §@@§@E§ pl asnon resonance sensor of a good S/Nratio to be nade.
[ 0125] ) ith reference to Fig. 1, an instance of a fundanmenta

configuration of ;a refliecti onopt ikgal. syst em.of-.the loecaljzed surface
pl asnon resonance sensor (hereinafter referred to as |localized SPR sensor)

of the embodi IRl s now.desciiped..digy.d L aplapylew sehamtdcally
showi ng a fundanmental” configuratron of a reflection optical systemof a
local i zed SOR senspr. 34 9f B99p696/ PCT

Tupu v Iie at a minus side of a line (=
axis in the figure) indicating the planar surface of the
planar section, or at a plus side thereof. 1In other words,
in case where the tubular body-free surface of the
structure is disposed in a vertically downward manner,
the bottoms of the recesses of the tubular bodies may lie
either below or above the planar section.

[0098]

The dispersion density of the tubular bodies in the
planar section is preferably within a range of from 1 to
500,000 bodies per 100 um sguare, more preferably within
a range of from 10 to 300,000 bodies per 100 um sguare
and most preferably within a range of from 50 to 200,000
bodies per 100 upm sguare. This dispersicn density is
determined by counting the number of tubular bodies
existing in an arbitrary region through AFM or the like
and calculating the number per 100 pm square therefrom.
00897

In the structure of this embodiment, the tubular

bodies may be so shaped that the inner diameter decreases
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t he enbodi nent. [0126] As shown in Fig. 1, the |localized SPR sensor
24 includes a light source 25, a collimator lens 26, a collimator plate 27
having a pinhole, a beamsplitter (for which a half mrreoatap decaased) 28,
a spectroscope 29, a photodetector 33, a chip 30 for |ocalized SPR sensor
and a data processor 31. [0127] Li ght outputted fromthe |ight
source 25 is led to the collimator lens 26. The collimator |ens 26
collimates the light outputted fromthe Iight source 25 to all ow passage as
paral |l el beans. The light collinmated with the collinmator lens 26 is passed

t hrough t her i nhod e 0fn trhe wcold daretior plat e i desul tiagn)i h gwmesf ocused
paral l el beans. [0128] The |ight passed through the pinhole of the

col I'i matorppl &t e124-d$ dnputitied intor the.heam spldtd e 28 and oy the
|l i ght of about 1/2 of the incident anmount of |ight straightly passes

through the. beam splitter.,The parallel.beans, passed;through thecbeam

splitter Zspare irradi ated on a neasurenent region (i.e. a region where

tubul ar boﬁ'éfﬁaﬁfaiﬂ,”eﬂ%e %Ddﬁ&gqgg@fggslo&%?];n Figs. 20 and 21

have an inner diameter that increases toward the deep
portion and can be called inverted V~form. The tubular
bodies shown in Figs 22 and 24 have an inner diameter
that decreases toward the deep portion and can be called
inverted V-form.

[G100]

As shown in Fig. 13 and Figs. 20 to 25 appearing
hereinafter, the structure of this embodiment is 30
configured that the bottom of the tubular bodies is
aspherical. Especially, as shown in Figs. 20 to 25, the
structure of the embodiment has tubular bedies whose
bottom is approximately planar. The “bottom of tubular
bodies” means a portion situated at a side ocopposite to
the opening.

[0101]
(II) Chip for localized surface plasmon resonance sensor

The chip for locallzed surface plasmon resonance
sensor 1s characterized in that such a structure as set
out hereinabove is formed con a substrate, and a metal

layer is formed so as to cover at least a part of the
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The light irradiated on the neasurenent region 32 is reflected at the
measur enment region 32 and returned back to the incomng direction. The
measurenent |ight, returned back to the inconmi ng directi &¥S0e&eersTi nto t he
beam splitter 28. The neasurenent |light entering into the beamsplitter 28
is reflected by about 1/2 of its ampunt of light in a direction of 90 at a
bonded face in the beamsplitter 28. [0130] The light reflected at
the beam splitter 28 is passed through the spectroscope 29 and di spersed
into lights of different wavel engths, followed by receiving with the

phot odet ecd 0fr 33 HAecardinglyntdhe drighist disper sed Wdd dthe:spect r oscope
29 are received with the photodetector 33 and thus, light intensities at

t he respecti ve.navelendths can berdet eetred., [0e3thip for lotheidata
processor 31 is prelimnarily given with light intensity data at the

respecti ve; wavel engths, of Jd gz thatshasbeen dngadiateddo the mpasur ement

region 32 where no sanple is present. Accordingly, when conparing the

prel i minarily. given:data, with thelight.intensities, af the. respsetdve
wavel engt h%}l%%ejéfed%t B090696/ PCT t he phot odet ector 33 %}% the data

processor 3l Lhe.spectral characlerlsiios,dield eptance spaetia etc.) of

the refl ectances at- the respective wavelengths 1 nt nmeasur enent regi on 32

can be obtained. [0132 xt, wth reference to Fig. .2, an instance
of a fundanentat” c%%%i%ﬁ?% Ei‘%nb%%\?%si r"‘\ghes%{s%i%e opt |%%1 Ll:s"%)sct}‘ em of the

localized SPR sensor of the embodiment is described., Fi éfzoggnqaglan Vi ew
schemat i cat Ty Showt Ny~ & fUndanEnt af © cont i gurat i'on of & Tt anshi ssive optica

system of the | ocalized SPR sensor 34 of the enbodi ment. [0133
a planar surface of the planar section, an average 1rnner

diameter of the openings of the tubular bodies is within
a range of from 5 nm to 2,000 nm, a ratio (L/B) of inner
diameter A of the openings of the tubular bodies and
inner diameter B at the midpoint of the height of the
tubular bodies relative to the planar section is within a
range of from 1.00 to 1.80, and a metal layer ls further
formed to cover at least a part of a surface of the
structure and reflect a surface structure of the
structure. It will be noted that with respect to the chip
of this embodiment for localized surface plasmon
resonance sensor, those matters common with the foregoing
structure should be referred to the “(I) Structure.”
[0102]

For the substrate used in the chip for localized
surface plasmon resonance sensor according to this

embodiment, there is preferably used glass, acrylic
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A localized SPA sensor 34 includes a |light source 25, a collimtor |ens 26,
a collimator plate 27 having a pinhole, a chip 30 for localized SPR sensor
i ncl udi ng a neasurenent region 32, a spectroscope 29, a photiedet/ecttor 33
and a data processor 31. [0134] Li ght outputted fromthe |ight
source 25 is led to the collimator lens 26. The collimtor |ens 26
collimtes the light outputted fromthe |ight source 25 to pass it in the
formof parallel beanms. The light collinmated with the collimator lens 26 is
passed t hrough the pinhole of the collimator plate 27, resulting in nore

focused BQYO6AG/ RGT, parald ela heans.c{k3b]1ine siliccthe |ight passed

t hrough the pinhole of the collinmator plate 27 is irradiated on a

neasur ement, egion- {3 1,29 on wher e dubulad, bodi es-@f e f orqed)iid2. The |ight
irradi ated on the neasurenent region 32 passes through the measurenent

region 32.p2 ﬁta\{’lﬁlq;,méé ed mpasurenentsdd g s passed.d hrough-d he

spectroscope 29 wherein it is dispersed into lights of different

wavel engt hp%aag}gog ecei ved wi th the photodetector. 33, [[O136] .

substrate of high optical transmittance (a totai light
transmittance of not less than 60%, {converted to 1 mm
thickness)) is preferably used.
101031

Since the chip for localized surface plasmon
resonance sensor according to this embodiment has such a
profile of the structure as set out before, there occurs
coupling between the free electrons in the inside of the
recesses and at the periphery of the openings of the
tubular bodies and incident light, an electric field is
concentrated in the inside of the recesses and at the
periphery of the openings of the tubular bodies, thereby
causing a very strong localized surface plasmon resonance
to occur. The term “localized resonance electric fielad”
used herein means an electric field wherein a resonance
electric field does not propagate along a metal surface
and the region of an electric field reinforced with
resonance is smaller than a diffraction limit of incident
light.

[0104]
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The data processor 31 is prelimnarily given with light intensity data of
the respective wavel engths of lightirradiated to the neasurenent region 32
where no sanple is present. Accordingly, when conparing tdwe el /ipamarily
given data with the light intensities at the respective wavel engths
detected with the photodetector 33 by the data processor 31, the spectral
characteristics (reflectance spectra, etc.) of the reflectances at the
respective wavel engths in the nmeasurenent region 32 can be obtai ned. [0137]
It will be noted that in the configurations of the above reflective optical

system and transm$sive ORI Cal,-BA9Q696/ PCE sy shiemn-al t-hauwghthe |1 ght
source 25 is preferably one capable of emtting white light, such as a

hal ogen | 50&%@@&%%%%@@%@@%%&@ &2 souncethatid.s able to enit

t hose including |ight wavel ength region used for the neasurenent. The

par al | el q§§$$e£as$§ds{Q%gygg%%ng&;%€$a§ @g%mpgﬁkjeg@{hﬁﬁgplarized li ght,

or ellipticalTy-polarize cir rly polari ight or the like, as

having a given polarized pl ane. 138 : rthe _ tical part
G oo AR S L e PRl ab taglasy SR s a1 ar et sl ottt on
condition may be disposed,.if necessary. It should be noted that in this
enbodi nent"® Eh]e Vi brtion ﬁi%n%* o%%nr%cf@e%?ﬁca??eﬁltd Ot IHght ey . .
(el ectromagnetic wave) is defined s_ﬁﬁgolarlzatlon | an andligﬁtdlrectlon

of the el ect riiee fPREY-14S def i el TS E Pol arizat i O ditectson.

is more likely to occur, so that a stronger electric
field is concentrated in the inside of the recesses and
at the periphery of the openings thereby causing a
stronger localized surface plasmon rescnance Lo occur.
[0105]

With the chip for localized surface plasmon
resonance senscl according to the embodimenit, an average
inner diameter of the openings of the tubular bodies is
within a range of from 5 nm to 2,000 nm. When used for a
biosenscr, the average inner diameter of the openings of
the tubular bodies is more preferably within a range of
from 20 nm to 1,000 nm since the size of ordinary

proteins is at approximately 10 nm.

With the chip for localized surface plasmon
resonance sensor according to the embodiment, an average
value of the depths from the openings of the tubular

bodies is preferably within a range of from 5 nm to 10 um,
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[ 0139] The pho odetector 33 can be constituted of a photod ode
array having a plurality of light-receiving planes, CCD, a |ight receiver
maki ng use of a plasnon phenonenon, or the like. [0140] gosoeosMNext, the
measurenent region 32 in the above-stated |ocalized SPR sensors 24 and 34
is described in detail 3090696/PCT with reference to Fig. 3. [0141]

Fig. 3(a) is a plan view showi ng the neasurenent region 32 as enl arged and
Fig. 3(b) is a sectional viewtaken along |line A-A indicated by arrows of
Fig. 3(a). [0142] In the nmeasurenent region 32, a plurality of

tubul ar bodiges #6-£dubul ar, bodies: made;ofca netal 14 hisd £4 1 o@nd.

particularly indicated wmthin a broken-line circle) are fornmed in the
surface ofra petak.layers52..[03lar body is within the above

range, & localized surface plasmon resonance phenomenon
can be conveniently caused to occur at high sensor
sensitivity.

[0107]

Although the chip for localized surface plasmon
resonance sensor according to the embodiment is no
critical with respect to the distance between tubular
bodies, the dispersion density of the tubular bodies in
the planar section is preferably within a range of from 1
to 500,000 bodies per 100 pm square, more preferably
within a range of from 10 to 300,000 bodies per 100 um
sguare and most preferably within a range of from 50 to
200,000 bodies per 100 um sguare.

[0108]

With the chip of the embodiment for localized
surface plasmon resonance sensor, the thickness of the
metal laver is preferably within a range of from 10 nm to
500 nm. When the metal layer thickness is within the
above range, a satisfactory guantity of reflected light
as well as of transmitted light can ke ensured, resulting

in high measurement acCuracy.

[0109]
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When light is vertically inputted onto the neasurenent region 32 under such
a configuration as shown above, the light is passed into the tubul ar bodies
45, whereupon an electric field generates in the inside andmtodher

peri phery of the tubular bodies 45. The light, inputted to the netal |ayer
52 having the tubul ar bodies 45, causes an electric field to occur in the
inside and at the periphery of the tubular bodi es 45. Coupling between the
electric field and the intrinsic oscillation of the free electrons inside
the metal |ayer 52 permits localized SPR to occur. Accordingly, the energy

of the light inpyttedpto the metaldaver«a2 4.5 corcentisated i nto the
t ubul ar bodi es 45 by the action of the |ocalized SPR B090696/ ECT and part

of the light inputled.1o.1he 0Bl 4 ayerin? ddsabsprbed. ({0144 As

a consequence, the reflectance or transmttance determ ned fromthe |ight

received w1ih t t v I By cificywavel ength
LSBTy USROS e el BB see okl D

(resonance wa hi s speci changes dependi ng on the

ot ot b o fept o SATPHA SO Bk N 2 YRl SRALA At R i mum

poi nt of reéflectanc iTS change 1 s checke can be possi to

inspect a refractjve index ty e_o;@ﬁielectric substance . contai ned in the
t est saaneSS%TUté%ﬁ?‘[%ﬂ4%¥£oy Pere e Usthg an~an ? Sy %%Lf gglike
that is specificallg$bound to a specific protein, the presence or absence

or a cont eRteBROT He"TPRE 0F THE Spetific prot@fn-tontained in the test
sanpl e solyég?glcan be inspected. [0146]
RV

An inorganic material layer may be further formed
on the metal laver. This is because the metal layer can
be prevented from oxidative degradation and molecules
such as of proteins used as a measuring object can be
inhibited from deactivation. For the inorganic material,
mention is conveniently made of silicon dioxlde, zinc
oxide, tin ozide, titanium oxide and the like.

01117}

With the chip for leccalized surface plasmon
rescnance sensor according to the embodiment, it is
preferred that an organic molecular layer for fixing
biomclecules is formed on the metal layer. This enables
the chip as a biosensor capable of detecting a specific
type of biocmolecule. More particularly, when using the
chip of this embodiment, a surface area for forming the
organic molecular laver can be increased, thereby leading

to ilmproved sensor sensitivity.
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It will be noted that in such a neasurenent region 32, the diameter or
depth of the tubular bodies 45 may be made uniformor non-uniform [0147]
(1'V) Method for fabricating the structure The nethod for Habricsationg t he
structure according 5090696/ PCT to the invention is one, which including,
at least, (i) liquid coating step and (ii) light irradiation step. In the
fol | ow ng description, an enbodinment including (i) liquid coating step,
(ii) light irradiation step, (iii) step of fabricating a nold of structure,
and (iv) step of duplicating a structure using the nold is illustrated, to
which the jgwvention should not be construed as limted thereto. [0148]
[Liquid coating step] The liquid coating step is one wherein a
With the chip for lccalirzed surface plasmon
resonance sensor according to the embodiment, the organic
molecular layer preferably contains molecules whose
length from the metal layer surface ranges from 50 nm to
200 nm and molecules whose length from the metal layver
surface ranges from 1 nm to less than 50 nm.
01131
When the organic molecular layer contains such
molecules as mentioned above, the molecules having a
length from 1 nm to less than 50 nm bind to biomolecules
in the vicinity of the metal layer and the molecules
having a length of from 50 nm to 200 nm bind to
biomolecules apart from the metal layer. The molecules
whose length ranges from 50 nm to 200 nm and which have
haen bound to the biomclecules baend, so that the
biomolecules are pulled toward the vicinity of the metal
layer, Accordingly, a great number of biomolecules can be
gathered in a neighboring region of the metal layer,
thereby leading to more enhances sensor sensitivity.
[0114]
The melecules forming the organic molecular layer

include biotin~modified polyethylene glycel, ORLA 18

{commercial name, made by Orla Protein Techneologies Ltd.),
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particulate material-free liquid is coated onto a |light responsive
material. [0149] The light responsive materials used may be the
sanme as ones exenplified in "(I) Structure.” [0150] 8090HE /PCT
"particulate material-free |iquid" used herein means a liquid that is
substantially free of a particulate material. The "particulate material™
nmeans a particulate solid in liquids. Especially, there is sone case that a
mat eri al having an average particle size within a range of 1 nmto 100 pm
is neant. The "average particle size" neans an average particle size of
primary BQ90696/ PGly patd iclies. and is determ ned by neasuring with the BET
nmet hod (specific surface nethod). The "substantially free" neans no

det ection y@1b5?etecting nmeans (e.g. a size distribution detector) capable
of detecting al nmto 1 xnrsized material. [0151]

The measurement of the molecular chain length can
be made according to a dynamic light scattering method.
[011l6]

(TTT) Localized surface plasmon resonance genscer

The localized surface plasmon resonance Sensor
according to this embodiment includes such a chip for
localized surface plasmon resonance sensor as in the
foregoing embodiment, a light source irradiating light on
the chip for localized surface plasmon resonance sensor,
and a photodetector receiving light reflected at or
transmitted through the chip for localized surface
plasmon resonance sSenscr.

[0117]

The localized surface plasmon resonance sensor of
this embodiment generates a localized rescnance electric
field on the surface of the metal layer of the chip for
localized surface plasmon resonance sensor, and light
from the light source is irradiated on the surface of the
sensor chip, followed by receiving, with the
photodetector, light reflected at or transmitted through
a region where the resonance electric field occurs on the

surface of the metal layer. The reflectance or
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The "particulate material" is not critical so far as it is a materi al
present as particulate solid in aliquid and neans a rigid matter such as
of metal particles or a very soft matter such as of ani maloocelclss pcbr e
particularly, as such "particulate material,” nmention is nmade of a
particulate material made of at |east one material selected fromthe group
including inorganic materials, netal materials and polyner materials, and
netal particles, nmetal oxide particles, sem conductor particles, ceramc
particles, plastic particles or particulate materials of two or nore

thereof (e .gndlends, @ dayeredstdactangs of twnymatrerdradis)y [ 01521
For the netal particles, nention is nade, for exanple, of gold, silver,

copper, al yninum 4 p) ati num angsdheddke, - Ass the dmtal . oxide particles,

mention is nade, for exanple of silica, titaniumoxide, tin oxide, zinc
oxi de and t@fqé1ke For the plastic particles, nention is B090696/ PCT
made, for eXxanple , pol ystyrene particles, acrylic particles and the Iike.

[0153] é}ssou“%c ﬂﬁ%% LQ%%e %b%shQ%l%@%%n@@%%rse@@ogrgan|c

sol vent capabl e of the responsive material and including

an al cohol _such as net hanol anol I|k t_ a furan (THF),
chl or of or =Tyt ﬁibh%x%%oﬁ—é %%%Cf olnr%e%r t é]pet Ft&oe m;}%{{gfré; of water and

such an organic solvent as indicated e_coating
net hod of %%e¥?ﬁ%T%S|%a¥mﬁecﬁ?ET%ﬁﬁl %nﬂr%%é%é%ﬁ% opi ng i Th P " dr opper or
the like ¥ possi bl e. hAlternatlveI% t here ﬂa% be used knomn nmet hods
i ncl udi ng & sb?% %%%f?ﬁgcnﬁthﬁ neESpTayiny hethod ?a°df p°toating and t he

Tke. transmittances of lights of the respective wavelengths
reflected at or transmitted through the sensor chip, or
light intensities at the respective wavelengths with the
rhotodetector.

(01197

According to this embodiment, when comparing the
reflectances or transmittances cor light intensities at
two or more wavelengths, a change in resonance wavelength
can be evaluated. Accordingly, this embodiment is useful
in application for detecting the presence or absence of a
known specified substance.
[G120]

wWhen a localized surface plasmon resonance oCCurs
in the chip for leocalized surface plasmon resonance
senscor of the embodiment, the energy of irradiated light
is absorbed with a surface plasmon wave of the metal

layer, so that the light reflectance or transmittance, or
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[ 0155] In the nmethod for fabricating the structure according to
the invention, after coating of the liquid, a filmor sheet-shaped materi al
may be placed on the liquid to keep the thickness of theHdsgudsd /canst ant .
The fil mor sheet-shaped material nmay be either transparent or opaque.
[0156] B090696/ PCT It will be noted that the nethod for
fabricating the structure according to the invention may includes, prior to
the liquid coating step, the step of formng a filmof a |light responsive
material on the surface of a substrate (e.g. a substrate nade of glass, an

acrylic resid,; 2 phous, £arponscorysd atddmerisd ldiconeieadyer ystal | i ne
silicon, anorphous silicon or the Iike) (called "lIight responsive materi al

filmforming step). The.light wesponsive materialcd ilmdonmng step can be
carried out by coating, on the above substrate, a solution dissolving a

| i ght respg@fiye material, for exanple, in an appropriate organic sol vent
(an organi ol vent capabl e of dissolving the |light responsive nateri al

such as of tetramﬂyéﬁﬁggghaI%{égﬁ%nl%ﬁ%mp@paé@gg(§y§gggyﬁ§cgpq&@pe or the

| i ke) according toa known ne such "as a spi'n coating nethod, a spraying
met hod, a dip coating. nethod.or the. |like, [0157]. - Jhe filmof the
l'i ght resp%%gf%%th%?efggfxf%ﬁn%dﬂ%§lﬁﬁepﬁ.%%%éd%fh%h n%@sﬁigé%%eé ed. The
"anneal ing" is a process wherein tfe solvent,conta%ned in tQﬁ Eiln1of t he

|i ght respofist e materi &F " 15 evapor at'ed By ReAfT ng® For the he

eating
tenperature for annealing, appropriate favorabl ndi ti.on )
Thgpheatin@@jBE@OGQ%Tﬁ%Hééi” [%uéﬁ a 1oc§1£%é§’§ié’aéétpfééimﬁPy be adopt ed

sensor, deposition of a dielectric substance in the
regions and a change in amount of the deposition can be
detected. Especially, the sensor can be favorably used as
a biosensor te detect a specific type of protein.

[0122]

Additicnally, with the localized surface plasmon
resonance sensor according to this embodiment, an
electric field is greatly enforced in the inside of the
recesses and at the periphery c¢f the openings of the
tubular bodies, thereby causing a very strong surface
plasmon resonance to occur. Thus, sensing of very high
sensitivity is enabled when comparing with conventional
propagating surface plasmon resonance sSensors or
localized surface plasmon resonance Senscors.

[0123]
Especially, the lccalized surface plasmon resonance

senscr of this embodiment includes such tubular bodies as
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tenperature for annealing may be, for exanple, approxinmately a gl ass
transition tenperature of the light responsive naterial, or may be in the
vicinity of roomtenperature. The annealing nmay be carri edsoutsumder

at nospheric conditions or under reduced conditions. [0158] The film
of the light responsive material forned in this way may be inmediately
subjected to the liquid coating step or may be subjected to the liquid
coating step after allowing it to stand for a while. The anbient
tenperature for the standing nmay be either roomtenperature, or not |ower
or not higher 4han aoonpienpenature.qrkhe § idiadmys bes aldowed da-«st and under
hum dity-control l ed conditions, if necessary. [0159] Fig. 14 shows
the resul ts, of, andnvestigatd an.on fhe Selatd o hetweenthe anpeal ing tine
and the profile of the tubular bodies forned. Figs. 14(a), (b) and (c) are,
respect | VeAcycuf%FMoQJbOH}E{ aphs, of , the strdctures. fored, affersanneal ing of a
| i ght responsive material after the fornmation step of a light responsive
materi al fsil.llrr% l“lc:nedeor Vtargeu%L 1 800‘0*51'% 1]1'91 .%%‘Ls’oﬁoc}m nﬁ”&tﬁﬁla@:nd 20 hours.
A | onger annea |ngftirre resulted in a snaller dianeter of the openings of

t he tubul ar_bodi es th the ,B090696/.PCT. tendency th angle rel ative
to the hori%ontal® pi ;Mﬁ%e ojfn?lhdeen?[n%elrgnv}}a'l I Hgfmtehe%bastrtﬁéglg%?sh’%%é’drb‘b“dy came
close to vertjcality.e. the body becane stunpy Al t hough, dat.a are not
shown, a |'oify jsstaryn‘ﬁ?%egmﬁ%e ef’or ‘?Henﬁli%%i%f doa i‘”n%qr‘;}taerp baonda @ | onger
annealing tine |lead to a smaller dianeter of Citihe openin of the tubul ar
bodi es, witHiHe tEHieey & hHtr P Angt € et &t T ve T o the -asmen

rescnance TCo oCcgur.

(01241

farther, the localized surface plasmon rescnance
sensor of the embodiment has sensitivity within a narrow
region of about several tens of nanometers from the
surface of the metal layer, so that noises ascribed to a
substance in a region distant from the metal layer are
small thereby enabling a localized surface plasmon
resonance sensor of a good S/N ratio to be made.

[0125]

With reference to Fig. 1, an instance of a
fundamental configuration of a reflection optical system
of the locallized surface plasmen resonance Sensor
(hereinafter referred to as localized SPR sensor) of the
embodiment is now described. Fig. 1 is a plan view
schematically showing a fundamental configuration of a

reflection optical system of a localized SPR sensor 24 of
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hori zontal plane of the inner wall of the barnacl e-shaped body canme cl ose
to vertical. y (i.e. the body becane stunpy). Accordingly, it was suggested
that when the annealing tine and standing tinme were appr goritateel/yCT
controlled, the profile of the structure could be controllable. [0160]
[Light Irradiation step] The light irradiation step is one wherein
light is irradiated on the |ight responsive material on which the liquid
has been coated in the liquid coating step. In other words, this is a step
wherein after the particulate material-free liquid (which may be sonetines
referred t©o.assnddOudi- hereinafter) has been coated on the surface of the
| i ght responsive material, light is irradiated before the liquid is dried
up. [0161] 78090696/ PCT The light irradiation step may be carried
out after the light responsive material having subjected to the liquid

coating step is dried tQ suchian extent thatiithe ceatredc:hisgui dshas not been
conpletely evaporated. By controlling a residual anount of the liquid

present on the Jight 1 eshonsive. saterial.al fhe: 4 meof the dight

irradiation, the profi “the structure (such as a dianeter of the
P Sl LS PR e e R LI Ul o b = el ot
(141 K9 ERL 0%, COnL oL T e, 06, 641 1 il 4ol and he
hested 1 By, utnece, a1 301 ed. syclh 85,11 2 141,811 od under
senscr and a data processor 31.
[0127]
Light outputted from the light source 25 is led to
the collimator lens 26. The collimator lens 26 collimates
the light outputted from the light scurce 25 to allow
passage as parallel beams. The light collimated with the
collimator lens 26 is passed through the pinhole of the
collimator plate 27, resulting in more focused parallel
beams.
(01281
The light passed through the pinhole of the
collimator plate 27 is inputted into the beam splitter 28
and only the light of about 1/2 of the incident amount of
light straightly passes through the beam splitter. The
parallel beams passed through the beam splitter 28 are

irradiated on a measurement region (i.e. a region where

tubular bodies are formed) 32.
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[0162] The light irradiation tinme may be appropriately controlled
whil e taking into account the profile of a structure to be obtained, the
sort and intensity of light and the |like. The irradi ati omodicrect/icamr of
light is not specifically Iimted, and light may be irradiated froma back
side of the light responsive material (i.e. froma side where no liquid is
coated) orirradiation nmay be nade froma side where the |iquid has been
coated. B090696/PCT [0163] An enbodi nent of the light irradiation
step is now described with reference to Figs. 16 to 18. The invention is
not limtedytosthis enbodinment. Fig. 16 shows a slide glass substrate, on
which a light responsive material film (an azobenzene polynmer thin filn) is

formed and a |iquid i1sfurtiher Geated ohheheone AN rakimi-nuayAask 3¢pr ovi ded
with circular holes) contacts with a side of the slide glass opposite to

the side for @&ﬂé%%%@@%&@memm {3 lapq Light faom an LED

| anp is concentrate a sinple condensing lens and irradiated to the

azobenzens, pol yrer, 10l 3l myie 1he ha es ol the alumlaum mask, Tubul ar
bodi es are’forned in the region ere the azobenzene polyner thin filmis

TradaLes L Loe Lo, The Srndent show 1 Fig- 645, ot wherei
beam splitter 28. The measurement light entering into the
beam splitter 28 is reflected by about 1/2 of its amount
of light in a direction of 90° at a bonded face in the
beam splitter 28.

01301

The light reflected at the beam splitter Z8 1is
passed through the spectroscope 29 and dispersed into
lights of different wavelengths, followed by receiving
with the photodetector 33. Accordingly, the lights
dispersed with the spectroscope 29 are received with the
photodetector 33 and thus, light intensities at the
respective wavelengths can be detected.
(0131

The data processor 31 is preliminarily given with
light iniensity data at the respective wavelengths of
light that has been irradiated tc the measurement region
32 where no sample is present. Accordingly, when
comparing the preliminarily given data with the light

intensities of the respective wavelengths detected with
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In an enbodi ment of Fig. 17, a liquid is coated onto a slide glass (cover),
on which spacers (e.g. slide glass pieces) are placed. A substrate on which
a light responsive material film (azobenzene pol ymer thimdfddans ras been
formed is placed over the slide glass substrate through the spacers so that
t he azobenzene pol yner is brought into contact with the liquid. An al um num
mask 3090696/ PCT (provided with circular holes) is provided in contact
with a side of the slide glass (cover) opposite to the liquid side. Light
froman LED lanp is concentrated with a sinple condensing | ens and

1 adi ated v olgh, 1. hales, BT he, A4 numammslc 4o she LU ¢ and

azobenzene pol min-‘thi's order.” Tubular bodies are formed in

e ron S gt L g an e iy p e

shown in i's one erein light Is irradi ated

fromthe liquid sjde. [0165]. ., | : £ enbodi nent
of irradiéﬁ@%grefiiﬁﬁaé?%ﬁn'Wuf?%(ﬁﬁ%?%ﬁ%%yénréﬁégéé *éﬁgg%éﬁgglyner thin
filmmay be such an enbodjnen% as_shown .Fi g. %?. More particularly, |ight
from an LEDFTanpwhith 1< L8heentTit edf with 4 i npl e condensing |ens, is
Irradi ated on_a substrate formng a. |ight responsive material film
(azobenzenbob%$yner thin filnm on a slide glass substrate. [0166]

If the light irradiation time is made short, there can be made a structure
havi ng such a profEdte that: paie 6fF r'és férbedded™ i & Gifound % s pul | ed
up (e.g. a crescent shape) as shown in Fig. 15. The invention enbraces al

t he structfinedamebrd £at @t Geeordity ©o 1 he Hethous: forofabfi cating a

structure according to the . N
system of the localized SPR sensor of the embodiment is

described. Fig. 2 is a plan view schematically showing a
fundamental configuration of a transmissive optical
system of the localized SPR senscor 34 of the embodiment.
[0133]

A leccalized SPR sensor 34 includes a light source
2?5, a collimator lens 26, a collimator plate 27 having a
pinhole, a chip 30 for localized SPR sensor incliuding a
measurement region 32, a spectroscope 22, a photodetector
33 and a data processor 31.

[0134]

Light outputted from the light scurce 25 is led to
the collimator lens 26. The collimator lens 26 collimates
the light outputted from the light source 25 to pass it
in the form of parallel beams. The light collimated with
the collimator lens 26 is passed through the pinhole of

the collimator plate 27, resulting in more focused
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13090696/ PCT i nvention and thus, the crescent-shaped structure is also
within the scope of the invention. Here, Fig. 15(a) is an AFMinage of a
structure fornmed one second after light irradiation, (b) AmsmEIeaAREMI mage of
a structure forned five seconds after light irradiation, (c) is an AFM

i mage of a structure fornmed 10 seconds after light irradiation, (d) is an
AFM i mage of a structure formed 15 seconds after light irradiation, (e) is
an AIMimge of a structure formed 25 seconds after light irradiation, (f)
is an AIMimge of a structure fornmed 30 seconds after light irradiation
(g) is an AlMipmge,ofna structure formed. 45 seconds after |ight
irradiation, (h) is an AIMinmage of a structure fornmed 60 seconds after
light irradiaiion, and (i) is an ALMimage of a structure formed 300
seconds after light irradiation. The crescent-shaped structures are

observed partic“ﬁ%&lﬁﬁ%@gfi_%se%ﬁ&%hxﬁﬂﬂ{@%e [018d:c of the ASs tO the

irradiation light, u smat ching occurs in conbination with materials

radi af ght. smat chi | rs (n comi nal |
under goi ng_ 9ot £l . defor mpti on, . ar bi.isesyed roadi atl on,Lahi, such: as

pr opagat i ng _ _ evanescent 't ght or the e may be
used. 4o pi opegailng LLalt. aural Ll oht L sper bepre, and g ke can be
or evanescent l1ght, LLs polarization, characteristics canbe,uijlized.

the measurement region 32. The transmitted measurement

light is passed through the spectroscope 29 wherein it 1s

dispersed into lights of different wavelengths and

received with the photodetector 33.

[0136]

The data processor 31 is preliminarily given with

light intensity data of the respective wavelengths of

light irradiated to the measurement region 32 where no

sample is present. Accordingly, when comparing the

preliminarily given data with the light intensities at

the respective wavelengths detected with the

photodetector 33 by the data processor 31, the spectral

characteristics (reflectance spectra, etc.) of the

reflectances at the respective wavelengths in the

measurement region 32 can be obtained.

(0137]

It will be noted that in the configurations of the

above reflective optical system and transmissive optical
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[0168] Al though irradiation light is not critical with respect to
its wavel ength and |ight source, it is preferred to use a wavel ength that
is high in absorption efficiency of a material undergoi ngptdcaircT
deformation. In this sense, CV light (wavel ength of 300 to 400 nm is
preferred. Irradiation of visible light (wavel ength of 400 to 600 nm may
be used. Where visible light is irradiated, it is preferred to use a |light
responsi ve nmaterial capable of optically fixing the above solid by
irradiation of visible light. Alternatively, pulse |ight having high peak
pover nay & s0-he Usoud01lB9 1ignt soudhe 1igh jdrsadiatipnsiep may be
carried out imedi ately after the liquid coating step or may be carried out

after allowing.10 stand:forna whide. 1 The anbientsd experatane fanpthe
standi ng may be room tenperature or not | ower or not higher than room

tenperature, |f necessary..dhe. standing, pmy. be,mrde underis apie to

hum di ty-controll'ed conditions.” [0170] [ Corona di scharge treatnment step]

B090696/ PCT, ' Bytiga Rt hod, ook Bbr eal i g the, s{ et urey of Lhe

h ) emit thos?
I nvention, a St ep o carryi ng out“'a corona di scha ge treat nent CcOr ona

di scharge treatnent stSP%maf;erqueggéguﬁLfﬁgdiatigﬂss%p&h 3e incl uded.

When t he cb?%néh%i%%%%rge TTeat men ‘ls"ééf?lefﬁﬁﬁ,pef%%5|re ructure can

be obtained. For instance, the coro a@gi§charg§ irea;nen; enabl es a rai sed
portion of “thePtUBUl ar BodyS t o° bedone i ghet ““For " The’ coFf ona di schar ge
treatnent, there may be used, an_ ordinary corona discharge treatnent nethod
(see, for ®xanpheca ¥T%%iiéf%%?s£3§Eﬁt %BFcﬁgér Y %%ﬁﬁ§}§e%,fﬁﬁﬁi,
"Diffraction efficiency increase by corona discharge in photoi nduced
surface rePfeflgratkhgs?dntaniago? pot yrerPet it 7oC The*Fat ensity and
treating tinme of corona discharge may be so controlled as to obtain a
desired strutdbire. [0171]

Further, an coptical part {(e.g. a A/Z plate or the
like) for making such a different polarization condition
may be disposed, 1f necessary. It should be ncted that in
this embodiment, the vibration plane of an electric fleld
of light (electromagnetic wave) is defined as a
polarization plane and the direction of the electric
field is defined as a polarization direction.

[0139]

The photodetector 33 can be constituted of a
photodiode array having a plurality of light-receiving
planes, CCD, a light recelver making use of a plasmon
phenomenon, or the like.

[0140]
Next, the measurement region 32 in the above-stated

localized 8PR sensors 24 and 34 is described in detail



As to the corona discharge treatnent step, a corona discharge treatnent may
be performed, if necessary, so as to obtain a desired structure, but if not
necessary, the corona discharge treatnent nmay not be car mijed sout/ pcff0172]
[Step of nmaking a nold of the structure] The step of nmaking a nold
of the structure is one wherein a thernosetting resin or photocurable resin
is B090696/ PCT coated to conpletely cover the surface of the structure
obtained in the light irradiation step (hereinafter referred to as first
structure), curing the thernosetting resin or photocurable resin, followed
by renovaly tihereofe 40, ke, asecond structure serving as a nold of the
first structure. [0173] For the thernpsetting resin or photocurable
resin, theyge smy he used ordinarily enployed resins. The thernosetting
resins used are preferably those having a thernosetting tenperature that is

| oner than a gl ass  transiti;an .t enper ature -0f,.a-lj ghte responsixe Mt eri al
used. The thernosetting resins preferably usablé in the practice of the

i nvention ineclyde,silicane resins, pardicularly, palydipsthylsidoxanes,
phenolic resins, urea resins, nelanmine resins, unsaturated polyester

resins, epo resjns i]]yalphthal at.e ns yur et hanes, . .pol yi m des
and the |iKe™~'Usa Cf%g, pﬂlo?%cggrngjlnemrceasﬁen&seolsi}nc l’u}fcf%}?gsi i c“ol% %’Z(s&} )n's,

pol yi m des f&éﬁlic resins and the like. As a thernosetting resin or
photocurabi% resin, there may be used resins whose refractive index is

controlled (e.g. polynmer materials cont.aini i nor.gani.c _nangparticles,
or gani ¢ nanopart .¢l EbPWﬁﬁﬁgﬁﬂﬁﬁﬁoﬁﬁﬁﬁPélégg and Py mer’ erials

subj ect ed ‘ . ‘
tubular bodies 4% (tubular bodies made of a metal thin
film and particularly indicated within a broken-line
circle) are formed in the surface of a metal layer 5Z2.
[0143]

When light is vertically inputted onto the

measurement region 32 under such a configuration as shown
above, the light is passed into the tubular bodies 45,
whereupon an electric field generates in the inside and
at the periphery of the tubular bodies 45. The light,
inputted to the metal.layer 52 having the tubular bodies
45, causes an electric field to occur in the inside and
at the periphery of the tubular bodies 45. Coupling
between the electric field and the intrinsic oscillation
of the free electrons inside the metal layer 52 permits
localized SPR to occur. Accordingly, the energy of the

light inputted to the metal layer 52 is concentrated into

the tubular bodies 45 by the action of the locallzed SPR
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8090696/ PCT to nol ecul ar design so as to contain an atom c group having
great polarizability (such as phosphorus, sulfur, seleniumor the like)).
The use of the refractive index-controlled resin is advamtageous Har t hat
when a netal is vacuum deposited, a greater anplification effect of a

| ocal i zed surface plasnon resonance electric field is obtained (or tends to
be obtained). Mreover, in the practice of the invention, the photocurable
resins nean not only resins capable of being cured by absorption of |ight,
but al so those resins, such as azobenzene pol yners, which exhibit

i ncreasi ng.fd uidid v, Dy rabsorptd om@aftddghtc and: are cured;f ter dinterruption
of light. Thus, an azobenzene polyner may be used in this step. The use of
an azobenzgne,.polyner whose refractive index in a visible ['ight wavel ength
range is high is advantageous in that there is obtained a nuch greater

ampli ficatjon gffect of e localized surface plasnon resonance electric
field when a netal is vacuum deposited. [0174] It will be noted

that where a thermsettingJesid and.a ohqLoclrabl ¢ esipane used in this

step, foans may géneraté inm the resin, so that it is preferred that a

defoamng step is rformed prior.to or after t pat.i;ng of the resin on
the str uct%?te&%jh%&gegb%% iffrti:f[’?s le%hﬁ’ SIG%D%%(SGVb ‘ tgrgérarzlgkg%%%et ,g?oéreexarrpl e,
by placin%$% e resin under reduced pressure g{ior to,curing. Preferably,

the defoa STEFT sShert ot med 1A subsEglent’ dupl | catihg St ep.

wavelength). This specific wavelength changes depending
on the refractive index of a test sample solution. When a
wavelength at a minimum point of reflectance or its
change is checked, it can be possible to inspect a
refractive index or type of dielectric substance
contained in the test sample solution.

[(0145]

When using an antibody or the like that is
specifically bound to a specific protein, the presence or
absence or a content or the like of the specific protein
contained in the test sample solution can be inspected.
(0146}

It will be noted that in such a measurement region
32, the diameter cr depth of the tubular bodies 45 may be
made uniform or non-uniform.

[0147]
(IV) Method for fabricating the structure

The method for fabricating the structure according
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[0175] [Step of duplicating a structure by use of the nold] The
duplicating step of a structure by use of the nold (second structure) is a
step of obtaining a third structure, which is a duplicat &06f0 dhe Pt st
structure, by filling a thernosetting resin or photocurable 9esin in a
portion of the second structure serving as a nold of the first structure
and renoving the thernosetting resin or photocurable resin after curing.
[0176] More particularly, a light (ultraviolet light) curable resin
or a thernosetting resin is coated on the surface of the second structure,
curing by {d radi atrdemtofod iightor(ay twrandiolietclidghty, ort byeaappl i Gati on of
heat, and renoving the cured resin to obtain a structure (third structure)

accor di ng to,thi Sarbodi nts wbi chhas substantialdy: dhessane profile as
the profile forned on the surface of the light responsive material. It wll

be noted that whers,an, azobenzene, pol el siused: as e potocunabl e resin,
t he azobenzene pol yner softened by B090696/PCT irradiation of light is

coated on s second stdcture and- may bescured by stopping
|]?:§Jdérlat|onv&{mlﬁ%p erf l(%'hel [

the |ight third structure serving as a

dupli cate ”@/ D¢l ude, nol. Qv ans1d et ds, dbgysame.as Lhe strastare f or med
?’I E?espon5|

on the lig ve mate surface, but also one mhose profile of the

I ti t di ff t th
Subst ant 1Ry - S Srffaaﬁli%"f’%%g% et n b he bt hoar Xacti on and

i npl ane Conb'gﬁraééogq g%ﬁfgg g ou & tUb%ygrcoPerued as limited

thereto.
(6148}
[Tiguid coating step]

The liguid coating step is one wherein a
particulate material-free liquid is coated onto a light
responsive material.

[0149]

The light responsive materials used may be the same
as ones exemplified in “(I) Structure.”
[0150]

The “particulate material-free liguid” used herein
means a liguid that is substantially free of a
particulate material. The “particulate material” means a
particulate solid in liquids. Especially, there is some
case that a material having an average particle size
within a range of 1 nm to 100 um is meant. The “average

particle size” means an average particle slze of primary

78



[0178] _ In the foregoi ng description, the procedure including the
"step of making a nold of the structure" and "the step of duplicating a

structure by use of a nold" has been illustrated, but notBddOddcedCtTher et 0.
The structure may be fabricated by the liquid coating step and the Iight
irradiation step without resorting to the above steps. [0179] In

this regard, however, in case where the structure is duplicated by making a
nold and formng on the |ight responsive material surface by use of the
nold, the material for the structure is not limted to a |ight 3090696/ PCT

responsi ve,ami eriad and rmsspreducid ofy irseeastlyy enabl edie tHas a great
ef fect being expected. That is, when the duplicating step of the structure

by use the,amld:iss @856%6@4@%@.&%@& Adim@sd) t henst rueturerncanibe sinply
mass- produced. [0180 Al t hough the fabrication nethod using a |ight

responsi Vefﬁ@é’erd‘@én@% bean. i usty atiediher ei nabaves n 4 eference shoul d be
made to Exanple 7 with respect to a fabrication nethod using a heat

responsi ve, my exial  [OLAI] (M) Mt nod far, § abs | sating: @ ohi p for

| ocal i zed s ace plasnon resonance sensor

to 1 um-sized material.
[0151]

The “particulate material” is not critical so far
as it is a material present as particulate solid in a
liquid and means a rigid matter such as of metal
particles or a very soft matter such as of animal cells.
More particularly, as such “particulate material,”
mention is made of a particulate material made of at
least one material selected from the group including
inorganic materials, metal materials and polymer
materials, and metal particles, metal oxide particles,
semiconductor particles, ceramic particles, plastic
particles or particulate materials of two or more thereof
{e.g. blends or layered structures of two materials).
(01521

For the metal particles, mention is made, for
example, of gold, silver, copper, aluminum, platinum and
the like. As the metal oxide particles, menticn is made,
for example of silica, titanium oxide, tin oxide, zinc

oxide and the like. For the plastic particles, mention is
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The nethod for fabricating a chip for |ocalized surface plasnon resonance
sensor according to this enbodi nent includes the steps of fabricating a
structure by the above-stated fabrication nethod of the $Ulctdr/&Caccordi ng
to the invention and covering the surface of the structure obtained in the
step with a netal to forma netal |ayer having a profile reflected with the
profile of the structure. [0182] [Step of fabricating the structure] The
step of fabricating the structure is the sane B090696/ PCT as the step of
fabricating the structure by the nethod described in "(1V) Method for
fabricati ngadde &tr ustane. 2, Acclorsdingdng dehitsicsiteep camnrsbleid | lustrated in
the same way as illustrated in "(1V) Method for fabricating the structure.”
[0183] [ Step-ofcfos Mmg tihe metal |ayer] The step of forming the
netal lays is one wherein the surface of the structure obtained in the step
of fabricatdmgsthe structure is covered with a netal to forma netal |ayer
having a profile reflected with the profile of the structure. The netal

layer can be forred, ‘fHorexanpled by, arknown methed usueh s ca, sputtering
met hod, a vacuum deposition nethod or the |iKke.
organic solvent capable of dissolving the light
responsive material and including an alcohol such as
methancl, ethanol or the like, tetrahydrofuran {(THEF),
chlorofeorm, cyclohexancone, acetone or the like, or a
mixture of water and such an organic solvent as indicated
above.
[0154]

The coating method of the liguid is not critical,
and mere dropping with a dropper or the like may be
possible. Alternatively, there may be used known methods
including a spin coating method, a spraying method, a dip
coating and the like.

[C155]

In the method for fabricating the structure
according to the invention, after coating of the liquid,
a film or sheet-shaped material may be placed on the
liquid to keep the thickness of the liquid censtant. The
film or sheet-shaped material may be elther transparent
or opague,

[(015¢&]
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[ 0184] It will be noted that if the thickness of the netal |ayer
deposited by sputtering or vacuum deposition is small, there nmay occur sone
case where the netal layer is not formed over the entire m\rface WfT t he
sensor chip. In this case, the chip for localized surface plasnon resonance
sensor according to this enbodinent is able to induce a |ocalized surface
pl asnon resonance phenonenon. [0185] [Exanple of a nmethod for fabricating a
chip for localized 8090696/ PCT surface plasnon resonance sensor]

Wth reference to Fig. 4, an instance of a nethod for fabricating a chip
for localized surfrace 10l asihoR tkes ananc e hsersath ac cendifg rtieaan renbodi ment

of the invention is described in detail. In this regard, however, the
invention should-not.be senstaued as i tegetoi dhendpsiancededt W ll be
noted that the followng illustration may allow partly for the illustration

of an enbodi At 9f 18 MeL hod fos.  abs i gath Ng- g stratctair ero [D186] -
Initially, a solution of a |ight responsive material is coated onto a

transparent bﬁ%rgtfi B by.a spin coater, 051 the Likestosforma Jayer 48
made of the Iight responsive material (light responsive material |ayer)(see
Fig. 4(a))3u$9%§g%e (e.g. a substrate made of glass, an acrylic
resin, amorphous carbon, crystalline silicone,
polycrystalline silicon, amorphous silicon or the like)
{called “light responsive material film-forming step).
The light responsive material film-forming step can be
carried out by ceoating, on the above substrate, a
solution disgsolving a light responsive material, for
example, in an appropriate organic solvent (an organic
solvent capable of dissolving the light responsive
material such as of tetrahydrofuran (THF), chlecroform,
cyclohexanone, acetone or the like) according to a known
method such as a spin coating method, a spraying method,
a dip coating method or the like.
[0157]
The film of the light responsive material formed by
the above method may be annealed. The “annealing” 1s a
process wherein the solvent contained in the film of the
light responsive material 1s evaporated by heating. For
the heating temperature for annealing, appropriate

favorable conditions may be adopted. The heating

g1



Next, a particulate material-free liquid (water or the like) 54 is dropped
over the light responsive material |ayer 48 (see Fig. 4(b)). After
irradiation with given light fromthe side of the transpacentssifstrate 46
(see Fig. 4(c)), the light responsive nmaterial |layer 48 is naturally dried
to make a substrate 49 having tubul ar bodies (see Fig. 4(d)). [0188]
8090696/ 2CT Next, a thernpsetting resin is dropped over the
substrate 49 and is allowed to stand in a hot air oven and thus cured,

foll owed by renoval to obtain a thernpset resin substrate 50 having an

i nversely taansfanred profile ofithendwnd arcbodiesfsee Fig. 4(e)). A
ultraviolet curable resin is dropped over the thernoset resin substrate 50

and renoved, af ter. photocyri ng. 4 o providea t4ansparent substs atenbd having
t ubul ar bodi'es. [0189] A nmetal such as Au, Ag or the like is

deposi ted on, &E%f%gffg%%§gaipeagQ@gggﬁggﬂ{ substrat.e havihg, t he tubul ar

bodi es thus tained to forma netal” |ayer 52 reflected with the tubul ar

profile th@é&%%f%?&?%ni e@eﬁﬂgﬁhﬁﬁ%fngﬁ{ﬁi(”Eégrf%?jgd% %%d%%r sensor as

shown in Fig 019 e noted that 1 f adhesion

bet ween the surface. of the. transparent substrate,5 ving the tubular
bodi es andaY%%S%%ﬁéﬁcl%§%§1520$% %ﬁs%é?% a%%%?é?da%mggﬁgég%%'Iayer such as

of Ti, Cr % %%e | i ke may be provided between the transparent substrate 51
havi ng the tbul ar bodi es and the netal | ayer 52.

The film of the light responsive material formed in
this way may be immediately subjected to the liguid
coaﬁing step cor may be subjected to the liguid coating
step after allowing it to stand for a while. The ambient
temperature for the standing may be either room
temperature, or not lower or not higher than room
temperature. The film may be allowed to stand under
humidity-controlled conditions, if necessary.

[0159]

Fig. 14 shows the results cf an investigation on
the relation between the annealing time and the profile
of the tubular bodies formed. TFigs. 14ia), {(b) and (c)
are, respectively, AFM photographs of the structures
formed after annealing of a light responsive material
after the formation step of a light responsive material
film under wvacuum at 80°C for 10 minutes, 60 minutes and
20 hours. A longer annealing time resulted in a smaller

diameter of the cpenings of the tubular bodies, with the
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[0191] In order to obtain an adequate amount of reflected 3090696/ PCT
light, the netal |ayer 52 preferably has a thickness of not |ess than 10
nm In this regard, however, too thick a nmetal |ayer 52 gausesarecT
transm ssion of incident light to occur or is not good at cost and
fabrication throughput. Thus, the thickness is preferably at about 10 to
100 nmin practice. [0192] As stated herei nabove, according to the
nmet hod for fabricating the chip for localized surface plasnon resonance
sensor of this enbodi nent, when a heat curable or photocurable resin is

coated ont. once.-f abricated, structdrs having tubulari hodies wmtde i ght
responsive material, cured and renpbved, a structure serving as a nold of
the StrUCt&fqﬂ&gmﬁ%%fﬁﬁgﬂy<ﬂ@$§mpw%¥ﬁ§%%ei§ﬁé5ﬂd body came close

to vexticality {i.e. the body became stumpy). Although

data are not shown, a longer standing time before the

liquid coating step and a longer annealing time lead to a

smaller diameter of the openings of the tubular bodies,

with the tendency that an angle relative to the

horizontal plane of the inner wall of the barnacle-shaped

body came close to verticality (i.e. the body became

stumpy) . Accordingly, it was suggested that when the

annealing time and standing time were appropriately

controlled, the profile of the structure could be

controllable.

(01607

[Light irradiation step]

The light irradiaticon step is one wherein light is
irradiated on the 1light responsive material on which the
liguid has been coated in the ligquid coating step. In
other words, this is a step wherein after the particulate
material~-free liguid {(which may be sometimes referred to
as “liguid” hereinafter) has been coated on the surface
of the light responsive material, light is irradiated
before the liquid is dried up.

[(01lel]
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When a heat curable or photocurab e resin is further coated onto the
resulting structure serving as the nold and renoved, there can be obtained
a structure having the sane profile as the surface profi |z ddvedni ght
responsive material. [0194] In the method for fabricating the chip for

| ocal i zed surface plasnon resonance sensor according to this enbodi nent, no
| arge-scal e apparatus is needed, so B090696/PCT that little cost is

i nvol ved in equi prment investnment along with excellent mass productivity.
Thus, a sensor chip of high accuracy can be fabricated at | ow costs. [019]

wi |l be noted thateinithe fieregoisng cdeseicpnmatyhe«case rwhker eutthe freanspar ent
substrate 46 is used as a substrate onto which a |ight responsive materi al

is coated has been itdysttated @l though motidd ddfdyed hesedios | light is
irradiated on a Tight responsive material side, a non-translucent substrate
may al so b?i&éf@-coating step is dried to such an extent that the
coated liguid has not been completely evaporated. By
controlling a residual amount of the liguild present on
the light responsive material at the time of the light
irradiation, the profile of the structure (such as a
diameter of the openings of the tubular boedies, a density
of the tubular bodies, a height of the tubular bodies, a
depth of the recesses of the tubular bodies and the like)
can be controlled. The manner of drying is not critical
and the light responsive material after the liguid
cocating step may be placed and heated in a drying furnace,
air-dried such as with a dryer, dried under reduced
pressure, or naturally dried.
(01627
The light irradiation time may be appropriately
controlled while taking into account the profile of a
structure to be obtained, the sort and intensity of light
and the like. The irradiation direction of light is not
specifically limited, and light may be irradiated from a
back side of the light responsive material (i.e. from a
side where no liguid is coated) or light irradiaticn may

be made from a side where the liguilid has been coated.
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[01961 In the foregoing description, the transparent substrate 51
is used as the finally obtained substrate of the chip for |ocalized surface
pl asnmon resonance sensor, but not limted thereto. If thesggmamsgviddrance i s
not neasured by the chip for localized surface plasnon resonance sensor, a
non-translucent substrate may al so be used. [0197] Further, in the
foregoing description, there has been illustrated such a case where a nold
for the structure is nade by use of a thernpsetting resin and a ultraviolet
light curable resin is subsequently coated on B090696/PCT the nold to nake
a final su?§1g§}e of the chip for localized surface plasnon resonance
sensor, but not limted thereto. For instance, a photocurable resin such as
a W light curablg, resiimof tihe d ike mayhe jusediita make @ mold far the
structure, followed by subsequent coating of a thernpbsetting resin onto the
mld to make.a.1L0g), SUbSLIAl 0le a shipl ors bacal | ged iy fags Rlasimon

resonance sensor. ternatively, either a photocurabie resin such as an

ultraviolet_curable {gs&n+or%ﬁﬁ;hg ﬂ8§9$££99 %%_'nwWPYyQﬁﬁy%?%ﬂﬂhéxﬁh
F %1}? i1 e O TLS lIB E > . I’Fay %* 1

steps. Stif ernatively, an azobénzene poly e used for making a

mold for the structure and a §?§t£ate of. the chip for Iogglized sur face

s
pl asnon regbﬁﬁﬁcﬁugiig%rg’[%%Q FehTa L IOk iRy e hot'&a-that - wi t h

existing chips for localized surface p|asnop,resonance sensor, a substrate
surf ace haglf% 6@“cﬁ%ﬂ?%%??99n%ﬁiYW%H LBl%sg%bm i%sné?ameﬂaﬁ%df?ne
particles on the substrate, so that the nmetal nano fine particle-fixing
step i s combfifédt ed, TrhuschakPhbSFt CARFEPRUl tP G efHiTtientdS  f abri cate the
chips. In contrast thereto, in the method for fabricating a chip for

| ocal i zed $BEPHEE=Pl a5ABNCEESHRARCEOSBASOFCAERGF 8i R E ot A SSeftbodi ment ,
the netal |ayer can be continuously forned and can thus be fabricated in an
efficient mhanetideBOOO696PPCTsite to the side formed with the

azobenzene polymer thin f£ilm. Light from an LED lamp is
concentrated with a simple condensing lens and irradiated
to the azchenzene polymer thin film via the holes of the
aluminum mask. Tubular bodies are formed in the region
where the azobenzene polymer thin film is irradiated with
the light. The embodiment shown in Fig. 16 is one wherein
light is irradiated from the substrate side.

[0164]

In an embodiment of Fig. 17, a liguid is coated
onto a slide glass (cover), on which spacers {e.g. slide
glass pieces) are placed. A substrate on which a light
responsive material film (azobenzene polymer thin film)
has been formed is placed over the slide glass substrate
through the spacers so that the azobenzene polymer is

brought into contact with the liquid. An aluminum mask
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More particularly, a nmetal filmis fornmed, by a process such as of vacuum
deposition, sputtering or the like, on a substrate having a planar section
and tubul ar bodi es and obtai ned by dropping a liquid overta@ddeghteCT
responsive material and being irradiated with |light of such a wavel ength as
to induce material transfer associated with photoi sonerization, there can
be efficiently formed a profile having the planar section and tubul ar

bodi es. [0199] In recent years, a nanoinprint ng method has been
often used for the formation of m crorecesses or microprotrusions on the
order of sybm.erons o severalldens ofs nanomeierisiedHawevertade nanoi npr
nti ng nethod needs a stanper and an inprinting apparatus. Al though mass

producti vigyid s, excel lentynd nitial gosis ofoequi preMsinwest ierd are hi gh,
t hus not saying that production is enabled at |ow costs. In addition, the

stanper | Sl%fﬁh@ds widh enly ceicther of rHecesses i0r PHAHUseRs: andna
difficulty 15 1nvolved in"nmaking a stanper having both protrusions and

recesses togetfler. Releasahldi iy fram the stammer on bhe, size worder of

about subm crons is not eas thus it Iis difficult to manufacture a

conplicated. profile accordjng to t ipringi ‘ 6/ PCT
[0200) 1 B PR BT B BPec nafe ChaTt eal T Lo 2Urt ace gl Sonon

W € no |1 ze ace asnon

resonance sensor. can, be fabricated ording to known t. igues .haking use
of the chi%zf%r%}b%ajr?z%}al%u% ice pﬁgls%ﬁ“r g)soéjﬁaer?cg\%er{?%%gogx%nﬁ%s [ 0201]

The invention is described in nore detail.b of. exanpl es, whi ch shoul d
not be constfted =TT nit§ ng-9he %%vbﬁ{?%%agﬁi?%?thfoﬁﬁ srizens

polymer thin f£ilm. The embodiment shown in Fig. 17 is one
wherein light is irradiated from the liquid side.
[0165]

It will be noted that the embodiment cof irradiating
light from the liquid side on the azcbenzene polymer thin
film may be such an embodiment as shown Fig. 18. DMore
particularly, light from an LED lamp, which is
concentrated with a simple condensing lens, is irradiated
on a substrate forming a light respeonsive material film
(azobenzene polymer thin film) on a slide glass substrate.
[olee]

If the light irradiation time is made short, there
can be made a structure having such a profile that part
of tires embedded in the ground is pulled up (e.g. a
crescent shape) as shown in Fig. 15. The invention
embraces all the structures fabricated according to the

methods for fabricating a structure according to the
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[ Exanpl e 1: Structure fabrication-1] Such POT1 as indicated before
was used as a light responsive material and a thin filmof this azo pol yner
derivative (thickness: 100 nm was forned on a glass substoatee c@eeor ding to
a spin coating nethod. [0203] The azo pol yner derivative thin film
thus fornmed was annealed (at 150C for 10 minutes (normal pressure)). [0204]
1 cc of pure water was dropped over the azo polyner derivative thin film
followed by irradiation with |ight of a wavel ength of 470 nmat an
intensity of 40 nWcnR for five mnutes. B090696/ PCT [0205] Af ter

the irradiatin, ; PUre,Netiels Was. 4 enpved and tdieazo polyner derdwative thin
filmafter the light irradiation was air-dried, followed by observation of
the surface with AFM dhe. results are.shown i melieg. 54.[ Q206 is an

AFM image of a structure formed one second after light

irradiation, (b) is an AFM image of a structure formed

five seconds after light irradiation, (c} is an AFM image

of a structure formed 10 seconds after light irradiation,

() is an AFM image of a structure formed 15 seconds

after light irradiation, (e) is an AFM image of a

structure formed 25 seconds after light irradiation, (f)

is an AFM image of a structure formed 30 seconds after

light irradiation, (g} is an AFM image of a structure

formed 45 seconds after light irradiation, (k) is an AFM

image of a structure formed 60 seconds after light

ivradiation, and (i) is an AFM image of a structure

formed 300 seconds after light irradiation. The crescent-

shaped structures are observed particularly in Figs.

15{a) to (d}.

[0167]

As to the irradiation light, unless mismatching
occurs in combination with materials undergoing optical
deformation, arbitrary ilrradiation light such as
propagating light, near—-field light, evanescent light or
the like may be used. As propagating light, natural light,

laser beams and the like can bhe used. As with the case of
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Tubul ar bodies of the resulting structure had an average dianeter of 690 nm
and a depth (average value) of 180 nm a ratio (A/B) of inner dianeter A of
t he openings of the tubul ar bodi es and i nner dianeter B afdhe ayirdpoi nt  of
the depth fromthe openings of the tubular bodies Was found at 1.78. The

di spersion density in the planar section of the tubul ar bodies of the
resulting structure was at 25,000 bodi es per 100 nm square. [0207]

Gol d was vacuum deposited on the surface of the resulting structure in a

t hi ckness of 100 nm according to a vacuum deposition nethod to provide a

sensor Chiippmp%ea%ulrfﬁ?@,t f s Lransm ssian speciyaHaOfedhe sgnsor chip
reveal ed pl'asnon resonance-derived absorption peak. Each |iquid having

different refractive indice L A4 cof vas dropped on the
Jalractdve, 10 ees, LuaLer, 0481 hylens, alyool Joaas dropp

surf ace, y nmeasurenent of transm ssion spectrum A graph
normal i zed d‘ié peak top values is shown in Fig B090696/ PCT [0208]
When the sensitivity of the sensor chip was neasured by calculating a

variation in peaéslschi ft . amount,.of .t he t.r%r%sqi ssﬁio(%n

_ L _ ctrymrelative to the
refractive indicés of ‘tHe 17 qaids 'Oh the ‘Surface ofC%ltq%ecgensér chip, it was

at 154 RIU (Refractive |Index Unit). Théjs,j. it was found that the sensor chip
of this exarpte nas® ofta f7ARsMSST o1 ype and” ¥oUtd be- a pl asmon resonance

sensor of high sensitivity. [0209 xanpl e 2; Structure fabrication-21
Such an azZo ot et B‘ér?%t?v"é&‘ﬁ%@l‘kg{h @e%ti]nsl'&a 18 PR IProvi ded as a

l'ight responsive material and coated onto a transparent substrate in a
t hi ckness of £ 508 #imF Hyo heansa b r & s pii CoHt et 9 t P Forin aHf 226 ot Srer
derivative thin film ‘

Tn this sense, UV light {(wavelength of 300 to 400 nm} is

preferred. Irradiation of visible light (wavelength of
400 to 600 nm) may be used. Where visible light is
irradiated, it is preferred to use a light responsive
material capable of optically fixing the above solid by
irradiation of wvisible light. Alternatively, pulse light
having high peak power may also be used.

[0169]

The light irradiation step may be carried out
immediately after the liguid coating step or may be
carried out after allowing to stand for a while. The
ambient temperature for the standing may be room
temperature or not lower or not higher than room
temperature. If necessary, the standing may be made under
humidity-contrelled conditlions.

[0170]

[Corona discharge treatment step]
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[0210] The azo pol ynmer derivative thin filmthus forned was

anneal ed (at 150C for 10 mnutes (at a normal pressure)). [0211] 1
cc of pure water was dropped over the azo polynmer derivatgoue ddu mcfd | m and
irradiated with |ight of a wavelength of 470 nmat an intensity of 30

MV cn? for five B090696/ PCT m nutes. [0212] After the irradiation,
the pure water was renoved and the arc polyner derivative thin filmafter
the light irradiation was air-dried, followed by observation of the surface
with AFM The results are shown in Fig. 7. [0213]

Tn the method for fabricating the structure of the
invention, a step of carrying out a corcna discharge
treatment {corona discharge treatment step) after the
light irradiation step may be included. When the corona
discharge treatment i1s carried out, a desired structure
can be obtained. For instance, the corocna discharge
treatment enables a raised portion of the tubular body to
become higher. For the corcna discharge treatment, there
may be used an ordinary corona discharge treatment method
(see, for example, Optics Letters, Vel. 26, No. 1,
January 1, 2001, “Diffraction efficiency increase by
corona discharge in photoinduced surface relief gratings
on an azo polymer film”). The intensity and treating time
of corona discharge may be so controlled as to cbtain a
desired structure.

[0171}

As to the corona discharge Treatment satep, a ccorona
discharge treatment may be performed, 1if necessary, soO as
to obtain a deslired structure, but if not necessary, the
corona discharge treatment may not be carried out.

[0172]
[Step of making a mold of the structure]
The step of making a mold cf the structure is one

wherein a thermosetting resin or photocurable resin is
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The tubul ar bodies of the resulting structure had an average di aneter of
350 nm and a depth (average value) of 170 nm and a ratio (A/B) of inner

di ameter A of the openings of the tubular bodi es and i nnex cdicametrerr B at
the m dpoint of the depth fromthe openings of the tubular bodies was at
1.20. The dispersion density of the tubular bodies in the planar section of
G he resulting structure was at 70,000 bodi es per 100 pm square. [0214]
Gol d was vacuum deposited on the surface of the resulting structure in a

t hi ckness of 100 nm according to a vacuum deposition nethod to provide a

sensor chip,,dhe yreasyrenent: of-dhe tyansimssian spectd waofctihe sensor
chip reveal ed a pl asnon resonance-derived absorption peak. Each |iquid

(water, polydimethylsiloxaned r,-;il_e}am'ileaﬂ%zgls\p@eegi and-gl ygerad  diglyci dyl)

having different refractive 1ndices was drop on the surface of the

8090696/ PCL senant (ahip, and sUbl @aled, 1 MRasUrRITeNte Ofnd FANSESHHN

spectrum e graph normalized Wth respect to peak ton values is shown

of 10| Dot el o QRN S Shou, 2 RN 0PI L RiIARtdye | nat ces

. resdrl
of the |iquids e sensor chip is taken as an abscissa and a

shift amount of the peak vel ength of the plasnon reso e

absor pt i on=4éfied s%eecc?r}%\?ﬁﬁrsu?“a ‘en ‘as an ordi naat%qfd?h?g%fea or i g. 9
were subjected to straight-1ine approximtion and the sensitivity of the
sensor chip Was-'tdicul ated fromthe inclination of the straight 1ine and
found to be at 204 RIO Thus, the sensor chip of this exanple was found to
be of the t¥&hsni ssion type and also to serve as a plasnon resonance sensor
of high sensitivity. [0215]

For the thermosetting resin or photocurable resin,
there may be used ordinarily employed resins. The
thermosetting resins used are preferably those having a
thermosetting temperature that is lower than a glass
transition temperature of a light responsive material
used. The thermosetting resins preferably usable in the
practice of the invention include silicone resins,
particularly, polydimethylsiloxanes, phenolic resins,
urea resins, melamine resins, unsaturated polyester
resins, epoxy resins, dillyalphthalate resins,
polyurethanes, polyimides and the like., Usable
photocurable resins include silicone resins, polyimides,
acrylic resins and the like. As a thermosetting resin or
photocurable resin, there may be used resins whose
refractive index is controlled {e.g. polymer materials
containing inorganic nanoparticles, organic nancparticles

or metal nanoparticles, and polymer materials subjected

S0



[ Exanpl e 3: Structure fabrication-3] Structures were nade in the
sanme manner as in Exanple 2. O the thus forned structures, arbitrarily
chosen four structures were subjected to profile neasurermsmno dExEeri ment
Lot No. 302-1). [0216] The procedure of Experinment Lot No. 302-1
was repeated except that after annealing (at 150C for 10 mnutes (at a
normal pressure)) prior to |ight B090696/PCT irradiation, sanples were
allowed to stand at roomtenperature for 12 hours. Anong the structures
formed in this manner, arbitrarily chosen two structures were subjected to

profile measurenent:{Expesifenio Lot No.cB303id)an [D2&d]c Thesg resul ts are

shown in Table 1. [0218] [Table 1]
having great polarizability (such as phosphorus, sulfur,
selenium or the like)). The use of the refractive index-
controlled resin is advantageous in that when a metal is
vacuum deposited, a greater amplification effect of a
localized surface plasmon resonance electric field is
obtained (or tends to be obtained). Morecver, in the
practice of the invention, the photocurable resins mean
not only resins capable of being cured by absorption of
light, but also those resins, such as azobenzene polymers,
which exhibit increasing fluidity by absorption of light
and are cured after interruption of light. Thus, an
azobenzene polymer may be used in this step. The use of
an azobenzene polymer whose refractive index in a visible
light wavelength range is high 1s advantageous in that
there is obtained a much greater amplification effect of
the localized surface plasmon resconance electric field
when a metal is vacuum deposited.
[0174]

Tt will be noted that where a thermosetting resin
and a photocurable resin are used in this step, foams may
generate in the resin, so that it is preferred that a
defoaming step is performed prior to or after the coating

of the resin on the structure. The defoaming step is
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Experinment Lot No. 302-1 303-1 Tubular body No. 1 2 3 456

BOS0696/PCT

carried out, for example, by placing the resin under
reduced pressure prior to curing. Preferably, the
defoaming step is performed in a subseguent duplicating
step.

(0175]

[Step of duplicating a structure by use of the molid]

The duplicating step of a structure by use of the
mold {second structure} is a step cof cbtaining a third
structure, which is a duplicate of the first structure,
by filling a thermosetting resin or photocurable resin in
a portion of the second structure serving as a mold of
the first structure and removing the thermosetting resin
or photocurable resin after curing.
roi17¢]

More particularly, a light (ultraviclet light)
curable resin or a thermosetting resin is coated on the
surface of the second structure, curing by irradiation of
light (ultraviolet light) or by application of heat, and
removing the cured resin to obtain a structure (third
structure) according to this embodiment, which has
substantially the same profile as the proflile formed on
the surface of the light responsive material. It will be
noted that where an azobenzene polymer is used as a

photocurable resin, the azobenzene polymer softened by
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Thi ckness of azobenzene polyner thin film(iim 50 50 Inner dianeter A of
openi ngs of tubul ar bodies(m) 450 469 410 371
B090696/BCT

irradiation of light is cocated on the surface of the
gsecond structure and may be cured by stopping the light
irradiation.

[0177]

The third structure serving as a duplicate may
include not only one that is the same as the structure
formed on the light responsive material surface, but also
one whose profile of the resulting structure differs
depending on the transfer ratio, but with substantially
the same configuration pattern of the planar section and
inplane configuration pattern of the tubular body.

[0178]

In the foregoing description, the procedure
including the “step of making a mold of the structure”
and “the step of duplicating a structure by use of a
mold” has been illustrated, but not limited thereto. The
structure may be fabricated by the liquid coating step
and the light irradiation step without resorting to the
apbove steps.

[0179]

In this regard, however, in case where the
structure is duplicated by making a mold and forming on
the light responsive material surface by use of the mcld,

the material for the structure is not limited to a light
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371 371 Inner dianeter B at the m dpoint of the depth from openi ngs of
t ubul ar bodi es(nm 352 390 273 313 273

BOS0OGE9E/PCT

responsive material and mass production is easily enabled,
thus a great effect being expected. That is, when the
duplicating step of the structure by use the mold is
repeated plural times, the structure can be simply mass-
produced.

[0180]

Althouch the fabrication method using a iight
responsive material has been illustrated hereinabove,
reference should be made to Example 7 with respect to a
fabrication method using a heat responsive material.
(0181}

(V) Method for fabricating a chip for localized surface
plasmon resonance Sensor

The method for fabricating a chip for localized
surface plasmon resonance sensor according to this
embodiment includes the steps of fabricating a structure
by the above-stated fabrication method of the structure
according to the invention and covering the surface of
the structure obtained in the step with a metal to form a
metal layer having a profile reflected with the profile
of the structure.

[0132]
istep of fabricating the structure]

The step of fabricating the structure is the same
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234 Depth (nm) 185 217 200 199 194 164 A/B 1.28

B020696/PCT

as the step of fabricating the structure by the method
described in “(IV) Method for fabricating the structure.”
Accordingly, this step can be illustrated in the same way
as illustrated in “(IV) Method for fabricating the
structure.”

61831

[Step of forming the metal laver]

The step of forming the metal lays is one wherein
the surface of the structure obtained in the step of
fabricating the structure is covered with a metal to form
a metal layer having a profile reflected with the profile
of the structure. The metal layer can be formed, for
example, by a known method such as a sputtering methed, a
vacuum deposition method or the like.
roie4]

It will be noted that if the thickness of the metal
layer deposited by sputtering or vacuum deposition is
small, there may occur some case where the metal layer is
not formed over the entire surface of the sensor chip. In
this case, the chip for localized surface plasmon
resonance sensor according to this embodiment 1is able to
induce a localized surface plasmon rescnance phenomenon.
0185}

[Example of a method for fabricating a chip for localized
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1.20 1.50 1.19 1.36 1.59 The invention should not be construed as
limted to the above exanples and may be altered in various ways wthin the
range defined in clains, and enbodi nents obtai ned by appramicatce °CT

conbi nati ons of the technical neans set forth in the different enbodi nents

are also included within the technical scope of the invention. B090696/PCT
[0219]

gurface plasmon resonance sensor)

With reference to Fig. 4, an instance of a method
for fabricating a chip for localized surface plasmon
resonance sensor according te an embodiment of the
invention is described in detail. In this regard, however,
the invention should not be construed as limited to the
instance. It will be noted that the following
illustration may allow partly for the illiustration of an
embodiment of a method for fabricating a siructure.

[0186]

Initially, a solution of a light responsive
material is coated onto a transparent substrate 46 by a
spin coater or the like to form a layer 48 made of the
light respeonsive material {light responsive material
layer) (see Fig. 4{(a)}.

[G187]

Next, a particulate material-free liguid (water or
the like) 54 is dropped over the light responsive
material laver 48 (see Kig. 4(b)). After irradiation with
given light from the side of the transparent substrate 46
(see Fig. 4{(c)), the licht responsive material layer 48
is naturally dried to make a substrate 49 having tubular
bodies (gee Fig. 4{d}).

[0188]

945



[ Exanpl e 4: Bi osensinp-1 using a sensor chip] The POT1 i ndi cated
before was used as a light responsive material. A glass substrate was
subj ected to ultrasonic cleaning in a chloroform sol vent Hooroare mmmnut e,
after which the above azo polyner derivative thin film(thickness: 50 nm
was fornmed on the glass substrate according to a spin coating nethod.

[ 0220] The azo polynmer derivative thin filmthus fornmed was
anneal ed (at 150C for 10 minutes (at a normal pressure)). [0221]

cc of pure water dropped on the azo polymer derivative thin filmand

irradiated with hight of ra-wavekengtly oks440 immaatard ptensicty of 40
mMcn? for five ninutes. [ 0222] After the light irradiation, the

pure wat er. was, renoved and the,azo,nol yorer: ses i vati vest hin fijem after the
light irradiation was air-dried. [0223] 100 nmthick gold was vacuum
deposi t ed §Hbtgﬁﬁs cured, followed by remcval to obtain a thermoset
resin substrate 50 having an inversely transferred
profile of the tubular bodies (see Fig. 4(e)). A
ultraviolet curable resin is dropped over the thermoset
resin Subsﬁrate 50 and removed after photocuring to
provide a transparent substrate 51 having tubular bodies.
(01891
A metal such as Au, Ag or the like is deposited on
the surface of the transparent substrate 51 having the
tubular bodies thus cbtained to form a metal layer 52

reflected with the tubular profile thereby obtalning a

substrate portion of a chip 53 for sensor as shown in Fig.

It will be noted that i1f adhesion between the
surface of the transparent substrate 51 having the
rubular bodies and the metal layer 52 1s unsatisfactory,
an adhesion layer such as of Ti, ¥ ¢r the like may be
provided between the transparent substrate 51 having the

tubular bodies and the metal layer 52,

In order to obtain an adequate amount of reflected

2
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surface of the resulting structure by a vacuum deposition B090696/ PCT

nmet hod to provide a sensor chip. The sectional structure of the sensor chip
was observed at arbitrary portions thereof by the cross- sectideraleCTEN

met hod, with the results shown in Figs. 19 to 25. Fig. 19 is a planar SEM

i mage of the sensor chip, Fig. 20 is a sectional TEN i mage of the sensor
chip, taken along line P-P of Fig. 19, Fig. 21 is a sectional TEN i mage of
t he sensor chip, taken along line QQ of Fig. 19, Fig. 22 is a sectiona
TEN i mage of the sensor chip, taken along line RR of Fig. 19, Fig. 23 is

a sectional; FEN iymge,Of, 1t hessansor chip rdrakemad ong HidigssSonf Fig. 19,
Fig. 24 is a sectional TEN i mage of the sensor chip, taken along line T-T

of Fig. 19, and. Fig.;,25 18 @ Seati onals TEN.-mBoe 0k the sepseniehi p, taken
along line LU of Fig. 19. It will be noted that in Figs. 20 to 25, each

f th rate, bul ar. bodi es, and, the. netal §.ayef.is shawn. [0224
0 € Suﬁfzé%ﬁfhaewfﬁ é’é%%cﬁbggdgﬁé‘r@nii@l&e@% 1ayeieds shawn. [ ]

The profi tubul ar own Iin Fig. 20 was neasured with AFM

reveal ing shat_ite denth yas alod78 mnddherrat LALR) of | nner

di aneter A nm "o he  openi ngs o e tubular bodies and inner

diameter B (529 nm at the m _dpoint of the.depth fr: openi ngs ~of the
t ubul ar bdﬁ%%%“%%%ugt fﬂfff t%ﬁgoggé%ﬁﬁfmt05?§fe£%f§gﬁp%ﬁ g&?gé,%Phe

profile of the tubular bodies shown in Fig. 21 was neasured with AFM
reveal i ng that®t We" depth Was' @t 128 nmand the ratio (A/B) of inner

di anet er
01%2]

As stated hereinabove, according to the method for
fabricating the chip for localized surface plasmon
resonance sensor of this embodiment, when a heat curabkle
or pheotocurable resin is coated onto once fabricated
structure having tubular bodies on the light responsive
material, cured and removed, a structure serving &as a
mold of the structure can be easily mass produced.
[0193]

When a heat curabkle or photocurable resin is
further coated ontc the resulting structure serving as
the mold and removed, there can be obtalned a structure
having the same profile as the surface profile on the
light responsive material.

[0194]

In the method for fabricating the chip for

localized surface plasmon rescnance sensor according to

this embodiment, no large—-scale apparatus is needed, so
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A (503 nm) of the openings of the tubular bodies and inner dianeter B (423
nm at the mdpoint of the depth fromthe openings of the tubular bodies
was at 1.19. [0226] The profile of the tubul ar bedicessshowr in Fig.
22 was neasured with AFM revealing that the depth was at 148 nm and the
ratio (A/B) of inner diameter A (498 nn) of the openings of the tubular

bodi es and inner dianmeter B (385 nm at the mdpoint of the depth fromthe
openi ngs of the tubular bodies was at 1.29. [0227] The profile of

t he tubul ar bodies shown in Fig. 23 was neasured with AFM revealing that

the depth was- at; 13- i and; 4 he,fatio: (M Boefphaner: dianetert A (394 nn) of
t he openi ngs of the tubular bodies and inner dianmeter B (319 nn) at the

m dpoi nt of; {fie xﬂﬁ@ﬁheié@mérhe Qpenings,of . the: § ubuhar bedises swas at 1. 23.
[ 0228] he profile of the tubul ar bodies shown in Fim 24 was

measur ed V\%%%AEM SeALLtB.Lhal. o, depLh dee.at . BOSDAIBIPLT 136 nm and

the ratio ner dia er A (418 nm of the openings of the tubul ar
bodi es and ?ﬁ dianeter B (297 nm) at the mdpoint of the depth fromthe
openi ngs o tubul ar bodi es was at 1.40.

It will be noted that in the foregoing description,
the case where the ftransparent substrate 46 is used as a
substrate onto which a light responsive material is
coated has been illustrated although not limitative
thereto. Tf light is irradiated on a light responsive
material side, a non-translucent substrate may also be
usad.

[019¢6]

In the foregoing description, the transparent
substrate 51 is used as the finally obtained substrate of
the chip for localized surface plasmon resonance sensor,
but not limited thereto. If the transmittance 1s not
measured by the chip for localized surface plasmon
resonance sensor, a non-translucent substrate may also be

usead.

Further, in the foregoing description, there has
been illustrated such a case where a mold for the
structure is made by use of a thermosetting resin and a

ultraviolet light curable resin is subsequently coated on
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[ 0229] The profile of the tubular bodies shown in Fig. 25 was
nmeasured with ATM revealing that the depth was at 208 nmand the ratio
(A/B) of inner dianeter A (930 nm) of the openings of thedumdcardiod es
and inner dianeter B (809 nn) at the mdpoint of the depth fromthe

openi ngs of the tubular bodies was at 1.15. [0230] An anti body of
O-reactive protein (CRP) was fixed on the sensor chip surface obtained
above at a concentration of 1 pg/nL, followed by blocking with bovine serum
al bumi n (BSA) having a concentration of 1 pg/nL. CRP antigen solutions

(sol vent: phosphat e-buifier ed physi ol ogitcaltsald nevsoliutd afv-havi ng a pH of
7.4) having concentrations of 10 pg/nL, 100 pg/ni and 1 ng/niL were,

correspondi fHeH Vs » 4 OV dedse I ddmald Yse e CRP antdgen sol utdion having a
concentration of 10 pg/nL was dropped on the sensor chip surface to conduct

the antigef&ﬁ%?é&“%ﬁéf@@§$i@QmoﬁngggnE%Qa%t%@%t&kﬁ%ﬁb%@ MeRYLES)1ch
Thereafter, the sensor chip surface was cleaned with a 8090696/ PCT

phosphat e- bu { eged, plysi ol ogi £al - sald ne. Sglaiti on. apd, put .0l aro 1ol | owed

by neasurenent o ransm ssion spectrum of the sensor chip. As a result,

where no antigen r@%rﬁggtgge(ggégég%é erf%ﬂ&gégdm 0,85, .dlank"), the peak

wavel engt hwas at hm  wher €n the antig was reacted, the peak
wavel engt h was. foung at 642 8 nm. thus the peak wavel ength heing shifted to

a1 onger ENer Erig st 08 by 07T MY SeE i o o8 1 03]
final substrate of a chip for localized surface plasmon
resonance sensor. Alternatively, either a photocurable
resin such as an ultraviolet curable resin or a
thermosetting resin may be used in both steps. Still
alternatively, an azobenzene polymer may be used for
making a mold for the structure and a substrate of the
chip for localized surface plasmon resonance sensor.
[0198]

It will be noted that with existing chips for
localized surface plasmon resconance senscr, a substrate
surface has to be chemically modified so as to fix metal
nano fine particles on the substrate, so that the metal
nano fine particle-fixing step is complicated, thus
making it difficult to efficiently fabricate the chips.
In contrast thereto, in the method for fabricating a chip
for localized surface plasmon resonance senscer according
to this embodiment, the metal layer can be continucusliy

formed and can thus be fabricated in an efficient manner.
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Next, the CRP antigen solution of 100 pg/nmL was dropped on the sensor chip
surface, followed by neasurenent of transm ssion spectrumon the sensor
chip surface simlarly after the antigen-antibody reacti adzowéreapon it
was found that the peak wavel ength was at 643.3 nm which was shifted to a
| onger wavel ength side by 1.2 nm upon conparison with the blank test (see
Fig. 26). [0232] Further, the CRP antigen solution of 1 ng/nl8 was
dropped on the sensor chip surface, followed by nmeasurenment of transm ssion
spectrumon the sensor chip surface sinmlarly after the antigen-antibody
reaction, wher eipan dul: mas, f eundthats itie ipeato mavel ength prasseats 644. 1 nm
whi ch was shifted to a | onger wavel ength side B090696/PCT by 1.9 nm upon

conpari sons it h o her blankirt estpdssee Jri, 0.5 :26)te {10233]r the 1likeAceordingly,
it was found that the use of the sensor chip of this exanple enabled CRP to

be detected even af. Sugh, @ el % ilow.concentdatdon ag ik pddHied 0234]
{t mﬁil be noted that CRP i's known as a marker for inflamuatory disease.
0235

and obtained by dropping a liguid over a light responsive
material and being irradiated with light of such a
wavelength as to induce material transfer associated with
photoisomerization, there can be efficiently formed a
profile having the planar section and tubular bodies.
[0159]

In recent years, a nanoimprinting method has been
often used for the formation of microrecesses or
microprotrusions on the order of submicrons to several
tens of nancmeters. However, the nanoimprinting method
needs a stamper and an imprinting apparatus. Although
mass productivity is excellent, initial costs of
equipment investment are high, thus not saying that
production is enabled at low costs. In addition, the
stamper is formed with only either of recesses or
protrusions and a difficulty is involved in making a
stamper having both protrusions and recesses together.
Releasability from the stamper on the size order of about
submicrons is not easy and thus it is difficult to
manufacture a complicated profile according to the

nanoimprinting method.
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[ Exanpl e 5: B osensing-2 using a sensor chip] Detection of fibrinogen,
which is a bl ood coagul ation factor, was nmade by use of such a sensor chip
as obtained in Exanple 4. [0236] A fibrinogen antAdddy eh&iTng a
concentration of 1 ug/nl was fixed on the sensor chip surface obtained
above, followed by bl ocking with bovine serum al bum n (BSA) at a
concentration of 1 pg/nmL. Fibrinogen antigen solutions (solvent:
phosphat e- buf f ered physi ol ogi cal saline solution having a pH of 7.4) having
concentrations of 10 pg/ni, 100 pg/nmL and 1 ng/nL were, correspondingly,
provided. lmdarlly, the CRP antigen solution having a concentration of 10
pg/ mL was dropped on the sensor chip B090696/PCT surface to conduct the
anti gen- ant i body rrreactiioneof fichr itnegen ner eactizand e i enicnutes).
Thereafter, the sensor chip surface was cl eaned with a phosphate-buffered

physi ol ogi cal .38l ine.sol it iom and pure water,adobtowed by weasurement of
transm ssion spectrum of the sensor chip. As a result, where no antigen was

react ed ( h%&km&ﬁ foferd edsd o, ascndl @nks ) so4 hes peak mavel ength was at

662.0 nm er eas en the antigen was reacted, the peak wavel ength was

found at 6 §a%n&ﬁ]x 4 peak wavel ength being shifted to a I onger
wavel ength"side by 1.5 nm (see Fig. 27).

Examples
(02017

The invention is described in more detail by way of
examples, which should not be construed as limiting the
invention thereto.

[0202]
[Example 1: Structure fabrication-1]

Such POT1 as 1ndicaeted before was used as a light
responsive material and a thin film of this azo polymer
derivative (thickness: 100 nm) was formed on a glass
substrate acceording to a spin ceating method.

[0203]

The azo poelymer derivative thin film thus formed
was annealed (at 150°C for 10 minutes (normal pressure}).
[0204]

1 cc of pure water was dropped over the azo polymer
derivative thin film, followed by irradiation with light

z

of a wavelength of 470 rnm at an intensity of 40 mW/cm® for

five minutes.
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[ 0237] Next, the fibrinogen antigen solution of 100 pg/nL was
dropped on the sensor chip surface, followed by neasurenent of transm ssion
spectrumon the sensor chip surface simlarly after the &itilgén- a6t body
reaction, whereupon it was found that the peak wavel ength was at 665.5 nm
whi ch was shifted to a | onger wavel ength side by 3.5 nm upon conpari son
with the blank test (see Fig. 27). [0238] Further, the CRP antigen
solution of 1 ng/nm. was dropped on the sensor chip surface, followed by
measur enent of transm ssion spectrumon the sensor chip B090696/ PCT
surface simd@s]ly after the antigen-antibody reaction, revealing that the
peak wavel ength was at 667.0 nm which was shifted to a | onger wavel ength
side by 5 nm upon seerpani-san rwidtihttihe blank testr(see Fegov2?) anfi0239]
Accordingly, it was found that the use of the sensor chip of this exanple

enabl ed fibrd nogen,d0he- datect.ad evem at such & ver yeilow apncentration as
10 pg/ mL. [0240]
irradiation was air-dried, followed by cbservation of the
surface with AFM. The results are shown in Flg. 5.
[0206]

Tubular bodies of the resulting structure had an
average diameter of 690 nm and a depth ({(average value) of
180 nm, a ratic (A/RB) of inner diameter A of the openings
of the tubular bodles and inner diameter B at the
midpoint of the depth from the openings of the tubular
bodies was found at 1.78. The dispersion density in the
planar section of the tubular bodies of the resulting
structure was at 25,000 bodies per 100 pm sqgquare.

[0207]

Gold was vacuum deposited on the surface of the
resulting structure in a thickness of 100 nm according to
a vacuum deposition method to provide a sensor chip. The
measurement of transmission spectrum of the sensor chip
revealed a plasmon regsonance-derived abscorption peak.
Each liquid having different refractive indices ({water,
triethylene glycol} was dropped on the surface, followed
by measurement of transmission spectrum. A graph

normalized with peak top values is shown in Fig. 6.
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[ Exanpl e 6: Bi osensing-3 using a sensor chip] Usi ng such a sensor
chip as obtained in Exanple 4, leptin used as a marker for diabetic disease
was detected. [0241] A leptin anti body having a corgettd/atciton of 1
pg/mM was fixed on the sensor chip surface obtained above, followed by

bl ocki ng wi th bovi ne serum al bum n (BSA) at a concentration of 1 ug/nL.
Leptin antigen solutions (solvent: phosphate-buffered physiol ogical saline
solution having a pH of 7.4) having concentrations of 100 pg/nmL and 10
ng/ mL were, correspondingly, provided. Initially, the leptin antigen

sol ution hayimg) a concentration of 100 pg/nL was dropped on the sensor chip
surface to conduct the antigen-antibody reaction of B090696/PCT |eptin

(reaction tine: 1hdJA nHeskrTheraaft ers drhe ssensor «¢higp wsu f ace was
cl eaned with a phosphat e-buffered physiol ogi cal saline solution and pure

wat er, folloved by peasurementiof 1ransission: $pect um ofc thessensor chip.
As a result, where no antigen was reacted (hereinafter referred to as

"blank’). Lhe.peak, yavel enoth Yascal.652 0, 0m Wiereas shemdiisantigen was

react ed, e peak wavel engt ound at 668.0 nm thus the peak

| engt h, bei ng_shifted to a i 1 ! ‘ o
S5 Pogia 118 DEILEE O 108 MEVRLERSLD 1y P e, 1

dropped on,t he senso hip.surface, foll peasur. t .of transm ssion
spectrun1ohtt%%Ss%ﬁs%?g-%f% g%? %%%téyﬁif%§€§b%??§f'tﬁgﬂgﬂtfgéﬁ&gﬁtibody

reaction, revealing that the peak wavelength was 689. 5 whi ch was
shifted tofﬁu?gnﬁag“mbbﬁl%%@?%rsg%%pbﬁLSEglﬁn$ﬁ%%§£%o%%%r?§g% with the
bl ank testt(see Fig. 28). [0243]

ransmis3ion type and could be a plasmon resonance sensor
of high sensitlivity.

[0209]

[Example 2: Structure fabrication-2]

Such an azo polymer derivative POT1 as used in
Example 1 was provided as a light responsive material and
coated onto a transparent substrate in a thickness of 50
nm by means of a spin coater to form an azo polymer
derivative thin film.

[0210]

The azo polymer derivative thin film thus formed
was annealed (at 150°C for 10 minutes (at a normal
pressure) ) .

(02171]

1 cc of pure water was dropped over the azo polymer

derivative thin film and irradiated with light of a

wavelength of 470 nm at an intensity of 30 mi/cm® for five
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Accordingly, it was found that the use of the sensor chip of this exanples
enabled leptin to be detected even at such a very |ow concentration as 100
pg/nL. [Exanple 7: Fabrication exanple of a structure andoaoelHiey PCT
B090696/ PCT for | ocalized surface plasnmon resonance sensor by use of atact
c pol ystyrene] At actic polystyrene (nolecular weight: 2,000 g/nol)
was used a s heat responsive material. [0244] A2 wm%atac.ic
pol ystyrene-tol uene solution was spin coated onto a substrate (silicon
wafer) to forma. thin film(thin filmthickness: 10 nm. [0245]
The subst rgat.e;«an Wwhich the thin filmhad been formed was heated in
at nosphere of air at 70C for 60 m nutes and thus anneal ed.
(0212]
After the irradiation, the pure water was removed
and the azo polymer derivative thin film after the light
irradiation was air-driasd, followed by cobservation of the
surface with AFM. The results are shown in Fig. 7.
[0213]
The tubular bodies of the resulting structure had
an average diameter of 350 nm and a depth (average value)
of 170 nm, and a ratio (A/B) of inner diameter A of the
openings of the tubular bodies and inner diameter B at
the midpoint of the depth from the openings of the
tubular bodies was at 1.20. The dispersion density of the
tubular bodies in the planar secticn of the resulting
structure was at 70,000 bodies per 100 um sguare.
[0214]
Gold was vacuum deposited on the surface of the
resulting structure in a thickness of 100 nm according to
a vacuum deposition method to provide a sensor chip. The
measurement of the transmission spectrum of The sensor
chip revealed a plasmon resonance-derived absorption peak.
Fach liquid {(water, polydimethylsiloxane, triethylene

glycol and glyceryl diglycidyl) having different

refractive indices was dropped on the surface of the
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[ 0246] The resultant structure was neasured with AFM wi th respect
to the profile of the tubular bodies, revealing that the depth was at 17 nm
and a ratio (A/B) of inner dianeter A (547 nm) of the opé&hiengsdedfClhe

t ubul ar bodi es and inner dianeter B (539 nm at the m dpoint of the depth
fromthe openings of the tubular bodies was at 1.20. [0247] 100 nm
thi ck gold was vacuum deposited on the surface of the structure obtained
above according to a vacuum deposition nmethod to provide a chip for

| ocal i zed surface plasnmon resonance sensor. 9090696/ PCT [ 0248] The
el ectric fdeeladcancentarat isomjenttensitiey refa sttheenchitp offort daocaliszedrsur f ace

pl asnon resonance sensor was sinulated according to an FDTD (Finite

Di fferencesgHdm-Jdomairf): aethednol0249ked with rEBeeresubt sharpeshown in

Fig. 29. According to Fig. 29, it was confirnmed that the electric field of

the chip fiof, lecaldzed sandace plrasyos resanange sensaeraade brhomnt he
structure obtained in this exanple was anplified (see the portion

surrounded, by Gif %%ﬂ@ Fiighe 295 Lli0ard v rdemnsty@atimg 1thati dshe chip coul d
be utilized as a chip

dropped on the sensor chip is taken as an abscissa and a
shift amount of the peak wavelength of the plasmon
resonance absorption-derived spectrum is taken as an
ocrdinate. The data of Fig. 9 were subjected toc straight-
line approximation and the sensitivity of the sensor chip
was calculated from the inclination of the straight line
and found to be at 204 RIU. Thus, the sensor chip of this
example was found to be of the transmission type and also
to serve as a plasmon rescnance sensor of high
sensitivity.

162157

[Example 3: Structure fabrication-3]

Structures were made in the same manner as in
Example 2. Of the thus formed structures, arbitrarily
chosen four structures were subjected to profile
measurement (Experiment Lot No. 302-1).

[021¢]

The procedure of Experiment Lot No. 302-1 was

repeated except that after annealing (at 150°C for 10

minutes (at a normal pressure)) prior to light
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for localized surface plasnon resonance sensor. It was also confirnmed that
the materials used for the structure constituting the chip for localized
surface plasnmon resonance sensor were not specifically |Eficéds/PARdustri al
Applicability [0250] The invention has such an effect that there
can be provided a structure favorably utilizable as a chip for a |ocalized
surface plasnon resonance sensor of high sensitivity or the like and also a
nmet hod for fabricating same. [0251] 3090696/ PCT Accordi ngly, the
i nvention can be conveniently used in the industries nmaking use, for
exanpl e, ofrhidsensor,s.sdplanatd on 20f1 Reference aMueralrodr0252] 18
Local i zed surface plasnon resonance sensor

temperature for 12 hours. Among the structures formed in

this manner, arbitrarily chosen two structures were
subjected to profile measurement (Experiment Lot No. 303-
1).
(02171

These results are shown in Tabie 1.
102187

{Table 17

Experiment Lot No. 302-1 303-1

Tubular body No. 1 2 3 4 5 5

Thickness of
azobenzene polymer 50 50
thin £ilm (nm)

Inner diameter A of

openings of 450 469 410 371 371 371
tubular hodies (nm)

Inner diameter B
at the midpoint of

the depth from openings 352 390 273 313 273 234
of tubular bodies (nm)

Depth (nm) 185 217 200 155 184 164
A/B 1.28 | 1L.201.580 1 1.1971.36]1.59

The invention should not be construed as limited to
the above examples and may be altered in various ways
within the range defined in claims, and embodiments
cbtained by appropriate compinations of the technical
means set forth in the different embodiments are also

included within the technical scope of the inventiocn.
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19Substrate 20 Metal |ayer 21 Linear polarized Iight 22 Electric field 24
Local i zed surface plasnon resonance sensor (localized SPR sensor) 25 Light
source 26 Collimator lens 27 Collimator plate 28 Beam splHOA0e&r 62CT

Spect roscope

[0219]
[Example 4: Biosensing-1 using a sensor chip]

The POT1 indicated before was used as a llght
responsive material. A glass substrate was subjected to
ultrascnic cleaning in a chloroform solvent for one
minute, after which the above azo polymer derivative thin
film (thickness: 50 nm) was formed on the glass substrate
according to a spin coating method.

[0220]

The azo polymer derivative thin f£ilm thus formed
was annealed {at 150°C for 10 minutes (at a normal
pressure) ).

(02217

1 cc of pure water dropped on the azo polymer

derivative thin film and irradiated with light of a

2 for five

wavelength of 470 nm at an intensity of 40 mW/cm
minutes.
[0222]

Lfter the light irradisation, the pure water was
removed and the azo polymer derivative thin film after
the light irradiation was air-dried.

[C223]

100 nm thick gold was vacuum deposited on the

surface of the resulting structure by a vacuum deposition
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30 Chip for localized surface plasnon resonance sensor (chip for localized
SPR sensor) 31 Data processor 32 Measurenent region 33Phot odetector 34
Local i zed surface plasnon resonance sensor (localized SPRSer<Ser )45
Tubul ar body B090696/ PCT 46 Transparent substrate (substrate) 48 Light
responsi ve material |ayer

method to provide a sensor chip. The sectional structure
of the sensor chip was observed at arbitrary portions

thereof by the cross-sectional TEM methoed, with the

t

results shown in Figs. 192 to 25. Fig. 19 is a planar SEM
image of the senscr chip, Fig. 20 is a sectional TEM
image of the sensor chip, taken along line P-P’ of Fig.
19, Fig. 21 is a sectional TEM image of the sensor chip,
taken along line Q-Q’ of Fig. 19, Fig. 22 is a sectlonal
TEM image of the sensor chip, taken along line R-R’ of
Fig. 19, Fig. 23 is a sectional TEM image of the sensor
chip, taken along line S$-57 of Fig. 19, Fig. 24 is a
sectional TEM image of the sensor chip, taken along line
T-T' of Fig. 19, and Fig. 25 is a sectional TEM image of
the sensor chip, taken along line U-U’7 of Fig. 1%. It
will be noted that in Figs. 20 to 25, each of the
substrate, the tubular bodies and the metal layer is
shown.

[0224]

The profile of the tubular bodies shown in Fig. 20
was measured with AFM, revealing that the depth was at
176 rm and the ratio (A/B) of inner diameter A (587 nm)
of the openings of the tubular bodies and inner diameter
B (529 nm) at the midpoint of the depth from the openings

of the tubular bodies was at 1.11.
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49Substrate having tubul ar bodies (structure, first structure) 50
Thernosetting resin substrate (nold of structure, second structure) 51
Transparent substrate (third structure) 52Metal | ayer 53 ESexisort /Ghilp
8090696/ PCT CLAI M5 1. A structure, characterized by conprising

[0225]

Likewise, the profile of the tubular bodies shown
in Fig. 21 was measured with AFM, revealing that the
depth was at 128 nm and the ratio (A/B) of inner diameter
A (503 nm) of the cpenings of the tubular bodies and
inner diameter B (423 nm) at the midpoint of the depth
from the openings of the tubular bodies was at 1.19.
0226]

The profile of the tubular bodies shown in Fig. 22
was measured with AFM, revealing that the depth was at
148 nm and the ratio [(A/RB) of inner diameter A (498 nm)
of the openings of the tubular bodies and inner diameter
B {385 nm) at the midpoint of the depth from the openings
of the tubular bodies was at 1.29.

[0227]

The profile of the tubular bodies shown in Fig. 23
was measured with AFM, revealing that the depth was at
137 nm and the ratio (A/B) of inner diameter A (394 nm)
of the openings of the tubular bodies and inner diameter
B {319 nm) at the midpoint of the depth from the openings
of the tubular bodies was at 1.23.

[0228]
The profile of the tubular bodies shown in Fig. 24

was measured with AFM, revealing that the depth was at
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a planar section and tubul ar bodies in such a way that the tubul ar bodies
are vertically arranged so that openings thereof open at a planar surface
of said planar section, in which an average i nnerscdicegpet/@ciof the
openi ngs of said tubular bodies is within a range of from5 nmto 2,000 cm
aratio (A/B) of inner dianeter A of the openings of said tubular bodies to
i nner dianmeter B at the m dpoint of a depth fromthe openings of said
tubul ar bodies 1s within a range of from1.00 to 1.80; and said tubul ar

bodi es have an aspherical bottom 2. The structure as defined in
G aim1l, chesagherizeghdnrihat thesabove ot o {MB)ed s2 Wi41hd mm@ range of
from1l.00 to 1.50. 3. The structure as defined in daim1l or 2,

characterized-id that; g, di sperisd ondenst tyo 9fc sadgh tubularqahodies i n the
pl anar section is within a range of from1 to 500,000 bodi es per 100 pm

square. g (5974, The. structuie, as: def ined in-anyrone ofe Gaimndsto 3,
wherein sald structure is made of a stinulation responsive material.

3090696/ PCT: ., . tubu?arTQSdfé%U§£§r§ta§.9@fined in Caim4, wherein said
stinmul ation responsive material includes a heat responsive material or

| i ght respp&;&gf mat eri al .

The profile of the tubular bodies shown in Fig. 25
was measured with AFM, revealing that the depth was at
208 nm and the ratio (A/B) of inner diameter A (230 nm)
of the openings of the tubular bodies and inner diameter
B (809 nm) at the midpoint of the depth from the openings
of the tubular bodies was at 1.15.

[0230]

An antibody of C-reactive protein (CRP) was fixed
onn the senscr chip surface obtained zbove at a
concentration of 1 ug/mL, followed by blocking with
bovine serum albumin (BSA) having a concentration of 1
ug/ml.. CRP antigen solutions (solvent: phosphate-buffered
physiological saline solution having a pH of 7.4) having
concentrations of 10 pg/mL, 100 pg/mL and 1 ng/mL were,
correspondingly, provided. Initially, the CRP antigen
solution having a concentration of 10 pg/mL was dropped
on the sensor chip surface to conduct the antigen-
antibedy reaction of CRP (reaction time: 15 minutes).

Thereafter, the sensor c¢hip surface was cleaned wilth a
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6. The structure as defined in Caim4, wherein said stinulation responsive

material includes a light responsive material. 7. The structure as
defined in Claim6, characterized in that said stinulatienJesponsive
material contains an azo pol yner derivati ve. 8. The structure as

defined in Caim.6 characterized in that said |ight responsive materi al

i ncl udes an azo polyner derivative having an azobenzene group at the nmain
chai n and/ or side chain thereof. 9. Achip for localized surface

pl asnmon resonance sensor, characterized by formng the structure defined in

any one of aing 1 1.0-8 a0 g, substratie, and, fyrd her fordi ng. & gretal | ayer

so as to cover at |east a part 'of the surface of said structure and refl ect

2 Surface styyet un of, 20 SLLLELUR . o crarls £ 6 RSO Lgeal | zed

surface plasnon resonance sensor, characterize formng, on a substrate,

a structure. inluding a planar ,secton,aqd (yhulag bodiegn,such a vay

1 L
that the tUbul'ar bodi es are ve i cal'l'y "arrang so t hat openi ngs thereof

open at a planar  B090696/PCT surface of said \p?lfnn r, section, in which an
aver age i mmet” di‘aneter® ot the" openings of s4i d tubu bodi €5°4'5 within a
range of from5 nmto 2,000 ratiq (A/B) aof inner dianeter A of the
openi ngs of2&ai W4 Ubul &t %%d&?s‘ fom?’n e]hﬁaa%m‘?rée?n %q?ﬁ THe Fi'tpbtht of a
depth fromthe openings of said tubular bodies is within a range of from
1.00 to 1.386?)3,0%?‘?5' S kel E Vbbbt €S e s pher cal ® Bott dmYSind
formng a netal |layer so as to cover at |east a part of the surface of said
structure ardl petf ectval s fladee 51¢ utt vreoft$at d @t Feretipetength 11.
The chip for localized surface plasnon resonance sensor as definced in

Cl aim 10, ehér aet e i zedni hsehatidhelvlatio (A/B) is within a range of from
1.00 to 1.50. 12. The chip for localized surface plasnon resonance
sensor as @defrhed in Caim10 or 11, wherein said structure is made of a

stinmulation responsive nateri al
Next, the CRP antigen soclution of 100 pg/mL was

dropped on the sensor chip surface, followed by
measurement of transmission spectrum on the sensor chip
surface similarly after the antigen-antibody reaction,
whereupon it was found that the peak wavelength was at
£43.3 nm, which was shifted to a longer wavelength side
by 1.2 nm upon comparison with the blank test (see Fig.
26) .

[0z32]

Further, the CRP antigen sclution of 1 ng/mlL was
dropped on the sensor chip surface, followed by
measurement of transmission spectrum on the sensor chip
surface similarly after the antigen-antibody reaction,
whereupon 1t was found that the peak wavelength was at

644.1 nm, which was shifted to a longer wavelength side
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13. The chip for localized surface plasnon resonance sensor as defined in
Claim 12, wherein said stinmulation responsive material includes a heat

responsive material or light responsive material. BOOD426TRE€Tchi p for
| ocal i zed surface plasnon resonance sensor as defined in Claim 13, wherein
said B090696/ PCT stimulation material includes a. |ight responsive

mat eri al . 15. The chip for localized surface plasnon resonance

sensor as defined in any one of Clains 9 to 14, characterized in that said
metal |ayer has a thickness within a range of from 10 nmto 500 nm

16. The chip f.0r drocaldzethrgindace: pliasmme eslonance: sensore asglefined in
any one of Clains 9 to 15, characterized by form ng an organi c nol ecul ar

| ayer for fdxing bionolecules on the surface of said netal |ayer.

17. The chip for localized surface plasnon resonance sensor as defined in

Caiml6, ghayacterized in that said organic nol ecular |ayer contains

nol ecul es whose length fromthe netal |ayer surface ranges from50 nmto

200 nm and ol ecyl.es whase .| engt b Lr om t-he -npt-al-Hlayer surfage ranges from
1 nmto less than 50 nm 18. The chip for localized surface

DL 05Ton, CERIAES AR 9 Stigg na fref Ol SmBdady. wherein
aven at such a very low concentration as 10 pg/mL.
roz2341

Tt will be noted that CRP 1s known as a marker for

inflammatory disease.
[0235]
[Example 5: Biosensing-2 using a sensor chip]

Detection of fibrinogen, which is a blood
coagulation factor, was made by use of such a sensor chip
as obtained in Example 4.

[0236]

A fibrinogen antibody having a concentration of 1
ng/ml was fixed on the sensor chip surface obtained above,
followed by blocking with povine serum albumin (BSA) at a
concentration of 1 ug/mlL. Fibrinogen antigen solutions
(solvent: phosphate-buffered physioleogical saline
solution having a pH of 7.4} having cencentrations of 10
pg/ml, 100 pg/mL and 1 ng/mL were, correspondingly,
provided. Initially, the CRP antigen solution having a

concentration of 10 pg/ml was dropped on the sensor chip
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19. A localized surface Plasnon resonance sensor, characterized by

conpri si ng the chip for localized surface plasnon resonance sensor
defined in any one of Cains 9 to 18; a light source irradictdoawy Hitght on
said chip for B090696/ PCT | ocalized surface plasnon resonance sensor; and
a photodetector receiving light reflected fromor transmtted though said
chip for localized surface plasnon resonance sensor. 20. The

| ocal i zed surface plasnon resonance sensor as defined in C aim19,
characterized by passing |lights of two or nore wavel engths vertically to

t he surface,of;saiwd chipifor 4rocaldzedsurdane Pl asswi1@sanance sensor and
measuring, wth said photodetector, reflectances of the lights of the

respect i ve; wavel engt hs. 4.efd ect edi &t . sai dechipefor logald-zed surfhace plasnon

resonance sensor, transmttances at the respective wavel engths transmtted

through said, chi pc}fpgg docalized surface. pl.asapn, resonance. sensarseor |ight
intensities at the respective wavel engths reflected or transmtted.

21. A Wt%£961£$55f%é%@ éémgic% n f@ﬁ%t%&éﬁd by; f&v@&}ﬁ'@

aliquid ing s of coating a partlc e material-free |iquid on a

||ght reSpongéggéﬁg%grIﬁjtrégg%lssLon spectrum of the sensor chip.

As a result, where no antigen was reacted (hereinafter
referred to as “blank”), the peak wavelength was at 662.0
nm, whereas when the antigen was reacted, the peak
wavelength was found at 663.5 nm, thus the peak
wavelength being shifted to a longer wavelength side by
1.5 nm (see Fig. 27).

[0237]

Next, the fibrinogen antigen solution of 100 pg/mL
was dropped on the sensor chip surface, followed by
measurement of transmission spectrum on the sensor chip
surface similarly after the antigen-antibody reaction,
whereupon it was found that the peak wavelength was at
665.5 nm, which was shifted to a longer wavelength side
by 3.5 nm upon compariscon with the blank test (see Fig.
273 .

102387

Further, the CRP antigen solution of 1 ng/nL was

dropped on the sensor chip surface, followed by

measurement of transmission spectrum on the sensor chip
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alight irradiation step of irradiating light on the Iight responsive
material on which the liquid has been coated in the above liquid coating
st ep. 22. The method for fabricating the structuysrnsdelimed in
Claim 21, characterized in that said liquid is B090696/PCT at |east one
selected fromthe group including water, an al cohol and an organi c sol vent
capabl e of dissolving the |ight responsive material . 23. A net hod
for fabricating a structure, characterized by conprising: (1)
making a first structure through a liquid coating step of coating a

parti cul at&%sélgimiwﬁ}'%@r o & Jightefesponsive mmterial and a light
irradiation step of i1rradiating light on the Iight responsive material on
which the |iquid.has , i.n i.gui oat i S ; -

(ii) meki n%é‘gg%g%% d“g%flr}%@%?geee%ér‘%‘%f%@%yn“gﬁ o PR Py a@?lr%}%:ture by

Cover '3 suftachTof &b o 11 r e gt BT LT e Rt s g B A mmset i n

cover a sut?

ure; enpbving sail ernosetting
resin or photocurable resin after curing thereof; (iii)
obt ai ni ng %9T$?Fﬂ5%?r%%€%r€b?k&ﬂa?g N pk?%%te*%f e first structure by
filling a thernosetting resin or photocurable resin in a portion of said

second strbetdfe serving as a nold of the first structure and renoving the

t hernosetting resin or photocurable resin after curing ther%Pf.
Bccordingly, 1t was found that the use of the

sensor chip of this example enabled fibrinogen to be
detected even at such a very low concentration as 10
og/mL.

[0240]

[Example 6: Biosensing-3 using a sensor chip]

Using such a sensor chip as obtained in Example 4,
leptin used as a marker for diabetic disecase was detected.
[0241]

A leptin antibody having a concentration of 1 ug/ml
was fixed on the sensor chip surface obtained above,
followed by blocking with bovine serum albumin (BSA) at a
concentration of 1 upg/mlL. Leptin antigen solutions
(solvent: phosphate-buffered physiological saline
solution having a pH of 7.4) having concentrations of 100
pg/mL and 10 ng/mL were, correspondingly, provided.
Initially, the leptin antigen solution having a
concentration of 100 pg/mL was dropped on the sensor chip

surface to conduct the antigen-antibody reaction of
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24. The nmethod for fabricating the structure as defined in C aim 23,

characterized by repeating the above 13090696/ PCT step(iii). 25.
A method for fabricating a chip for localized surface pl agyonJggserance
sensor, characterized by conpri sing: a step of fabricating a
structure according to the nethod for fabricating a structure defined in
any one of Clainms 21 to 24; and a step of formng a netal |ayer

having a profile reflected with the profile of said structure by covering a
surface of the structure obtained in the above step with a netal.

2o ook b, hansct grlasd by bei g, faby | o3t ed bty weLhod for
sensor chip surface was cleaned with a phosphate-buffered
physiological saline solutlon and pure water, followed by
measurement of transmission spectrum of the sensocr chip.
As a result, where no antigen was reacted (hereinafter
referred to as “blank”), the peak wavelength was at 653.0
nm, whereas when the antigen was reacted, the peak
wavelength was found at 668.0 nm, thus the peak
wavelength being shifted to a lenger wavelength side by
1.5 nm {see Fig. 28).
roz4z]

Next, the leptin antigen solution of 10 ng/ml was
dropped on the senscr chip surface, followed by
measurement of transmission spectrum on the sensor chip
surface similarly after the antigen-antibody reaction,
revealing that the peak wavelength was at 689.5 nm, which
was shifted to a longer wavelength side by 3.0 nm upon
compariscn with the blank test (see Fig. Z8).

[0243]

Accordingly, it was found that the use ¢f the
sensor chip of this examples enabled leptin to be
detected even at such a very low concentration as 100
pg/mb.

[Example 7: Fabrication example of a structure and a chip
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Claim?21 or 22.

B090626/PCT

for localized surface plasmon resonance sensor by use of
atactic polystvyrene]

Atactic polystyrene (molecular weicht: 2,000 g/mol)
was used a s heat responsive material.

[0244]

A 2 wt% atactic polystyrene-toluene sclution was
spin coated conto a substrate (silicon wafer) to form a
thin film {(thin film thickness: 10 nm).

[0245]

The substrate on which the thin film had been
formed was heated in atmosphere of air at 70°C for 60
minutes and thus annealed.

[0246)

The resultant structure was measured with AFM with
respect to the profile of the tubular bodies, revealing
that the depth was at 17 nm and a ratio (A/B) of innerxr
diameter A (547 nm) of the openings of the tubular bodies
and inner diameter B (53% nm) at the midpoint of the
depth from the openings of the tubular bodies was at 1.20.
[0247]

100 nm thick gold was vacuum deposited on the
surface of the structure obtained above according to a
vacuum deposition method to provide a chip for localized

surface plasmon resconance Sensor.
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(0248}

The electric field concentration intensity of the
chip for localized surface plasmon resonance Sensor was
simulated according to an EDITD (Finite Difference Time
Domain) method.

[0249]

The results are shown in Fig. 29. Accerding to Fig.
29, it was confirmed that the electric field of the chip
for localized surface plasmon rescnance sensor made from
the structure obtained in this example was amplified (see
the portion surrounded by circle in Fig. 29%9), clearly
demonstrating that the chip could be utilized as a chip
for localized surface plasmon resonance sensor. [T was
also confirmed that the materials used for the structure
constituting the chip for localized surface plasmon
resonance sensor were not specifically limited.
Industrial Applicability
[G250]

The invention has such an effect that there can be
orovided a structure favorably utilizable as a chip for a
localized surface plasmon resoconance sensor of high
sensitivity or the like and also a methed for fabricating
same.

102511
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Accordingly, the invention can be conveniently used

in the industries making use, for example, of bilosensors.

Explanation of References Numerals

[0252]

18 Tocalized surface plasmon resonance sSensor

19 Substrate

20  Metal laver

21 Linear polarized iight

22  Electric field

24 Localirzed surface plasmon resonance sensor (localized

SPR sensor)

25

26

27

28

29

30

Light source
Collimator lens
Collimator plate
Beam splitter
Spectroscope

Chip for localized surface plasmon resonance Sensor

(chip for localized SPR sensor)

31

32

33

34

Data processorn
Measurement region
Photodetector

Localized surface plasmon resonance sensor (localized

SPR sensor)

45

Tubular body
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46 Transparent substrate (substrate)

48 Light responsive material layer

49  Substrate having tubular bodles (structure, Iirst
structure)]

50 Thermosetting resin substrate {(mold of structure,
second structure)

51 Transparent substrate (third structure)

52 Metal layer

53  Sensor chip
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CLAIMS

1. A structure, characterized by comprising

a planar section and tubular bodies in such a way
that the tubular bodies are vertically arranged so that
openings therecf open at a planar surface of saild planar
section, 1in which

an average inner diameter of the openings of said
tubular bodies is within a range of from 5 nm to 2,000
nm;

a ratio (A/B) of inner diameter A of the openings
of said tubular bodies to inner diameter B at the
midpoint of a depth from the openings of said tubular
bodies is within a range of from 1.00 to 1.80; and

said tubuliar bodies have an aspherical bottom.

2. The structure as defined in Claim 1,
characterized in that the above ratioc (A/B) is within a
range of from 1.00 to 1.50.

3. The structure as defined in Claim 1 or Z,
characterized in that a dispersion density of said
tubular bodies in the planar sgection is within a range of
from 1 to 500,000 bodies per 100 um sguare.

4. The structure as defined in any one of Claims 1
to 3, wherein said structure is made of a stimulation

responsive materleal.
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3. The structure as defined in Claim 4, wherein
said stimulation responsive material includes a heat
responsive material or light responsive material.

6. The structure as defined in Claim 4, wherein
said stimulation responsive material includes a light
responsive material.

7. The structure as defined in Claim &,
characterized in that said stimulation respeonsive
material contains an azo polymer derivative.

8. The structure as defined in Claim 96,
characterized in that said ilight responsive material
includes an azo polymer derivative having an azobenzene
group at the main chain and/or side chain therecf.

9. A chip for localized surface plasmen resonance
sensor, characterized by forming the structure defined in
any one of Claims 1 to 8 on a substrate, and further
forming a metael laver so as to cover at least a part of
the surface of sald structure and reflect a surface
structure of said structure.

10, A chip for localized surface plasmon resoconance
sensor, characterized by forming, on a substrate, a
structure including a planar section and tubular bodies
in such a way that the tubular bodies are vertically

arranged so that openings thereof open at a planar
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surface of said planar section, in which an average inner
diameter of the openings of said tubular bodies is within
a range of from 5 nm to 2,000 nm; & ratio (A/BY of inner
diameter A of the openings cf said tubular bodies to
inner diameter B at the midpoint of a depth from the
openings of said tubular bodies is within a range of from
1.00 to 1.80; and said tubular bodies have an aspherical
bottom, and forming a metal layer so as to covér at least
a part of the surface of sald structure and reflect a
surface structure of said structure.

11. The chip for lcocalized surface plasmon
resonance sensor as definced in Claim 10, characterized
in that the ratic (A/B) is within a range of from 1.00 to
1.50.

12. The chip for localized surface plasmon
resonance senscr as defined in Claim 10 or 11, wherein
said structure i1s made of a stimulation respensive
material.

13. The chip for locallized surface plasmon
resonance sensor as dafined in Claim 12, wherein said
stimulation responsive material includes a heat
responsive material or light responsive material.

14. The chip for localized surface plasmon

resonance sensor as defined in Claim 13, wherein said
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stimulation material includes a light responsive material.

15. The chip for localized surface plasmon
resonance senscr as defined in any one of Claims 9 to 14,
characterized in that said metal layer has a thickness
within a range of from 10 nm te 500 nm.

16. The chip for lccalized surface plasmon
resonance senscr as defined in any one of Claims 9 to 15,
characterized by forming an organic molecular layer for
fixing biomolecules on the surface of said metal layer.

17. The chip for localized surface plasmon
resonance sensor as defined in Claim 16, characterized in
that said organic molecular layer contains molecules
whose length from the metal layer surface ranges from 50
nm to 200 nm and molecules whose length from the metal
layer surface ranges from 1 nm tc less than 50 nm.

18. The chip for localized surface plasmon
resonance sensor as defined in any one of Claims 9 to 17,
wherein said metal layer 1s made of Au, Ag or an allioy
thereof,

19. A locallzed surface Plasmon resonance sensor,
characterized by comprising

the chip for localized surface plasmon rescnance
sensor defined in any one cof Claims 9 to 18;

a light source irradiating light on said chip for
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localized surface plasmon resonance sensor; and

a photodetector receiving light reflected from or
transmitted though said chip for localized surface
plasmon resonance Sensor.

20. The localized surface plasmon resonance sensor
as defined in Claim 19, characterized by passing lights
of two or more wavelengths vertically to the surface of
sald chip for localized surface plasmon resonance sensor
and measuring, with saild photodetector, reflectances of
the lights of the respective wavelengths reflected at
gsaild chip for locallized surface plasmon rescnance sSensor,
transmittances at the respective wavelengths transmitted
through said chip for localized surface plasmon resonance
senscr, or light intensities at the respective
wavelengths reflected or transmitted.

21. A method for fabricating a structure,
characterized by comprising:

a ligquid coating step of coating a particulate
material-free ligquid on a light responsive material; and

a light irradiation step of irradiating light on
the light responsive material on which the liquid has
been coated in the above liguid coating step.

22. The method for fabricating the structure as

defined in Claim 21, characterized in that said liquid is
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at least one selected from the group including water, an
alcohol and an organic solvent cagpable of dissolving the
light responsive material.

23. A method for fabricating a structure,
characterized by comprising:

(1) making a first structure through a liguid
coating step of coating a particulate material-free
liguid on a light responsive material and a light
irradiation step of irradiating light on the light
responsive material on which the liguid has been coated
in the liguid coating step; and

(ii) making a second structure serving as a mold of
the first structure by coating & thermosetting resin orx
photocurable resin so as to completely cover a surface of
said first structure, and removing said thermosetting
resin or photocurable resin after curing thereof; and

(11i) eobtaining a third structure that is a
duplicate of the first structure by filling a
thermosetting resin or photocurable resin in a portion of
said second structure serving as a mold of the first
structure and removing the thermosetting resin or
chotocurable resin after curing thereof.

24. The method for fabricating the sgtructure as

defined in Claim 23, chavacterized by repeating the above
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step (1i1i).

25, A method for fabricating a chip for localized
surface plasmon resocnance sensor, characterized by
comprising:

a step of fabricating a structure according to the
method for fabricating a structure defined in any one cf
Claims 21 to 24; and

a step of forming a metal layer having a profile
reflected with the profile of said structure by covering
a surface of the structure cbtained in the above step
with a metal.

26. A structure, characterized by being fabricated
by the method for fabricating a structure defined in

Claim 21 or 22.
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