
12 MAY 2005  DESCRIPTION CHIP ELEMENT FOR MICROCHEMICAL SYSTEMS, AND
MICROCHEMICAL  SYSTEM USING THE CHIP ELEMENT 5 Technical Field The present
invention relates to a chip element for  microchemical systems, and a
microchemical system using  the chip element, and in particular to a chip
element 10 that allows high-precision ultramicroanalysis to be  carried out
in a very small space and allows measurement  to be carried out conveniently
in any chosen location,  and is thus suitable for use in particular in a
small  desktop thermal lens microscope, an analytical thermal 15 lens
microscope or the like, and a microchemical system  using the chip element.
Background Art In consideration of the rapidity of chemical 20 reactions,
and the need to carry out reactions using very  small amounts, on-site
analysis and the like, integration  technology for carrying out chemical
reactions in very  small spaces has been focused upon, and research into
this technology has been carried out with vigor 25 throughout the world.
Microchemical systems that use glass substrates or  the like are an example
of such integration technology.  In such a microchemical system, a very
narrow channel is  formed in a small glass substrate or the like, and
mixing, 30 reaction, separation, extraction, detection or the like  is
carried out on a sample in the channel. Examples. of  reactions carried out
in a microchemical system include  diazotization reactions, nitration
reactions, and antigen-antibody reactions. Examples of 35
extraction/separation include solvent extraction, 121 MAY 2005  2 



electrophoretic separation, and column separation. As an  example in which
separation' is the sole aim, an  electrophoresis apparatus for analyzing
extremely small  amounts of proteins, nucleic acids or the like has been 5
proposed. This electrophoresis apparatus uses a channel- possessing
plate-shaped element comprised of two glass  substrates joined together
(see, for example, Japanese  Laid-open Patent Publication (Kokai) No.
8-178897).  Because the element is plate-shaped, breakage is less 10 likely
to occur than in the case of a glass capillary  tube having a circular or
rectangular cross section, and  hence handling is easier. In a microchemical
system, because the amount of the  sample is very small, a high-precision
detection method  15 is essential. The path to making a detection method of
the required precision fit for practical use has been  opened up through the
establishment of a phototherinal  conversion spectroscopic analysis method.
This method  utilizes a thermal lens effect that is produced through a 20
liquid-borne sample absorbing light in a very narrow  channel. FIG. 12 is an
exploded perspective view showing the  constitution of a conventional
channel-possessing plate- shaped element. 25 The conventional
channel-possessing plate-shaped  element 100 is composed of a glass
substrate 101 and a  glass substrate 102 integrally joined together. An
analysis channel 103, and a sample (the object to be  analyzed) feed-in
channel 104, which intersects the 30 analysis channel 103, are formed in the
surface of the  glass substrate 101 that is joined to the glass substrate
102. The analysis channel 103 has a buffer reservoir 105  at each end
thereof, and the sample feed-in channel 104  has a buffer reservoir 106 at
each end thereof. In the 35 glass substrate 102, through holes 107 are
formed in MAY 2005  



3 positions facing the buffer reservoirs 105 formed in the  glass substrate
101, and through holes 108 are formed in  positions facing the buffer
reservoirs 106 formed in the  glass substrate 101. Electrode films 109 are
formed on 5 the inner walls of the through holes 107 and 108 and on  the
outer surface of the glass substrate 102 in the  vicinity of the through
holes 107 and 108. A chip element for spectroscopic analysis is  composed
from such a channel-possessing plate-shaped 10 element 100. A solution
sample is fed into the analysis  channel 103 from the sample feed-in channel
104, The solution sample is analyzed using a photothermal  conversion
spectroscopic analysis method. In this method,  the solution sample is
convergently irradiated with light, 15 whereupon thermal energy is emitted
due to absorption of  the light by the solute in the solution sample. The
temperature of the solvent is locally raised by this  thermal energy, and
hence the refractive index changes  where the temperature is raised,
resulting in a thermal 20 lens being formed. This is known as the
photothermal  conversion effect. FIG. 13 is a view useful in explaining the
principle  of a thermal lens. In FIG. 13, a convergent beam of exciting
light is  25 irradiated onto an extremely small solution sample via an
objective lens of a microscope, whereupon the  photothermal conversion
effect described above takes  place. For most substances, the refractive
index drops  as the temperature rises, and hence the refractive index 30 of
the solution sample becomes smaller the closer one  gets to the center of
the convergent beam of exciting  light, which is where the temperature rise
is highest.  Due to thermal diffusion, the temperature rise becomes
smaller, and hence the change in refractive index becomes 35 smaller, with
increasing distance from the center of the 



4  convergent beam of exciting light. Optically, this  pattern of change in
the refractive index brings about  the same effect as with a concave lens,
and hence the  effect is known as the thermal lens effect. The size of 5 the
thermal lens effect, i.e. the power of the thermal  lens, is proportional to
the optical absorbance of the  solution sample. Moreover, in the case that
the  refractive index increases with temperature, the same  effect is
produced, but because the change in the 10 refractive index is opposite in
sign, the thermal lens is  convex. In the photothermal conversion
spectroscopic  analysis method described above, thermal diffusion, i.e.
change in refractive index, is observed, and hence the 15 method is suitable
for detecting concentrations in  extremelv small amounts of solution
samples. An example of a photothermal conversion  spectroscopic analyzer
that uses the photothermal  conversion spectroscopic analysis method
described above 20 is disclosed in Japanese Laid-open Patent Publication
(Kokai) No. 10-232210. In a conventional photothermal conversion
spectroscopic analyzer, a channel-possessing plate-shaped  element is
disposed below the objective lens of a 25 microscope, and exciting light of
a predetermined  wavelength outputted from an exciting light source is
introduced into the microscope. The exciting light is  thus irradiated
convergently via the objective lens onto  a solution sample in the analysis
channel of the channel 30 possessing plate-shaped element. The focal
position of  the convergently irradiated exciting light is in the  solution
sample, and hence the exciting light is absorbed  at this focal position,
and thus a thermal lens centered  on the focal position is formed. 35
Moreover, detecting light having a wavelength 



MM 2005  different to the exciting light is outputted from a detecting light
source and also introduced into the  microscope. The detecting light emitted
from the  microscope is convergently irradiated onto the thermal 5 lens that
has been formed in the solution sample by the  exciting light, and then
passes through the solution  sample, so that the detecting light is either
diverged  (in the case that the thermal lens is concave) or  converged (in
the case that the thermal lens is convex). 10 The detecting light exiting
the solution sample is used  as signal light. The signal light passes
through a  converging lens and a filter or just a filter, and is  then
detected by a detector. The intensity of the  detected signal light depends
on the power of the thermal 15 lens formed in the solution sample. Note that
the  detecting light may have the same wavelength as the  exciting light, or
the exciting light may also be used as  the detecting light. In the
spectroscopic analyzer described above, a  20 thermal lens is thus formed
centered on the focal  position of the exciting light, and the change in
refractive index within the thermal lens is detected by  means of detecting
light having the same or a different  wavelength to the exciting light. 25
FIGS. 14A and 14B are views useful in explaining the  formation position of
the thermal lens and the focal  position of the detecting light in the
direction of the  optical axis of the exciting light (hereinafter referred
to as the Z-direction) FIG. 14A shows a case in which -~O the objective lens
has chromatic aberration, whereas FIG.  14B shows a case in which the
objective lens does not  have chromatic aberration. In FIGS. 14A and 14B,
the  exciting light and the detecting light have different  wavelengths to
one another. 3 5 In the microchemical system described above, in the 



MAY "005  6 case that the objective lens 130 has chromatic aberration,  a
thermal lens 131 is formed at the focal position 132 of  the exciting light
as shown in FIG. 14A. The focal position 133 of the detecting light is
shifted by an  5 amount AL from the focal position 132 of the exciting
light due to the difference in wavelength between the  detecting light and
the exciting light, and hence the  detecting light is deflected by the
thermal lens 131 and  thus changes in the refractive index within the
thermal 10 lens 131 can be detected as changes in the focal distance  of the
detecting light. In the case that the objective  lens 130 does not have
chromatic aberration, on the other  hand, the focal position 133 of the
detecting light is  almost exactly the same as the focal position 132 of the
15 exciting light as shown in FIG. 14E. The detecting light  is thus not
deflected by the thermal lens 131, and hence  changes in the refractive
index within the thermal lens  131 cannot be detected. The objective lens
130 of a microscope is generally  20 manufactured so as not to have
chromatic aberration, and  hence the focal position 133 of the
detectinglight is  almost exactly the same as the position of the thermal
lens 131 formed at the focal position 132 of the exciting  light as
described above (FIG. 14B) Changes in the 25 refractive index within the
thermal lens 131 thus cannot  be detected. There is thus a problem that
trouble must  be taken to either shift the position of the solution  sample
in which the thermal lens is formed from the focal  position 133 of the
detecting light every time a 30 measurement is taken as shown in FIGS. 15A
and 15B, or  else angle the detecting light slightly using a lens (not
shown) before passing the detecting light through the  objective lens 130 so
that the focal position 133 of the  detecting light will be shifted from the
thermal lens 131  



35 as shown in FIG. 16. MAY 2005  7 Moreover, the channel-possessing
plate-shaped  element is made small, but the optical system consisting  of
the light sources, the measurement section, the  detection section
(photoelectric conversion section) and 5 the like makes the system as a
whole complex in  construction and large in size, resulting in a lack of
portability. When carrying out chemical reactions or  analysis using a
thermal lens microscope system, there  are thus limitations on where this
can be done and the  10 operations that can be carried out. Moreover, the
position at which the therm al lens is  formed is the focal position of the
exciting light, and  hence in the case that the plate-shaped element
possessing the channel through which the sample to be  15 analyzed is passed
and the objective lens are separated  from one another, the operation of
positioning the focal  position of the objective lens at a predetermined
place  in the channel of the plate-shaped element must be  carried out every
time a measurement is taken. As a 20 result, an XYZ 3-D stage for adjusting
the position of  the plate-shaped element and means for observing the  focal
position (a CCD or an eyepiece for visual  observation, plus the associated
optical system) are  required, and hence the apparatus becomes large in size
25 and thus suffers from a lack of portability.  Disclosure of Invention It
is an object of the present invention to provide  a chip element that
renders adjustments between the focal  30 positions of exciting light and
detecting light and the position of a solution sample every time a
measurement is  taken unnecessary and thus enables work efficiency to be
increased, and moreover enables a microchemical system  such as an analyzer
to be made smaller in size, and also 



35 to provide a microchemical system using the chip element. I "I MAX 2005
8 To attain the above object, the present invention  provides a chip element
for microchemical systems for use  in a microchemical system that processes
or carries out  an operation on a sample in a liquid, the chip element 5
comprising a channel-possessing plate-shaped element  having a channel
through which the liquid containing the  sample is passed, and a lens fixed
to the channel- possessing plate-shaped element in a position facing the
channel. 10 Preferably, the lens is a gradient refractive index  lens.
Preferably, the gradient refractive index lens is a  planar lens. Also
Preferably, the gradient refractive index lens  15 is disposed on one
surface of said channel-possessing  plate-shaped element, and a second
gradient refractive  index lens is fixed to the other surface of the
channel- possessing plate-shaped element in a position opposite  the
first-mentioned gradient refractive index lens with  20 respect to the
channel. Preferably, the second gradient refractive index  lens is a planar
lens. Also preferably the first-mentioned gradient  refractive index lens is
built into the channel- 25 possessing plate-shaped element. more preferably,
the second gradient refractive  index lens is also built into the
channel-possessing  plate-shaped element. To attain the above object, the
present invention  30 also provides a microchemical system comprising a chip
element for microchemical systems as described above, an  exciting light
source that outputs exciting light of a  predetermined wavelength, a
detecting light source that  



outputs detecting light of a wavelength different to the 35 wavelength of
the exciting light, a light-inputting MAY 2005  9 optical system that inputs
the exciting light and the  detecting light coaxially into the sample in the
channel,  a light-outputting optical system that leads output light  out
from the sample, and a detector that detects the 5 output light coming from
the light-outputting optical  system. Preferably, the exciting light source,
the detecting  light source, the light-inputting optical system and the
light-outputting optical system are built into the chip  10 element for
microchemical systems. Brief Description of Drawings FIG. 1 is a schematic
perspective view showing the  constitution of a chip element for
microchemical systems  15 according to a first embodiment of the present
invention~  FIG. 2 is an exploded perspective view of the channel-possessing
plate-shaped element shown in FIG. 1;  FIG. 3 is a sectional view showing
the disposal of a  lens via a spacer; 20 FIG. 4 is a schematic perspective
view showing the  constitution of a chip element for microchemical systems
according to a second embodiment of the present invention;  FIG, 5 is a
sliced perspective view of the channel- 25 possessing plate-shaped element
shown in FIG. 4; FIG. 6 is a schematic perspective view showing the
constitution of a chip element for microchemical systems  according.to a
third embodiment of the present invention; FIG. 7 is a sectional view taken
along line VI-VI in  30 FIG. 6; FIG. 8 is a graph useful in explaining the
change in  signal strength with the shift AL between the focal  position of
detecting light and the focal position of  



exciting light for a solid cylindrical lens 20; 35 FIG. 9 is a schematic
block diagram showing the Iny  10 constitution of a microchemical system
according to a  first embodiment of the present invention; FIG. 10 is a
schematic block diagram showing the  constitution of a microchemical system
according to a  5 second embodiment of the present invention; FIG. 11 is a
schematic block diagram showing the  constitution of a microchemical system
according to a  third embodiment of the present invention; FIG. 12 is an
exploded perspective view showing the  10 constitution of a conventional
channel-possessing plate- shaped element; FIG. 13 is a view useful in
explaining the principle  of a thermal lens; FIGS. 14A and 14B are views
useful in explaining the  15 formation position of a thermal lens and the
focal  position of detecting light in the direction of the  optical axis of
exciting light (the Z-direction);  specifically: FIG. 14A shows a case in
which the objective lens  20 has chromatic aberration; FIG. 14D shows a case
in which the objective lens  does not have chromatic aberration; FIGS. 15A
and 15B are views useful in explaining a  method of detecting changes in
refractive index within a  25 thermal lens in a conventional photothermal
conversion spectroscopic analyzer; specifically: FIG. 15A shows a case in
which the thermal lens is  formed on the lens side relative to the focal
position of  the detecting light; 30 FIG. 15B shows a case in which the
thermal lens is  formed on the opposite side to the lens relative to the
focal position of the detecting light; and 



FIG. 16 is a view useful in explaining a method of  detecting changes in
refractive index within a thermal  35 lens in a conventional photothermal
conversion MAY 2005  spectroscopic analyzer in the case that the detecting
light is diverged using a diverging lens.  Best Mode of Carrying Out the
Invention 5 Embodiments of the chip element for microchemical  systems
according to the present invention will now be  described with reference to
the drawings. FIG. I is a schematic perspective view showing the
constitution of a chip element for microchemical systems  10 according to a
first embodiment of the present invention.  In FIG. 1, the chip element for
microchemical systems has a channel -possessing plate-shaped element 10.
The channel-possessing plate-shaped element 10 is  comprised of a glass
substrate 11, a glass substrate 12 15 and a glass substrate 13, which are
placed on top of one  another and bonded together. As shown in FIG. 2, which
is an exploded perspective view of the channel-possessing  plate-shaped
element 10, a channel 15 that branches into  two at each end is formed in
the glass substrate 12, and 20 a buffer reservoir 16 is formed in the glass
substrate 12  at the end of each of the four branches of the channel 15.
The channel 15 is used for mixing, chemical synthesis,  separation,
detection or the like. The glass substrate 11 is bonded onto one face of  25
the glass substrate 12, and the glass substrate 13 onto  the other face of
the glass substrate 12, thus completing  (i.e. enclosing) the channel 15.
Moreover, a through  hole 17 is formed in the glass substrate 11 in each of
four positions corresponding to the positions of the 30 buffer reservoirs
16. Considering that the chip element for microchemical  systems may be used
with samples from living bodies such  as cell samples, for example for DNA
analysis,, the  



material of the glass substrates 11 to 13 is preferably a 35 glass that has
excellent acid resistance and alkali 12  resistance, for example a
borosilicate glass, a soda lime  glass, an aluminoborosilicate glass, a
quartz glass or  the like. However, if the usage of the chip element for
microchemical systems is limited accordingly, then an 5 organic substance
such as a plastic can be used instead.  A gradient refractive index (GRIN)
type solid  cylindrical lens 20 for carrying out analysis as  described
above is fixed to each of two opposite faces of  the channel-possessing
plate-shaped element 10 in a 10 position facing onto the channel 15. It
should be noted,  however, that it is sufficient to provide such a solid
cylindrical lens 20 on only one face of the channel- possessing plate-shaped
element 10 (the light-inputting  side) (i.e. the solid cylindrical lens 20
on the light 15 outputting side is not essential). The solid cylindrical
lenses 20 may be bonded  directly to the channel-possessing plate-shaped
element  10 (i.e. the glass substrate 11 and the glass substrate  13) using
an adhesive, or may be fixed using a jig, 20 Examples of adhesives that nay
be used include organic  adhesives such as acrylic adhesives and epoxy
adhesives,  and inorganic adhesives; the adhesive may be, for example,  a
UV-curing type, a thermosetting type, or a two-part  type (in which curing
takes place when two liquid parts  25 are mixed together). The glass
substrates 11 to 13 may be bonded together  using the adhesive used for
bonding the solid cylindrical  lenses 20 to the channel-possessing
plate-shaped element  10 as described above. Alternatively, the glass 30
substrates 11 to 13 may be fused together by heat fusion.  moreover, it is
also possible to dispose a spacer 25  for adjusting the focal position of
the solid cylindrical  lens 20 between the solid cylindrical lens 20 and the



channel-possessing plate-shaped element 10, and fix the 35 solid cylindrical
lens 20 to the spacer 25, as shown in 12 KU 2005  13 FIG. 3. Each gradient
refractive index type solid  cylindrical lens 20 is a solid cylindrical
transparent  body made, for example, of glass or plastic, and is such 5 that
the refractive index changes continuously from the  center thereof toward
the periphery thereof (see, for  example, Japanese Examined Patent
Application Publication  (Kokoku) No. 63-63502). It is known that such a
solid cylindrical 10 transparent body is a converging light-transmitting
body  for which the refractive index n(r) at a position a  distance r from
the central axis in the radial direction  is given approximately by the
quadratic equation in r, n (r) = n. [I - (g'/2) - r 2 ) , 15 wherein
n,represents the refractive index at the central  axis, and g represents the
square distribution constant.  If the length z. of the solid cylindrical
lens 20 is chosen to be in a range of 0 < z, < 7c/2g, then the image
formation characteristics of the solid cylindrical lens  20 20 will be the
same as those of a normal convex lens, even though both end faces of the
solid cylindrical lens  20 are flat; when a parallel light beam is incident
on  one end face of the solid cylindrical lens 20, a focal  point will be
formed at a position a distance s. from the 25 other end face of the solid
cylindrical lens 20 (the end  face from which the light beam exits), where
s. = cot(gz,)/ng. Such a solid cylindrical lens 20 may be manufactured,  for
example, by the following method. 30 A solid cylinder is formed from a glass
having 57 to  63 MOl% Of S'021 17 to 23 mol% of B2031 5 to 17 mol% of  Na20
and 3 to 15 mol% of T120 as principal components.  



The solid glass cylinder is then treated in an ion  exchange medium such as
a potassium nitrate salt bath, 35 thus carrying out ion exchange between
thallium ions and -Ma 05  14 sodium ions in the glass and potassium ions in
the medium,  and hence giving the solid glass cylinder a refractive  index
distribution in which the refractive index  decreases continuously from the
center of the cylinder 5 toward the periphery thereof. According to the
first embodiment, a solid  cylindrical lens 20 is fixed onto at least one
face of  the channel-possessing plate-shaped element 10, and hence  when
detecting a thermal lens formed in the position of 10 the solution sample in
the channel 15 using detecting  light, the distance between the solid
cylindrical lens 20  and the solution sample can be made constant such that
the focal position of the solid cylindrical lens 20 is  fixed at the
position of the solution sample. As a 15 result, the reed to carry out
adjustment between the  focal position of the exciting light and the
position of  the solution sample each time a measurement is taken
disappears, and moreover an apparatus for adjusting the  focal position
becomes unnecessary. By using this chip 20 element for microchemical
systems, a microchemical system  can thus be made smaller in size. The solid
cylindrical lens 20 is designed such that  the focal position of the
detecting light is shifted  slightly by an amount AL relative to the focal
position 25 of the exciting light (as in FIG. 14A). The confocal length Ic
(nm) is given by Ic = 7c- (d/2 )2/k ., wherein d represents the diameter of
the Airy  disk and is given by d = 1.22XXI/NA, k, represents the  wavelength
(nm) of the exciting light, and NA represents 30 the numerical aperture of
the solid cylindrical lens 20.  The AL value described above varies
according to the  



thickness of the sample to be analyzed. When carrying  out measurements on a
sample having a thickness lower  than the confocal length, it is most
preferable for AL to  35 be equal to ~3-Ic. 21005  15 For example, if NA =
0.46, Xl= 488nm and X. = 632.8nm  (k2presents the wavelength of the
detecting light), then  the relationship between the value of the shift AL
and  the signal strength is as shown in FIG. 8. FIG. 8 shows 5 the signal
strength relative to the value at AL = 4.67~tm,  with the value at AL =
4.67~tm being taken to be 100. It  can be seen that the signal strength is a
maximum at AL  4.671im. In this case, it is thus preferable to design  the
solid cylindrical lens 20 such that the shift AL is  10 the optimum value of
4.671im. AL represents the difference between the focal position of the
detecting  light and the focal position of the exciting light, and  the same
result is achieved regardless of whether the  focal distance of the
detecting light is longer or 15 shorter than the focal distance of the
exciting light.  Examples of the optimum shift AL (LI-L2) for the  solid
cylindrical lens 20 are given in Table I for  various values of NA and Here,
L2 and L2 represent  the focal distances of the exciting light (wavelength
20 and the detecting light (wavelength ~,,) respectively.  Table 1 ;L 1 NA d
le AL ;L 2  (nm) (run) (mn) (11 M) (nm)  488 0.46 1294.3 2696.0 4.670 633
488 0.40 1488.4 633  532 0.46 1411.0 2939.0 5.091 633  532 0.40 1622.6
3886.9 6.732 633  Because both end faces of the solid cylindrical lens 20
are planar, itis easy to fix the solid cylindrical  25 lens 20 to the spacer
25 and adjust the optical axis to  



be in the solution sample. Moreover, because the solid cylindrical lens 20
is MAY  16 considerably smaller in size than a microscope objective  lens,
the microchemical system can be made more compact  in size. Furthermore, a
gradient refractive index lens has a  5 suitable amount of chromatic
aberration, and hence the  focal positions of the exciting light and the
detecting  light can be shifted from one another using only the  solid
cylindrical lens 20. As a result, it is not  necessary to use a plurality of
lenses, and hence the 10 solid cylindrical lens 20 also contributes to
making the  microchemical system more compact in this respect. Even if the
solid cylindrical lens 20 does not  itself give the optimum value of the
shift AL between the  focal position of the detecting light and the focal 15
position of the excitinq light, the solid cylindrical  lens 20 can still be
used if another mechanism for  adjusting the focal position of the detecting
light is  provided. For example, if the shift AL between the focal 20
position of the detecting light and the focal position of  the exciting
light is less than the optimum value (i.e.  the lens has little chromatic
aberration), then the focal  distance of the detecting light (wavelength
~'2) should be  lengthened. This can be done by disposing a concave lens 25
in the optical path of the detecting light to make the  detecting light into
a divergent beam before the  detecting light is made coaxial with the
exciting light.  As a result, the focal distance of the detecting light  for
the solid cylindrical lens 20 is lengthened, and 30 hence AL can be
optimized. The above description relating to AL also applies to  the solid
cylindrical lens 22 and the planar lens 21 used  



in the following embodiments. FIG. 4 is a schematic perspective view showing
the  35 constitution of a chip element for microchemical systems "MM )OG5
17 according to a second embodiment of the present invention.  The chip
element for microchemical systems according  to the present embodiment has a
channel-possessing plate- shaped element 30 having the same structure as the
5 channel-possessing plate-shaped element 10 shown in FIG.  2, and has solid
cylindrical lenses 22 the same as the  solid cylindrical lenses 20 of the
first embodiment. However, in FIG. 4 the solid cylindrical lenses 22  are
built into the glass substrate 12, facing one another  10 with the channel
15 in-between (see FIG. 5). In FIGS. 4 and 5, a solid cylindrical lens 22 is
shown on each side of the channel 15. However, although  it is necessary for
the solid cylindrical lens 22 to be  present on the light-inputting side,
the solid 15 cylindrical lens 22 on the light-outputting side is not
essential. According to the present embodiment, the solid  cylindrical
lenses 22 are built into the channel- possessing plate-shaped element 30. As
a result, the 20 same effects can be realized as with the chip element for
microchemical systems according to the first embodiment,  but in addition,
because the solid cylindrical lenses 22  do not project out, the
microchemical system can be made  yet smaller in size. 25 FIG. 6 is a
schematic perspective view showing the  constitution of a chip element for
microchemical systems  according to a third embodiment of the present
invention. The chip element for microchemical systems according  to the
present embodiment has a channel-possessing plate- 30 shaped element 40
having the same structure as the channel-pcssessing plate-shaped element 10
shown in FIG.  



2. However, in FIG. 6 the gla ss substrate 11 and the  glass substrate 13
are each formed such that there is a  gradient refractive index type planar
lens 21 in the 35 outer surface thereof facing the channel 15 (see FIG. 7).
KAY  18 As shown in FIG. 7, each planar lens 21 is a  spherical segment in
shape. The flat face of the planar  lens 21 is at the same level as the
surface of the glass  substrate 11 or 13, and the refractive index increases
5 toward the center of the lens. Such a refractive index  gradient can be
formed using an ion exchange method in  which sodium ions in the glass
substrates 11 and 13 are  replaced with thallium ions or potassium ions. The
ion  exchange can be carried out by masking by covering the 10 surface of
the glass substrate with a metallic film  except in the region where the
planar lens is to be  formed, and then immersing the glass substrate in a
potassium nitrate or thallium nitrate molten salt. It should be noted that
it is sufficient to provide  15 a planar lens 21 in only one face of the
channel- possessing plate-shaped element 40 (the light-inputting  side)
(i.e. the planar lens 21 on the light-outputting  side is not essential).
The refractive index distribution for the planar  20 lens 21 is similar to
that for the solid cylindrical  lenses 20 and 22 described above. As in the
first  embodiment, the channel-possessing plate-shaped element  40 having
the planar lenses 21 is used in a microchemical  system to carry out desired
detection or the like. 25 According to the present embodiment, the same
effects can be realized as in the first embodiment, and  moreover, because
there are no parts that project out  from the surfaces of the glass
substrates 11 and 13, the  microchemical system can be made yet smaller in
size. 30 in a chip element for microchemical systems composed  



from a channel-possessing plate-shaped element 10, 30 or  40 as described
above, the solution sample is fed into  the channel 15 from a solution
sample feed-in channel. Detection or the like is carried out on the solution
35 sample in a microchemical system using the photothermal 12 MAY 2005  19
conversion spectroscopic analysis method. Specifically,  the microchemical
system utilizes a photothermal  conversion effect in which, when exciting
light is  convergently irradiated onto the solution sample, the 5 solute in
the solution sample absorbs the exciting light,  and hence thermal energy is
emitted. The temperature of  the solvent thus rises locally and hence the
refractive  index changes locally, and as a result a thermal lens is
formed. 10 Embodiments of the microchemical system according to  the present
invention will now be described with  reference to the drawings. FIG. 9 is a
schematic block diagram showing the  constitution of an analyzer, which is
an example of a 15 microchemical system, according to a first embodiment of
the present invention. In FIG. 9, the channel-possessing plate-shaped
element 10 is placed on an X-Y sample stage 125. An  exciting light source
Ill outputs exciting light of a 20 predetermined wavelength, and this
exciting light is  modulated by a chopper 112. The modulated exciting light
is then reflected by a reflecting mirror 114, and then  passes through a
dichroic mirror 113, before being  irradiated onto one of the solid
cylindrical lenses 20 on 25 the channel-possessing plate-shaped element 10.
The  irradiated exciting light is absorbed at the focal  position thereof in
the solution sample in the analysis  channel 15 of the channel-possessing
plate-shaped element  10, and hence a thermal lens is formed centered on the



30 focal position. The portion of the exciting light  irradiated on the
solution sample not absorbed by the  solution sample passes through the
solution sample and  then through the other solid cylindrical lens 20, and
is  then absorbed by a wavelength cut-off filter 116 so as 35 not to fall
upon a detector 117. 20  A detecting light source 120, on the other hand,
outputs detecting light of a wavelength different to that  of the exciting
light. This detecting light is diverged  slightly by a diverging lens 119,
and is then reflected 5 by the dichroic mirror 113, before falling upon the
first  solid cylindrical lens 20, whereupon the detecting light  is
convergently irradiated by the solid cylindrical lens  20 onto the solution
sample in the analysis channel 15 of  the channel-possessing plate-shaped
element 10. The 10 detecting light then passes through the thermal lens
formed in the solution sample by the exciting light and  is thus diverged or
converged, before exiting from the  second solid cylindrical lens 20. This
detecting light  that has been diverged or converged and exited is used as
15 signal light. The signal light passes through the  wavelength cut-off
filter 116 and is detected by the  detector 117. The strength of the signal
light detected by the  detector 117 depends on the thermal lens formed in
the  20 sample, and moreover changes in synchronism with the exciting light
modulation period of the chopper 112. The  signal outputted from the
detector 117 is amplified by a  pre-amplifier 121, and is then demodulated
in synchronism  with the exciting light modulation period of the chopper 25
112 by a lock-in amplifier 122. The solution sample is  analyzed by a
computer 123 based on the output signal  from the lock-in amplifier 122.
According to the microchemical system of the present  embodiment, a
microscope- objective lens for converging 



30 light onto the channel-possessing plate-shaped element 10  and a
condenser lens are not required, and moreover  position adjustment in the
Z-direction is not required. FIG. 10 is a schematic block diagram showing
the  constitution of an analyzer, which is an example of a 35 microchemical
system, according to a second embodiment of 21  the present invention. The
analyzer according to the present embodiment has  the same constitution as
the analyzer according to the  first embodiment except for the following
differences: 5 firstly, the solid cylindrical lens 20 on the light-
inputting side is itself used to realize the optimum  focal positions for
the exciting light and the detecting  light (by means of chromatic
aberration), and hence a  lens for diverging or converging the detecting
light and 10 thus shifting the focal position of the detecting light
relative to the focal position of the exciting light is  not provided;
secondly, a pre-amplifier 121 is not used.  In FIG. 10, component elements
corresponding to those in  FIG. 9 are represented by the same reference
numerals as 15 in FIG. 9. Note that if the signal is weak, then a pre-
amplifier 121 may be provided. In the analyzer of FIG. 10, because the solid
cylindrical lens 20 on the light-inputting side has a  chromatic aberration
which realizes the optimum focal 20 positions of the exciting light and the
detecting light,  a lens for diverging or converging the detecting light
and thus shifting the focal position of the detecting  light relative to the
focal position of the exciting  light is not required. 25 According to the
microchemical system of the present  embodiment, a large objective lens for
a microscope for  converging light onto the channel-possessing plate-shaped
element 10 and a condenser lens are not required, and  moreover a lens for
diverging or converging the detecting 



30 light and thus shifting the focal position of the  detecting light is not
required. As a result, the  microchemical system can be made yet smaller in
size. FIG. 11 is a schematic block diagram showing the  constitution of a
microchemical system according to a  35 third embodiment of the present
invention. 22  In FIG. 11, component elements corresponding to those in FIG.
10 are represented by the same reference  numerals as in FIG. 10. The
microchemical system of the present embodiment  5 differs from the
microchemical systems of the previous  embodiments in that main component
elements are built  into the channel-possessing plate-shaped element 30 of
the chip element for microchemical systems, and also in  that the exciting
light source 111 itself is used as the 10 modulating means and hence there
is no chopper 112. The  exciting light source 111, the detecting light
source 120,  the dichroic mirror 113, the reflecting mirror 114, the  solid
cylindrical lenses 22, the wavelength cut-off  filter 116 and the detector
117 are thus all built into 15 the channel-possessing plate-shaped element
30, and  moreover optical paths for the exciting light from the  exciting
light source III and the detecting light from  the detecting light source
120 are provided in the  channel-possessing plate-shaped element 30. It
should be 20 noted that these component elements may alternatively he
mounted on a surface or surfaces of the channel- possessing plate-shaped
element 30. According to the microchemical system of the present
embodiment, various component elements are built into the  25
channel-possessing plate-shaped element 30. As a result, the microchemical
system can be made extremely small in  size and very portable. Industrial
Applicability 3D As described above in detail, according to the  



present invention, adjustment between the focal position  of the exciting
light and the position of the-solution  sample (the sample in the liquid)
does not have to be  carried out every time a measurement is taken on the 35
solution sample and thus work efficiency can be increased, 23  and moreover
a microchemical system that uses the chip  element can be made smaller in
size. According to the present invention, the lens becomes  extremely small
in size, and hence the microchemical 5 system can be made yet smaller in
size.  According to the present invention, the  microchemical system can be
made yet smaller in size. As a result, detecting light for detecting a
thermal  lens formed in the position of the solution sample can be  10
easily led out, and moreover the microchemical system can  be made smaller
in size. According to the present invention, the  microchemical system can
be made yet smaller in size.  According to the present invention, the 15
microchemical system can be made smaller in size reliably.  According to the
present invention, the  microchemical system can be made yet smaller in
size. According to the present invention, because the  microchemical system
has a chip element for microchemical  20 systems as described above, a
microscope objective lens necessary in the conventional apparatuses becomes
unnecessary, and hence the microchemical system can be  made smaller in
size. Moreover, by integrating the  gradient refractive index lens and the
channel-possessing 25 plate-shaped element to form a single body, adjustment
between an objective lens and the channel-possessing  plate-shaped element
every time a measurement is taken  becomes unnecessary, and hence operation
can be  simplified and thus work efficiency can be increased. 30 According
to the present invention, the  



microchemical system can be made extremely small in size,  and thus
excellent in terms of portability. 2 MAY 2005  24 CLAIMS  1. A chip element
for use in a microchemical  system that processes or carries out an
operation on a 5 sample in a liquid, comprising: a channel-possessing
plate-shaped element having a  channel through which the liquid containing
the sample is  passed; and a lens fixed to said channel-possessing
plate-shaped  10 element in a position facing the channel. 2. A chip element
as claimed in claim 1, wherein a  focal position of said lens is within the
channel. 3. A chip element as claimed in claim 1, further  comprising a
spacer via which said lens is fixed to said  15 channel-possessing
plate-shaped element. 4. A chip element as claimed in claim 1, wherein  said
lens is a gradient refractive index lens. 5. A chip element as claimed in
claim 4, wherein  the gradient refractive index lens is disposed on one  20
surface of said channel -possessing plate-shaped element. 6. A chip element
as claimed in claim 5, wherein  the gradient refractive index lens is a
solid cylindrical  lens. 7. A chip element as claimed in claim 5, wherein
25 the gradient refractive index lens is a planar lens. 8. A chip element as
claimed in claim 5, further  comprises a second gradient refractive lens
fixed to  another surface of said channel-possessing plate-shaped  element
in a position opposite the first-mentioned 30 gradient refractive index lens
with respect to the  channel. 9. A chip element as claimed in claim 8,
wherein  the second gradient refractive index lens is a solid  



cylindrical lens. 35 10. A chip element as claimed in claim 8, wherein Mk
2005  25 the second gradient refractive index lens is a planar  lens. 11. A
chip element as claimed in claim 4, wherein  the gradient refractive index
lens is built into said  5 channel-possessing plate-shaped element. 12. A
chip element as claimed in claim 11, wherein  the gradient refractive index
lens is a solid cylindrical  lens. 13. A chip element as claimed in claim
11, further  10 comprising a second gradient refractive index lens built
into said channel-possessing plate-shaped element in a  position opposite
the first-mentioned gradient refractive  index lens with respect to the
channel. 14. A chip element as claimed in claim 13, wherein  15 the second
gradient refractive index lens is a solid  cylindrical lens. 15. A chip
element as claimed in any of claims 1  to 14, wherein said
channel-possessing plate-shaped  element is made of a glass. 20 16. A chip
element as claimed in claim 15, wherein  the microchemical system is an
analyzer. 17. A microchemical system comprising: a chip element for
microchemical systems as claimed  in any of claims 1 through 14; 25 an
exciting light source that outputs exciting light  of a predetermined
wavelength; a detecting light source that outputs detecting  light of a
wavelength different to the wavelength of the  exciting light; 30 a
light-inputting optical system that inputs the  exciting light and the
detecting light coaxially into the  sample in the channel; 



a light-outputting optical system that leads output  light out from the
sample; and 35 a detector that detects the output light coming from 26  said
light-outputting optical system. 18. A microchemical system as claimed in
claim 17,  wherein said channel-possessing plate-shaped element of  said
chip element for microche-mical systems is made of a  5 glass. 19. A
microchemical system as claimed in claim 17,  wherein said gradient
refractive index lens has a  chromatic aberration characteristic thereof
adjusted such  that shift in a focal position of the detecting light 10
relative to a focal position of the exciting light has a  predetermined
optimum value. 20. A microchemical system as claimed in claim 17,  wherein
the microchemical system is an analyzer. 21. A microchemical system as
claimed in claim 17,  15 wherein said exciting light source, said detecting
light  source, said light-inputting optical system and said
light-outputting optical system are built into said chip  element. 




