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SENSOR CHIP, PROCESS FOR PRODUCING THE 
SAME, AND SENSOR USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a sensor utilizing localized 
plasmon resonance. This invention also relates to a sensor 
chip for use in the sensor, and a process for producing the 
sensor chip. This invention further relates to a ?ne structure 
body for use in the sensor of the type described above, and 
a process for producing the ?ne structure body. 

[0003] 2. Description of the Related Art 

[0004] As disclosed in, for example, Patent Literature 1, 
there have heretofore been knoWn sensors, in Which a ?ne 
structure body comprising a dielectric material, a semicon 
ductor, or the like, and ?ne metal particles secured in a 
layer-shaped form to a surface of the dielectric material, the 
semiconductor, or the like, is employed as a sensor chip, and 
With Which a refractive index of a sample, or the like, is 
measured by the utiliZation of localiZed plasmon resonance. 
Basically, the sensors are provided With means for irradiat 
ing measuring light to the area of the ?ne metal particles of 
the sensor chip, and photo detecting means for detecting 
intensity of the measuring light coming from the ?ne metal 
particles secured in the layer-shaped form (i.e., the measur 
ing light, Which has passed through the ?ne metal particles, 
or the measuring light, Which has been re?ected from the 
?ne metal particles). 

[0005] With the sensors described above, When the mea 
suring light is irradiated to the area of the ?ne metal particles 
secured in the layer-shaped form, the localiZed plasmon 
resonance occurs at a certain speci?c Wavelength, and the 
scattering and the absorption of the measuring light are 
caused by the localiZed plasmon resonance to increase 
markedly. Therefore, in cases Where the intensity of the 
measuring light coming from the ?ne metal particles secured 
in the layer-shaped form is detected, the markedly occurring 
attenuation of the detected intensity of the measuring light is 
capable of being observed, and the occurrence of the local 
iZed plasmon resonance is thereby capable of being con 
?rmed. 

[0006] In such cases, the light Wavelength, at Which the 
localiZed plasmon resonance occurs, and the extent of the 
scattering and the absorption of the measuring light depend 
upon the refractive index of the medium, Which is present 
around the ?ne metal particles. Speci?cally, in cases Where 
the refractive index of the medium, Which is present around 
the ?ne metal particles, is large, a resonance peak Wave 
length shifts to the long Wavelength side, and the scattering 
and the absorption of the measuring light increase. There 
fore, in cases Where the measuring light is irradiated to the 
area of the ?ne metal particles in a state in Which a sample 
is located around the ?ne metal particles secured in the 
layer-shaped form, and the intensity of the measuring light 
coming from the area of the ?ne metal particles is detected, 
the refractive index of the sample, physical properties of the 
sample corresponding to the refractive index, and the like, 
are capable of being measured. 

[0007] In such cases, White light may be employed as the 
measuring light, the light coming from the area of the ?ne 
metal particles may be detected spectrophotometrically, and 
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the shift of the resonance peak Wavelength described above 
may thereby be detected. Alternatively, monochromatic light 
may be employed as the measuring light, and the shift of the 
resonance peak Wavelength described above, and a change 
in light intensity accompanying a change in scattering and 
absorption of the measuring light may thereby be detected. 

[0008] Also, in order for the measuring light coming from 
the ?ne metal particles secured in the layer-shaped form to 
be detected, a photodetector may be located on the side With 
respect to the ?ne metal particles, Which side is opposite to 
the measuring light irradiation side, and the light having 
passed through the ?ne metal particles may thereby be 
detected. Alternatively, the photodetector may be located on 
the side With respect to the ?ne metal particles, Which side 
is identical With the measuring light irradiation side, and the 
light having been re?ected from the ?ne metal particles may 
thereby be detected. In the latter cases, a base body, to Which 
the ?ne metal particles are secured in the layer-shaped form, 
may be made from a material having light re?ecting prop 
erties. In such cases, the measuring light having passed 
through the ?ne metal particles is re?ected from the base 
body. Therefore, the measuring light, Which has passed 
through the ?ne metal particles and has then been re?ected 
from the base body, is capable of being detected together 
With the measuring light, Which has been re?ected from the 
?ne metal particles. 

[0009] Further, in cases Where a sensing medium, Which is 
capable of binding With a speci?c substance, is ?xed to 
peripheral areas of the ?ne metal particles of the sensor chip, 
the refractive index at the peripheral areas of the ?ne metal 
particles alters in accordance With the occurrence of the 
binding of the sensing medium With the speci?c substance. 
Therefore, the measuring light may be irradiated to the area 
of the ?ne metal particles in the state in Which the sensing 
medium described above has been ?xed to the peripheral 
areas of the ?ne metal particles, and the intensity of the 
measuring light coming from the area of the ?ne metal 
particles may be detected. In this manner, the occurrence of 
the binding of the sensing medium With the speci?c sub 
stance is capable of being detected. The combination of the 
speci?c substance and the sensing medium may be, for 
example, the combination of an antigen and an antibody. 

[0010] As the sensor chip for use in the sensor utiliZing the 
localiZed plasmon resonance, for example, a sensor chip 
comprising a base body and a colloidal metal single-layer 
?lm, Which is formed at a surface area of the base body, has 
heretofore been knoWn. The sensor chip comprising the base 
body and the colloidal metal single-layer ?lm, Which is 
formed at the surface area of the base body, is described in, 
for example, Patent Literature 1. Also, a ?ne structure body 
comprising layer-shaped anodic oxidation alumina, Which 
has a plurality of ?ne holes formed in one surface, and ?ne 
metal particles, Which are loaded in the ?ne holes of the 
anodic oxidation alumina, is applicable to the sensor 
described above. The aforesaid ?ne structure body is 
described in, for example, Non-Patent Literatures 1 and 2. 
Anodic oxidation alumina itself, Which has a plurality of ?ne 
holes, is also described in, for example, Patent Literature 2 
and Non-Patent Literature 3. 

[0011] As described in, for example, Non-Patent Litera 
ture 3, it has also been knoWn that a plurality of ?ne holes 
having diameters ranging from approximately several 
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nanometers to approximately 300 nm are formed in a regular 
pattern in an anodic oxidation alumina ?lm Which is 
obtained from anodic oxidation processing performed With 
Al in a solution. 

[0012] A marked feature of the anodic oxidation alumina 
acting as a porous material is that the anodic oxidation 
alumina has a honeycomb structure, in Which the ?ne holes 
are formed in parallel at approximately equal intervals and 
extend in a direction approximately normal to the surface of 
the base plate. The anodic oxidation alumina also has the 
unique features in that the diameters of the ?ne holes, the 
intervals of the ?ne holes, and the depths of the ?ne holes are 
capable of being adjusted comparatively freely. 

[0013] As described in, for example, Non-Patent Litera 
ture 4, it has also been knoWn that an anodic oxidation 
alumina ?lm may be formed on a base plate constituted of 
GaAs or InP, and ?ne holes may be formed in the GaAs base 
plate or the InP base plate With the anodic oxidation alumina 
?lm acting as a mask. 

[0014] [Patent Literature 1] 
[0015] US. Patent Laid-Open No. 20020089617 

[0016] [Patent Literature 2] 
[0017] Japanese Unexamined Patent Publication No. 
11(1999)-200090 
[0018] [Non-Patent Literature 1] 

[0019] Journal of Applied Physics, Vol. 49, No. 5, p. 2929, 
1978 

[0020] [Non-Patent Literature 2] 
[0021] Journal ofApplied Physics, Vol. 51, No. 1, p. 754, 
1980 

[0022] [Non-Patent Literature 3] 
[0023] “High-Regularity Metal Nano-Hole Array Based 
on AnodiZed Alumina” by Hideki Masuda, Solid Physics, 
Vol. 31, No. 5, p. 493, 1996 

[0024] [Non-Patent Literature 4] 

[0025] Masashi Nakano, et al., Jpn. J. Appl. Phys., Vol. 38, 
pp. 1052-1055, 1999 

[0026] A sensor chip comprising the layer-shaped base 
body, such as the anodic oxidation alumina, Which has the 
plurality of the ?ne holes formed in one surface as described 
above, and the ?ne metal particles, Which are loaded in the 
?ne holes of the base body, is also capable of being used for 
the operation, in Which the sensing medium, Which is 
capable of binding With the speci?c substance, is ?xed to 
peripheral areas of the ?ne metal particles, and the occur 
rence of the binding of the sensing medium With the speci?c 
substance is thereby detected. 

[0027] HoWever, in cases Where the state of the binding of 
the sensing medium With the speci?c substance is to be 
detected by use of the conventional sensor chip constituted 
in the manner described above, the problems are encoun 
tered in that the change in sensor output signal arising due 
to the occurrence of the binding of the sensing medium With 
the speci?c substance (i.e., the shift of the resonance peak 
Wavelength described above, or the change in light intensity 
accompanying a change in scattering and absorption of the 
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measuring light) is Weak, and a long period of time is 
required before the change in sensor output signal arising 
due to the occurrence of the binding of the sensing medium 
With the speci?c substance is found. 

SUMMARY OF THE INVENTION 

[0028] In vieW of the above circumstances, the ?rst object 
of the present invention is to provide a sensor utiliZing 
localiZed plasmon resonance, With Which a state of binding 
of a sensing medium With a speci?c substance is capable of 
being detected quickly and With a high sensitivity, and a 
sensor chip for use in the sensor. 

[0029] In the cases of the anodic oxidation alumina ?lm 
described above, due to features of crystal groWth, a region 
in Which the composition is nonuniform occurs betWeen the 
holes. Therefore, the problems occur in that, in cases Where 
the anodic oxidation alumina ?lm is used in a sensor, or the 
like, the nonuniformity of the composition causes optical 
noise to occur and obstructs enhancement of a signal-to 
noise ratio. 

[0030] In vieW of the above circumstances, the second 
object of the present invention is to provide a sensor chip for 
use in a sensor Wherein a state of localiZed plasmon reso 

nance at a surface of each of ?ne metal particles is detected 
by the utiliZation of light and Wherein characteristics of a 
sample in the vicinity of each of the ?ne metal particles are 
thereby analyZed, Which sensor chip alloWs measurement 
With little noise and With a high sensitivity, a process for 
producing the sensor chip, and a sensor using the sensor 
chip. 
[0031] In the cases of the sensor using the conventional 
?ne structure body described above, the attenuation of the 
measuring light due to the localiZed plasmon resonance 
occurs over a comparatively Wide Wavelength range around 
the resonance peak Wavelength. Speci?cally, With the sensor 
using the conventional ?ne structure body, the measuring 
light absorption and scattering spectral characteristics do not 
alter suf?ciently sharply. Therefore, With the conventional 
sensor, the problems occur in that a slight change in refrac 
tive index of a sample or physical properties of the sample 
and slight binding of a speci?c substance With a ?xed 
substance cannot alWays be detected. 

[0032] In vieW of the above circumstances, the third object 
of the present invention is to provide a sensor utiliZing 
localiZed plasmon resonance, With Which a slight change in 
refractive index of a sample or a slight change in physical 
properties of the sample is capable of being detected, a ?ne 
structure body for use in the sensor, and a process for 
producing the ?ne structure body. 

[0033] A ?rst sensor chip in accordance With the present 
invention aims at accomplishing the aforesaid ?rst object of 
the present invention. Speci?cally, the present invention 
provides a ?rst sensor chip, comprising: 

[0034] i) a layer-shaped base body, Which has a plurality 
of ?ne holes formed in one surface, and 

[0035] ii) ?ne metal particles, each of Which is loaded in 
one of the ?ne holes of the base body, 

[0036] Wherein at least a part of each of the ?ne metal 
particles is exposed to a side of the layer-shaped base body, 
Which side is more outWard than the one surface of the 
layer-shaped base body. 
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[0037] The ?rst sensor chip in accordance With the present 
invention should preferably be modi?ed such that the layer 
shaped base body is constituted of anodic oxidation alumina. 
Alternatively, the ?rst sensor chip in accordance With the 
present invention may be modi?ed such that the ?ne holes 
of the layer-shaped base body are formed With etching 
processing, in Which anodic oxidation alumina having a 
plurality of ?ne holes is utiliZed as a mask. 

[0038] Also, the ?rst sensor chip in accordance With the 
present invention should preferably be modi?ed such that at 
least a one-half part of each of the ?ne metal particles is 
exposed to the side of the layer-shaped base body, Which 
side is more outWard than the one surface of the layer 
shaped base body. Further, the ?rst sensor chip in accor 
dance With the present invention should preferably be modi 
?ed such that a diameter of each of the ?ne metal particles 
is at most 200 nm. 

[0039] The present invention also provides a ?rst sensor 
using the aforesaid ?rst sensor chip in accordance With the 
present invention, the sensor comprising: 

[0040] i) means for irradiating measuring light to an area 
of the ?ne metal particles of the sensor chip, and 

[0041] ii) photo detecting means for detecting intensity of 
the measuring light, Which has passed through the area of the 
?ne metal particles, or has been re?ected from the area of the 
?ne metal particles. 

[0042] The ?rst sensor in accordance With the present 
invention should preferably be modi?ed such that the means 
for irradiating the measuring light is means for producing 
White light as the measuring light, and 

[0043] the photo detecting means spectrophotometrically 
detects the intensity of the measuring light, Which has passed 
through the area of the ?ne metal particles, or has been 
re?ected from-the area of the ?ne metal particles. 

[0044] A second sensor chip in accordance With the 
present invention aims at accomplishing the aforesaid sec 
ond object of the present invention. Speci?cally, the present 
invention further provides a second sensor chip for use in a 
sensor Wherein a state of localiZed plasmon resonance at a 
surface of each of ?ne metal particles is detected by the 
utiliZation of light and Wherein characteristics of a sample in 
the vicinity of each of the ?ne metal particles are thereby 
analyZed, the sensor chip comprising: 

[0045] i) a support member having a plurality of indepen 
dent ?ne holes, Which extend in a direction approximately 
normal to a surface of the support member, and 

[0046] ii) independent ?ne metal particles, each of Which 
is supported Within one of the ?ne holes of the support 
member, 

[0047] Wherein the support member is constituted of a 
transparent dielectric material having uniform density. 

[0048] The second sensor chip in accordance With the 
present invention should preferably be modi?ed such that 
the support member is constituted of a polystyrene. 

[0049] The present invention still further provides a pro 
cess for producing the aforesaid second sensor chip in 
accordance With the present invention. Speci?cally, the 
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present invention still further provides a process for produc 
ing a sensor chip, comprising the steps of: 

[0050] i) forming an anodic oxidation alumina ?lm on a 
surface of a base plate, Which is constituted of a transparent 
dielectric material, the anodic oxidation alumina ?lm having 
a plurality of ?rst ?ne holes, Which extend in a direction 
approximately normal to the surface of the base plate, 

[0051] ii) subjecting the base plate to etching processing, 
in Which the anodic oxidation alumina ?lm having been 
formed on the surface of the base plate is utiliZed as a mask, 
a plurality of second ?ne holes, each of Which corresponds 
to one of the ?rst ?ne holes, being thereby formed in the 
surface of the base plate, and 

[0052] iii) performing processing Wherein, after the anodic 
oxidation alumina ?lm has been removed from the surface 
of the base plate, a metal depositing operation is performed 
on the base plate having the surface, in Which the second ?ne 
holes have been formed, the metal depositing operation 
being performed from the side of the surface of the base 
plate, and a metal deposit layer having been formed on the 
surface of the base plate is then removed, Whereby each of 
independent ?ne metal particles is supported Within one of 
the second ?ne holes of the base plate. 

[0053] The present invention also provides a second sen 
sor, comprising: 

[0054] i) the aforesaid second sensor chip in accordance 
With the present invention, 

[0055] ii) a light source for producing light, such that the 
light impinges upon an area of the ?ne metal particles of the 
sensor chip, and 

[0056] iii) photo detecting means for detecting intensity of 
the light, Which has passed through the area of the ?ne metal 
particles of the sensor chip, or has been re?ected from the 
area of the ?ne metal particles of the sensor chip, 

[0057] Wherein characteristics of a sample in the vicinity 
of each of the ?ne metal particles, each of Which is supported 
Within one of the ?ne holes of the support member, are 
analyZed in accordance With results of measurement 
obtained from the photo detecting means. 

[0058] The second sensor in accordance With the present 
invention should preferably be modi?ed such that the photo 
detecting means is a spectrophotometer. 

[0059] The term “uniform density” as used herein means 
the density such that optical noise does not occur When the 
sensor chip is used in the sensor, and such that little 
nonuniform composition region, little defect due to nonuni 
form composition, or the like, is present. 

[0060] The term “transparent dielectric material” as used 
herein means the dielectric material, Which substantially 
transmits the measuring light for the detection of the local 
iZed plasmon resonance, ie the light produced by the light 
source. 

[0061] The term “vicinity of each of ?ne metal particles” 
as used herein means the range from the surface of each of 
the ?ne metal particles to a region located at a distance 
approximately equal to the diameter of each of the ?ne metal 
particles, ie the range in Which the localiZed plasmon 
resonance occurs. 
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[0062] A ?ne structure body in accordance With the 
present invention aims at accomplishing the aforesaid third 
object of the present invention. Speci?cally, the present 
invention further provides a ?ne structure body, comprising: 

[0063] i) a layer-shaped base body, Which has a plurality 
of ?ne holes formed in one surface, 

[0064] ii) ?ne metal particles, each of Which is loaded in 
one of the ?ne holes of the base body, and 

[0065] iii) a thin metal ?lm formed on areas of the one 
surface of the layer-shaped base body, Which areas are 
located around each of the ?ne holes of the layer-shaped 
base body, such that the thin metal ?lm is located at a 
spacing, Which is approximately equal to at most a diameter 
of each of the ?ne metal particles, from each of the ?ne 
metal particles. 

[0066] The ?ne structure body in accordance With the 
present invention should preferably be modi?ed such that 
the layer-shaped base body is constituted of anodic oXida 
tion alumina. Alternatively, the ?ne structure body in accor 
dance With the present invention may be modi?ed such that 
the ?ne holes of the layer-shaped base body are formed With 
etching processing, in Which anodic oxidation alumina hav 
ing a plurality of ?ne holes is utiliZed as a mask. 

[0067] Also, the ?ne structure body in accordance With the 
present invention should preferably be modi?ed such that 
the layer-shaped base body is transparent With respect to 
light irradiated to the layer-shaped base body. 

[0068] Further, the ?ne structure body in accordance With 
the present invention should preferably be modi?ed such 
that the layer-shaped base body is divided into a plurality of 
layer-shaped base sub-bodies, Which are located at a spacing 
from one another and are supported together With one 
another. 

[0069] The present invention still further provides a pro 
cess for producing the aforesaid ?ne structure body in 
accordance With the present invention, comprising the steps 
of: 

[0070] i) obtaining the layer-shaped base body, Which has 
the plurality of the ?ne holes formed in the one surface, and 

[0071] ii) performing vacuum evaporation processing 
from the side of the one surface of the layer-shaped base 
body, Whereby each of the ?ne metal particles is loaded in 
one of the ?ne holes of the base body, and the thin metal ?lm 
is formed on the areas of the one surface of the layer-shaped 
base body, Which areas are located around each of the ?ne 
holes of the layer-shaped base body. 

[0072] The present invention also provides a process for 
producing the aforesaid ?ne structure body in accordance 
With the present invention, comprising the steps of: 

[0073] i) obtaining the layer-shaped base body, Which has 
the plurality of the ?ne holes formed in the one surface, 

[0074] ii) performing plating processing on the layer 
shaped base body, each of the ?ne metal particles being 
thereby loaded in one of the ?ne holes of the base body, and 

[0075] iii) performing vacuum evaporation processing 
from the side of the one surface of the layer-shaped base 
body, Whereby the thin metal ?lm is formed on the areas of 
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the one surface of the layer-shaped base body, Which areas 
are located around each of the ?ne holes of the layer-shaped 
base body. 

[0076] The present invention further provides a third sen 
sor using the aforesaid ?ne structure body in accordance 
With the present invention, the sensor comprising: 

[0077] i) means for irradiating measuring light to an area 
of the ?ne metal particles and the thin metal ?lm of the ?ne 
structure body, and 

[0078] ii) photo detecting means for detecting intensity of 
the measuring light, Which has passed through the area of the 
?ne metal particles and the thin metal ?lm, or has been 
re?ected from the area of the ?ne metal particles and the thin 
metal ?lm. 

[0079] The third sensor in accordance With the present 
invention should preferably be modi?ed such that the photo 
detecting means spectrophotometrically detects the intensity 
of the measuring light, Which has passed through the area of 
the ?ne metal particles and the thin metal ?lm, or has been 
re?ected from the area of the ?ne metal particles and the thin 
metal ?lm. 

[0080] Effects of the present invention Will be described 
hereinbeloW. 

[0081] The inventors conducted eXtensive research and 
found that the problems, Which are encountered With the 
conventional technique and Which the present invention 
aims at solving as the ?rst object described above, occur for 
the reasons described beloW. 

[0082] Speci?cally, With the conventional sensor chip, 
each of the ?ne metal particles, Which is loaded Within one 
of the ?ne holes of the base body, such as the anodic 
oxidation alumina, is formed in a tightly loaded state (i.e., 
such that no space is present betWeen the ?ne metal particle 
and the peripheral Wall of the ?ne hole. Therefore, the 
sensing medium is ?Xed to only the surface area of the ?ne 
metal particle, Which surface area stands facing the inlet side 
of the ?ne hole, and the amount of the sensing medium ?Xed 
to the ?ne metal particle is markedly small. Accordingly, the 
change in refractive indeX at the peripheral area of the ?ne 
metal particle, Which change occurs due to the binding of the 
sensing medium With the speci?c substance, is small, and a 
large change in sensor output signal cannot be obtained. 

[0083] Also, With the conventional sensor chip, each of the 
?ne metal particles is ?Xed to the bottom of one of the deep 
?ne holes of the base body, and therefore the sensing 
medium ?Xed to the ?ne metal particle is present at the deep 
position in the ?ne hole. Therefore, the speci?c substance is 
capable of binding With the sensing medium only after the 
speci?c substance has diffused Within the ?ne hole to the 
position in the vicinity of the bottom of the ?ne hole. 
HoWever, a long period of time is required for the speci?c 
substance to diffuse Within the ?ne hole to the position in the 
vicinity of the bottom of the ?ne hole. Accordingly, a long 
period of time is required before the change in sensor output 
signal is found. 

[0084] With the ?rst sensor chip in accordance With the 
present invention, in accordance With the neWly obtained 
?ndings described above, at least a part of each of the ?ne 
metal particles is eXposed to the side of the layer-shaped 
base body, Which side is more outWard than the one surface 
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of the layer-shaped base body. Therefore, the sensing 
medium is capable of being ?xed to side surface areas, and 
the like, of each of the ?ne metal particles. Accordingly, the 
amount of the sensing medium ?xed to each of the ?ne metal 
particles becomes large, and the change in refractive index 
at the peripheral area of each of the ?ne metal particles, 
Which change occurs due to the binding of the sensing 
medium With the speci?c substance, becomes large. As a 
result, a large change in sensor output signal is capable of 
being obtained. Therefore, With the ?rst sensor chip in 
accordance With the present invention, an accurate analysis 
is capable of being performed. 

[0085] Also, With the ?rst sensor chip in accordance With 
the present invention, Wherein each of the ?ne metal par 
ticles, to Which the sensing medium is ?xed, is located in the 
state described above, the speci?c substance need not diffuse 
Within the ?ne hole to the position in the vicinity of the 
bottom of the ?ne hole and is capable of binding With the 
sensing medium. Therefore, the change in sensor output 
signal due to the binding of the speci?c substance With the 
sensing medium is capable of being found quickly, and the 
ef?ciency With Which the sample analysis is made is capable 
of being enhanced. 

[0086] The anodic oxidation alumina described above is 
formed as a porous oxide ?lm on the surface of aluminum 
With processing, Wherein aluminum is subjected to anodic 
oxidation in an acidic electrolyte. The anodic oxidation 
alumina has the features such that a plurality of markedly 
?ne holes having diameters ranging from approximately 
several nanometers to approximately several hundreds of 
nanometers are formed as independent ?ne holes extending 
in the direction approximately normal to the surface of the 
anodic oxidation alumina, and such that the ?ne holes are 
formed at approximately equal intervals. Also, the anodic 
oxidation alumina has the features such that the diameters of 
the ?ne holes, the intervals of the ?ne holes, and the depths 
of the ?ne holes are capable of being adjusted comparatively 
freely by adjustment of conditions for the anodic oxidation. 
(The features of the anodic oxidation alumina are described 
in, for example, Non-Patent Literature 3 described above.) 
During a process for producing the ?rst sensor chip in 
accordance With the present invention, in order for at least 
a part of each of the ?ne metal particles to be exposed to the 
side of the layer-shaped base body, Which side is more 
outWard than the one surface of the layer-shaped base body, 
the depths of the ?ne holes of the base body may be adjusted 
accurately. Therefore, the anodic oxidation alumina having 
the features described above is markedly appropriate as the 
material for constituting the layer-shaped base body. 

[0087] The anodic oxidation alumina described above 
may be used directly in the state in Which the anodic 
oxidation alumina has been formed as a ?lm on the surface 
of aluminum. Alternatively, the anodic oxidation alumina 
having been formed on the surface of aluminum may be 
separated from the surface of aluminum and may then be 
used in the state in Which the anodic oxidation alumina has 
been separated from the surface of aluminum. As another 
alternative, the anodic oxidation alumina having been 
formed on the surface of aluminum may be separated from 
the surface of aluminum and may then be used in a state in 
Which the anodic oxidation alumina has been secured onto 
a different base plate. 
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[0088] With the second sensor chip in accordance With the 
present invention, Wherein the support member is consti 
tuted of the transparent dielectric material having uniform 
density, optical noise is capable of being prevented from 
occurring, and measurement With a high sensitivity is 
capable of being performed. 

[0089] With the second sensor chip in accordance With the 
present invention, Wherein the transparent dielectric material 
is constituted of a polystyrene, in cases Where the second 
sensor chip in accordance With the present invention is 
utiliZed for enZyme immunoassay techniques, such as 
enZyme-linked immunosorbent assay techniques (ELISA 
techniques), noise due to non-speci?c adsorption is capable 
of being suppressed by virtue of the characteristics of the 
polystyrene undergoing little non-speci?c adsorption of pro 
teins. Therefore, measurement With a high sensitivity is 
capable of being performed. 

[0090] With the process for producing a sensor chip in 
accordance With the present invention, the ?ne holes are 
capable of being located at a high density in the support 
member, Which is constituted of the transparent dielectric 
material capable of substantially transmitting the measuring 
light, and a sensor chip having a high sensitivity is capable 
of being obtained. Also, the siZes of the ?ne metal particles 
are capable of being set at arbitrary siZes, and various sensor 
chips appropriate for the purposes of use of the sensor chips 
are capable of being obtained. 

[0091] With the second sensor in accordance With the 
present invention, Wherein the second sensor chip in accor 
dance With the present invention having the effects of 
suppressing optical noise and enabling measurement With a 
high sensitivity is used, analysis of a sample is capable of 
being performed With a high sensitivity. 

[0092] The ?ne structure body in accordance With the 
present invention comprises the layer-shaped base body, 
Which has the plurality of the ?ne holes formed in one 
surface, and the ?ne metal particles, each of Which is loaded 
in one of the ?ne holes of the base body. Therefore, in cases 
Where the ?ne structure body in accordance With the present 
invention is used as a sensor unit as in the cases of the 
conventional sensor described above, in Which the localiZed 
plasmon resonance is utiliZed, the refractive index of a 
sample located at the peripheral areas of the ?ne metal 
particles, physical properties of the sample corresponding to 
the refractive index, the occurrence of the binding of a 
sensing medium, Which is located at the peripheral areas of 
the ?ne metal particles, With a speci?c substance, and the 
like, are capable of being detected. 

[0093] Also, the ?ne structure body in accordance With the 
present invention comprises the thin metal ?lm formed on 
the areas of the one surface of the layer-shaped base body, 
Which areas are located around each of the ?ne holes of the 
layer-shaped base body, such that the thin metal ?lm is 
located at the spacing, Which is approximately equal to at 
most the diameter of each of the ?ne metal particles, from 
each of the ?ne metal particles. Therefore, near ?eld light, 
Which occurs When the measuring light is irradiated to an 
area of the ?ne metal particles, interacts With the thin metal 
?lm, and an absorption spectrum due to electric multipoles 
occurs With the measuring light. 

[0094] Also, With the ?ne structure body in accordance 
With the present invention, Wherein the layer-shaped base 
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body is transparent With respect to the light irradiated to the 
layer-shaped base body, surface plasmon resonance is 
excited by the interaction betWeen the light totally re?ected 
Within the layer-shaped base body and the thin metal ?lm. 

[0095] Therefore, in cases Where the ?ne structure body in 
accordance With the present invention is used in a sensor 
utilizing the localiZed plasmon resonance, the measuring 
light absorption and scattering spectral characteristics alter 
sufficiently sharply due to the synergistic effects of the 
localiZed plasmon resonance and the electric multipoles, or 
the synergistic effects of the localiZed plasmon resonance, 
the electric multipoles, and the surface plasmon resonance. 
The third sensor using the ?ne structure body in accordance 
With the present invention comprises: the means for 
irradiating the measuring light to the area of the ?ne metal 
particles and the thin metal ?lm of the ?ne structure body, 
and (ii) the photo detecting means for detecting the intensity 
of the measuring light, Which has passed through the area of 
the ?ne metal particles and the thin metal ?lm, or has been 
re?ected from the area of the ?ne metal particles and the thin 
metal ?lm. Accordingly, With the third sensor using the ?ne 
structure body in accordance With the present invention, a 
slight change in refractive index of a sample or physical 
properties of the sample and slight binding of a speci?c 
substance With a sensing medium are capable of being 
detected. 

[0096] As described above, the ?ne structure body in 
accordance With the present invention is capable of being 
use appropriately in a sensor utiliZing the localiZed plasmon 
resonance. The ?ne structure body in accordance With the 
present invention is also applicable to a light modulating 
device, Wherein light to be modulated is irradiated to the 
area of the ?ne metal particles and the thin metal ?lm, the 
refractive index of a medium located around the area of the 
?ne metal particles and the thin metal ?lm is caused to alter, 
and the light to be modulated is thereby modulated. In cases 
Where the ?ne structure body in accordance With the present 
invention is applied to the light modulating device described 
above, a large extinction ratio is capable of being obtained 
in accordance With the slight change in refractive index of 
the medium described above. 

[0097] As described above, the anodic oxidation alumina 
described above is formed as a porous oxide ?lm on the 
surface of aluminum With processing, Wherein aluminum is 
subjected to anodic oxidation in an acidic electrolyte. The 
anodic oxidation alumina has the features such that a plu 
rality of markedly ?ne holes having diameters ranging from 
approximately several nanometers to approximately several 
hundreds of nanometers are formed as independent ?ne 
holes extending in the direction approximately normal to the 
surface of the anodic oxidation alumina, and such that the 
?ne holes are formed at approximately equal intervals. Also, 
the anodic oxidation alumina has the features such that the 
diameters of the ?ne holes, the intervals of the ?ne holes, 
and the depths of the ?ne holes are capable of being adjusted 
comparatively freely by adjustment of conditions for the 
anodic oxidation. (The features of the anodic oxidation 
alumina are described in, for example, Non-Patent Literature 
3 described above.) During the process for producing the 
?ne structure body in accordance With the present invention, 
in order for each of the ?ne metal particles and and the thin 
metal ?lm to be located such that the thin metal ?lm is 
located at the spacing, Which is approximately equal to at 
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most the diameter of each of the ?ne metal particles, from 
each of the ?ne metal particles, the depths of the ?ne holes 
of the base body may be adjusted accurately. Therefore, the 
anodic oxidation alumina having the features described 
above is markedly appropriate as the material for constitut 
ing the layer-shaped base body of the ?ne structure body in 
accordance With the present invention. 

[0098] The aforesaid anodic oxidation alumina for consti 
tuting the layer-shaped base body of the ?ne structure body 
in accordance With the present invention may be used 
directly in the state in Which the anodic oxidation alumina 
has been formed as a ?lm on the surface of aluminum. 
Alternatively, the anodic oxidation alumina having been 
formed on the surface of aluminum may be separated from 
the surface of aluminum and may then be used in the state 
in Which the anodic oxidation alumina has been separated 
from the surface of aluminum. As another alternative, the 
anodic oxidation alumina having been formed on the surface 
of aluminum may be separated from the surface of alumi 
num and may then be used in a state in Which the anodic 
oxidation alumina has been secured onto a different base 
plate. 

[0099] With the ?ne structure body in accordance With the 
present invention, Wherein the layer-shaped base body is 
divided into the plurality of the layer-shaped base sub 
bodies, Which are located at a spacing from one another and 
are supported together With one another, each of the layer 
shaped base sub-bodies is capable of being dipped in to one 
of Wells of a micro-titer plate, Which Well shave been ?lled 
With different samples. Therefore, the differrent sample 
shaving been ?lled in the Wells of the micro-titer plate are 
capable of being supplied simultaneously to the respective 
layer-shaped base sub-bodies (i.e., the ?ne metal particles 
and the thin metal ?lms, Which are supported by the layer 
shaped base sub-bodies) In such cases, the ef?ciency of the 
sample supplying operation is capable of being enhanced. 
Also, the measuring light is capable of being irradiated 
simultaneously to the layer-shaped base sub-bodies. Alter 
natively, the measuring light is capable of being irradiated 
successively at short time intervals to the layer-shaped base 
sub-bodies. As a result, the ef?ciency With Which the detec 
tion of the measuring light is performed is capable of being 
enhanced. Accordingly, analyses and measurements of a 
large number of samples are capable of being performed 
quickly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0100] FIG. 1 is a schematic side vieW shoWing an 
embodiment of the ?rst sensor chip in accordance With the 
present invention, 

[0101] FIG. 2 is a side vieW shoWing an embodiment of 
the ?rst sensor in accordance With the present invention, 

[0102] FIG. 3 is a schematic side vieW shoWing hoW the 
sensor chip of FIG. 1 is used for sample analysis, 

[0103] FIG. 4 is a graph shoWing spectral intensity char 
acteristics of measuring light detected With the sensor shoWn 
in FIG. 3, 

[0104] FIG. 5 is a schematic side vieW shoWing a different 
embodiment of the ?rst sensor chip in accordance With the 
present invention, 




























