12 MAY 2005 DESCRIPTION CH P ELEMENT FOR M CROCHEM CAL SYSTEMS, AND

M CROCHEM CAL SYSTEM USI NG THE CHI P ELEMENT 5 Techni cal Field The prégJNW2%5
invention relates to a chip elenent for mcrochem cal systens, and a

m crochem cal systemusing the chip elenent, and in particular to a chip

el ement 10 that allows high-precision ultramcroanalysis to be carried out
in a very small space and all ows neasurenent to be carried out conveniently
in any chosen location, and is thus suitahle for use in particular in a
smal | desktop thermal |ens mcroscope, an analytical thermal 15 | ens

m croscope or the like, and a m crochem cal system using the chip el enent.
Background Art In consideration of th@Eﬁgﬁﬁﬁﬁﬁ§mbf cheni cal 20 reactions,
and the need to carry out reactions using very snall anmounts, on-site

anal ysis and the_like, integrati technol ogy. for carryjng out chemc
reactions in veHyP EHEMﬁNEpEQBSMﬁg§©§§§NIF§guégﬁﬁﬁgén,Pﬁﬁb%@§§$%$€$g29§§)
this technol ogy has been car iSivedEdUISENGh THEY QHIZ5 BUIMENThout t he worl d.

M crochem gal systens that use glass substrates or the |like are an exanple

of such integration technology. |In such a mcrochem cal system a very
narrow channel Teshnfiopfe8ikedda smal| gl ass substrate or the |like, and

m xing, 30 react| O”ThféeB%éE eng %k”g?%hi QR feLeel! ANl of RY didfR dck
carried out on a sanple in_the channel. Exanples. of reactions carried out
inamecr ochenméﬁrogggtﬂéﬁﬁilnéhfﬁéémsdi anect Pz BELCER ChERECRENSY ST ats iy

reactions, and.aptigep- antnkady LeacthopsrtExampkes0h 3%ip element
extraction/separation_include_ solvent extraction, 121 NMAY 2005 2
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 1lens 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. 7
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,



el ectrophoretic separation, and columm separation. As an exanple in whMan)0s
separation' is the sole aim an electrophoresis apparatus for analyzing
extrenely small anmpounts of proteins, nucleic acids or the |like has been 5
proposed. This el ectrophoresis apparatus uses a channel - possessing

pl at e- shaped el enent conprised of two glass substrates joined together

(see, for exanple, Japanese Laid-open Patent Publication (Kokai) No.
8-178897). Because the elenent is plate-g?aped, breakage is less 10 likely
to occur than in the case of a glass capillary tube having a circular or
rectangul ar crqss section, .and hence handli i.S _easier nlcrochenlcal
system becaud e LI SReT Gt 'eQQé] %P@ﬂnﬁ?Paﬁéh%aﬂ prieti &

det ection net ke@dmpl% ii%h egseM | ‘aslepa'EJ'laetJFtﬁ‘t’h :‘teo tmaéustgl@ alﬁhecénon met hod of
the required preC|S|og}fit for_practical_use been ened thi ugh the

up
est abl i shnent GtHers i parao%l‘%/erfs?ronar% ect r%%c%’f) LRy y S et hod.
Thi s met hod lanndunztess cf thertmind emsicfdiectadive drs preduckd hhsobghna 20

| i qui d-bordie %@-‘6?) RPSORb; A h&%@%%&%@y patav.chael, _i's an

expl oded pers I'Ve View Showi n consti tution of a conventl ona
channel - posse®sissp g igide- plﬁm@am%ire&ﬂtemezai Tenorsehtpbnavo glass

channel - possessifg olale-shaned colammyt A0 | saormesgdiof Japlasse

substrate 101 and a gl ass substrate 102 integrally joined toget her .

anal ysi s chanA&lictoPeraid ersa il {aafe Bbj Eetkai H@D ol Y884Y) f eed- |n

channel 104, waiGhdenttafes actendrite 139 @%g%m@wn&%eé;@a?geaig fecged in the
surface of th;§1 gl.ass substrat 01 t oined to the gl ass_substrate

102. The Hhal y&ik&ighdth&ctys l}'f%feercar vt r9hd% GRPLALRTENd
t hereof, and tthéesaaptiand @ed:mntxﬂlmmai Ak artiasl s bifd e sesetwnl rahfé at
each end thereof. In t i%1591%assaSluebI_strate 102, through holes 107 are

. e
formed in MAY han
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 photothermal
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. A

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 channél 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



3 positions facing the buffer reservoirs 105 fornmed in the glass substrate
101, and through holes 108 are formed in positions facing the buffers may 2005
reservoirs 106 fornmed in the glass substrate 101. Electrode filns 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

hol es 107 and 108. A chip elenent for spectroscopic analysis is conposed
from such a channel - possessi ng pl ate-shapegl 10 el enent 100. A sol ution
sanple is fed into the analysis channel 103 fromthe sanple feed-in channel

104, The solution sanple is. analyzed i ng a phot ot he | _ conver,si

spect r oscopi ¢ P&y rﬁﬁ?&RQ.?$Ff@?ggﬁﬁtﬁ%ﬁékv?hﬁsséagtF8ﬁm§§nﬁpe%%§
et 0 absor ey o o the 11 abt by’ The- 20 e Lo the. SaLutLon samml oo The
t enper at ur e opc’tsr?etlsodﬁ/e%lcjrlggl%}&%ll??&%]f ser BV hi 8 f%e%ﬁﬁne nggg%ﬂeand
hence t he ref dady esubmesattdhah@es Bikerte ddee fidmperidlUrare sf oansédon
resulting in t her s_pei { S n t

photothern%l q%%%ségg%ﬁﬁg%#f%c E éﬁ%&gq%g@ghégg}%a/ﬁnggﬁﬁigagxgﬁgiﬁphg t he
principle of the marvet $wnsace noFldre 1Blags convetryehe beamivf tagciting

light is 25 iyradiated Ontoe ah XM YeSMRYY SQEULDHAN sanpl e via an

objective lens of a microscope, whereupon the photothermal conversion
ef fect described afoVdiRakeENYPackRr FReHos? SSedsE afcesySihelfefracti ve

index drops aordtsd®Mmesat sieh rd Sesande- bessesthegrgi saet kvapeadex 30 of
the solutjon sanpl e becones snaller, the clagser, o ets tq?the center of
t he conve}%enteit?é“é?rﬁtofl%g(ci & RPIIGIGR Saich 1% r Y he e rpRF &Y SH8 rise

is highest. Ruarirel er3vetroh fflusi Campldef éedpirnatbaenel seobecones
smal ler, and hence jhe chande i n. Lef]act] Vg, 11102 BRCONRS, 38 SUBLLE Y th
I NCreasi ng di stance from l‘he center O? Jt%e
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 sane effect as with a concavefwﬁh§m5
and hence the effect is known as the thermal lens effect. The size of 5 the
thermal |ens effect, i.e. the power of the thermal |lens, is proportional to
t he optical absorbance of the solution sanple. Mreover, in the case that
the refractive index increases with tenperature, the sane 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

spectroscopi ¢ anal ysis method descrjbed above, thermal diffusion, i.e.
change in ref CAASFE STHdBEN O bHFET VetP9 ahtoRenc PR akl et HES i s suitabl e

for detectingpeanean It i@indd 11€Xtﬂi@nféﬂr§ﬂﬂﬂfeaﬂﬂ@@ksbﬁin§9| gbban

sanmpl es. An ex | e of hot ot hermal conversi on, spectrqQsco al yzer
Chat uses. the SO IH £ & g aFLForF SpRRtTbS chBhe: aRafyGrecrebAtd

descri bed aboes f22t4 s dilendvas el | thd affaese] Laéds opefie®at er[thelelm:aiaf on
(Kokai) No 1% 23%%}0 Ehp:@ cony. Ptlonal ghotothernal cgnvgrsg ﬁPa
yzer,

spect r oscopi c &%l channe %%%Se33|ng p?a?%wgﬁap

di sposed bel owelrise am<ﬂndpmr¢iwmabft@.Qﬁenmptns@bpebsanhaﬂxelDfnghblght of
a predet of m by b Ul bl LY UM AR XL DG O soul o | S

i ntroduced intothe mcro e ex0|t|ng I ght s irradiated
conver gent |y viefnaed iots emdepe irgceared whtkotembenatangl etha shmeanal ysi s

channel of the ghannels 30 NASSESSi G Phat &asbaped @hsﬁg@tmwﬁef ocal

posi tion of the convergently irradiated exciting isin the solution
sanpl e, ah® hewdeagidekcdinddy 15 gwp?%lfa%sb%%agnattbﬁl ghewpal H6BFt 6N,
and thus a thefgmied ens centered on the focal position is fornmed. 35

Moreover, detecti n%nl It%het av'orgqermeégn\gers1on 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
extremely 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 froma detecgbq%wqmght
source and al so introduced into the mcroscope. The detecting light ‘emtted
fromthe mcroscope is convergently irradiated onto the thermal 5 | ens that
has been formed in the solution sanple by the exciting light, and then
passes through the solution sanple, 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 sanple is used as signal |light. The signal |ight passes

through a converging lens and a filter or just a filter, and is then
det ected by addéfesedt. ChdhnSSEit DIl IHE HotVetREt s gnaFoMi §ht depends

on the power gktitheinhenmhtlzdanse fardred da ihersohdéd ofinsamphe. Note that
t he detectin%,light may haﬁe %he sane wave en?}h as Qf exciting light, or
the exciting MFGRPSAEV Sl soRFe G586 489 tHE de @&ﬁﬁﬁ§1'ﬁﬂﬂ.t “ the
spect r oscopi cmapabyzepeddsc rddrat rajzound,y ar 20didwesdradnt@nshesthbusafor med
centered t he_focal Qsi tion t he, exciting light, and the chapge in
Cofractive i nAER= WP Fote A0 e et ek o CHmbhe B1°08Bect ng
| i ght having theisamg drdightdi féfrst driten \weaesd emndthr vwot hehexsotingohi ght. 25
FI GS. 14A and re v u | 51 ; i t t} stion of
t he thernal Igéégé%d fﬁ%%%%%éﬁﬁkggg#gFgéggg tﬁ% dé?%c?%ﬁ%g?i%ﬁ?egﬁéghe
direction of the tbsticesle dhat dhe Hdrewwat i kqps i ghtcemereehabrer referred

to as the Z-dipgehi-grk G MA ShwsCase ithahsh 1eidt e ebheekhve |ens

has chromatic aberration, whereas FIG., 14B shows a case in_ which the
obj ecti ve-q enThgoBstRGIt 19avel WHr SRAELG P AE? AT 019 FawRle 144 BF6914B

the excitingaki ghtynand 1tikgrwdet egki B ghiaghtl ik@vte pisdegy ebroutved engths to

one another. 3 5 In the q}croche 'cqy §ysten1describe .f@ove, ig t he
converging lens and a filter or jJust a filter,’ and 1is

then detected by a detector. The intensity of the
detected signal light depends on the power of the thermal

15 1lens 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

30 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.

35 In the microchemical system described above, in the



MAY "005 6 case that the objective Iens 130 has chromatic aberratjg Y00
thermal lens 131 is formed at the focal position 132 of the exciﬁﬁhg f

as shown in FIG 14A. The focal position 133 of the detecting light is
shifted by an 5 anount AL fromthe focal position 132 of the exciting

light due to the difference in wavel ength between the detecting Iight and
the exciting light, and hence the detecting light is deflected by the
thermal | ens 131 and thus changes in theérefractive 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 |ens 130 does not have
chromatic abe@?%?lbhatoﬁh?h@béﬁﬁéﬁvehéﬁas LRE hésalchizesitiioh alsr Ht 1o

ggt ecting |||§k§'t%hérm§igl?éﬁselag h ¥ Eb@maggata&hbhezofdaq?bd@%J_tdrpmhsh?»%pf the
exciting light as,shown_in e detecting |j i s.thus not

defl ected by ?ﬁ% ?%%?EﬁpgléﬁghESTs ﬁh&wﬁeﬁBe%%gha&é Eg?hé OFEfr acti ve

i ndex w thin pheithennmpB3l eﬁsthé3d‘1etéﬁlﬂdlhgbe1@eittedtsecth1'lﬁﬁe®bjye@tn ve | ens
130 of a Crosc not to have

eneral ly_. 20.manuf. ctur SO
chromatic abé??%?gﬁnbﬁaﬁﬁomhghSef?ﬁglfBSEF 68§Iﬁggnc%239ﬁ et ting
detectinglightiglst aheosd ekactlyfthensanenawatvied epesilt b@twifert hehd her mal
| ens 131 forned h itian t cit] t
descri bed abgget%éF%fgligéﬁkhgﬁgeéh?ne%%étg&gr2 g%il%%ggnégkgpt¥%$n t he
thermal |ens d8techiusgchhabt ibeddéilected. bYhéhe ithetrmas d gyroblEmanvat
trouble must .Reetakenake ehtPAE SELhoEBE PGB, 0N @hithe Rolild Gy sampl e

in which the t ens Is formed fromthe tocal position 133 of the
det ecting0l i gheneve?y EprRePs JOTRELSHr BFeRbangesaken tie dveal i shasse 15A

and 15B, or @fsehangéee&h@ngeu@ghtng_iﬂlgbmesés&gettbiaustﬂ@ aphens ifRot
shoun) befor e, pace| 1 Lhe delect [1g LLOnL Lhroudh Uhc, oblect Yo 1 S 190 oo
thermal | ens H8Ad, the focal position 133 of the detecting light 1is
almost exactly the same as the focal position 132 of the
15 exciting light as shown in FIG. 14B. 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 detecting light 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.



35 as shown in FIG 16. MAY 2005 7 Mreover, the channel -possessing

pl ate-shaped elenent is made small, but the optical system consisting '’ b
the light sources, the neasurenent section, the detection section
(phot oel ectric conversion section) and 5 the |ike nakes the systemas a
whol e complex in construction and large in size, resulting in a |lack of
portability. Wen carrying out chem cal reactions or analysis using a
thermal |ens mcroscope system there are thus limtations on where this
can be done and the 10 operations that can be carried out. Mreover, the
position at which the thern1ﬁ£ Ieg 1 formed i.s th focaéﬁp tion of the
exciting |ight, andC*RBXEE’i hPthE 83?5 T RECSEREPFat nent

possessi ng theleﬁaﬁﬂehstMBdugbmwhﬂchbhhet&@npbe1balbeySHimﬂuﬁggxxtiﬁgpassed
and the objectiv S eparat e n t t he eration of

posi tioni ng tR % EB ? p05|§P%§ %f gﬁe %gg% %@%Q%E%s alfngggH%ternlned
place in thedehaqnebnoﬁepheOplap@ognaéedtguenewmvmu§ucmesenﬂlmmb aud every
time a nmeasur esul Y. for adjusting
t he p05|t?5n gg@ @h ﬁggggsﬁﬁée yé?&#e%# %h %één?oﬁgﬁe%%§g$V|ng the focal
position (a Ctﬂnetraﬁtéyépﬁéde pegevilsual zeobgesvdttiian, ipt v kamk askoci at ed

optical syst ui'r he &R ys I e in size
25 and t hus gﬁ%fgégl%ﬁg%]a ﬁgiﬁaggrﬁggfgbé |t<§l Qﬂiééclggﬁggqgﬁslﬁ&gntlon I t

is an obj ect dPaiKEifrHEARE PnFBRETMGA tlﬁnﬁr WF&@SCQP@mSQ’Sé?%rﬁ ¥t

renders adj usgpentEubetWReRathenkooal wha@epesiiki ean @fe exgid idi ldwht and
detecting |ight and,the E§5|t|on a solutlon sanple every tine a

f
measur e i SPerakeRNENHBEEs SAPY PEnGRGS%eEbl'es work efficiency to be
i ncreased, and noreoveovenabkis posncﬂonhaMIwhhchy$henmk&umhﬂa§1an;ahalyzer

to be nade Sn?o&%edlgsskﬁg f%@glab%gltlon of the exciting light, and
hence in the case that the plate-shaped element

p4Av 2005

possessing the channel through which the sample to be

15 analyzed is passed and the objective lens are separated
from one another, the opefation 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. 2As 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.



35 to provide a mcrochem cal systemusing the chip elenent. | "I MAX 2005
8 To attain the above object, the present invention provides a chip!éintht
for mcrochem cal systens for use in a mcrochem cal systemthat processes
or carries out an operation on a sanple in a liquid, the chip elenent 5
conprising a channel - possessing pl ate-shaped el enent having a channel

t hrough which the liquid containing the sanple is passed, and a | ens fixed
to the channel - possessing pl at e-shaped elgenent in a position facing the
channel . 10 Preferably, the lens is a gradient refractive index |ens.

Preferably, the gradient refractive index lens is a planar,|ens., Al so
Preferably, the grafi 8htatBf F8Et APEVEn@ER SCéns thes REESRTE D TBF N Fhe

surface of sapd@oehaesek- phspessich@n tplfatre nSharethalefEntsy Stsha Se€Eonse
gradient refractive, index lens is fixe% %%_the ot her surface of the
channel - poss&BsPnliFFaFEeRSFdd SESEEh-hat FIR5EITTh Vppost 155 t ALt
first-nentioned gpadiedbnr ehr actsaveliendex d dnsyulid h t120 glegpestehent he

channel . Rreferably .the second gradient refractive i,ndex, lens is a planar
ens. A SG prGPEPALFTEnE FIPSrtont I GRss gioadi ah FESerT Ve Fhdex | ens i s
built into theravhapnel c¢h2bnedssésoiunly pihdatcdr stieped el ishemintaorengreier abl y,
the second gradj . ef i i X .l ens d. o) i1t . he
channel-posse%ghﬁg% 6?a?§géﬁ§§e§&@€§%éﬁ$£;f%’at gf%q#%ecggﬁége%bject, t he
present invenpperessdngl pdapeowhdesda efieerdham ¢alPasistiean corpingitleea chip
el enent for nigrpghem cal systens as described above, an exciting Iight

source that outputs exciting |light of a_  predeterm ned wavel ength, a
detectin&q i ght sobEgéerphilYy, 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 possessihg 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



out puts detecting Iight of a wavelength different to the 35 wavel ength of
the exciting light, a light-inputting MAY 2005 9 opti cal systen1thdt’pgpym§
the exciting light and the detecting light coaxially into the sanple in the
channel, a light-outputting optical systemthat |eads output |ight out
fron1the sanple, and a detector that detects the 5 output [ight comng from
the light-outputting optical system Preferably, the exciting |light source,
the detecting |ight source, the Iight-inpgtting optical system and the

i ght-outputting optical systemare built Tnto the chip 10 elenent for

m crochem cal systens. Brief Description of Drawings FIG 1 is a schematic
perspective WQQMxﬂﬂﬁMSMPQ¢methﬁmsxmmwﬁ$oﬁh©fe%9thlpgeﬂéﬁbﬁtaﬁdrthe

m crocheni cal ]fiéﬁﬁx%égiEbiI&fhﬂtéSEhg”?9ﬂ?ﬂ§n5noﬁhéh%h%h%%ﬁnt

i nvention~ FI 2 IS an oded perspective view of the channel - possessi ng
pl at e- shaped & elfeftt <ot iy @Phicak|gysgensthatetepghaPulpal dheMitng

the disposal ofy@ £A NS E&ASPACEERG 29 &é@céofstﬁaﬁcaeaat:tg Relespective
view showi ng the constitution of a chip element for mcrochem cal systens

accordi ng ?o 2WeWnd Eodi Y of rehe it eSERR L T AVEREFBARY PPELICEL s a
sliced perspecghisteevi ew of the channel - 25 possessing pl at e-shaped el enent

shown in FIG 4; FI.G a natlc erspective view show nqg the .
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third enbomlﬂmughﬁ dderqe esemnd 1iylentiamtEity dptscalsepstenabnd elet aken
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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



exciting light for a solid cylindrical lens 20; 35 FIG 9 is a schematic

bl ock di agram showing the Iny 10 constitution of a nicrochenicaﬁ2§ﬁgﬁ@h1
according to a first enbodiment of the present invention; FIG 10 is a
schemati c bl ock di agram showing the constitution of a mcrochem cal system
according to a 5 second enbodi nent of the present invention;, FIG 11 is a
schemati ¢ bl ock di agram showi ng the constitution of a mcrochem cal system
according to a third enbodi ment of the pr, sent invention; FIG 12 is an
expl oded perspective view showing the 10 Constitution of a conventi onal
channel - possessing pl ate- shaped elenent; FIG 13 is a view useful in
expl ai ni ng t heopsitidivdlieon off & tHeaarrghewieal G en4acapydidg tpeavi ews

useful in expka&@itn%niﬂb%mﬂéﬁ UATRIH O RASI A %@én@iéﬂgr mal |ens and the

focal position of detecting light in‘the direction of the optical axis of
exciting |ight (th&I£.dilledtS on)Schegpdcid ikkRdly: ALy an42elong hhease in

whi ch the obj eghista th&Ndn 2% has QYT CeaPesy at bRnacEb&ai AdDcshaws a case
in which the objective_ |ens does naot have chromatic aberration; FIGS. 15A

and 15B ar® vEERSTEs &AM il REST®thotP v bePRet i ng changes in
refractive index wrtrhi.nia i2b 4 hemHwdatdienidria Eoayenh i gnalipgotather nal

conversi on spectroscopi.c anal yzer.; specifically: FIG _15A shows_a case in
Which the t hofrEE B Sout Sho gt PTG, W T P atPUaLEg Fhedt ocal
position of the rdetettddigndritghif, 30 FixXesabB Showmst Bowase in which the
thermal lens is fonped on Lhe, onngside pide 10108l appel eLAblYSyt enbhe

focal position of the détecting I
10 constitution of a conventional channel-possessing plate-

shaped element;

FIG. 13 is a view useful in explaining the principlé
of a thermal lens;

FIGS. 142 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: v

FIG. 142 shows a case in which the objective lens

20 has chromatic aberration;

FIG. 14B 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



FIG 16 is a view useful in explaining a method of detecting changeﬂs,)il‘?égq(,m5
refractive index within a thermal 35 lens in a conventional photothef
conversi on MAY 2005 spectroscopic analyzer in the case that the detecting
light is diverged using a diverging |lens. Best Mde of Carrying Qut the

I nvention 5 Enbodi nents of the chip elenent for mcrochem cal systens
according to the present invention will now be described with reference to
the drawings. FIG | is a schematic perspeﬁtive vi ew showi ng t he
constitution of a chip elenent for mcrochem cal systens 10 according to a
first enbodi nent of the present_invention. In FIG 1, the chip elenment for
mi crocheni cal SBRtERRSHEAR1G dRAalMERT - PosklesFageplhet- Shgpegtecdmayw 10.

The channel - possgssi N8 @ pbegehapsdngl £neNc2§ihg 16A8Pri sed of a glass
substrate 11, a glass substrate 12 15 and a glass substrate 13, which are

pl aced on top of one another and bonded together. As shown in FIG 2, which
is an expl odecbper Spegti ¥y Fhew Dhgtber chaanehvenassessi ng pl at e- shaped

el ement 10, a channel. 15, t hat brgnches into _two at _each.end hs formed in
the gl ass Substrat EPPIHATSD A HtRT T R8T FBFP T 16°F s 6F REASM Crte gl ass
substrate 12 afstdmes endcotdenghtofthdepfosenbr anchasionh whelchamndle 15.

The channel 15.is used.for. m xi chem ca YRL hesi separati on,
detection or t(lil%scfrl%?dfﬁletﬁlra%%g%% %?p%?ehﬁ ‘lgléa onded onto one face of 25
the gl ass substrat 1@, hnisthesghensst subhserspeciivenvbewt hbowtihar thace of

the glass SUbSéér?étﬁiéﬁ%jr%H‘ﬁffé’%ﬁ;éd‘ﬂeméﬁﬁefo ”ﬁHB%EHEmEEQlC%%’&@msla

Moreover, a through_ _ in the glass substrate 11°in each of
four positPonsreer¥@tpondp ng forshecpocdinent of the BDeBENfel NVENEAWS s

16. Considering thaintheschip ehen@ip Ol oMb e OLHEMEalocA¥RE AR My be used
with sanples fromliving bodies such as cell sanples, for _exanple for DNA

anal ysi s, , t hesystems 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,
separétion, 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



material of the glass substrates 11 to 13 is preferably a 35 glass that has
excellent acid resistance and alkali 12 resistance, for exanple a 171 MN 2005
borosilicate glass, a soda |line glass, an alum noborosilicate glass, a
quartz glass or the like. However, if the usage of the chip elenment for

m crochem cal systenms is limted 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 carrylgg out analysis as described
above is fixed to each of two opposite faces of the channel - possessing

pl at e- shaped el enent 10 in a 10 position facing onto the channel _15. It
shoul d be not s@siskonsrer Ih&XaPls adigresiehicate fRsde 3uehda séred

cylindrical %ﬂ%s%o QU %rlluYleﬂﬁJcﬁ%pﬂccatﬂ'@ gma?émela Pesses sy 1gs ol ake- shaped
el ement 10 (the [ight-inputting sldg% e. the s id lelndrlcaldéens 20

on the light tBeodfg®ti AGWEVEE i & insPcelsaREi &) thrh&ehsd isd AR tndrd T al

| enses 20 WBYmQ%rQ@lF@QQca@ rSeddamd o d he ghannel canssassiyng phak eashaped
el enent (i.e. the glass substr%he 11 %gbithe glas%6subst ate usi ng
7 G

an adheS|J% 8F IREY D EISEEPFsi s?@%ge?hat nay
be used include or ga@lx«adlad:he%emmke At ol deH:[l\B)th&be/%oB:tmi epoxy

adhesi ves, and.i.n ani.c .adhe . the adhesive ma for exanple a
UV-curi ng typg l& %ﬁg‘r r?&sétetl najot;e/t;s)der Carr{%”tnvgo Pe ec ﬁ/Eth s“?l h- whi ch curing
t akes pl ace wdeisctnidred @Ahodfqoarst sfix are emc&ecbft dg/e:b hepposithe Hhass of

Substrates 11 :Q%Qg%g esh ve used for
bondi ng the soﬁg %% rica eﬁggggggﬁ%olgﬁ%ﬂgﬁghn(%QEGQgegglﬁg
pl at e- shalded ppér:msmon Jf@casﬂgdeg&rq e adwrgielaltfer ndth wlloplG fre glased 30

substrates 1llpigel2imayke fiusead t&ﬂeﬂlwerpyﬂl‘? rdHRIONsucHOL egyelg it is
al so possible to di spose a spacer ustln t he focal position of

or
the solid cyl FHdiPERIicaledes @et%&?%}hé%lﬁ%%ﬂﬁ ndr§ cAPere®s~ 20 and the
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
‘lO (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 may 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 so0lid 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



channel - possessi ng pl ate-shaped el enent 10, and fix the 35 solid cylindrical
lens 20 to the spacer 25, as shown in 12 KU 2005 13 FIG 3. Each gradidsmis
refractive index type solid cylindrical lens 20 is a solid cylindrical
transparent body nmade, for exanple, of glass or plastic, and is such 5 that
the refractive index changes continuously fromthe center thereof toward
the periphery thereof (see, for exanple, Japanese Exam ned Patent
Application Publication (Kokoku) No. 63-63502). It is known that such a
solid cylindrical 10 transparent body is a-converging light-transmtting
body for which the refractive index n(r) at a position a distance r from
the central a#®sinm3the radial direction 1is glven approxi mately by the

quadratic equation focf ofbdldn Pecklcesdd (Bhos EyBe) sp1ld wherel n

n,represents the refractive 1ndex a € Ccén g represents the
square di stri mpiondconst ahens 2§ iheal engid zyléﬁdrheaéokﬁdnéybm@@ﬁlca

lens 20 I's chaseq, to, e 'f‘o? éﬁgﬂﬁlgf 81 Sofass e/ B?astclﬂ%n bhe imRge ch

formation characteristics the solid cy |ndr|ca ens O will be the
sane as thdse tdfata Hoe e eanvEXel éﬂ@exevbﬁngﬁéueﬁnbéflﬁoéﬁéyf éé@@ e he

solid cylindricaltéenshe2for €ofhad; tweel[aealpaéayl ehekbgmt (eeam ifpd nci dent
on one end face of_the_solid cylindric | ens 20 ? f ocal Ep t. wil.l be

formed at a pdEfFiRhca TrRIRRER Exa?FB t RBESBL ofRBI 16RG PR EUSH ICRE 198 i d
cylindrical | ensoékié}) heoenels - 6asezfron1mh|ch the |ight beamexits), where

s. = cot(gz,)/ng ch. a solid ndrical | ens.20 nufactured, for
exanpl e, by the foﬁ?%wﬁ%dk?%W$o 250 AR GO %@lﬁﬁgaxgglf8 nmed froma gl ass
having 57100 G3aMMpar&it SHO2L i§ soc@3vany Ymof 1 BgB81tbahemif timigddootdy Na20

and 3 to 15lﬂ¥é@c&h§g@0t@§ Pékpgépf$eC9H88QeHR§) 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, {1 - (g°/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, < ®/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,) /n.g.
Such a solid cylindrical lens 20 may be manufactured,
for example, by the following method.
30 A solid cylinder is formed from a glass ﬁaving 57 to
63 mol% of Si0O,, 17 to 23 mol% of B,0;, 5 to 17 mol% of
Na,0 and 3 to 15 mol% of T1,0 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



The solid glass cylinder is then treated in an ion exchange nedluqu\’ll:?x @;
a potassiumnitrate salt bath, 35 thus carrying out ion exchange betwee ?
thalliumions and -Ma 05 14 sodiumions in the glass and potassiumions in
the medium and hence giving the solid glass cylinder a refractive index
distribution in which the refractive index decreases continuously fromthe
center of the cylinder 5 toward the periphery thereof. According to the
first embodinment, a solid cylindrical lens 20 is fixed onto at |east one
face of the channel possessing plate- shaﬁ d el enment 10, and hence when
detecting a thermal lens formed in the position of 10 the solution sanple in
t he channel 1S5cdsimgidesedti tipe loilgists, aﬂﬂapﬁﬁaaaﬂnylﬁsnweehﬂtﬁhesmeﬁdum,

l'ind || : t . I . h t hat
The Tocal  postioonosr ey Hvaser JH e By de At e
posi tion of tiedssl disonibatplos 1Asv&ﬂr®wﬂﬁﬁnnefn&ﬂ¥k%ﬁxﬂn@ﬁ%arry out
ad] ust ment be& ?@a%@@ cbagahyResit/ Cf'}o‘?[T drite xfidi ngr 'ﬂ}%%ﬂ'ﬁqé@?

position of ution sanpl e each tinme a measurenent |s taken
di sappear $, aﬁ@wﬁﬁﬁeéhérpﬁﬁl aVatteesE -adj usting the focal position

becomes unnecessar ¥ccByadagngot Rhe GRirs 2@l RMERnt 0 BLrnghen ca
systens, a mcrochem cal system_ can thus. be nade smal ler in size. The solid

cylindrical I%M%lgérﬂ§a3eéﬁﬁﬁegos&€hfﬁﬁﬁ@‘QHﬁ?f%ﬁxﬂeﬁﬁquq% ¥fetpb
detecting |ighhel éhahhfeue@os%bls@h&igy ;h)etaﬂsai@mi eﬂllenlr@{@twe aﬁx@dth@n&@cal

position 25 of. the EXCI % &‘aq i.n Flg AC% conf ocal ngth Ic
(nm is gi venWB§r| geLes ln %2F ?ﬂ%??+ﬁ3%?a ter of
t he Airy]iﬁiskhandoﬂstgomesahph@ ;nlthﬁﬂﬂHEWheﬂ<15%nnxngnﬂe¢é¢mnngﬁvelength
() 0, 41, FESGbLISLHEO0E a0 NG os 30 A pumedcoby apggdvsp o
according to &hd 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 need 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. 143a).
The confocal length Ic (nm) is given by Ic = =w-
(d/2)%/A,, wherein d represents the diameter of the 2Ziry
disk and is given by d = 1.22XA,/NA, A, 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 Dbe equal to V3-Ic. )



t hi ckness of the sanple to be anal yzed. When carrying out measur eneny s ogn a
sanpl e having a thickness |lower than the confocal length, it is nost
preferable for AL to 35 be equal to ~3-Ic. 21005 15 For exanple, if NA =
0.46, Xl = 488nmand X. = 632.8nm (k2presents the wavel ength 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 wth the value at AL =
4.67~tm being taken to be 100. It can be Feen that the si gnal strength is a
maxi mumat AL 4.671lim In this case, it is thus preferable to design the
solid cylindrical |Rrms efammid, thAtNahe 6héft A= i488110 amd lapti 03 Bairue of
4.671im AL reprasealsntbectli{igreneaoba! weepkhachacal: qgoalltdh% ofe

detecting |ight e focal position of the exciting and e sane
result is achutéweéom?e@m@m%%spo em@@heﬁhﬁhﬁalfi@caﬁf dihst §|1?éétofm{ r@éld

detecting |ighthd Ss| QRQErsPFedgtahoLt 85 Lthafnt he Faeal gdi SF@@CGBOEhb%
exciting light. Exanples of the optimumshift AL (LI-L2) faor the soli

cylindricaP | emke 2pigpal gf’\?’éﬁngﬁhTéﬁﬂétFV?oFo VB Jad vgaltedlor IQA%?r#H“ ‘Her e,

L2 and L2 reprv@ﬁ@kﬁltthé h@ai@@aiatdngt anges7@h bEQnQX(’élaﬂdeﬁhg thol glt 1(omavelrengt h
20 and the detecti n }(]wave*%gn th oy % espe%tl vely. Table 1 ;1.1 NAd
le AL ;L 2 (™ (*%n L IFmS 241t hi)el488Y 614611364 23 MSEEEE £ %679 633
488 0.40 1488.4. @&Bm S3h GHl6s Ietlde 0 2930 OcludYr&88rabie ﬂo4ee§;6§2 6

3886.9 6.732 633 B d.f h I I 20
are pl anar, i t7ee e%‘g a#sq{ ;kn{iﬁggg%l %E%y m%PEQZ%“ %5 gln% téni ﬁgssspacer

25 and adjlOst the optimah exisetof 4.67um. AL represents the
difference between the focal position of the detecting
light and the focal poéition 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 excitihg light.
Examples of the optimum shift AL (L1-L2). for the
solid cylindrical lens 20 are given in Table 1 for
various values of NA and A,. Here, L1 and L2 represent
the focal distances of the exciting light (wavelength A,)
20 and the detecting light (wavelength A,) respectively.

Table 1
21 | Na d e AL 12

(nm) (nm) (nm) (um) (nm)

488 0.46 1294.3 2696.0 4.670 633

488 0.40 1488.4 .3565A- 6.175 633

532 0.46 14110 | 29390 5.091 633

532 0.40 16226 | 3886.9 6.732 633

Because both end faces of the solid cylindrical lens
20 are planar, it is 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



be in the solution sanple. Mreover, because the solid cylindrical |ens 20
is MAY 16 considerably snmaller in size than a m croscope objectiveﬁﬁﬂﬁﬁdﬂE
the m crochem cal system can be nade nore conpact in size. Furthernore, a
gradient refractive index lens has a 5 suitable amunt of chromatic
aberration, and hence the focal positions of the exciting light and the
detecting |ight can be shifted fromone another using only the solid
cylindrical lens 20. As a result, it is not necessary to use a plurality of
| enses, and hence the 10 solid cylindrical'®lens 20 also contributes to
maki ng the mcrochem cal systemnore conpact in this respect. Even if the
solid cylindriccalsildensy doesl It in tsield tiare @ heloposoope vabiiecofivehe
shift AL bet th : it i ' n ocal 15
osi 1i0n of t RETECITI g ISR KRS Y a1 A saredt SRor§oeohBECEPrT 1o
used i f anot hem mécsani smfor adjusting the focal position of the detecting

light is  providedgfQf, ,e1aairfdratcﬁ%r§@iJéfﬂc@f&@eﬁﬁ?éﬁﬂ%ﬁgahagpa

position of- the detecting |ight the focal position o ne exclting

light is |®ssstidrllfe aaputumi ghron@atis ahereratehan hagndi fereechPématic
aberration), thenit he dia0@ins HBSHAHE et i diigy defget | 93] tlg@tdéw@&ehﬁggt h
~'2) should be | engthened. This can be done by di sposjng a concave [ens 25
in the opticallighth o™ ffe et qwé}qmgﬂﬁet%P?ﬁﬂ@¥tWﬁ9n%e?%%¥iEﬁelight into
a divergent beamnilefane ddeicaetieaid mp | i ght & yomde coaxiial ndd h the
er 110 1 St S ol St LS AL P Sl e e Lnghi o0t o
opti m zedl 0 Thecdhey eydesainiptd onl ered é10 regl s Abn tat Boutappl tesmabinghehsol i d
cylindrical '%ﬂ%f%%ﬁ%%&éé¥3§§§ﬁgm ﬂ&ﬁ§c§%ﬁﬁ%¥jin 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 exciting 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 A,) should be
lengthened. This can be done by disposing a concave lens
25 in the optical path of the detectingvlight 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



in the follow ng enbodinments. FIG 4 is a schematic perspective view show ng
the 35 constitution of a chip elenent for mcrochem cal systens "NN!Mgp@%
17 according to a second enbodi nent of the present invention. The chip

el ement for mcrochem cal systenms according to the present enbodi nent has a
channel - possessi ng pl ate- shaped el enent 30 having the sane structure as the
5 channel - possessi ng pl ate-shaped el enent 10 shown in FIG 2, and has solid
cylindrical |enses 22 the same as the soljd cylindrical |enses 20 of the
first enbodi ment. However, in FIG 4 the solid cylindrical |lenses 22 are
built into the gl ass substrate 12, facing one another 10 with the channel
15 i n-bet ween qxeEr @ Y. alﬁecvné;embagamsnta0§oth@ OyESROL caveEndAPn2?2 i s

shown on each 5'de'ﬁﬁet@ﬁhﬁr@ﬂ@ﬁ%né5fofbM§¥§6chéhEBQQQBﬁstémbsa@%%@%ﬁ@¥y for
the solid cylindrical lens 22 to be present on_the t-inputtin

the solid 15 & it iREESeehsepbogunehe PRrghe- shepued @S§Ie§§1in§ Fote-

essenti al . AC&Q{ébétg dDerh&gt pwsgahﬁ@beﬂéngahe Eheuselird agylhedrical
| enses 22 are huilt jnto the ¢chann

g ossesalng &Fate ﬁhaged el.enent  30. As
a result, ?heQX?%ﬁﬁ&eQﬁ?%%%§lE%np ateealrped gde tfes Rip efefef for

m crochem cal 2s,y5d:&ﬂmhaa§0@dsm<ﬁngcymmdaeléansleﬁa‘aedmelnhe skt ia” &ghd tion,
because the solid cyli cal lenses 22 _do_n proj ect out, .the
n1crochen10a|%ﬂ&ﬁ% Q. %Elﬁ% Te?@?ssﬁgl?grg#ﬁ g?%é% f@gﬁﬁépe§trs a
schemati c perspect imewenew, showrng. thetheossliitiutyonndtiaathiipnekenert for

m cr ochem Ca' %H&Yf}t afﬁ?édtﬂg W%?aéstghﬁgtf%%d Eentfaggn%yg%n%r %?)%’%t er

i nvention. ement for nrcrochem cal sys eﬁs according
pr esent ehﬁomwmﬁh ¢h@ chemaghel Spossessivagnpl(aee- F36-shaped el ement 40

having the same stryctpf@sassthggchanpelspegsessina-ptateishaped element 10
shown in FIG'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
yvet 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-possessing plate-shaped element 10 shown in FIG.
2. However, in FIG. 6 the gléss 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).



2. However, in FIG 6 the gla ss substrate 11 and the glass substmatggﬂgﬁ

are each forned such that there is a gradient refractive
lens 21 in the 35 outer surface thereof facing the channel

i ndex type planar
15 (see FIG 7).

KAY 18 As shown in FIG 7, each planar lens 21 is a spherical segnent in
shape. The flat face of the planar lens 21 is at the sane |evel as the

surface of the glass substrate 11 or 13, and the refracti
5 toward the center of the lens. Such ar %ractive i ndex
formed using an ion exchange nmethod in i'ch sodi um i ons

ve | ndex increases
gradi ent can be
in the glass

substrates 11 and 13 are replaced with thalliumions or potassiumions. The
ion exchange can Be cgrawredirolEI®y haskidly biaraveteng BhelsOasurface of

the glass SUDSIAALA ML LaufiBi@l 1 Colahdn @HRERN D £ T o8! Ofe AELAaL e

planar lens is“to an

en I mersing the glass substrate in a

pot assi um ni t A&ns &l thmlat Ui $aee el et s skhe. surigpsurd B&en6tléd S hat

it is sufficien,diQ-provider 153 2 phanahe | L8824t i PeODhie@Nentaca sefs the
channel - possessi ng pl at e-shaped el enent 40 (the light-inputting, sid

e
(i.e. the Pl ar@warshstie eanteie oF gHie ob®Phit t iSHFE F deefsehbtvesseAtral ).
The refracti veddiendi & ikt @mé@rus heg phandén 2Rchange2heksosi Al ar to
that for the soLiqlg%%gndrical Jeqégs Zgaand 2% describﬁg abay% As in the
first enbodi MEHCE (FRETCHAMTIIS pUsELi PR DPTF aT &PEhapaSef&nBRE 140 %W&vi ng
t he pl anar | ensgsl aled svitdedchanl Bi urm ci @cheot cabtasystmemibascar Te oubndesi r ed
detection or the.like. 25 Accordin o.th r di .. th ame
effects can bee’ﬁ'cglﬁr}gzeeacaans%f% (E%ér ?és?&%ﬁ%\gdﬁg&%%{“nsgﬁg angrggé%\r/lér ?thbecause
there arelmo pantfadacatf priog exctassitsulbsonrtdevstnfacestaliline fglass

substrat es 11%%%69%@& Nehe M&GLENGMOAL SYSTEMGAR bentRde yglpgmller in

size. 30 in a

I'ement for” mcrochem cal 'systens conpose

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-

side is not essential).

outputting

The refractive index distribution for the planar

20 lens 21 is similar to that for the solid cylindrical

lenses 20 and 22 described above. 2As 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



froma channel - possessing pl at e-shaped el ement 10, 30 or 40 as degﬁrlbed
above, the solution sanple is fed into the channel 15 fronta‘%ﬁﬁh#q

sanpl e feed-in channel. Detection or the like is carried out on the solution
35 sanple in a mcrochem cal systemusing the photothermal 12 MAY 2005 19
conversi on spectroscopi c anal ysis nethod. Specifically, the m crochem cal
systemutilizes a photothermal conversion effect in which, when exciting
light is convergently irradiated onto the,;solution sanple, the 5 solute in
the solution sanple absorbs the exciting li'ght, and hence thermal energy is

emtted. The tenperature of the solyent thus.rises. |ocall e the
refractive iroXVehahgRsSPEELFPFCORAE §8a4YFdsSule Qopher Fcﬂgﬁ g '

formed. 10 Eﬂbtgﬁlé et Bo&hehheam sy@ebmnu@anlsxést ampaea@ttdignd 10 the pr esent
invention will now be, described wth ference to.the draw FIG 9 is a
b6 Ghist B o

schematic bl ockORTEET AR sRORFRG the"RE6Rst FEGR X 1A¢ and which is
an exanpl e of ébﬂﬁ@ﬁ@én0EheﬂrﬁaﬂlsysﬂeﬁntacChedsngutadm1§amﬁleﬂﬂnkﬁnent of

t he presen |nve I t he cha neI es | at.e-sh
el enent 10 j;%{é o glﬁexs?(lg%lﬁﬁflesgfng %ﬁ' Stlé’fgleto Cr%gtjlnggﬂlt Lur ce
11 outputs ex&mdlhgmteghhenmaa Qﬁepggdeseemume@dmav@hengempeaaduthl©f

exciting Ilght% §?gg£§tFgcgyrgsggoggggiiizangh%eﬁg%yhﬁteq. Sgﬂllght

is then refle a ref mrror and t passes ro

dichroic m rroxnciqa chengee befaglyirpadi aced grsyléna ctfhemtr@lsdtarcs s
cylindrical |epsgged0 on 25 the channel - possessing pl ate-shaped el ement 10.
The irradiated exciting light is absorbed at the focal position thereof in
the sol ut 18n sanpl eEPRodHBeRRal §8i EhechafherResisr Lt Ko SHEh REICPEREEE sthg

pl at e- shaped efieaepiesdft andehensg ailhenddl beedssicy ifiyawd waentered on the
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 111 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.



30 focal position. The portion of the exciting light irradiated on thgm‘; 5908

sol ution sanple not absorbed by the solution sanple passes through f he"
solution sanple and then through the other solid cylindrical |ens 20, and
is then absorbed by a wavel ength cut-off filter 116 so as 35 not to fal
upon a detector 117. 20 A detecting light source 120, on the other hand,
out puts detecting light of a wavelength different to that of the exciting
light. This detecting light is diverged §bightly by a diverging |l ens 119,
and is then reflected 5 by the dichroic mrror 113, before falling upon the
first solid cylindrical |ens 20, whereupon the detecting light is
convergent |y irradifatéeF 9iF imge LSightd SQHTGRI<A Irenshe 20the¥ oheRE! sol uti on

sanple in the M gy 15 e dhe GhaneinpossessE8gcptats- shaped
el enent 10. The 10 detecting I1ght then passes through the therpmal |ens

formed in theodoltdis sx&ldmpt®e byhthe dkdist Of§aGtgme ht g fikvefF9efged or
converged, befargaxiy itg 4 radhgingacand 509 | daey! i Hdeheal rbkenscgeq This
detecting light that_has been diverged or,_c nver]tg%gland exited is_used as
15 o gnar’ 1 ol ChiS SRS Mo G oaes i Thet ey S gt he bt ot
filter 116 anddlsidehdcirettinal Hendet®ctwteddiporThehst dengthing tLhehsi gnal

| i ght detected by the detector 117 de n t t he ns_forned in
the 20 sanpl e’ acr?d'lVr%rgeeon\/tgL C rarnag%lsadcleg&go%c%eon$§ln% (gvl %ﬁi%bé%&%l&t ?ﬁa ol ght

nmodul at i on peritodrdfo ttee choppeiror] Isamle irsitgralamat ypot s echénoglt heé of
detector 117 is a i.fied e ifi #@& i en dul at ed
i n synchroni sn%%ew%%rﬁsg é)%%:lslstaﬁsn%rﬁ %ﬂn‘%dﬁfa |one%%??%§ %Q'th’%?%ﬁopper 25
112 by a 1@ckdeatemtpind ildghoXherheoassian i G Sgipl @ ¢ stheraryzeanby a
computer 123 baged.ond f‘c@né_)%c{?@ﬂtﬁ!rgr@mfplfé%?tﬂ?e | Ok £ tn@ph fht ebnd22.

According to the mcrochem cal system of the present enbodinent, a

ni croscope- objSedtife BTG VoRRITGTRpS, 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



30 light onto the channel - possessing pl ate-shaped element 10 and a o
condenser lens are not required, and noreover position adjustnent i A Tl 2009
Z-direction is not required. FIG 10 is a schematic bl ock di agram show ng
the constitution of an analyzer, which is an exanple of a 35 m crochem cal
system according to a second enbodi nent of 21 the present invention. The
anal yzer according to the present enbodi nent has the sane constitution as

t he anal yzer according to the first enbodinent except for the follow ng
differences: 5 firstly, the solid cylindri‘cal |ens 20 on the Iight-
inputting side is itself used to realize the optinmum focal positions for

t he exciting lthghtpreeskentheinte¢eciomg |ight (by neans of chromatic

aberration), and h . f i i C Ln : cting
7 gnt and 10 thus ST (e TRE 1ocart aat: T onthr “PRESHt opbRaifiEbEr bt
relative to tHhéd Eame posish baubion hes eklee t apglyrght aFsordangpeovitded:;

secondly, a prﬁmlé%&ﬁiﬂ%ﬂltiéx@%t Used. thé nfgiaﬁgw;gﬁea@we%ﬂ&e%lzerrent s

corresponding to those in 9 are represente sane .reference

G
numeral s a8 1FinstHENG 9he Npbidhaylirdyheasi §af ?é @Bakhet haghg pre-
anplifier 121 jmphheidy ovidedis| fctber anabyzes péalthGe t0e bpeawse the solid
cylindrical lens 20 on the light-inputting side_has a hromati ¢ aberration
whi ch real i ze<a9fe! FRTHPFDCHPT 2 %o@¥??5ﬁ§go}1§h5 @Qéi?bﬁngFﬁﬁFlgﬁd t he

detecting |ightighta (®Psné&is db ¥ esigh Ofa ©f c Calb¥er gt hgny headeat aehicegal i ght

and thus shifting the focal position of the.detecti light relative to the
f ocal positio&Qﬁ%t ?feé&y?¥$kpgl?5hfo?geﬁ%%n9eaﬁFrégFefggﬂ cgﬁggﬁgaﬁg t he
m crochenical tyst eshioftihe phestotal epboiliient ofathar detebjéni téghens for
a mcroscope fjroerlatclqaé’eé&' e'f&é‘él%&&iﬁi‘&?@ﬁ”{?ﬁé'g%%%iﬁg”%&h@t §cShaped
el ement 10 and a condenser Tens are not required, an nmoreover ~“a | éns for

di ver gi ng Or(ﬂﬂﬁﬂgKﬁV$ﬂQ%e @%@@@@lﬁg 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.



30 light and thus shifting the focal position of the detecting Ilght IS t
required. As a result, the mcrochem cal system can be made yet smal | BAY %&
size. FIG 11 is a schematic bl ock di agram showi ng the constitution of a

m crochem cal system according to a 35 third enbodi nent of the present
invention. 22 In FIG 11, conponent elenents corresponding to those in FIG
10 are represented by the sane reference nunerals as in FIG 10. The

m crochem cal system of the present enbod 5 differs fromthe

m crochem cal systens of the previous dlnents in that main conponent

el enments are built into the channel - posseSS|ng pl at e- shaped el enent 30 of
the chip el enent f(ﬁnrﬁlﬁcxﬁﬁun@Qﬂp@@%ménglemﬁﬂtalSgrrﬁSpDhéunghéOeXC|t|ng

ight source 1ipddsehfrig usgdaps +06-d0:0p0u! BT BACMRARS 20dcence there

i's no chopper exciting sour ce the detecting lig
source 120, thuneliahs cre M rFHe- 118; the reflectlng mrror 114, the solid

cylindrical lenses @éa I&M&hfwihsw&e@féf éhétﬁfeééﬁtaeﬂbba@m@%tcect or
117 are thus all built into 15 the channel fosse55|n plate shaped el enent

30, and nbrederL&pt | BEOM PR RS BF OLRENEXRT t FRHEEMEhPLT FBf PREVIENS ting

l'i ght source ldnbddithdies df:ﬁe@ltlaﬂgméiﬂh&orﬁgs@mmth@ldﬁéﬁebl agel bghutsour ce
120 are provided in the chan osseSS|Q§%%Iate shaped elen%
shoul d be 20|ﬁﬁ%ﬂj§WﬁuC@ﬁ%%% onentPel BhehtsShapedl E&rmahty Iyoﬁe

nmounted on a Sﬂﬂiaﬂeq@reBeméﬁteﬁoﬂfmihfo@hamHEél possensi ngnpl alleoshaped

el ement 30. A ord| heni c y e.pr t
enbodi nent v§: ou§5%% d%en n% Ch SS%€%C u?#?nﬁg%gﬁfhég g%gg as the
channel - pb@seﬂmduﬂqﬁam@ m@@@@da@déhem¢e3ﬂhem§ asresuthppphe #@ilerocHeai ca

system can be%;p& Gﬁéﬁ {@% dé&giée';[‘113't?}‘?ea&I‘Qt?éEEXnBOEE?HEeﬁth@%Stﬂz'oa'
Applicability 3D As descrTbe ove I n detalrl, accord
the dichroic mirror 113, the reflecting mlrror 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 111 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 be
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

30 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,



present invention, adjustnent between the focal position of the exciting
light and the position of the-solution sanple (the sanple in the Liﬂ&Lﬂ%
does not have to be <carried out every tine a nmeasurenent is t akeh<dhi ¢ 35
solution sanple and thus work efficiency can be increased, 23 and noreover
a mcrochem cal systemthat uses the chip elenent can be nade snmaller in
size. According to the present invention, the | ens becones extrenely smal
in size, and hence the m crochem cal 5 syigen1can be made yet smaller in
size. . According to the present invention,“the mcrochem cal system can be
made yet smaller in size. As a result, detecting light for detecting a
thermal | ensahgr mod sayethe posinddrenicahes syl en i U saapee EhA BBIP10

easily led oulj oaRe MULOWRS the Mgdochen cali system can be nmade snal | er
in size. According to the present invention, the mcrocheni cal system can

be made yet smal | eRSCRISIFE COALR RURFIY tHY Presdnt FhreheRrdnCeErRBeES

i crochem cal ogysta@16aRmRe 1M8de SR | &ind m&ide tedinbyochdtcending to the
present invention, th m crochem cal system can be nade yet smaller in

e
si ze. Accor di BYSEE™ KEPREs RS KrntT¥htl HecHus® $he ni crochemi cal system
has a chip el enent ateioridieio e iealpr &kriy streren esowlesené bed above, a
m cr oscope objectiv in.the gfnventionailggparatuses becones

| ens _.necessary |
unnecessary, ﬁ&rﬁgﬁt,eémtcr‘?‘él MY SThert 4t JiRAten tan B d&” siafFer in
si ze. Moreover, byaisntegreatilng tdereqriadi dnighteffactdeteed nikex & ehkeamelt he

channel - possegsi g 29.pla¢; shapgd, &l ermntof o form A, sl (9! £.hosl, cadi yst ment
bet ween an ObjeCFIVG I'ens "an channel - possessing plate-s apea el ement
every tind a pesddyensm®t dug .t alteh neewies Umatksseelyembnel hevisbewsperat i on

can be sinpl it gd Rndthusvork £ffd ciency can be increased. 30 According

to the present invention, the ) )
According to the present invention, the

microchemical system can be made yet smaller in size.
According to the present invention, the
15 microchemical system cAan be made smaller in size reliably.
According to the present invention, the
"microchemical system can be made yet smaller in size.
According to the preseht 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.



m crochem cal system can be nmade extrenmely small in size, and thus
excellent in terns of portability. 2 MAY 2005 24 CLAIMS 1. A chip el ¢tenidh
for use in a mcrochenm cal systemthat processes or carries out an
operation on a 5 sanple in a liquid, conprising: a channel - possessing

pl at e-shaped el enent having a channel through which the |iquid containing
the sanple is passed; and a lens fixed to said channel - possessing

pl at e-shaped 10 elenent in a position faging the channel. 2. A chip el enent
as claimed in claim1l, wherein a focal p dition of said lens is within the
channel. 3. A chip elenent as clained in claim1, further conprising a
spacer via which said lens is fixed to S&AdMS15 channel - possessi ng

pl at e- shaped el enent. 4. A chip elenment as clained in claim1l, wherein said
lens is a gradient refractive index lens. 5. A chip elenent as clained in
claim4, wherein fhe gPaditém slementt ifpg Ufdexl endNiG WRPBLE/ on one 20

surface of sais¢sghannglatr RRSRSH Y @ alfshapead.€l freaberftibnCBnpael enent

as claimed in claim5, wherein _the gradient refractive index lens is a
sol i d cylihdr SFEAP1S efs.@ 21 R 3¢hi FBt N claimed in claim5, wherein
25 the gradient refar atiante li-pisdihdg plat-Adipd@nsledent Kivpngl ament as
fixed to  anobNErrsh FEeus S hramma S Bosbesd it o AF cLRRpelb 18l efent
in a positionpeggesi;terthe first-nmentioned 30 gradient refractive index |ens
thiler oSPECt 10 U1, SISl ich B G A5 SLALRY LinELal bl

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 diéposed 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



cylindrical lens. 35 10. A chip elenent as clained in claim8, wherein M
2005 25 the second gradient refractive index lens is a planar Iensqwé; ﬁ
chip elenent as clained in claim4, wherein the gradient refractive-f d§Q
lens is built into said 5 channel -possessing pl ate-shaped el ement. 12. A
chip elenent as clained in claim1l, wherein the gradient refractive index
lens is a solid cylindrical Ilens. 13. A chip elenent as clained in claim
11, further 10 conprising a second gradignt refractive index |lens built
into said channel - possessi ng pl ate-shaped elenent in a position opposite
the first-nentioned gradient_refractive |ndex Iens wi th respect to the
channel . 14. APehiSOPehsRRELRY FHHSPG TS SRS, LSiker &F ¢ RE2RAE second
gr adi ent refrg@hgve i ndex Iens is a SO|Id cyllndrlcal lens. 15. A Chlp

el enent as clainmed_in any %; |ns 1 mh rein said 4
channel - possessi ngigl-at & § Pe(? e&%r‘-ﬂs dfn £ PRI chip
el enent as cl ahkegriad & melf&adfdmr@umdetmemnymrmmml isysteaids an

anal yzer. 17. m cr.ochen cal st.e rls chip el enent for
m crochenital Cgﬁﬂ‘"&}s PES =85 ﬁeré% pjla}r? ‘%JI‘?‘P% Y%t hrough 14; 25 an
exciting | i ght sounee t hatchdpt ;mltemee»ccmts mj,alun@ﬁ 1rofc]aaip11 edet e/almézneﬂn

v AL BRI B, e £ L0 ol

mavelength di f e mave eng exciting
l'ight-inputti Agnspti cal systemthat inputs the exciting Ilght and the

detecting light cogxial by Jditp digersam @i ndde Ghameln 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 chénnel—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 leéds output
light out from the sample; and

35 a detector that detects the output light coming from



a light-outputting optical systemthat |eads output [|ight out from hﬁ
sanple; and 35 a detector that detects the output |ight com ng from 28 Yggﬁd
| i ght-outputting optical system 18. A mcrochem cal systemas clainmed in
claim17, wherein said channel -possessing pl ate-shaped el enent of said
chip elenment for mcroche-mcal systens is nmade of a 5 glass. 19. A

m crochem cal systemas clainmed in claim17, wherein said gradient
refractive index lens has a chromatic aberration characteristic thereof
adjusted such that shift in a focal posi fon of the detecting light 10
relative to a focal position of the exciting light has a predeterm ned

opti mum val uesad@d lAghtcrodheritcalg systieralhssysteeémed in claim 17, wherein

the mcrochem cal syst e? m%miy er 'sﬁtem‘e‘e{‘% c(f]pé;ﬂ%@ cal Syst M s

clainmed in claim17, 15 wherein said exciting ['ight source, said detecting
light sourcewhsaiedn isghtd idpume hPoprtsaing st @he apldageddelement of

l'i ght - out put t i;ng PR GAle 1AM B2 Pl Lo SR1 Sy ehiRs ELefBAL: 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 cléim'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.





