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(57) ABSTRACT 

A surface plasmon resonance measuring apparatus is pro 
vided With a dielectric block, a metal ?lm formed on a 
surface of the dielectric block, a light source for emitting a 
light beam, an optical system for making the light beam 
enter the dielectric block at various angles of incidence so 
that a condition for total internal re?ection is satis?ed at an 
interface betWeen the dielectric block and the thin ?lm layer, 
and a photodetector for detecting the intensity of the light 
beam satisfying total internal re?ection at the interface. In 
the measurement chip to be utilized in the surface plasmon 
resonance measuring apparatus, the dielectric block is 
formed from a synthetic resin in Which, When said light 
beam is p-polariZed outside said dielectric block and then 
strikes the interface, the intensity of a s-polariZed component 
at the interface is 50% or less of the intensity of the light 
beam at the interface. 
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SURFACE PLASMON RESONANCE MEASURING 
CHIP AND METHOD OF MANUFACTURE 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a measuring chip 
that is employed in a surface plasmon resonance measuring 
apparatus for quantitatively analyzing a substance in a 
sample by utiliZing the excitation of a surface plasmon. The 
present invention also relates to a method of manufacture of 
a measuring chip as described above. 

[0003] 2. Description of the Related Art 

[0004] In metals, if free electrons are caused to vibrate in 
a group, compression Waves called plasma Waves Will be 
generated. The compression Waves generated in a metal 
surface and quantized are called surface plasmon. 

[0005] Avariety of surface plasmon resonance measuring 
apparatuses have been proposed to quantitatively analyZe a 
substance in a sample by taking advantage of a phenomenon 
that surface plasmon is exited by light Waves. Among the 
apparatuses, an apparatus employing a system called 
“Kretschmann con?guration” is particularly Well knoWn 
(e.g., see Japanese Unexamined Patent Publication No. 

6(1994)-167443). 
[0006] The surface plasmon resonance measuring appara 
tus employing the “Kretschmann con?guration” is equipped 
mainly With a dielectric block formed, for example, into the 
shape of a prism; a metal ?lm, formed on a surface of the 
dielectric block, for placing a sample thereon; a light source 
for emitting a light beam; an optical system for making the 
light beam enter the dielectric block so that a condition for 
total internal re?ection is satis?ed at the interface betWeen 
the dielectric block and the metal ?lm and that various 
angles of incidence, including a surface plasmon resonance 
condition, are obtained; and photodetection means for mea 
suring the intensity of the light beam satisfying total internal 
re?ection at the interface to detect surface plasmon reso 
nance. 

[0007] In order to obtain various angles of incidence in the 
aforementioned manner, a relatively thin light beam may be 
caused to strike the above-mentioned interface at different 
angles of incidence, or relatively thick convergent or diver 
gent rays may be caused to strike the interface so that they 
contain components incident at various angles. In the 
former, a light beam Whose re?ection angle varies With 
de?ection of the light beam, can be detected by a small 
photodetector that is moved in synchroniZation With the light 
beam de?ection, or by an area sensor extending in the 
direction Where the angle of re?ection varies. In the latter, on 
the other hand, rays re?ected at various angles can be 
detected by an area sensor extending in a direction Where all 
the re?ected rays can be received. 

[0008] In the surface plasmon resonance measuring appa 
ratus mentioned above, if a light beam strikes the metal ?lm 
at a speci?c incidence angle 05p equal to or greater than a 
critical angle of incidence at Which total internal re?ection 
takes place, evanescent Waves having electric ?eld distribu 
tion are generated in the sample in contact With the metal 
?lm, Whereby surface plasmon is excited at the interface 
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betWeen the metal ?lm and the sample. When the Wave 
vector of the evanescent light is equal to the Wave number 
of the surface plasmon and therefore the Wave numbers 
betWeen the tWo are matched, the evanescent Waves and the 
surface plasmon resonate and light energy is transferred to 
the surface plasmon, Whereby the intensity of light satisfy 
ing total internal re?ection at the interface betWeen the 
dielectric block and the metal ?lm drops sharply. The sharp 
intensity drop is generally detected as a dark line by the 
above-mentioned photodetection means. 

[0009] Note that the above-mentioned resonance occurs 
only When the incident light beam is a p-polariZed light 
beam. Therefore, in order to make the resonance occur, it is 
necessary that a light beam be p-polariZed before it strikes 
the interface. 

[0010] If the Wave number of the surface plasmon is found 
from a speci?c incidence angle 05p at Which attenuated total 
re?ection (hereinafter referred to as ATR) takes place, the 
dielectric constant of a sample to be analyZed can be 
calculated by the folloWing Equation: 

[0011] Where KSp represents the Wave number of the 
surface plasmon, (n represents the angular frequency of the 
surface plasmon, c represents the speed of light in vacuum, 
and Em and 65 represent the dielectric constants of the metal 
and the sample, respectively. 

[0012] If the dielectric constant 65 of the sample is found, 
the density of a speci?c substance in the sample is found 
based on a predetermined calibration curve, etc. As a result, 
the speci?c substance can be quantitatively analyZed by 
?nding the incidence angle 05p at Which the intensity of 
re?ected light drops. 

[0013] In the conventional surface plasmon resonance 
measuring apparatus employing the aforementioned system, 
the metal ?lm on Which a sample is placed must be 
exchanged for a neW one each time a measurement is made. 
Because of this, the metal ?lm is ?xed to a ?rst dielectric 
block in the form of a plate, and a second dielectric block in 
the form of a prism is provided as an optical coupler for 
making the aforementioned total internal re?ection occur. 
The ?rst dielectric block is united With a surface of the 
second dielectric block. The second dielectric block is ?xed 
With respect to an optical system, and the ?rst dielectric 
block and the metal ?lm are used as a measuring chip. In this 
manner, the measuring chip can be exchanged for a neW one, 
every time a measurement is made. 

[0014] HoWever, in the case Where the conventional 
exchangeable measuring chip is employed, a gap occurs 
betWeen the ?rst dielectric block and the second dielectric 
block and the refractive index becomes discontinuous. To 
prevent the discontinuity, it is necessary that the tWo dielec 
tric blocks be united through an index-matching solution. 
The operation of uniting the tWo dielectric blocks in a body 
is fairly dif?cult, and consequently, the conventional mea 
suring chip is not easy to handle in making a measurement. 
Particularly, in the case Where measurement is automated by 
automatically loading a measuring chip into a turret, then 
rotating the turret, and automatically supplying the measur 
ing chip to a measuring position Where a light beam enters 
the measuring chip, the loading and removal of the measur 
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ing chip is time-consuming, resulting in a reduction in the 
ef?ciency of the automatic measurement. 

[0015] In addition, there is a possibility that the conven 
tional measuring chip Will have a detrimental in?uence on 
the environment, because it uses an index-matching solu 
tion. 

[0016] In vieW of the circumstances mentioned above, the 
applicant has proposed a surface plasmon resonance mea 
suring chip that can be easily exchanged for a neW one 
Without requiring an index-matching solution (Japanese 
Unexamined Patent Publication No. 2000-212125). 

[0017] This surface plasmon resonance measuring chip is 
equipped With a dielectric block; a metal ?lm, formed on a 
surface of the dielectric block, for placing a sample thereon; 
a light source for emitting a light beam; an optical system for 
making the light beam enter the dielectric block at various 
angles of incidence so that a condition for total internal 
re?ection is satis?ed at an interface betWeen the dielectric 
block and the metal ?lm; and photodetection means for 
detecting the intensity of the light beam satisfying total 
internal re?ection at the interface to detect surface plasmon 
resonance. The dielectric block is formed as a single block 
that includes an entrance surface Which the light beam 
enters, an exit surface from Which the light beam emerges, 
and a surface on Which the metal ?lm is formed. The metal 
?lm is united With the dielectric block. 

[0018] In the surface plasmon resonance measuring chip 
disclosed in the aforementioned publication No. 2000 
212125, the dielectric block is formed as a single block that 
includes an entrance surface Which the light beam enters, an 
exit surface from Which the light beam emerges, and a 
surface on Which the metal ?lm is formed (this block also 
functions as an optical coupler because it includes an 
entrance surface and an exit surface), and the dielectric 
block is united With the metal ?lm. Therefore, if only the 
measuring chip is installed in and removed from the optical 
system, the measuring chip can be easily exchanged for a 
neW one. 

[0019] That is, since the surface plasmon resonance mea 
suring chip does not require the aforementioned tWo dielec 
tric blocks, the measuring chip does not have to employ an 
index-matching solution through Which the tWo dielectric 
blocks are united. Thus, the measuring chip is capable of 
eliminating the inconvenience of handling that is caused by 
employing an index-matching solution. 

[0020] In addition, if the measuring chip does not need to 
employ an index-matching solution, the measuring chip is 
prevented from having a detrimental in?uence on the envi 
ronment. 

[0021] Note that desirable materials for the dielectric 
block are glass and synthetic resin. Particularly, synthetic 
resin is advantageous in that measuring chips can be manu 
factured at loW costs by injection molding. 

[0022] HoWever, in the case Where measuring chips are 
formed from synthetic resin, the problem of a reduction in 
the signal-to-noise (S/N) ratio for the output signal of the 
photodetection means that detects surface plasmon reso 
nance Will arise. 

SUMMARY OF THE INVENTION 

[0023] The present invention has been made in vieW of the 
circumstances mentioned above. Accordingly, it is the pri 
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mary object of the present invention to provide a measuring 
chip, consisting of synthetic resin, Which is capable of 
realiZing high accuracy of measurement by assuring a high 
S/N ratio for the output signal of photodetection means that 
detects surface plasmon resonance. 

[0024] It is another object of the present invention to 
provide a method of manufacture of a surface plasmon 
resonance measuring chip as described above. 

[0025] To achieve this end and in accordance With an 
important aspect of the present invention, there is provided 
a surface plasmon resonance measuring chip comprising: (1) 
a dielectric block; (2) a metal ?lm, formed on a surface of 
the dielectric block, for placing a sample thereon; (3) a light 
source for emitting a light beam; (4) an optical system for 
making the light beam enter the dielectric block at various 
angles of incidence so that a condition for total internal 
re?ection is satis?ed at an interface betWeen the dielectric 
block and the metal ?lm; and (5) photodetection means for 
detecting the intensity of the light beam satisfying total 
internal re?ection at the interface to detect surface plasmon 
resonance. In the surface plasmon resonance measuring 
chip, the dielectric block is formed as a single block that 
includes an entrance surface Which the light beam enters, an 
exit surface from Which the light beam emerges, and a 
surface on Which the metal ?lm is formed. The metal ?lm is 
united With the dielectric block. Furthermore, the dielectric 
block is formed from a synthetic resin in Which, When the 
light beam is p-polariZed outside the dielectric block and 
then strikes the interface, the intensity of a s-polariZed 
component at the interface is 50% or less of the intensity of 
the light beam at the interface. That is, the conversion ratio 
of the p-polariZed component to the s-polariZed component 
is 50% or less. Hereinafter, this conversion ratio Will be 
referred to as “conversion ratio R”. 

[0026] In a preferred form of the present invention, the 
aforementioned dielectric block is formed from a synthetic 
resin in Which, When the light beam is p-polariZed outside 
the dielectric block and then strikes the interface, the inten 
sity of a s-polariZed component at the interface is 30% or 
less of the intensity of the light beam at the interface, and 
further desirably 10% or less of the intensity of the light 
beam at the interface. synthetic resin. In the surface plasmon 
resonance measuring chip of the present invention, synthetic 
resin a synthetic resin that suppresses the intensity of the 
s-polariZed component of the light beam may be, for 
example, PMMA (polymethylmethacrylate). 

[0027] In the surface plasmon resonance measuring chip 
of the present invention, it is desirable that a sensing 
medium that exhibits a coupling reaction With a speci?c 
substance in the sample is ?xed on the metal ?lm. 

[0028] It is desirable that the surface plasmon resonance 
measuring chip be provided With a sample holding mecha 
nism for holding a sample on the metal ?lm. More speci? 
cally, the sample holding mechanism is constructed of a 
member having a hole in Which the metal ?lm is received. 
The cross section of the hole of the member is tapered so that 
it gradually increases in siZe from the bottom of the hole 
toWard the top of the hole. 

[0029] In the surface plasmon resonance measuring chip, 
it is desirable that the aforementioned dielectric block have 
a polygonal cross section (such as a square cross section, 
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etc.) Which gradually increases in size from the bottom of 
the block toward the top of the block. 

[0030] The method of manufacture of the surface plasmon 
resonance measuring chip according to the present invention 
is a method of manufacture of a surface plasmon resonance 
measuring chip having the basic structure as that disclosed 
in the aforementioned Japanese Unexamined Patent Publi 
cation No. 2000-212125. That is, it is a method of manu 
facturing a surface plasmon resonance measuring chip for 
use in a surface plasmon resonance measurement apparatus 
constituted of: a light source for emitting a light beam; an 
optical system for making said light beam enter a dielectric 
block at various angles of incidence so that a condition for 
total internal re?ection is satis?ed at an interface betWeen 
said dielectric block and said metal ?lm; and photodetection 
means for detecting the intensity of said light beam satis 
fying total internal re?ection at said interface to detect 
surface plasmon resonance; Wherein said dielectric block is 
formed as a single block that includes an entrance surface 
Which said light beam enters, an exit surface from Which 
said light beam emerges, and a surface on Which said metal 
?lm is formed; comprising the step of: manufacturing the 
measuring chip With said dielectric block being formed 
integrally With said metal ?lm by positioning a resin intro 
ducing gate in a position that faces the surface of the mold 
that de?nes the surface on Which said metal ?lm is to be 
formed and forming said block by injection molding. 

[0031] The inventors have made various investigations 
and experiments and found that in the conventional surface 
plasmon resonance measuring chip employing synthetic 
resin material, the problem of a reduction in the S/N ratio for 
the output signal of the photodetection means for detecting 
surface plasmon resonance results from a change in the 
polariZed component of a light beam caused by optical 
distortion (double refraction, etc.) generated in the synthetic 
resin material. 

[0032] That is, even if a light beam is p-polariZed and is 
caused to strike the interface betWeen a synthetic resin 
dielectric block and a metal ?lm to generate surface plasmon 
resonance, the polariZation state of the light beam Will 
change due to the optical distortion (double refraction, etc.) 
of the synthetic resin, as the light beam travels through the 
synthetic resin dielectric block. For this reason, When the 
light beam reaches the interface, a strong s-polariZed com 
ponent has often been generated. The s-polariZed component 
makes no contribution to surface plasmon resonance, and 
the s-polariZed component alWays satis?es total internal 
re?ection at the interface and is detected as a bias component 
by the photodetection means. Because of this, the light 
quantity of the p-polariZed component Which causes ATR to 
occur is reduced and the S/N ratio for the detected signal is 
reduced. 

[0033] This point Will be described in greater detail beloW. 
FIG. 13 is a graph that shoWs the relationship betWeen the 
incidence angle of light that enters the interface betWeen a 
dielectric block and a metal ?lm in a surface plasmon 
resonance measuring apparatus; and the intensity of detected 
total internally re?ected light. In the ?gure, the solid and 
broken lines represent a case in Which 100% of the p-po 
lariZed component of the p-polariZed light beam that enters 
the dielectric block is preserved When the light reaches the 
interface betWeen the dielectric block and the metal ?lm 
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(that is, the conversion ratio R is 0%), and a case in Which 
50% of the p-polariZed component of the p-polariZed light 
beam that enters the dielectric block is preserved When the 
light reaches the interface betWeen the dielectric block and 
the metal ?lm (that is, the conversion ratio R is 50%), 
respectively. As described above, With regard to surface 
plasmon resonance measurement, basically, What is sought 
is the dielectric constant of the sample from the incidence 
angle 0sp at Which ATR occurs, or the nature of the sample 
corresponding to this dielectric constant. Thus, the deeper 
the dip (drop) of the detected total internal re?ection signal 
for the incidence angle esp, the higher the S/N ratio of the 
detection signal obtained. As shoWn in the ?gure, in the case 
that the conversion ratio R is 50%, the depth of the dip is 1/2 
that of the case that the conversion ratio R is 0%. As the 
noise level is constant for both cases, the S/N ratio of the 
detection signal is also 1/2. In this manner, the S/N ratio of the 
detection signal is affected by the conversion ratio R of the 
light beam to the s-polariZed component. 

[0034] Based on the facts described above, the present 
inventors experimentally investigated to What degree the 
conversion ratio R had to be suppressed in order to make 
practical surface plasmon resonance measurement possible, 
When attempting to make a light beam incident on the 
interface betWeen a dielectric block and a metal ?lm in a 
p-polariZed state. With regard to the experiments, a surface 
plasmon resonance measuring apparatus as shoWn in FIG. 1, 
to be described later, Was employed. The S/N ratio Was 
evaluated based on a differential signal, obtained by differ 
entiating the output signal (SPR signal) of a photodetector 
for detecting the intensity of totally internally re?ected light. 
Note that With regard to this apparatus, the noise level of the 
electrical system for detecting the intensity of totally inter 
nally re?ected light is approximately 1 mV. This is a noise 
level common to electrical circuits. 

[0035] With reference to FIG. 14, the method of deriving 
the S/N ratio in this case Will be described. In the ?gure, A 
and B represent the aforementioned SPR signal Sp and the 
differential signal Sp‘ differentiated therefrom, respectively, 
for a case in Which the conversion ratio R is 0%. In addition, 
a sensing medium that exhibits a coupling reaction With a 
speci?c substance in the sample is placed on the metal ?lm. 
The solid lines and the broken lines in the ?gures represent 
the signal values before and after the coupling reaction, 
respectively. The case in Which the dielectric constant of the 
speci?c substance, that is, the identity of the speci?c sub 
stance Which exhibited the coupling reaction With the sens 
ing medium, is sought from the amount of change oSp‘ of the 
differential signal Sp‘ before and after the coupling reaction, 
Will be considered. 

[0036] In this case, if the noise level is set as 6N, then 
S/N=(6Sp‘/6N). Incidentally, in the case that the conversion 
ratio R is 50%, the SPR signal and the differential signal 
thereof Will be those shoWn in FIG. 15A and FIG. 15B, 
respectively. As can be seen by a comparison of FIG. 14 and 
FIG. 15, While the noise level 6N is constant, as the amount 
of change oSp‘ of the differential signal Sp‘ in the case in 
Which the conversion ratio R is 50% is 1/2 that in the case in 
Which the conversion ratio R is 0%, the S/N ratio of the case 
in Which the conversion ratio R is 50% is also 1/2 that in the 
case in Which the conversion ratio R is 0%. 

[0037] By deriving the S/N ratio in the manner described 
above, experiments Were conducted to investigate to What 
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degree the conversion ratio R should be suppressed in order 
to realize a S/N ratio greater than or equal to 10, Which is the 
S/N ratio generally required to perform this type of mea 
surement accurately. With regard to the experiments, the 
conversion ratio R Was set to various values, and investiga 
tion Was conducted for each case. HoWever, only the con 
version ratios R relating to the present invention Will be 
described beloW. 

[0038] (1) Conversion ratio R=50% 

[0039] In this case, When the change in refractive 
index Was 1><10_5, the amount of change oSp‘ of 
the differential signal Sp‘ became approximately 
5.6 mV. As the noise level is approximately 1 mV 
as described above, the change in refractive index 
at Which S/N =10 becomes 1.8><10_5. This value is 
substantially equal to that obtained in, for 
example, the screening of drugs, When the afore 
mentioned sensing medium couples With a sub 
stance having a loW molecular Weight of 360. As 
the majority of loW molecular Weight substances 
subject to drug screening have a molecular Weight 
on the order of 360~800 (for example, biotiny 
lated amine has a molecular Weight of 374), if a 
dielectric block is formed by a synthetic resin With 
a conversion ratio R of less than or equal to 50%, 
loW molecular Weight substances such as these can 
be screened for With high accuracy. 

[0040] (2) Conversion ratio R=30% 

[0041] In this case, When the change in refractive 
index Was 1><10_5, the amount of change oSp‘ of 
the differential signal Sp‘ became approximately 
7.8 mV. As the noise level is approximately 1 mV 
as described above, the change in refractive index 
at Which S/N =10 becomes 1.3><10_5. This value is 
substantially equal to that obtained When the 
aforementioned sensing medium couples With a 
substance having a loW molecular Weight of 260. 
As there exist a number of substances from among 
the of loW molecular Weight substances subject to 
drug screening having a molecular Weight on the 
order of 260~360 (for example, vitamin B1 has a 
molecular Weight of 334), if a dielectric block is 
formed by a synthetic resin With a conversion ratio 
R of less than or equal to 30%, loW molecular 
Weight substances such as these can be screened 
for With high accuracy. 

[0042] (3) Conversion ratio=10% 

[0043] In this case, When the change in refractive 
index Was 1><10_5, the amount of change oSp‘ of 
the differential signal Sp‘ became approximately 
10 mV. As the noise level is approximately 1 mV 
as described above, S/N ratio equals 10 at this 
change in refractive index. This value is substan 
tially equal to that obtained When the aforemen 
tioned sensing medium couples With a substance 
having a loW molecular Weight of 200. In drug 
screening, it is said that if substances having a 
molecular Weight greater than or equal to 200 are 
detectable, it is possible to screen for substantially 
all substances (for example, biotin has a molecular 
Weight of 244). Therefore, if a dielectric block is 
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formed by a synthetic resin With a conversion ratio 
R of less than or equal to 10%, the apparatus 
becomes applicable to the screening of various 
drugs. 

[0044] Whether or not the aforementioned polariZation 
ratio has been maintained can be judged by detecting a 
polariZation ratio from the dielectric block. That is, the 
in?uence of optical distortion on the polariZation state of the 
light is greater at the exit surface of the dielectric block than 
at the interface. Therefore, if the polariZation ratio for the 
emergent light satis?es the aforementioned condition, a 
change in the polariZation state at the interface due to the 
in?uence of optical distortion is less than that. 

[0045] In the present invention, the aforementioned 
sample holding mechanism is provided to hold a sample on 
the metal ?lm; the sample holding mechanism consists of a 
member having a hole; and furthermore, the hole is tapered 
to that the cross section thereof increases in siZe from the 
bottom of the dielectric block toWard the top of the dielectric 
block. In this case, the effect of making the thickness of the 
metal ?lm even can also be obtained. That is, the metal ?lm 
is generally formed by vapor deposition. If the sample 
holding mechanism is formed into a shape such as that 
described above, a deposited metal ?lm is held in the hole 
of the sample holding mechanism and can be prevented from 
becoming uneven in thickness. 

[0046] In the surface plasmon resonance measuring chip, 
When the aforementioned dielectric block has a polygonal 
cross section (such as a square cross section, etc.) Which 
gradually increases in siZe from the bottom of the block 
toWard the top of the block, positioning in installing this chip 
in the measuring apparatus is facilitated. 

[0047] That is, if a polygonal bore (a square bore, etc.) is 
formed in the horiZontal measuring table, etc., of the mea 
suring apparatus, and the polygonal dielectric block is ?tted 
in the polygonal bore, the dielectric block is automatically 
set in a predetermined direction Within a horiZontal plane, 
because the polygonal portions engage With each other. 
Thus, there is no possibility that the measuring chip Will be 
shifted horiZontally from the polygonal bore. 

[0048] Furthermore, if the tapered polygonal dielectric 
block is inserted into the polygonal bore formed in the 
measuring table, etc., the dielectric block is automatically 
stopped at a vertical position Where the polygonal portions 
engage With each other. Thus, vertical positioning is also 
easily performed. 

[0049] If the method of manufacture of a surface plasmon 
resonance measuring chip of the present invention is 
applied, a measuring chip having comparative intensities of 
the s-polariZed component (conversion ratio R) of less than 
or equal to 50%, less than or equal than 30%, and less than 
or equal to 10% can be obtained. This is thought to be 
because the polariZation state of the light beam incident on 
the surface on Which the metal ?lm is formed is preserved. 
This is accomplished by positioning a resin introducing gate 
in a position that faces the surface of the mold that de?nes 
the surface on Which said metal ?lm is to be formed and 
forming said block by injection molding, thereby improving 
the planarity of said surface. 
















