; e3e~~<X6BTswH DESCRI PTION CH P ELEMENT FOR M CROCHEM CAL SYSTEMS, AND
M CROCHEM CAL SYSTEM USI NG THE CHI P ELEMENT 5 Technical Fi el esent
invention relates to a chip elenent for m crochem cal systewglm M’m mmmwn
m crochem cal systemusing the chip elenent, and in parti cul

el ement 10 that allows high-precision ultram croanal ysis to be camssised out
in a very small space and all ows neasurenent to be carried out conveniently
in any chosen location, and is thus suitable for use in partlimmmmmmmmmMMl
smal | desktop thermnal Iens m croscope, an anal ytical therma

m croscope or the like, and a m crochem gak d£¥ usi ng the chi ps@bgrent.
Background Art In consideration of the rapi y ‘of chem cal 20 reactions,
and the need to carry out reactions using very small anobunts, on-site

anal ysi s and the dyjke,prigihaer aécbpomf@@émﬁmm Oty SN NS YT CRSRSR CAL
reactions in very small spaces has been focused on, and research into
this technol ogy has been carri et OV WIHGi H5F %& IFMUt the world

M crochem cal ssystens that use gl ass substrates or the | i ke are an exanpl e
of such integration techq?hp In such a mcrochem cal system a very
narrow channel i & SGIHe&# ]§%all gl ass substrate or the |like, and

m xi ng, 30 reaction, §Hmam&ﬁsnntemnvannﬁan1reﬂﬂ&ﬂﬂitﬁ]&nchﬂpaélémeﬂ@ for

i ed out npl t
carried out on a sysc{i-‘em | nJlleu / PleS e H&%&AP%{&C@%&'&&&&

in a nmicrochenica |azot|zat|on reaction
reactions, and arthegemiantelrmant eand ons pPastipilar dfo 35 chip element

extracti on/ sgpar a&HaCtn dl&%&@%ﬁ%%cfé‘id@Qﬂ%m%&lﬁ‘féﬁmw &ld C
separation, and col unn separatlon As an exanple in which separatlon S

the sole aim an SEEHEDMEr et @ AT AN K GPaGRIaPS r?gl § SRASMIIRFYC
alrmunts gf pr ot elﬂlﬁ,bd’lld‘dr.&ll(‘ec'&(‘dwts dﬁn\téméndqq/ hias d&ﬁﬁl’tlﬁas',froppﬁﬁtd | idmj s
el ectrophoresis a rat . osse35|n at e- s ape el enent
conprised of two re‘dle a&i‘rab tlbsgeetlﬁér‘%(& CuelI‘ r@
Japanese Lai d- opeieswoe:nttl'mmlalcéltem ikt Qordn,. B Ja?&BLQr?l)J.caBedmmahe
eloment 1 PLEL eIt NSAR0% SHESD, (P i DA L 1P

case of a glass capl aving a circular or rectangu ar

section, and hen@@#ﬂﬂuﬂthfhk?(ﬁ%ﬁmﬁntI n a m crocheni cal systen1 because
t he amount of the sanple is very small, a high-precision detection nethod
15 is essential. _Th ath tq making a detection met hod of the required
precision fit foPﬁé%é%q has been opened up through the

establ i shnent of a pharoidesrsigleraarivver sifortlspacrictidypicf atsEmisied net hod.

This nethod ygilizes g thermaly l8ns &£ tchﬁtnj S Qheas Sy Q.lu&ng? 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,



20 l'i qui d-borne sanple absorbing light in a very narrow channel. FIG 12 is
an expl oded perspective view show ng the constitution of a conventi onal
channel - possessi ng pl at eshaped el enent. 25 The conventi onal
channel - possessi ng pl at e-shaped el enent 100 i s conposed of a gl ass
substrate 101 and a gl ass substrate 102 integrally joined together. An

anal ysi s channel 103, and a sanple (the object to be anal yzed) feed-in
channel 104, which intersects the 30 anal ysips channel 103, are fornmed in
the surface of the glass substrate 101 that is joined to the gl ass
substrate 102. T na a as f I reservoir. 105 each
end t hereof, an& %r g% eqy& %%' £%§ﬁ%él %Gg%ﬁggmg b tﬁégervgﬁr 2Yoe
at each end thees@mplhnlmhwhé@hgl§§Qa$@wspmat381ahe S@d@u@hnhokes 107 are
formed in 3pa%w%%%me%%%%e%%%mw%wam%m ¥y 1

gl ass substrate 101 through oles 108 are fofmed’in 05|t|onsI#aC|ng
the buffer resePPOURESIOE PEOREGNSn Fﬁélﬁﬂﬁs§C§9§SPFaF@e1GEkQHh§ﬁ

films 109 are feropdsed.S> thesi eDectrephoreéishepphraugh 118kesalbhaand1108

d th t f f.th t t f th
i ough Nol os. 189 SAREC108. PASHRBTBFERat STEF (o GEREFAGEUPRE S8 JASH ¢

conposed frontsuubs&rah@ﬁnebapﬂsbesgbm@emlaseeshipedeﬁﬁm@ﬂﬁnemhphﬁhseA
SoLution saml et Ble At BN eE EhANREE10 N OB LR ERD ©

feed-i n channel ion sanple’rs dusi ng "a ‘phot'ot her ma
conver si on SpECBﬁ@@@@]@I @h&n@Ilpmeetnesh@datleﬁshhpednebm@kame isolletsison

sanmple is Cﬁtverlgegtlby t:'or B@@h%t %‘F'xa\ﬁ‘ tﬂf& 'th@hk:aslaﬁ o‘fh%.r t%g&%’% E'&‘i;rlrﬁ]aﬁner gy

is emtted due to_abSorption of i ght he sol u In the solution
sanpl e. The tenﬁ@P&tﬁP@lég Ph€1§6P4éﬁtoFsrPG6§P991P5|§€@s§ysﬁH§§°Fhe@mﬁ
energy, and henhgnbaehhaanagblue ea@eérchanges where t he tenperature IS

rai sed, resulting in_a thernal % n Th| IS kno ?§ EE%
phot ot her mal conver siBn2ePFEEPS EpéfaiSSVE gmv %ﬁFBEEFuF na@?BP ftng
principle of a shmp&allbenerylsmﬁﬂG. d3highepmeerigdon ﬂeaenmﬁoexmdﬂhqﬁ
light is 254 ”gg %Egn‘e%‘i a”rﬁ E@'Mo%ﬁﬁklni ‘Jt‘ @%&E‘cé | fie¥h8a28¢

obj ective l'éns a mecr reu on erna CONVEr s on
ef f ect descrlbe@h&beﬁéuﬂaﬁésPﬁﬁ&ééloﬁoflﬁD§PrSQ§§F§h§é§ usiee hasf beeni ve

i ndex drops as bB%nE@”BEVEBQBQgh'%ﬁé e@EQb@@BﬁﬁehﬁeoEeBr?ﬁb&%%hb&%%ﬁ 30 of
the solution sanpl e begones snaller the closer one gets he center of

t he conver gent SQQNF6F18QCFPFﬁﬁrpﬁgﬁplcwﬁpéhyﬁéSwﬁ@ Boghe Tahperathre rise
i s highest. Dueut@ltihesnal tHeiiali denst BEfeeapehatuie pirsaukedordsoudghl laer ,

?zgrgggfﬁgggfstgﬁggﬁgtgﬁ% f;g§§' gragggfﬁegcOgeégﬁsegg%h%gggéﬁkﬁfogkc|t|ng

light. Opticallghanhed.pattern of change in the refractive index brings

about the sane effecgrgs m@thsaaﬁoaﬁﬁiédéénﬁerégécB?GEevRQ@ QBE@Ehg'%hEnOW“
as the thermal |ens effect. The si ze of ermal | ens effect, Ji.e he

power of the thEPRAFLIFBRION; 8 pPoﬁBPYFBHéPnﬁe FﬁénﬁﬁﬁlEQFS§5§6PEaHéétGF the

sol ution SanpleshhbédOéQémehﬂ the case that the refractive index increases

with temperature, the,sags.cliecth? BROUNGPYoRULsDE88 ke BhAge 10
element 100 is composed of a glass substrate 101 and a
glass substrate 102 integrally joined together. BAn
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



10 refractive index is opposite in sign, the thermal lens is convex. In the
phot ot her mal conversi on spectroscopi c anal ysis nmet hod descri bed above,
thermal diffusion, i.e. change in refractive index, is observed. and hence
the 15 nmethod is suitable for detecting concentrations in extrenely snal
anounts of solution sanples. An exanple of a photothernmal conversion
spectroscopi ¢ anal yzer that uses the photothernmal conversion spectroscopic
anal ysi s nethod descri bed above 20 is discloged in Japanese Lai d-open

Pat ent Publication (Kokai) No. 10-232210. In a conventional photothernma
conver si on spectroscopi ¢ anal y.zer, .a ch el - possessi ng .pl.ate- shaped

el ement is di spo?@&lg"élo&ﬁ RS NG &S 3’é‘aflrp s r%lsegv%rlﬁ ':]1%5'5 %&e%gﬁ&’ the
exciting |ight oiglaspy etddisateed 045V areh gfir cmghp bicled fll0@maae eoxirtddidin

i ght source is intr. d d_ni. m OoRe, X Clatd i J s .t hus
irradi ated conveP&gﬁglq%%\% eflatr}{%gqéc)&%(?ctbﬁ{/f?ﬁ%e%gsgge’%l?és31 t??i%gr#"%ragrrﬁne t|hne

t he anal ysi s chagielssofsublss rettenidll .30Epesseedengipnat 08hapedfermadnon The

focal position ofnhe ¢ GEGAN lof ItHAMARGTEIIENY o7 Gla 198 Rrdd'®n
sol ution sanpl e, and hence the eXC|thgF£aag% I's absorbed at this_focal

posi tion, and thidea Urermauni@ee Qdnt st FasEEAtepddid ilon Ghe f or ned.

35 Moreover, detedldindty @ thavivhrcughtellergtin7 anddilfofeerent to the
ht source.and al.so

exciting light is out ut%@d froma detectin Ii%

i ntroduced into the ngtF Ebﬁ&?mQE? 8Fééﬁji§rPiSHPIEWFPF&HSﬁFO&Fthe

' [ e \f riomr salicit ed hpasisessaings plente -tshapddas b
T B e e o
t hrough t he 'sol ution san%]ef so that tée %@gcting FI ht " I's elther gyverged

(in the case thaphﬁn@edhéﬂ@aﬁﬂqmuthQsS@@W@&véﬁe@rl@oﬁ%éﬂ@@d Q04 .t he case

t hat phe thernal_lensThg %%ﬂh%&bn %%m%h% Q%t%ﬁbHQthiﬂgﬁnéxbtbﬁﬁtbQﬁermal
solution sanple is used . ,as signal |ight,. The _signal I%%%é passes,through a
conver gi ng | ens SRAVETFLONe SPHCHRRSCORIC BR@LY Sdfd Mes n 4Bt eRL&dmeEhgd.
dfetecr:]tor.h The intthbbmfﬁﬁobggad@nﬁcugdFﬂmwaﬁgdmugPtideaaﬂdte@nwﬁﬁa RAWeIt,
of the ther 15.lens _for i n.the sol ution sanple.. Note that _the

Gt eoring’ 1B RosTRaret TE ey Kaeklivhden ead tR avk £B pBReakt Togy e
exciting |ight ntheallsghite bysddieasallvgeddénedhiengollughon sampie. The
spectroscopi ¢ anal ri 2Q .t hernal i f:Qr med

?g}:ﬁg%&a‘tiﬁ%. o&eq:fl-n%tb%\éq’ve’fi’xt Qs Hl%icgﬁ'tl,y] g%g St% BUE R Q!

centered on the | position of the exciting . .the Change in
refractive i ndexthiegrad eperdier dd henss $hgerefragtiyeminfexorhaagsst i ng

light having they$amR @hed tdimpeda@iir MNALEh@RGll,t @bl te4e EnNG kh@hina125
FI GS. 14A and 14? are_views useful in explalﬁlnggthe fornaﬁlon £05|t|on of
the thermal 3%ns 18A3 PRIEOERETRS| t TBRE of St RO &8¢ FRG PRORPERRCTAL

di rection of thecoptietalioaxieffeaictt.he exciting light (hereinafter referred

to as the Z-direction Fi A_S s i . h bj i
| ens has chromatic abéggétggn%éwﬁegggé gfé?§?4éﬂsgggggéﬁggéegpﬁ %%ﬁ%ﬁﬁg%g
obj ective | ens de&sanshermad dienGmatic aberration. In FIGS. 14A and 14B,

the exciting |ight andntqudeneqthnaohbaﬁbeh@vgeahfB@rsﬂeiw@ﬁgl@&ﬁh@SiEO
one anot her._35 In %Bg nléaochenlcal s%ste descri bed_abgve, In e , 6
case that tIf obfE8ERAHEPENSTER0 AR EXEHE i 6M3dr FRLMEA O, SEAR FalV 1P RS

131 is forned at objectdwel leas bifoa hizrekcobe,ewhekrengohi ghe as shown in
FIG 14A. The Togal, RRplbhd? 138v2kslile Q2R At Ifba’ 33k tafely an
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



5 amount OL fromthe focal position 132 of the exciting light due to the
difference in wavel ength between the detecting |ight and the exciting
light, and hence the detecting light is deflected by the thermal |ens 132
and thus changes in the refractive index within the thermal 10 |l ens 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 detgcting light is al nost 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 t.he ernal. | ens
130 and hence chambeeresnfrbepl pAcerOEt i ek FahEh PRTARHE ri i ne 131
cannot be det ect apatTéen obf echange| tnsti€0refrachiveosndpgr bziggaeahbhiy 20
manuf actured so 0, h FLR abeshati@nieABd HEACRED ga
position 133 of ?ﬁ%gd%?%gt?ﬁgg??gﬁgn?stalnDst exggt}ﬁ theraneeasgtﬁg
position of the teffesr ienknawn asrhle bhermelfbens pbieeton T2 Hize et
exciting |ights ascgeseriprel abens &Ft&rt14Ble. PREUSSWER bREtBE tBREFASLI Ve

index within the thernma| |ens 131,tth cannot be detected. There is thus a
probl em t hat troubf®s mis® BEOPAKEHORSBL cFPhERe sAPELCRhcaBBorPRBRC0PL hRS
sol ution sanpl e igovhtLdnt B&mpher mMlodensert s frorgmsl dasum i fraeal position
133 of the detecting Iight eveééxting a_30 neaéﬁr nent_is takep as shown in
FIGS. 15A and 156 COF26Hote ahgPe™( HCHEPESEi Whhi GRIDSFRGREFy URFng=4S! ens
(not shown) bef orefbessi by pheddeedctbuy beghausehtbagbhahgeobhetheve | ens
130 so that e f i L 3: of ect i ig 1 shpfte
fromthe the??&l ﬁgﬁgaggi&%Sgggégh%ﬁmo%ﬁgiﬁgé %%.Qgg%'Ngégggg%?ﬁgﬁebéﬂg 95
channel - possessi ngPPYeXe- shaped el enent is nade snmall, but the optical
system consi sting of the thadhbhseskesmal @omgi&ﬁm@eéeﬁs@@ﬁaié he
detection sectlo%ﬁég otoelectrlﬁ ﬁonver5| n sectio and. 5 t?g | ke nakes
the systemas a SHRAPPEXNPS CBRCTHRRYi dROURd FhsHRal ndifousieRs bt Bng
inal ackhof plorltahmhc_i;é yinthefraatiye ngn@t]&, cberrbbadﬁlrveclapt@m&encenahﬁi S
using a ther en Crosco t [ re mtations_on ere
this can be neIgﬁ®h$%elio§%$£é§¥$oﬁ§}t%%?eggﬂn%eé%§$??%ﬂa%h?gsNb?eover,
the position at vérkthemdlytsreahil ahewsts sof osokdtientsmmpbenl position of
the exciting light, aqglngagﬁ%ig éﬁeaQéﬁﬁhé mdf PXershaped el enent

whi ch t

possessi ng the channel "t hroug e sanple to be 15 anal yzed is passed
and the obj ecti veSPRAET RFEORED AR L2 ¥ oFhdheusedt Hee  PRokoBRe¥BE] on of

pf)si tioni ?ﬁ thﬁ f@&@klvl e:p@'ﬁcbf Eﬁiﬁlﬁle?ﬁréi@o@g&e&ﬁ&l/}e?i§ﬁﬁe@§bo@ @é@@ﬁ%l@écﬂfitﬂs@ve

pl ace in the_channel .p e pl ate-shaped el enent nus e carri ouf every
Pl e a measuPlrents i S rakered 8 T SeRbets oI oogy Barsnf b fesbipfet ng
the position of ttkolhiat Nehab@ed2222h@nt and neans for observing the focal
position (a CCD or an:ﬁ¥q£i€?ﬁ§gﬁg-ag5&u§ SbsetVALd Pe &@ég@{ associ at ed
optical system) are required, and hence Ihe apparatus %econes arge in size
25 and thus suff ?RETEPF P HEARALIZRX abt | ¢hanng) seovseseing plhaeat shaped
is an object of tdiEeréSed ATMEHEE@MNbéDow! e USh et Pe el BN £ that
renders adjugtnments between the_focal 30 positions of exciting,|light and
detecting |1t ARETIRERET (700 TICHELRT U IFAE Bhpf PERRETTIREG

measur enent i s t akevrelemecle seutr yu aneld t futkem esnabéesi vk Eidhici emaycé oibe

i ncreased. and no b ] ] syste s ,an.anal yzer
to be nade snall e{rl?'?yn&gliu;%? %1?1%0 gﬁé%%%?%%%%l déishae %x%ﬁogéﬁgrﬁlclﬁh%sfs em
usi ng the chip el@mmtirragigeedtcenverdenabpvelabiketobi¢et iveskens onto

i nvention provides goGld forf! SARSie f 08 PRETACEM £8| cIRYUAETo f OEndSEnA &l -
m crochem cal systemthat processes or carries out an operation on a sanple
in a Iiquid,3pheHﬂﬁ?ﬁ%ﬁ%ﬂﬁnﬁlate‘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



5 conprising a channel - possessi ng pl at e-shaped el enent havi ng a channel

t hrough which the Iiquid containing the sanple is passed, and a | ens fixed
to the channel possessi ng pl ate-shaped el enent in a position facing the
channel . 10 Preferably, the lens is a gradient refractive index

| ens. Preferably, the gradient refractive index lens is aplanar |ens. Al so
Preferably, the gradient refractive index |lens,| 15is disposed on one
surface of said channel - possessi ngpl at e-shapeg el enent, and a second
gradient refractiveindex lens is fixed to the other surface of the

channel - possessi n at e-shaped el enent. in osiiion opposite
first-nmentioned Qﬁa‘% tr&f‘?a%i“? v%xcfﬂ%“er)‘(g € %%%ﬂ%@g‘éﬁé %r?lﬁe
channel . Pr ef er abldgtddteirgecoightyrecizmn amd rakdo vintratbxd extsintso atlpd anar
| ens. Al so prefer ng; rs i trefih lens is
built into the c%gir?r% p%sstgls%?%t% at g%;a'ag?{} eﬁl r%%td \I\%re p?fegf erably,
the second gradi eHtcrasqoRe HRElCFﬁI@kelFQ#TStl}S Wradiatied ont® tie thermal
channel - possegsi ngAt@shangd ¥ aefdrldy afd alkk tdelabnye Shierd | b§' hehe
present invention30also row des al?égl‘3 rochem cal @/st e %%rl Sj nt?
chi pel enent for MAXS Yahy A RATFTDE %ﬁﬁé}]é YEIR 1 i ght
source that outpWaingde, tanrHdghtheofdepsedniermgted Vo ved et himerged
detecting light s t hat out put,s det in ht of a, vvavel en
different to the3 @MCF gafghe @"%eqéxgﬁﬁ*‘%‘gair ﬂh £y I| e npg?]fi ng 9
optical systemt mvemé tire Bheicasy tihaghttfamd:hemnmﬂet]e@ls s I¢<Ig;meX) .
coaxially in I ts i i tem
i?pu[ﬁ}lg ot f gi ﬁ:@‘e :l[r?g L ts QUTBLEA | Sy %@tuéé(&

that | eads ou out and a et ector t ects
the 5 output |igHs cﬁirﬁﬂfﬂgl flrxghtthemegmm@tlp&tlgbﬁgp@ﬁﬁe@althgw@ém
rr eLter abl yitthe @&ﬁi\}éx‘&ﬂd tglhénéC%Hc%Qa %f@ﬁ&k@@t 1{?: ld Qé'!itlt@éiur %dti‘@

[ -inputting opti st em an e| ouqu|c stem are
bwglt [ n!too thegc I%gf %‘?Feﬁf{nl?lf)r psy}é’tt@ ik P%‘f t%@scri ption
of Drawi ngs FI G detiectied adigyrdl cljpg&ttspiasqien&s wmvt@cpmwg: td1te o Sthdxtha DN
of a chip el fgent for flg ro&hemtcﬂag ss%ﬁ%gelrrs 155 clcord gd h%tflrhst

ode

enbodi ment o Bresent hvent T on; o exp pers &Ctive view
of the channel - pmw pl it sﬂm«pdta\ee eqmntsmvwavei@g;h BsRl® 3 is a

sectional view showing % Q_;L}&posﬁ} e %i&'ﬁﬂq 3 By IPHEf 12 XD Fﬂéiusdé Sa &

schematic perspective vie ow hg the constitution of a chip elenent for
mi crocheni cal systenslef@Dridihg 4% second enbodi ment of the present

invention; FI G 5 ls 1S [dHee GRAISRAEdpi At yifert R sdiaimed %&%S%SI ng
pl at e-shaped in Fl i s a schematic perspective

vi ew showi ng qtm]‘? %"bén %’%‘fe&i&ﬁ %oé}di?ﬁ"e syst ens
according to a tlpq"sdtelmnmﬁrmhe cixdiHeiqy esiagitt i ramiuuhm,cu%ir@e Ans a
sectional view takgn | 4i I K Al i

useful in explaining t a%jh r‘&Ih ld}f\e’%/ﬁu;thrfgl% réel'%ﬁnﬁa ﬁ?‘ t ﬁ'eé 211&? grg{
bet ween the focalMesss tqforﬁiQﬁec'cFétr&t]Hﬁ“’r |fwl%cthq1esamﬁ:aqr ;?osdltﬁ
exciting light fqaveiseidtth @4 |ﬂ}¢|é§@ildqugs AGn35 FIG 9 is a schematic

bl ock di agr showi ng _t constitution of a mc hem cal .syst.em
accordi ng t first g#oqd r?é%t 1,423 ﬁ'rre?sé’ﬂte“isn\}’egrﬁqo A0 gXplEining the
schemati c bl ock dicagtearbeah@usig: iidre cfortdia ttlhem]oflemsmambcﬁimnﬁmia]system
according to a 5,5e6Qnd, eHOYYE Ye et ity A id MR %Uction 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



FIG 11 is a schematic bl ock diagram showi ng the constitution of a

m crochem cal system according to a third enbodi nrent of the present
invention; FIG 12 is an expl oded perspective view showi ng the 10
constitution of a conventional channel -possessing pl at eshaped el ement; FIG
13 is a view useful in explaining the principle of a thermal |ens; FIGS.
14A and 14B are views useful in explaining the 15 formation position of a
thermal | ens and the focal position of deteciging light in the direction of
the optical axis of exciting light (the Z-direction); specifically FI G

14A shows a case _in mh ch e A h ch ratiaqn
FIG 14B shows a éﬁge twkgghgghggg jeC?IVG ﬁgﬁs% gegk% éﬁe gﬁF&ﬁ&ﬁq?
aberration; FIGSa tbarmad lEBsaﬂélvhewéoumeﬁuatlmhexﬁbaaﬂlDgsatmemhddzobf
detect i ng Cha”geﬁhb”e&E§E§ﬁ ghidgx Whbhhnid %iethqagﬁz 168S£b8a

conventional photother nal nve Sl on spectroscopi c ana spe0|?|cally
FIG 15A shows apess&ipp &ﬁﬁcﬁftﬁéetﬁéﬁﬁﬁFlpgnélgbtféﬁnﬁ&léﬁeﬁhbyléﬁs si de

relative to tdie faeahtPAS! e QhethgcﬁthQEu&goh!qbQ o&OtEbGex%i%l%aows a
case in which the thermal lens.is the 08§ﬁ5|te side to th Iens

relative to the fdgREt HB?lFPoﬁthdﬁﬁéeH§P€8tFﬁngl £nothq befreens &
view useful in edpkeching alghthaddothéebxeutﬂggchagges andr dkhaet ithe index

Spect roscopt ¢ anSPyTEr T ChanEads PRoSPRECABYobtens FEORC. Lens: dargand
usi ng a diver gi nghtienshaBges Npdé&hef refragtayeOindepewithdnt toe Thermal
Embodi ment s f tﬁ@nghFﬁleESHE % B@EeﬁkgaosgeEh%ﬂbe%yihe%ﬁea%6%% | B k@ rihe

present invention now be _descri b ref érence dr aw ngs.
FIG 1 is a scheRfit thepErsgetinge ligbl-shbi Foe t FaSe oFlet t B oPPIPCRI¥RI p

el ement for mcroehanigal ags¥st AGE havéceﬁ&dmaﬁlboabe&ra&&oavb@al@h@tthe&he
present inventio

m_.crochem cal, st.ens
has a channel - 8§895|ﬁb pFaFéasﬁaﬁéEEBPeﬁgﬁt°fo%£?h835ﬁ&ﬁﬁ89 3&93é3§?ng
pl at e- shaped eIea&mbst0exaccmyptheedamé asgthesfsubitpabétibn a3gl afs the
Substrate 1 5 a bst.r 3 h d f
aﬁother and%ﬁ%ndggg%%lg%hZEQEXS 3 ngwﬁ 1Em%;& ﬁmﬁlcﬁﬁﬁg %%Q%éeg %98ﬁt
perspective V|emﬁsfthhe ohandeﬁlpggsésbynghplahermhépéénéléﬁéntamd hgnce

channel 15 that Qhﬁﬂ&@@slhntﬁet%@f%&c%ﬁ@@ @ﬂéeksw£95ﬁﬁdth8 EB@r&hﬁsiens
substrate 12, and 20 a buffer reservoir 16 is forned in the glass substrate

12 at the end of l13dcRaBRrotnker 86FeBESfches of the channel 15. The channel

15 is used for m xi ngrhehepieativsgnlbasi $30sepasaniefosdepecisogeerhhey
i ke. The glgss substra%ggé& IS bonde nt on ﬁgace
8Ct

gt 25, t he gLass
substrate 1Z° an®PHE2 sﬁBs?Pan TOFAEHCr aRETHALERE  gPRSS
substrate 12, thhencenphetfqga¢|p9819moho§Bagpfthhecdahaetiméthbheoder, a

through hole 17 5§ éQE”EQabE%%hEhglQéﬁesagfﬁﬁﬁtEg%lt&?Peéﬁhtﬂg EBBEma%G

pOSItIOﬂS corres g osi tions er reservolrs
Consi deri ng that ?ﬁé & ipf@F@ﬁénPtf5henf996éhEﬁﬁé5P°§yé@@nﬁfnﬁ?ebéxﬁéééng

wi th sanpl es from1§hulag bé§b2§b§a03baﬁeC¢FtG$am@h¢$ ¢rdngeanph echer DNA
anal ysi s, t:g; mat eri al _of the
S

| b bl 35
ase that | 15 ek EEFREREVaci HOPE T LF AN EhRg ChpRlps 1885 130" BhE5 Raknde

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.



12 resistance, for exanple a borosilicate glass, a soda line glass, an

al um noborosilicate glass, a quartz glass or the Iike. However, if the
usage of the chip elenment for mcrochem cal systens 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
carrying out analysis as descri bed above is fixed to each of two opposite
faces of the channel - possessi ng pl at e-shaped eyenent 10 in a 10 position
facing onto the channel 15. It should be noted, however, that it is

sufficient to provide | i ace of
t he channel posgesa ng ;1#'8{‘ P gh(g%%ﬁ%égg&?%%@?%g%?&}%%%t %eég de)
(i.e. the solid cy¢l¢m¢ﬂ1t—:aisl e2smahl t Heut i e %tmnwa$*F@“s¢@l@SiSth@g

essential). The sobidegy! Hﬁlﬁtc%uf@é@estl@ MeYskeehoRdese gt 16¢1 | ¥héo the
channel - possessi ng_pl at e;: shaped el ement 10 the gl ass, substrate 11 and

the gl ass subst rat@eq%‘it’d%ﬁln%%ﬁl%hé@i‘?ﬂé"egﬁac'ﬁ’é BeCRT S R FCELPRY. 28

Exanpl es of adBesitigs 1ileé maEleberhsedysbenuge ongivie esigbéxesnsuch as
acrylic adhesives and gg ¥ adhes and i npr anl [ hesi ves;
np

adhesi ve may be, f%TR% 2o 2 cﬁ?*?@ YRt 2% thefhostid i HY ?y%%?ko?fa
two-part type (in pércdbilityng tWiess qamagenghentt whenigald qeadtsi2fs are

m xed together). T rat get i ng
t he adhesi ve used ﬁrﬂ%%%%”;ggﬁ & 91’? %r?rac%ﬁ%rgs“ ca‘fpfseérzés)‘w %6&1?0 tﬂ@ﬁe}_’é
channel - possessi ngamatbu%hhmdt@tm&tonmh%r%lemwtﬁ%ﬂaﬁb@v@one and the

Al ternativelygot heogégéélggs se@égrgéﬁsbélcéprggd &ye be fused together by
heat fusion. Moreover, I's al so possib)e to dispose a spacer 25 for

adj usting the focal posIFQIF%?lV%‘F t‘h‘éesBWbth‘}FI’l%rWlEaCFhI% e hekdns nks
solid cylindrical f@ﬂﬁe@olﬁnﬂléhﬁo@imrp&kx@mﬁﬁsﬁlﬂgeFéﬁﬁtﬁi@pﬁﬂgl@iﬁn&m&

10, d fix the 3 lid, cylind |, 20tth h

13 Fl G 3. Each griGhtEeFPacTITe TRUBA RS g Rt BPasd ehHa | ens 20 1
a solid cylindricabossessixag etihe bddgmmﬁethfmglex&dmﬂle tld gprgske oto be

I i d

plastic, and hg 5%&%&%&%&% é&é ery : ere’@ﬁ%&@ﬂ?@%er?&%fé‘“&éﬁ%ﬁ’aéé&m

t he center théreof erip see, for
Exani ned Pat ent Ap%t@tta@ril%namtbh@%atuéﬁl RNt Nt E}IBSHSBI’)‘ZJ)DQ | the st qe@in

that such a solid gydivfeh Cof dile tEBIEPELEOT1 YAt S HrEIMELSGhI¥ed place
light-transmtting, body for which the refractive index n(r) at a p05|t|on a

di stance r from t hiE? ek rarennes ¢oh the Q%EJF%TS}EHR%t?JcﬁW‘? t gv
approxi mately by tderriedrait Cewsimt time ia measl(zfémentﬂoxd Jtake(rg2/ 2;)5 ra2}, 15

wherein n0 re esents he ref tl v |nd th.c ntr axi.s

represents th sqlﬁﬁ%u%'f’st?? b%’?ioin I?::ons? ntfaoﬁf [ﬁl‘ése‘?ler%t%echdﬁ% s%?i d
cylindrical |ens 2thé phitseshapedeclement ank nfards @0 obS(ear\n)rng;he hen
the image formati %&J@rﬁggﬁgi&gl £s ptde astplé);le édé’lck’d ilhlfég%t 20 20

will be the sane as those of nor ma(?ﬁconvex €ns, even t h end

faces of the soli &W’W@I‘H%d Py @Eﬁaﬁ%‘sqq’a—‘ttewléiﬂar%ﬁ%ﬁfm)l i3ff® beam

i's incident on oner&qsifede #dthenss! tite Gpparlti sl bdddites? Oaryd ondl s Poé nt

Wil be formeg.at & Rofdd Wufedl S ANSE SIS Porranitity.

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.



25 other end face of the solid cylindrical lens 20 (the end face from which
the light beamexits), where so = cot (gz0) /nOg. Such a solid cylindrical
I'ens 20 may be manufactured, for exanple, by the follow ng nethod. 30 A
solid cylinder is forned froma glass having 57 to 63 nold of SiQ2, 17 to
23 nold of B203, 5 to 17 nold of Na20 and 3 to 15 nold of T120 as pri nci pal
conponents. The solid glass cylinder is then treated in an ion exchange
medi um such as a potassiumnitrate salt batlh, 35 thus carrying out ion
exchange between thalliumions and 14 sodiumions in the glass and
potassiumions in the nmedium and hence giyving the solid glass cylinder a
refractive index dist?idbt?bh ghe Qﬁetﬁéj?ﬁgraE PVRTPHTR% HR¥PRELRR
CEntin?ously fg@ﬂbﬁh@e@ﬁ@tfﬁipfelémeﬁylfﬁﬂemiBrb?hamﬂc?bespefé?bﬁfyr use

t hereof. Accordjing to.t LI L nen i indrical.lens 20 is
fixed onto at |®Ast %h%r$%g%m§%aiﬂgggkgﬁné?§poéggggfgésp?gt%ggﬁéﬁﬁdog enent
10, and hence wmenopetatiomgon ahsample| eénsaf bigeiidi nthéechbsi element 10
the solutio sqggh i Dy the, c LRgs: det { D0t , {stance
bet ween the@soll %§+?ﬁ%§i%a?ﬁﬁgﬁél%%oﬁﬁggghggs%F%¥?o%#§g§%I%iggﬁgge made
constant such tRRViRgeafohanngbsrhreongbfwhhehsbhedlégridderrbapingng phejs

fixed at the posampP8 D& HASsEQ| Ush@Na SBERS efikedacd Sthe€sshdnnéle need to
carry out adj ustnent betmeeﬂ t he focal Ef5|t|on.of t he EXCItIEg ll&ht and
a c taRen

the position ofPPFRSEBIRYi B2 EaRPRaPedchl PRFRC aliedshPEhbhen the

di sappears, andchaieeler an apparatus for adjusting the focal position
becones unnpecessary. I this. chip. 20 el e . Lerochen c

syst ens, aaﬁicrochen?%%fgéégg%h1%§% ?%u% g% %B%%Q%ﬁéﬁ%égéfﬂgé?ggé %eéolid
cylindrical |enke®9.is designed such that the focal position of the
detecting light is spiéterhis]yohthy HYadleROHOE - Rbe{Gb Ayt Dedbie; § Ogal
position 25 of the exciting Iight (as in FIG 14A). The confocal lTength Ic
(nn) is given KYLaRAE keRY/2)2/ wherein d represents the dianeter of the
Airy disk and is givElsdYyrfefedaBly( etlia  drdieh €l Fefrd @PIwS ek NEens
wavel engt h gnn),of { he ex |t|qg |I$ht and gm represents. 30 the nunerica
Japerture offot hetSofHEPRSFT nati CBF FRhtace ofnieff GRRTRCHRRFFERIBPove
vari es accor di nglatoetdieapdd ckhesenof ahd s asptend oghbad et yzefiradheve

carrying out ne . i t Qi s . lo e
conf ocal Iengthﬁéﬁ%ﬁrggégsfgpﬁﬁﬁggg% e %rggig¥pQ%§E%%§é%£a¥ﬁ%oé%%$?§g I c
. 15 For exarppesessing platesshaped rglengghniaml pesiyior @gyposigam
((err)2present st der vayelragt fopbda t feadeb et t8grddoide  iddep 1d8s with
relatlonsh|8 bet ween the val ue of t shift DL and the signal strength is
as shown i AOFI Gt &0 gtRAoTRAB¢he signal strength relative to the
value at (err)L = 4.Freferabiyh tlhe seddaed afrddient refrfoive bhindegxk t aken
to be 100. It e; se t ignal strength is a maximumat DL =
4.67.m In thigﬁgggeféiéwkégﬁ%ﬂsf%?%ferab]e to design the solid cylindrical
| ens 20 such that tHelsshipreferahly ithe Of irgt opentionad|aradient 67um OL

represents the gdiffecense hedugenesde:§ 0@l 108kt MmO chdimdet ecting I ght

and the focal position of the exciting light, and the sane result is
achi eved régar @etetinhairtetiapel fleMetance of the detecting light is
| onger or 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



15 shorter than the focal distance of the exciting |ight. Exanples of the
optimumshift DL (L1-L2) for the solid cylindrical lens 20 are given in
Table 1 for various values of NA and (err)1. Here, L1 and L2 represent the
focal distances of the exciting |ight (wavelength (err)1) 20 and the
detecting light (wavel ength (err)2) respectively. Table 1 ~, INAd (~)Ic (~)O
L(am-.
24880. 461294. 32696. 04. 6706334880. 401488. 43565. 46. 1756335320. 461411. 02939. 05
. 0916335320. 401622. 63886. 96. 732633 Because both end faces of the solid

i nd || 0 I Lt i fix.th I I
"ns 20 fo the CBatERl 28V aRAR Lk AL ARG BLEEaF <k 88, b N AP o 8! ut i on
sanpl e. Nbreovedetbeténge}ightsobhuiaylYnﬂntoathéeaamgmelsn thé channel,
consi der abl y S”EII§§$EDoﬁEéﬁt£gﬁB BPEEEEQSEQBEeBbkEQE' ahE”Euﬁ%ﬁ% light

m crochem cal sys can e co In size ur
gradi ent refracenvefratekheendampas, aand §uﬂ?§9¢§°§n§bﬁ? éetéﬁtgnﬁheC

aberration, sando,hepee 1bﬁhtoéahlﬁgsfkbﬁn§h@f1§QEteéﬁtthE1h§95§t§8€1the
det ecti ng Ilght can be shifted fromone another using only the solid

cylindrical 1en¥Y3B®™Mas a result, it is not necessary to use a plurality of
| enses, and hence t hprdfesabld, cyhéndxttaingehsgﬁﬂ abapcepnthebdeescting

maki ng the m erochem cal st . 0 in this. venJit,the
solidgcylindrichgﬁgL§8558§begﬂ%gggngéggsgIegﬂgh§p§%§$;5§§%5Fuea89 I

shift DL betmeehighe @otantpbagtophigaltaysugmeeréngu&ighinathhhechqpal 15
posi tion of ot heg %ﬁtnﬂok'H?Ero&ﬁ@mﬁ@éldﬁ§¥#éﬂgr'CaI | ens 20 can still be

used if another anismfor adjusting t ocal position of the detecting
light is prOV|ded. For exanple, if the shift DL between the focal 20

position of thepgdetechesgripebbnand bhgwingal position of the exciting
light is |ess than thf op I rum val ue S has, I|tt%e chronatic

.e. the le
aberration), then the Ilﬁ|§t§ﬂgﬁm%Il?h%eH§?%E Iﬁﬁ Yig¥t SeauiRe hBeh
71,2) should becéﬁ@gihenbdn dfi a chnpbeldmentbﬁodlmposocgemlcamceyetémss 25

" he optheal RaLalnLheo et PELLOGCL ORIl TBCRDC OELESET A LLORLA| Nt O

a dlvergen ore“tne IS nadé ¢ X|a
exciting light. As &F¥@suttistae ¢ﬁ@b¢dﬂdspenﬁee©¢lvﬁeVUQWe@f|hgel|ght for

the solid cyli r@I&AﬁﬁélLﬁaésggsiﬁglﬁﬂgeaegﬁaipeangléﬂeﬂengﬁo% §ﬁnFE
optim zed. The above_description rel tlng to 4L also ap gales to the soI
1

cylindrical lens 22 BHE thelpl ansecripRabivigeshoving the| dispgsal of a

enbodi ments. Fliznd vHadasspaeseti c perspective view show ng the 35

ConStIIUIIBB of a Ch&BG?IEnfgtafg@hg&géﬂgqgg}ggéct¥véngew 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



17 according to a second enbodi nent of the present invention. The chip
element for mcrochem cal systens according to the present enbodi nent has a
channel - possessi ng pl at eshaped el enent 30 having the same structure as the
5 channel - possessi ng pl at e-shaped el enrent 10 shown in FIG 2, and has solid
cylindrical |enses 22 the sane as the solid cylindrical |enses 20 of the
first enbodi ment. However, in FIG 4 the solid cylindrical |enses 22 are
built into the glass substrate 12, facing anot her 10 with the channel
15 i n-between (see FIG 5) In FIGS 4 and 5, a solid cylindrical |ens 22
is shown on each side o he g 15h Fbmex g though i,t 1S _necessary
for the solid c???ﬁﬁ+?%5}°?eﬂ iszﬁrﬁg BRESht SERCEReF aﬁglPﬁpEPtan
side, the solidfibstyémboddimaht| efistB8 pnesbépt| igheénbibputti ng side is not
essential. Accordin t ese t d

| enses 22 are bU|ItgF£ ?ﬁe %h%n%é gﬁggg%2$26Ck aSP%% e@X%%HQEEEQSO As
aresult, the monahetetiem@fcanmteroehﬁmzed asyevtem @ﬁeocﬁnpgel:ermnt for

mi cr ocheni caf SYSL &R éﬁﬁ&&ﬁh@ﬂtthtBﬁefbfééeﬁﬂbﬂ?ﬂbgﬁl@ionbm in addition,
because the solid cylindrical lenses 22 do not project out) the

nmi crocheni cal systerfEan bk Hade §ehenanisPlef s@%@gr?% eyipgj hy
schematic perspeshs¥eLit £¥h SHOVG nﬁléhecn@m&al uti9tenf ascehiipng! eseat for
m crochem cal s ste %rding %f €% hird e odlneﬁ% of the present

i nvention. The e?%?% 9 cFOEnBhFRER YRV EMET8BEording to the

pr esent enbodlnent hBBGa Thaihwehn pespisdedgpel spedbivhapibdwesbovihg46he

having. he BaMESALUBLUE SoRSoLNE ERAPBRLLBASE CRkAfePLabESa0ARR], ghepRnt 10

shown in F Wever ass substr at
substrate 13 arshaped ebememtsuch t hat there is a gradient refractlve i ndex

type planar |ens 21-FfbtVEB3§sO&tﬁieﬁuuééfﬁltDﬁréﬁﬁléﬁﬁiﬁ§ the ﬁP§ﬁ8§b1é5
(see FIG 7). 18 As shown in FIG 7, each planar |ens is a spherical

segnent in shap%f Fhehermelt 5885 of the planar lens 21 is at the sane |evel
as the surface of dt hlﬁmg asmzsu@:sdrMB aﬁeomséﬁ% @@dfl?hemeéxppaéﬂengndgé

i ncreases 5 _toward the center uch.a refractjve_ i ndex gradient
can be-f or 50 VEPHERBFOR cROSKERGR GBE ve: FBR-TRLVAFER S, AF: SRESEn {he

gl ass substrat gsodilt boml 48 éeEeCEpm@ckdghtthnthhe!dunecbnenooﬁpbhessiun1
ons. The ion exshage £ansbee caLLethguis e TREkEng_BYCOKEBLT the 10

surface of the diass substrate wth a neta m except 1n region
where the pIanaﬁP?%%%l¢%1¥b be formed, and then i mersing the gl ass

substrate in a pot asﬁi@mmir@ﬁ&vgraté@éélwmiéﬁtehé%lbj?@cﬁﬂré 1éhsshoul d
be not ed th%t it is sufficient.to £FOVIde 15 a planar lens 21 in only one

face of théVchdl POeYBRREI AP RFEFREEMAped el enent 40 (the |ight-inputting
side) (i.e. the pl ar‘EaIGJ eB 2dhans tdnecasghin oult peih t ting chjlect sveaolens

essential). The éggr ngédgﬁ%?gégléiQ$£#Pgt18£ the planar 20 lens 21 is

simlar to that rica enses 20 and 22 descri bed above.
As in the first enbdﬂl%ntlSAr@l@hhm@reo%m%m@emhﬂens@@b@u@imt 40

havi ng the pl ar}ﬁétﬂ@@S@;@ é’étéétﬂ%&dché‘néeg' fﬁ%Qﬁﬂ@@ivéY%&&tﬁlﬁﬁiﬁYaOUt
desired detection or i ke. 25 Accord|n resent enbodi nent, the

same effects caﬁp%ﬁp?%a}?ﬁ%dP%s |?P?Y@PF%?g?ieﬂB%H?€Eﬁ¥ma%nﬂ°%%?€%%%F
because there agmediOordecdsid atapyoeectspeadificnlline surfaces of the glass

substrates 11 and 13FIéhe1§RC£ﬁgwergchSgysﬁ em £an t_%a xXai fé‘?%sl;lfé in

si ze.
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 1lens in a conventional photothermal conversion



30 In a chip element for microchenical systems conposed from a

.channel - possessing pl at e-shaped el ement 10, 30 or 40 as described above,
the solution sanple is fed into the channel 15 from a sol ution sanple
feed-in channel. Detection or the like is carried out on the solution 35
sanple in a mcrochem cal system using the photothernal 19 conversion
spectroscopi c anal ysis nethod. Specifically, the m crochem cal system
utilizes a photothermal conversion effect ijyy which, when exciting light is
convergently irradiated onto the solution sanple, the 5 solute in the

sol ution sanple absorbs the exciting |igh and he

oritted The t oRBBRLFABEOBEC: ABRLEPEENtt hie FREBe ChAEaFRG GRICRELEE { he
refractive i ndexighangesdlioeagky, uatiflgaa divesglihgalehsermal |ens is forned.
10 Enbodi nents of the microchem cal system according to the present
invention will now be described with reference to the drawings. FIG 9 is a
schemati ¢ bl ockBdshagMadeshbwlagryhngconst that Toventian anal yzer, which is

an exanple ¢f a 15 ntﬁﬁeabﬁahegloﬁyeﬁenbhﬁﬁceiémeﬂtteoe ﬁié§6cﬁ€ﬁ9éhﬁent of
the present invention. In FIG 9, the channel go sessmg{1 at e- shaped
|

el ement 10 is pFYEEEMEnAgGROXAING RA| Ehet REESEDE. 1AKER% L ngﬂlﬁﬁw ?8urce

111 outputs excaésaglbeghwleh gefBrphedeter thaedraryagsength, and this
i i The, modul at ed _exci.tin

iti | i ght d b
Cs then ref Poct ed byfaCr ef| bt RraCHRPREFC 9L SHAGELREn bS8 SSEoPhPBLERS
di chroic nlrrorcdﬂeplbetmoa béi agchipadilenedtofivn mnerofthemécadl | ystems
Cy"”dr'ca'd 9”2880?8188 £3 %hflfgg ﬁ% Q?@?ﬁ?sbﬁgtﬂéabfeéB Eeﬁng AUERh .

The |rrad| ed excl he f ocal “ posi |on €reo
the solution sanple IR Fﬁ@ ahalybﬁscbhﬁnﬁbemﬁgtofoth@leﬁgﬂh@mlﬁé%se55|ng

pl at e- shaped elgpseéméohagng BBAfReR- bB@éé@é1h§n§1a§eiQBQBQd08méﬁéﬁ€ 9.t he
30 focal p05|t|o g tion of the excitin irradi ated on the

sol uti on sanpl eT Bt B§g?ieaoﬁ§eﬁﬁéngopﬁ?F%n g aee g8eRE {Hrd8gh the

sol ution sanplecamﬁribea bBFGUQMakbesﬁbBEfaBé|1ﬁ calgndsscehbbeﬁat301zand
is then ab rbeg %y vglgng E % 1 r_116 ; cg@ 3 ggt tg gal
upon a det é€ct or 7 29° A°ORF T fg“ % uPte B20 n ?h Bt R&r °HEnd,
out puts det ectiagothght and konded| e«qgehhdrf f krghawn timtFI§. the wixichi ng
light. This dEtF&t5ﬂge%bg8&e§5p§£¥§é8€9vé'bﬂ@&'beyh% ?h&ﬁﬁgingoésaés}ﬁ8

and is then reflected rorc mrror upon~the
first solid cy|ph@tecéhapeﬁse%ememhelﬁup@nCH%@ngbt%%tFh@tlbgﬁnchgs into

convFrgent{y lrtadlateéaﬁu éhg §§|f8rﬁ¥&|ﬂﬂrtﬁé{gi§§§ 3@b§8£9té?@25ﬁhﬁﬁ'0n
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detecting light t rverged or conv and exi I'STUsSéd as
15 si gnal I|ghtseH%éaE%gﬂald¢F§%§1®%5%§5t$ﬁrbhﬁﬁ t he wavel ength cut-off

Tllhfrd136 ang i's ?ﬁ@ﬁ%ttﬂafy é?ﬁ%gﬁéEGt%F ﬂéiboﬂ&fﬁf%ﬁ@@gfﬁeOfaééeoglgna
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detector 117 is Iif] pLe-a 11l 21 denD ul at ed
i n synchroni sm \S\Af;]% t%gégg?(%lrtl?%g{ﬁ?gﬁé%éﬁl ]a i or’%do%ge%lvlo} % per
hole 17 is formed in the glass substrate 11 in each of

ght

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



25 112 by a lock-in anplifier 122. The solution sanple is analyzed by a
.conmputer 123 based on the output signal fromthe lock-in anplifier 122.
According to the microchenical systemof the present enbodi nent, a
m croscope objective lens for converging 30 light onto the
channel - possessi ng pl at e-shaped el enrent 10 and a condenser |ens are not
requi red, and noreover position adjustnent in the Z-direction is not
required. FIG 10 is a schematic bl ock diagpam showi ng the constitution of
an anal yzer, which is an exanple of a 35 m crochem cal systen1 according to
a second enbodi nent of 21_t he gresggt ﬁventi nal yzer a co di ng
ofe)

n._JThe
to the present ERBHAFARGAE’ hESTt %f?f’h?f%ﬁt?isg AR5 andl §28F +ime
according to thgléssstaenbbdnieoborasipicave ghaséol aoguagtzi §lasenoes: 5
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In. FI G 10, conpghendr &E&IEDERs CROI £6posdingihg dWOS&naly&liséad are
represented by the salﬁma ref erence fumaéalis as .15 ‘Len FIG._9. N(_r)te t hat i
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convergi ng |ighéidaf o(i he. Chﬁ@n@blb@s@BSﬂl@gl@d&BtBeﬁ@ameﬁ|ﬂifen].l@l@tand a
condenser ns are not.requiked | ens for diverging or
conver gi ngl'L he %‘éf %1?%%953%1({1?9%? alg%% %gés%g ??)ti ng the focal position of
the detecting |ight Theneelidquylbedricah fesses,2q reayrike dutrdedal syst em
can be made yetgsppligy té‘ éﬁéechfﬁ&llﬁoééeésﬁé‘%t&—% &g A

showi ng the constitution a_m crochem cal system according to a 35 thlrd

embodi ment of tHe bFeRenth ?rﬂ%%ﬁ?oﬁUbSt@tq’nl |1&5d 15he PHiAThHeFHPErEREAt S
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T

5 differs ome LG TR JPAY RS i R TEREC I n
that mai n conponidies efesresich aae aexylic mm&mmmlemmnmves,

pl at e- shaped el gie e al nd

also in that the exm%p%&fl}(} 5?‘?19%%’3‘(%% E‘Téu |s uéé?;ﬁ& ?%ye éfgﬁﬁplé‘

modul ati ng meard Ié\ﬁdcm 137 = asth@rmtp@nqﬁzymneo:é)@.wmamht

source 111, the-yed ecinh %iélgmulsﬁw? Cealed, ;Iaié?@e Qi1edH Obvfo M IPid Idadrt d he
cy a

reflecting gl rror 114, the solid indric | enses 22, the vvavel engt h
PPer a1 MitPq NPt br 117 are thus all built into
The glass substrates 11 to 13 may be bonded together

cut-off fi

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



15 the channel - possessi ng pl at e-shaped el enent 30, and noreover opti cal
.paths for the exciting light fromthe exciting |ight source 111 and the
detecting light fromthe detecting |light source 120 are provided in the
channel - possessi ng pl ate-shaped el ement 30. It should be 20 noted that

t hese conponent el enents may alternatively be nmounted on a surface or
surfaces of the channel possessi ng pl at e-shaped el enent 30. According to the
m crochem cal system of the present enbodi qgnt, various conponent elenents
are built into the 25 channel - possessi ng pl ate-shaped el enent 30. As a
result, the mcrochem cal systemcan be nmade extrenely small in size and
very portable. FiGtustri al Applicability 30 As descri bed above in detai
according to the preasam gﬁw&nmmemwmmdmtm@metmw)cal posi ti on
of the excitin tion o t | 0, anpl e
in the liqui d’P%dfolélg’érfo %aveeqé)o%de ngr”sf,eo ‘out @ A‘érl @anl;%;@énrgaé§$%nn€nt IS
t aken on the 3%csht mads stowplexamrle huxt wldesefdn mleaﬂ:t,/lctararbt lmcﬁFmed,

23 and nmoregVery, JnGld Cf&aéléeyslt o arines ddiee Gl cnlseih be
made smal l er in size. Accor |ng to t prese i nvention econes
extrenely smal [cenfes Adexarf léé}h%f%‘il%tb?ﬁ%arﬁ%”e nmade

yet smaller bl n eﬁéa&ﬁ:le%cwﬁhﬁ&é @ﬁ&iﬁﬁcﬁsq%r&enm\@ﬁl lifj&’htichﬁ mfﬂmet@mh f £al
system can be et a result etecting light for
detecting a theﬁ?j?asﬁhb)ni\gm Ef?r{eoéﬁﬁt)he position of the solution sanple can
be 10 easily | ed outrt airsd kmowepwhat fenah & codied eatl imdstisralcan be nade
smal | er iz cear £ e t4.0 iy

system canlge ﬁ-iac?e SP IQIFLlr%:jlk%c’drl} rin gﬁ{z%efw L%M(ﬁ] hgﬁ) t%%ﬂﬂﬁ%éét?] #nnv(gcli i on,
the 15 microchdirimathisststtdrm o trectiate ey e‘t(lr)n afi ze n@ﬂxtai:sw a Accor di ng
to the present ai MEHION % KL QB LAl ;80 tgM GaD AR TRd el ST | er

in size. According to the present invention, because the m crochem cal
system has a cHi% BT APETAX iMatIchd e madratels egualeiqn i Medr above,
a mcroscope obj ect infg)l ens NECess@s’y 2l nr%}h,e convent i onal appar at uses
beconmes unpgcessar and hence the ni.crochem cal syst an made s IIer
ol 6. " Nop oM T ST HOCT N e EHCTY ) T oY o TERTAh

the channel - possessi rn@y ptepimesdrapedha em:ma'ret @iﬁmmmmglcmmt
e o o1 o b SC A, 150N dnllo70A0G) 10859888 Mine 20 1

pl at e- shaped el enent every tedsuremen Ecoies “unnecessary,
and hence oper sthastercdip the sithd ivange ffd & KuFowsr &/ 9 { | ehenciyhe almage

increased. 30 Al it tchd R d¥E8silcd WEHHONBo e dPIGRENYE Cal ey St €M

can be made extrenely snmall in size, r}ld t hus_excellent in terns of
portablllt%o 294“@GA1 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 so0lid 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 Si0,, 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



1. A chip element for use in a microchenical systemthat processes or
.carries out an operation on a 5 sanple in a liquid, conprising: a
channel - possessi ng pl at e-shaped el ement having a channel through which the
liquid containing the sanple is passed; and a lens fixed to said
-channel - possessi ng pl ate-shaped 10 elenent in a position facing the
channel. 2. A chip elenent as clainmed in claiml, wherein a focal position
of said lens is within the channel. 3. A chip elenent as clainmed in claim
1, further conprising a spacer via which said lens is fixed to said 15

channel - possessi at e-sha ment._.4,. A Chl el enent .as a| e
claim1, whereis r?r%‘é‘ﬁrd 1S ’{s)etg‘ grga Sesntandefpr acats$e 8 Iléhs %%C‘m"p
el enent as cl aiamed hemad aiimitig Wissr eal itch ey lgrssd i gyt indsfr aactrexfbracmhsxel ens

P o oposed on ioid MisHi AR 13n 3 rANAl ol RATBERA R A& Shaped

element. 6. A chip element as clained in claim radi ent
refractive i ndéedressess consginupusly Hgram Ahe genter of dhe wf ras

clainmed in gl alt%rd/\/rﬁ{éel PerddHdS, Hdicyyt, refractive index lens is a

pl anar |ens. 8. chip el errent as .claj,med i imb5, further conprises a
second gr adi ent ref rA; L NG 10 fthe?ltr@tar?ﬂﬁ? MRt a e S i d
channel - pOSSeSSiyrlg.rm'lrdIcm-lsh.&ﬂ&d A enerfixed aarpmsmtu dreayipasgid efatdua of

first-nmentione r t v nde S t to

channel. 9. AC cg’ia%‘ as c Qix{ %llr?gei)%ha 1ee}qne‘elnﬁt ﬁhe’ serbdoﬁbe ce
gradi ent ref ramheme dert(mtﬂm@ |t§1%m§il |l¢rts,llﬂqmd:aln |tdves pBEL tlin A hi p
el ement as; ¢l aid 'i’i"edédiuft{ﬂrfns%mfﬂf@ ﬂh&he Ehadife s 0L GAYAU Gl act i ve

i ndex Iens Is a planar | ens elenent as clainmed I n

wherein the grad-lgé‘r\'-t %WQ%&@FW% the malid ignldndyniges 1enS 20
channel - possessgindg el 1sitared RinfilRNtcanl e Madd RAIA®IY Afckc!@ided in

f:leﬁlsm i% \Xngal n '-'Jé}ﬁ@ﬁ-{adle t, ref '%%ﬁlﬁ%x l.ens, i.s zilg_olld C Ilngr;cal
second gr adi entf ixeddr att ithe |pm1m>tzloen$>ﬂou:_rid saliut ism d;aninﬂjmel Apoasessi ng
Fefract! Vel nadeoiate ey R, o R It ety TR T 0
claimed in cl aifieced, pasdrtdion lﬁ tthhe sxsutd ngr ddiohnt anst tet ipes ditidex dfens
is a solid cylichdriseah:t!i®hS 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 = w-
(d/2)%/A,, wherein d represents the diameter of the Airy
disk and is given by 4 = 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 be equal to V3-1c.



15. A chip elenent as claimed in any of clains 1 to 14, wherein said

. channel - possessi ng pl ate-shaped el ement is nade of a glass. 20 16. A chip
el enent as clainmed in claim15, wherein the mcrochem cal systemis an
anal yzer. 17. A microchem cal systemconprising: a chip elenent for

‘m crochem cal systens as clained in any of clains 1 through 14; 25 an
exciting light source that outputs exciting |ight of a predeterm ned
wavel ength; a detecting |ight source that qutputs detecting light of a
wavel ength different to the mavelength of the exciting light; 30 a
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Al NA d Ic AL A2
(am) (am) @) | (em | (m)
488 0.46 1294.3 2696.0 4.670 633
488 0.40 1488.4 3565.4 6.175 633
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, 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
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ys10% 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 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 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
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I I I N " 0 1 " 0
e 10%iu& (%o th 10A§e§£ntlgﬂﬁogkment has a channel-possessing plate-
shaped element 30 having the same structure as the

‘
— N

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 so0lid 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
vet 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 glass 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).
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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
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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. 2an
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 so0lid cylindrical lens 20, and is
then absorbed by a wavelength cut-off filter 116 so as

35 not to fall upon a detector 117.
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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
so0lid 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 1light 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
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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
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
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.

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
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
third embodiment of the present invention.
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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
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
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
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
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
channel-possessing plate-shaped element 30. As a result,
the microchemical system can be made extremely small in
size and very portable.

Industrial Applicability

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
solution sample and thus work efficiency can be increased,
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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.
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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 elenment.

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
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into sai hannel-possessing p ate 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—éhaped
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
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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 microchemical systems is made of a
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
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,
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.



