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M CROCHEM CAL SYSTEMS, AND M CROCHEM CAL SYSTEM USI NG THE CHI P ELEMENT
Technical Field The present invention relates to a chip el enent for
m crochem cal systens, and a m crochem cal systemusing the chip el enent,

and in particul a a chip elenment that allows high-precision

ul tram croanal ys[mmgmmﬂmwwmn ed out in a very small sp%ﬁmwmmnﬂ!mmgs
measurenent to b t conveniently in any chose nd is
thus suitable for usewws particular in a small desktop thern®lsed ens

m croscope, an analytical thermal |smscrieromcope or the like, and a

m crochem cal systemusing the chip elenent. Background Art In

consideration of the rapidity of chem cal reactions, and the need to carry
out reacti oMCHIBI EEMENTY BOR MICROCHEMTCAN-SYIEENSAlAND MECRDCHEMICAR,

i ntegration technol ogy for i t 1Ll oo Lons in very small
ST YRR T T Ty

spaces has been focused upoOn, esear echnol ogy has been
carried but with vigor throughout the world. M crochem cal systens that use
gl ass substralas,aihejdike axe an exanple of such integration technol ogy.
In such a mcrochem cal system a very narrow channel jis fornmed in a snmall

gl ass substrate Ofhe RFeSHE HNERRIGThESIAERT ithh 2 KPR fidenextq%ct i on,

dfet ection Ormié't%c!:ﬂégﬁfiéél Cay & t @l pta:h@ra anifc&rﬂﬁreeﬂimémﬁs?wégmlsi@anpl es

of reactions_carrig t in a mcerochemca st.em i nclude di azoti zation
reactions, A% &50h ér)t%fﬁ?l?tb'ns‘_’,‘ngdrf’cp al?ﬁlftg]e%q% iR Lt T Exanpl es of
extract Lon/ sepstr ad1lows rivd gitlepsed Veeitin axt trsaoti amana ¥ silsedto dphor et i ¢

separation, qu col u S i.Qn. i i N j.on" is
the sole aim anlée) e% oﬁﬁgér 2‘&%& sﬁg% s for Igdna y%lsgq%iirelmﬁﬂtgmll
amount s of protks rear Lt aronisemrenthly |jrk @mashnasn Siqnadpioyed. Thi s

el ectrophor egi$ APPANR Us, 18851 & £ POS SReS i 1Rl Atier shaked el ement

conprised of _two glass substrates joined together (see, for exanple,
Japanese LaitRUFEP Pt puline 3 HPIGRE AINGREBLYIASHY  thegalise t he
el enent 15s plede-wiefsshods emkagee iSike€Send a microchemical system

using the chip element.

Background Art
In consideration of the rapidity of chemical
20 reactions, and the need to carry out reactions using very
small amounts, on-site analysis and the like, integration
technology for carrying out chemical reactions in very
small spaces has been focused upon, and research into
this technology has been carried out with vigor
25 throughout the world.
Microchemical systems that use glass substrates or
the like are an example of such integration technology.
In such a microchemical system, a very narrow channel is
formed in a small glass substrate or the like, and mixing,
30 reaction, separation, extraction, detection or the like
is carried out on a sample in the channel. Examples of
reactions carried out in a microchemical system include
diazotization reactions, nitration reactions, and
antigen-antibody reactions. Examples of

35 extraction/separation include solvent extraction,



10 likely to occur than in the case of a glass capillary tube having a
circular or rectangul ar cross section, and hence handling is easier. In
m crochem cal system because the anount of the sanple is very small, a
hi gh- preci sion detection nmethod 15 is essential. The path to making a
detection nethod of the required precision fit for practical use has been
opened up through the establishnment of a photothernmal conversion
spectroscopi c analysis nethod. This nmethbd utilizes a thermal |ens effect
that is produced through a 20 |iquid-borne sanple absorbing light in a very
narrow channglectit dphditet fic APl OAS, RASRESIUNS S AE SO NI Alh@n

constitution of a conventjonal channel-possessing plateshaped el enent.
The convent i SHEIP kharh AR s e3P HI At o-ThaRl S et 1RP i s conposed of

a gl asis SUbsé{]@é@rd&ioﬁ@lﬁdﬁiﬁéﬁawsa?(dnﬁtaﬁq&ﬂ&iﬁ @Etﬁd‘éxﬂell}ﬂls}ﬂhd Ifoggt her .
An anal ysis cha nd, a sa t he object t.0 be .an y4 eed-in
ehannel 204, STHAPEE (91 dredi s nd Gl elt S cmiey L0% B Hevhed i n

t he surf &ce mfopdmed) aghisuldtecatreopbdtreshiat appajreitmed vise st Iatec@plaazwl—
substrate 1 T _Q@@g;ﬁ § r at each
end t hereof, and&fe%ﬁ@agf%ée eed-1n Jﬁan%gt[s @Odﬁ%a{é% cﬁ%fet; #e%%rsvm r 106
at each end sukstacttes rﬂQ#feeQSSthJ%\@Se%ut%QQ:at@I @carmﬂr@uglﬁmege 107 are

formed in Bhpes érPrESaﬁé}% %}:Si'h?cMJr?r(I{cﬁ@@ﬁVQMS 8101575@ d in the
gl ass substrate 101, .and through, hol es 10% are 4 fornmed in p05|t|ons faci ng

the buffer BREIYRE rde (BlerHed S rP]talﬁe ubdeaiage oS |t r ode

filnms 100 arleidewyeth grdudt hthdmngd tied I@asﬁ dfhen tdrerighcdinl Msadp7 and 108
and on the qut,er ,surface of. tqﬁ% ass su strate 102 in thety|0|n| of the
hrough hol ST 6o © W S Ao b cr o e b i1

conposed fr drersie thandhiamnels pessiessi ng pl at e- shaped 10 el enent 100. A

| ut i e ig, f | ¥l iSeefh
sol ution sanpl e ig, £ dUSHE ARl AN af, %yze}ﬂé%&ﬁ%w

feed-i n channel o ution sarple I's using a photogﬁ%rnal
conver si on SRRk sEopIerafmash s agtightpuerision metratiamheetdiad i on

sanple 15 C%@”ﬂéﬁﬁﬁﬂﬁaler@ba %QhthhmkaBb aléeW@%EQBﬁoﬁeEB%GW%E ener gy
is emtted due to abso tion o %&E' e solute iin the solution
Iﬁ%ﬁﬂ

sanpl e. The % (Hrefcﬁ’eglﬁﬂ vfe"rﬁ Girahiussy IFSF' 5 t her mal

ener g)d/, and dmmail : tdpe ﬁilm;ldm m?cﬁ;%;e"si@b]m}mmgﬁﬂ:q f wiere mt} dtﬂmerrk A ure i fh

raised, resulfingin a ther e%%{ss orped, This s g}gn as the
a PnMEXBPSi n

photothernal Converston et view usef u ing the
principle ofuta tilreraes uhgnmal lens effect that is produced through a

20 liguid-borne sample absorbing light in a very narrow

a

channel.

FIG. 12 is an exploded perspective view showing the
constitution of a conventional channel-possessing plate-
shaped element.

25 The conventional channel-possessing plate-shaped
element 100 is composed of a glass substrate 101 and a
glass substrate 102 integrally joined together. 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



In FIG 13, a convergent beam of exciting light is 25 irradiated onto an
extrenely small solution sanple via an objective |l ens of a m croscope,
wher eupon t he phot ot hermal conversion effect described above takes pl ace.
For nost substances, the refractive index drops as the tenperature rises,
and hence the refractive index 30 of the solution sanple becones snaller
the cl oser one gets to the center of the convergent beam of exciting |ight,
which is where the tenperature rise is h$ghest. Due to thermal diffusion,
the tenperature rise becones snaller, and hence the change in refractive

i nd b I t i f th
i ndex beco %’gtn?%?* £l e iy q‘érm&a@ naegiéﬁ@m ié@”f&ﬁﬁe&e Sfngl the

4 conver gent exciti ng q)tl cal attern o ange in
the refract i 9asHhoODETHE %uta@q’ie %Wléfh%%?sa% i %€ a %Hﬁ%@vénl ens,

and hence ”‘;?o@:iéf‘&ﬁs'ﬁai‘ 1B& E@ﬁfélhefé@érdr@ﬂ.ss ef 6@ctordbe Bhzenef 5 the

thermal | ens effect of t | ens roportional to
t he opti cal %]o%%?b%%%t’é?t? hﬁoﬁomﬁeeﬁxf %%rlé)(?v |€? e that

t he refragctistee i ntkeer | wel Pases u\héhtmmwaum& 10 sadelesfaed on

D oo e he (Hihosfaves digeslange Uil Padd LAty 0B 08X (RgoPPOSTLe I

sign, the thetTal - T'ens” 15 CONVex. conver sion
spect I’OSCOpI\Cl@fai'%SI@f n@nﬂo@ln@mlm&%bkﬁfé amhel:(hfhl diffusion, i.e.

change in refractj v, {5 deKemdrt oﬁpré@ctmgﬁ@%ﬂ slﬁs neg hod is

suitable for detecting concentrations in extrenmely s armunt s of
sol uti on sarfTEROSeH ‘éc%faaCW%JfT%‘?%S%H?ﬂ/é? P shred oscopi ¢
anal yzen ot had1eteést t1eo phat @dmm&in @amgﬂresu@n f%meqtrft@smw Qrilatlis S

met hod descri bed 0 20 is clos panese Lai n Pat ent

Publ i cati on C(}i’(%"k‘éaf Jf\@3 ’60153 Osalp% A g%% et %ﬁof@fher nmal

conver si on spect r'ﬂse:cq:nhﬂarm’n yganple Imaarrmelqugmmgp [xbact teo tsHneuporesl

el enent is iy m-Cr

exciting i S%‘?’Rp a pre%%%%ee%ﬁmv%?aeirfﬁ ?&%é r%q%ﬁ ext?:{l;[cbl ng

| i ght sour cehe satubier Mt ® 1% cCoRCerSpey @s@t‘md il th ghiglht, t hus
i rradiaggd GAWMESLGSIM | thdtral %ﬁﬁ% Véini@c'@d UL o SBEHHESRBEE I n

the analysis channel of the cha possessi ng pl ate-shaped el enent. The

focal posititdH okiqite BorRS ERHYHYe i a@%t%ﬂl%ri |§f§}“91r%1ht The in the
sol ution saraéx@eﬁwhf@rwe the exidénthdid i Pialby absiydedoptetidd s focal

posi tion, a_t her mal centered o e f ocal 05|t|on |s f or med.
35 Moreover, qhee’f %eFQBtharhcg}?%ce %eﬁe% ive ‘thadk charge
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



5 different to the exciting light is outputted froma detecting |ight
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 forned 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 convexd. 10 The detecting light exiting
the solution sanple is used as signal light. The signal |ight passes

through a coyBfdltdeht SRsam sk aeiéiﬁﬁsgorlg{]wt dftildsAny, artdn'ss then
detected by a detecto The intensity o e, det ec éed Si c(F:Iht depends

on the powerPafteHe Vheihanoa st ghie £t §1ve HPAF RY Not e
t hat the dettﬂoélmnélgmemtayamamethm mwvbémgt&n@shéxﬁmeem«atl ng

l'i ght, or the0€x0| ti nq{lé‘%\t sn%%e%g ‘%gviésf‘gn%oeéﬁ 'glet%%tl r]sgi hl__l

t he spectrosc 7T analyzer escri efral 1 ens s
formed cént ethetl Wrenmeel fens ebbécetoni of. tHee epwerngfltlgehtt;hemial he change

in ref ractl Adddexs %}ﬁ&é%éf% %%ﬁtiéaﬁ%ﬁ% !Eé/t o the ex0| ting

detecting I| t haV| e sane or a ferent wave
light. 25 Fl@uqmn SFrinples all"fé’r\ﬁoéﬁﬁéfrué-@f dHhe ﬁ:aepmtéx i & he formation

position of tdwe-ddervadliddns ﬁﬂ@kéé@eé aedh %ﬁééﬁhﬁfethﬁqé’e&&ﬁél ng |ight
in the direction of, the optic aX| of the CItI ht'ﬁé‘herelnafter
referred to &fe%He lfcﬁ’f‘éﬁi‘?%ﬁr) Zbeﬁalﬂf’%h J?‘h Fch 30 the
obj ecti ve | eresftdeast s aivedesc ﬁsIJedmmsnre imh&r@s RiKe t’lhl&mmbv@ems chse in
whi ch t he obé ective | ens does not have chromatic aberration. In FIGS. 14A

and 14B, theé EXCTt1 ng |ight and the detecting light have different
wavel engt hs to or ditvt ot @thdmalheanvewsimen apdctyyateapridescri bed above

in the | aherration,
t hermal | ens 131\}%.% f%%%e%wafggé%ﬁaéofa%%gés)l %n%%@fﬁle exc?"if |én)g I i ght

as shown i n ghange 4m refgadicdie pordes ont s FPATHE RS AHSIRE | thpit

shiftediby afethcamintsicdbamtdie déﬁk‘:‘eﬂitwlddrﬂférﬂt&?a@ifoﬁé’lﬁrexm ti ng Ilght

due to the dlffere celn vel engt h tween the detecting |ight and the
exciting |idHttr Vf fﬁggmcﬁ"a:rﬁoq ssali‘éﬁee%t ed by the thernal

| ens 131 and thusAn:Imagm:sle oft IEep’l’E:ftFCEtﬂIdmtEa]l rdewenditom the thermal 10
llens 131 can, Ew cjga‘q:_g? t t he detecting
light. In thé)e%at%gés[e(ﬁ ] ecti ve ednkgeg d&ﬂl V&Ie chromatic
aberration, Qﬂm{%mmeerpemsqqrem cuwE 1 yiois tmeﬁhogsieﬁcmﬂee@l@tmeé ng

i ght i soal mastasaacidan the e he d-0hdn AR ddobudid Qe ddie 15
exciting light as shown jn Fl 14B. The detecting light is thus not

defl ected by“?orh?:'t)hé?orrallq s 1§l and hence changes in the refractive
i ndex within the ]Irhesr rednvieantsi chill q:ﬂmtﬁtlﬁe:mﬂi ectratkersilom obj ective | ens

130 of amcros e ctured 0 t, £.0 have
chromatic ab&rta |°osr§:° al%:d aleu?‘rzf oca p05| OISOS?I S%%’gof?p]t%te shaped
det ecti ng. | ieglameng all srobits poesst Iheldve Bwmwhkieatierepdsind wf ¢f the thermal

| ens 134gf orped. f I tdP 1 e thgy L ht as
descri b%d above d(%tFI 14&%)&13‘ e’&gﬁdglégou njgf}?t L alrﬂlefracttltévllemlrlnéchX W thin the

thermal | endaVEdangfd Rt IR deiiktady. exmetrlélq s ¥ghfs SPYPrUbI ¥ t hat
troubl e nustifia-dakasd tinmts ey rsildddsddife poghei estcefclhaelaghut lign sanpl e

in which th h f d f t.he f I iti 133 of th

ot ect i ng | TEHE APy bed SomRErr B 194 SR e et PRI, 154
and 15B, or aelss:dta:agire stamgp lae tigr tihey drigghts isd |ajwtr1r5ehszﬁwgzl'ae Icelrmar(efﬂo{

h f t h h 130
Shar 38 or p05| t| 0%1%3&6 %éwfl%é ' e fE)Q(gllll BES’%: %ﬁt egns he

t hat thefo etecting I'ight fromthe
t her mal |en§hﬁsposlsf%r§emdm inradigters 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



7 Moreover, the channel -possessing pl ate-shaped el enent is made smal |, but
the optical systemconsisting of the |ight sources, the neasurenent

section, the detection section (photoelectric conversion section) and 5 the
| i ke makes the systemas a whole conplex in construction and large in size,
resulting in a lack of portability. Wen carrying out chem cal reactions or
anal ysis using a thermal |ens mcroscope system there are thus |imtations
on where this can be done and the 10 opefations that can be carried out.

Mor eover, the position at which the thermal lens is forned is the focal

position of diwe&xGid iy {nd xc%%ﬁl%d N d %&ﬂ?ﬁ%éd‘aﬁr he; pl at e- shaped

el enent possessing the channel t ch the sa e to be 15 anal yzed

i s passed arfPierting ckighle s@psce rand dpfuti b 1eBRSheltRtHRe | the
operation ofyoshddspé Ng Thze @@l iPRSI1light ehitheqoirest itwe | ens at a

predeterm ned, pl ace in the channel of the plate-shaped el enent t be
carried out %@F?{g‘fq% 18 O R LY s“{rf%?rﬁtﬁ ) tﬁ'éestﬁ erlid XYz 3-D
stage fop adjetsd itigat Heapdsedn ofomfed him pilsd esclhapiesh edaayeind Iyndceans f or
observing th Sl.f.d 0 WA:Te] f V] ’Q'Hﬁ:' servati on,
pl us the assegf:éll@%%l*og g%té%%’l na'lsé/stte% %?esagrgesautﬁ?geogf&anﬁ{%eénce_ Jff%pa par at us
becones | ar granpilei 720 2shathchddetrdtians Fiahh de ichdr ghirvengedty.

Di scl osure of;,| MeNti e Ithde @ AU&Ha0f1dde Y e8fMaddVest i on to provide
a chip elenent that renders adjustnents hetween the focal, 30 positions of
exciting |i ginvakoefet 6k i tHRe 15338 HRE the jdemah \ns IR WX kanpl e

e;/?_ry_ thoe aI‘H@t;&fétféif@Iﬁg ilsigrweékmr}e;:aﬂ@rsbllaMdrh@amlﬁéolﬁ nlwédx
erticlency to be In a nor,eover .en es a m ochem Ca syst em
such as an aﬁ%l%’z%"?ét{ mdermdg‘%?nﬁlllg@f“ i 1] e:paﬁﬁ&salgilc’foé‘gm& provi de a
m cr ochem caiomy@ztgﬁh_ugjsiesr@g tdred Gshii}')iledeafrmu _.just8 ald iditteat N a_tmia 'ﬁbov_e

obj ect, the &5l JAVENLPT, PIGMASS 3 TP BBHRRLf 8 R,er ocher cal
syst ens for UsSe in a rr]cro e'm cal system ﬁatl processes or carries out an
oper ati on ordetecingd esignal |lightd denendshiqn dhaniawes adnpihissithpanal

channel 1 possgsal N Rk s hare & o e g, anehaneshet Rhaugh which the
| i qui d cont al nlqr‘lr‘a;,the sanple is passed, and a lens fixed to the

channel posséi&h ‘rﬂ%t]e"-g?pfhﬁw iR ritng Faprs y@sisRgtdtiaty tee channel .

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



10 Preferably, the lens is a gradient refractive index |ens. Preferably,
the gradient refractive index lens is a planar lens. Al so Preferably, the
gradient refractive index lens 15 is disposed on one surface of said
channel - possessi ng pl ate-shaped el enent, and a second gradient refractive
index lens is fixed to the other surface of the channel possessing

pl at e-shaped elenent in a position opposite the first-nentioned gradi ent
refractive index lens with 20 respect togthe channel. Preferably, the
second gradient refractive index lens is a planar lens. Al so preferably the

first-nentiaone i r I i | | 4 nt hanhnel 25
possessi ng 6‘% asgeeg{srﬁagép%g&%lcgirﬁﬁi\@rie&gig%iﬁéy%%dést@gr% %gltrg];%clz'fl ﬁf’
refractive isnddetnas Jensg| D8 | ORGP & &l messidsiaam o

Bl oo pr oyl e e g b e e e e eent for
mi cr ocheni c RSkl 3y Aeddhe 5&}'«%@}}? Light &g istlfb"-qtiegﬁtbys(ﬂﬂ ce that

out puts sxcCidmditht i At fedm aclps eftad £1 rpoect M@y el Ingih, tive deteicdimg | i ght
source that .ou u&iﬁgetectin J'égn of a.mavelgﬁ t 1{Jliffterent o the 35
wavel ength oft9 199 i 'S i YH S RE YR (YR %i}ﬁ?‘ PO A% yst em t hat
i npﬂls t Ee mrg\é 'etdtrﬁ?}g” iégikghtarai'xc% @de&:e;it%rgg%ffht C@and fuezq,réé ml”:)e t heI .sarr]r}[:)l e
in e chan ] r At ]1;@%3 ig

out fromt hg}gtaen%:ifanl a Eitel% e%{%%%i cye.tr&ct gﬁ%%t)eh (r);ti} p)té_t{; |I§i§d com ng
fromthe |ighusripngesdmnpihe gebiatteiive pngest aplthin Hhexday li ght
source, 1phe datLctingGdd P FHBSEA 14 dHded NMRVIEHOE U Gl s tardem and
t he Iight-ouﬁﬁuttin qgtipal system are built intﬁ t he chi%,lo el enent for
mi crochem cAt &R& é%’st Hring i ptPofBEf CBSEWERGS EPE ©PIFStIVEchemati ¢
per specti ve Mg ISTOVddEs triver densd idhonat iaf abedvgr idrement iy other

m crochem cal Sé/st q_gm; 5ca cor dii]{]ﬂ)r} 0 £ foi{ %hee@e%d%ﬂr} (T;]i tht'{:e Jpresent

i nvention; 889 HHE P plpodge per specti've Vi ew 0 & cndhnel™ possessi ng
pl at e- shapedhledcerterexastiolyn the FaBe Jas Rile fddasl possdidtiicomal3 2vicgiv thiowi ng

t he di spesal ! . Wl gﬁﬁgﬁ{p G IS S LC pek ctive
Vi ew shg%’ nge)ﬁ]le@lcdo%ig%%t?i%sn of a clhrlggﬁ'%'er%e%' fggemagﬁggﬁg%gcgﬁﬁggstens

accordi ng t d-sa BerompPterdrfdiertird &Iy thhe grhasarml ilarsntliddh; 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.



FIG 5 is a sliced perspective view of the channel 25 possessing

pl at e- shaped el enent shown in FIG 4; FIG 6 is a schematic perspective
vi ew showi ng the constitution of a chip elenent for m crochem cal systens
according to a third enbodi nrent 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 wwth the shift [err]L
bet ween the focal position of detecting1ight and the focal position of
exciting light for a solid cylindrical lens 20; 35 FIG 9 is a schematic

bl ock di agram sheuing.Jdie enld SRBaidiEdse iy Piaeham sl system

according to a first enpbodi nent. of the present, i'nvention; FIG 10 is a

schemati ¢ bledEneiitagramadrovinegt i hdtorddie 1RGSR ofS¥E tAR qRiHei et syst em
accordi ng t @@ the gttt athdENtte tdsurassid damedrn orkhd Il G 11 is a

schematic bl pck di,agram show ng.the constitution of .a mcrqochenical.system
according t eé:qq,ﬁnrcgl esrﬁfbtd‘i%nﬁg}b‘?m?%ee g ftCVR St Jé’nr? AR an
expl odeds perdpedike makeye o sygs ttdwe ak) ec wisilid utangrlend i conventi onal

channel - possgessi e ent_. Fl G S 8 Vi e | 4n

expl ai ni ng t%oélép%n%%%e%ﬁ?%%eere@ slle{és’; rlﬁ]%ﬁtslf%A lalt’ln\(;&' Ll{tzif’g}groef Vi ews

useful in epsixtiaitidgthhe W¥hehocarrvanopesitt cbsmarad rractalnisens and t he

focal posit 'aﬁfél?}%i®tlf§j?dd"% | Ymd 1N s %ir&v&gdabé)fs%}gteenqptﬁrf@&e axis_of
t (Cthe | FIG 14

exciting lig Z-directjon); specifical]ly: A shows a case in

whi ch the oljkcttihns |ldfuli taripns off othane Brd can &e dans aB Wws a case
i n whi chgt hedHAGIdne HIRRS e Haribi Quwmati c aberration; FIGS. 15A

09,198 are, Vv isell 1exola g 3 ralon gh Ssbechino hanges 1
conver si on Seantadsicopie diwdaiz grgs ispieni fafc dlHey .exdi®intb A idiows eamaase in
whi ch the ”ff%n%% j{nerﬁqé Sca[é’é ’Etfi—PatO”t}}eP‘ial'aeths-s%la%eed ittt to the focal
position of e detecting T1ght;
possessing the channel through which the sample to be
15 analyzed is passed and the objective lens are separated
from one another, the operation of positioning the focal
position of the objective lens at a predetermined place
in the channel of the plate-shaped element must be
carried out every time a measurement is taken. As a
20 result, an XYZ 3-D stage for adjusting the position of
the plate-shaped element and means for observing the
focal position (a CCD or an eyepiece for visual
observation, plus the associated optical system) are
required, and hence the apparatus becomes large in size
25 and thus suffers from a lack of portability.

Disclosure of Invention
It is an object of the present invention to provide
a chip element that renders adjustments between the focal
30 positions of exciting light and detecting light and the
position of a solution sample every time a measurement is
taken unnecessary and thus enables work efficiency to be
increased, and moreover enables a microchemical system
such as an analyzer to be made smaller in size, and also
35 to provide a microchemical system using the chip element.



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 conventi onal
phot ot her mal conversi on 11 spectroscopic analyzer in the case that the
detecting light is diverged using a diverging |l ens. Best Mde of Carrying
Qut the Invention 5 Enbodi ments of the chip element for mcrochem cal
systens according to the present invention will now be described with
reference to the } @%ﬁ, jS&é\f) Shect show ng
the constitution of ac ﬁ%&%?é?o?om crgqtheé:m% Sy st%ﬁrﬁgeﬁzl%%cordl ng
to a first odidenta (ﬂh%meEJfﬁIE%%%t ervelgreshenical @Yﬁtelﬁﬁhef%%l‘ﬁsél enent

for m crocheff calmsysd &emi @Sl asFdedn eihwmweé)l@ﬁecéf@p@g &hement 10.
The channel 1a[)ossesm ng%rgl at e- S%ﬁ%?f e] ene |sed ](i)f awgl ass
substrate 187 PREZASIILHE rdt Q5 GeRhi ch are

pl aced oB tm@rmmgmtdﬂnmnﬂ—ﬂnm@mhimmlmtre st%m;sétbvus&emexﬁte 2, which

Ieise?rgntex%oqé er?\el(ﬁlﬁ&m& ﬁ# n%l%es |&?Im§é Pl eac di&tsr?qo?ﬁrrgégdi n

t he gl ass Slﬁbmplaa el g Dasged 20and buffens r%mdloﬁq' ql&-‘l@ldm%d in the glass
substrate 1?;:@&&&@%9&@%%@@&&% A hesi ©f o Neashiggnghe 15 The

channel 15 i's used for m xing, em cal synthesis, separation, detection or
the |ike. THHap®k substrate 11 is bonded onto one face of 25 the gl ass

substrage 12, anchidmerHisss, Sﬁl@tle’ﬁ@ i3 Hriadivhwthefrdacerofiddex gl ass
substrate 1 thus conpleting (i.e. enclosing) the channel 15. Mreover, a

through hol &% is formed in the gI ass substrate 11 in each of four
positions cor resmrn:ﬁerlgahlyt hehe astrddimrst afe fideee t3i0r & uifrfdiex rle=es vics res  16.
Consi dering _t ip el enent for mcrochem cal systens may be used

W th sanpleéﬂfron1I|V|ng bodi es such as cell sanples, for exanple for DNA
anal ysi s, the natArdalPriferably asthe wadians e nag tizre sirgtest eketg y a 35

gl ass “i'gt has $XG5dd &N oGl FSH AL ANCEE K @l Mddnel tossessing

plate-shaped element, and a second gradient refractive

index lens is fixed to the other surface of the channel-

possessing plate-shaped element in a position opposite

the first-mentioned gradient refractive index lens with
20 respect to the channel.

Preferably, the second gradient refractive index
lens is a planar lens.

Also preferably the first-mentioned gradient
refractive index lens is built into the channel-

25 possessing plate-shaped element.

More preferably, the second gradient refractive
index lens is also built into the channel-possessing
plate-shaped element.

To attain the above object, the present invention

30 also provides a microchemical system comprising a chip
element for microchemical systems as described above, an
exciting light source that outputs exciting light of a
predetermined wavelength, a detecting light source that
outputs detecting light of a wavelength different to the

35 wavelength of the exciting light, a light-inputting



resi stance) for exanple a borosilicate glass, a soda |inme glass, an

al um noborosilicate glass, a quartz glass or the |ike. 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 - possessing pl ate-shped el enent 10 in a 10 position
facing onto the channel 15. It should be noted, however, that it is
sufficient t@piayi deyStah enO!inhedd itKk iGatid By Plyon o Vewae face of
t he channel pgssessjn ] at e- shaped el enent 10 (the light-inputtin i de)
(i.e. the sEltErPeytihdtidhl ¢ it THe AR GRS PRl s not
essential). aheigiod+shoyltthitid cadt 1eris esydenmmeshdte bandkebuipwet1igho t he
channel - possessi | at e-sh d el ement. 10 (i e. u rate 11 and
t he gl ass sUBE r%?oé‘?l © uss?’?%f%'n aanﬁasi%ée\fe"gtrorﬁa%/ﬁa&: C?‘%'gge%t%s%% ajig. 20
Exanpl es50f atmst viesghthatoming bisrars ethé niclghte oryeut tinglhestiesl such as
acrylic adhqg%ﬁgé?gnd epoxy adhesives, and inorgani c adhesives; the
adhesi ve may "be, ftor_exanple, a Wcuring type, a thernosetting type, or a
two-part type (i rPEHiURRIN e s Nt & Aghdn SOWF 99 quihe (RRteCtNGr e

m xed toget heyght TéwuEdds scisdl st gl Ssnphie tihgl dpeicde Hpndad degether using
t he adhesive used for bonding the solid cylindrical. | enses 6’2 tohthe
channel - pos TP PR LA R SURR A YR bl EhRe chip

Al t er nattbvel ol eridret gf aas midkreatbsiiad e ssyideems 13 nmay be fused toget her by
heat fusion. Mreover, it is also possible to dispose a spacer 25 for

adj usting the focal position of the solid cylindrical |ens 20 between the
solid cylindtief Deseriurion ahdxawimas - possessi ng pl at e- shaped el emrent

10, and fix the 350l & LY iNdHdkdlid Rt dd&, SRAIoWihg ahShown in

13 FIG 3. Each gradient refractive index type solid cylindrical lens 20 is
a solid cyl ifRRSEEIUEIMPare R IR FLMRRE T RiGhRFhemigal sssteps
pLaStiC;LSaanhdéox%lﬁ{g' &d&mtfhim re_!?tﬁfcﬁi:ixﬁétﬁ: id’ﬂfﬁ?h@&%%nf @Q’rﬁ\}éﬁﬁt&bl Jy from
the center there oward t he per. phery thereqf. (see, for anpl e, Japanese
Exami ned Pat ent %ﬂ%‘%'i gtlisor?rbtfgfqlcdpé{]%{)ry?e(ﬁ%ﬁ? Teys ofs . It is known
t hat such a cdmdnneX’piseks<ialg fl 4 rearspareshte lmmbnt sshiowaonuergficg 1;
light-transmtti ody if.or ' r.af ' ' I a posjition a
di stance r from ?ﬁ%&é)’cgtlrsgla %%%%ﬁr%@ggow&d%%%onrgﬁgspogsila}/lenélp d

appr oxi mat eldensy e auEriEeatic equation inr, n(r) - no {1 - (gz/2) ~r2~,

15 wher gphn norepregents 16 it e deidPedi vd & ieantdiwidd Ssheéhd 9

represents the qu. e di sttri buti.on constant, If the Il ength zo of the solid
cylindrical JUHE

uﬁ?rqlson 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



chosen to be in a range of 0 < zo < [err]/2g, then the inage formation

characteristics of the solid cylindrical lens 20 20 will be the sane as
t hose of a normal convex |ens, even though both end faces of the solid
cylindrical lens 20 are flat; when a parallel light beamis incident on one

end face of the solid cylindrical lens 20, a focal point will be forned at
a position a distance so fromthe 25 other end face of the solid

cylindrical lens 20 (the end face fromwbich the Iight beamexits), where
so = cot (gzo) /nog Such a solid cylindrical Iens 20 may be manufact ured,

for exanpl e, 'Br&ged; r dfroma
gl assxhgel ng %%SEPE%{P g? rg?%]gg&ief% el %‘%r%%ﬁy%é 20 lﬂ% € nol d of
Na20 and 3 thinst @I@P%#mqm?@%sﬂﬁﬁlmij%ﬂt CHMfRIHES. The soI i d gI ass

cylinder is then grgateg ig @%M@e@mmm&w@m& Rt&ssi um
nitrate salt bath, 35, thus carrg (g out, %{Q exchange betyween thalliumions

and 14 sodiRRSFHHETION (9k Ik STYRATTDHRCTIF I nfgdidim  and
hence gi 8i Ngsddend odriisodimearst cqrfltrlderpzeeseﬁtr amverecidrdex distribution in
whi ch the refractj index_ decr C n I fromth &l of the
cylinder 5 towar aﬂ'#%e ip]igrlisphaérsyg?%ﬁ é)f]gj_ CC(L:% %/%b T s[lhov%fnqs enbodi nent ,
a solid cyl icmtustc:attuttm @0 a snicxechemicahtsystan arwofdicw dfo tae
channel - pos when detecting a
t her mal Ien cp% eposHmanJTtBlOthe o) ?‘lﬁgn sanple in the
channel 15 usi ng Ej’&ec]tﬁ Nef IarfgfﬁxP]tCPﬁ?Qil%Et%‘b‘éﬁ\é@rﬁ“t Fhaysing the
cyli ndrmal d &S 201 8h tHe $ b sHv et Soidl ecltathdie-gBuife SOied Pitatssich t hat
t he focal itio %:{ the solid cylindrical lens 20 is fixed at the
posi tion of %S%D%fg 8PS anple. As a 15 result, the need to carry out
adj ust nent bet weeRT@ hel ¥ omatla passv iuse il tie exdidiming ithd panichdiiel e
posi tion of té’ue sallég Ie each tinme a neasurenent is taken

h

di sappears, a m)reover an appar atus for adjusting the focal position
becones unnecessat?ms Byldisiand tMB are prizyvselusefivl fioy expdedetiong ddie

t I Th l'id
Systemsy rﬁew gﬁédsﬁﬁﬁ@faa{‘ £HBISPE T ’E}%ﬁca%{ﬁa dHfd fdkal z€. The soli

cyli ndr| cal esigned such that the osition of the

detecting | iRpRitORHE t@%F%‘FtrJg‘Pﬁ | JAGRE & dﬁﬁﬂurﬁlﬁcqlé%ratqli/é:h% the focal

position 25 dﬁtitdfael exeid 0 dt@did@slidghtFl Ghel4airke icanf,ocal length Ic
(nm is gi ven %c —]gy (d/2)z/Terr]1, wherein d represents the dianmeter
of the Airy H ¥ given by d = 1.22x[err],1/NA J[err]l represents the
wavel ength (nm) &IGhddXxchawes d igde ianaviNAlr dfree odnjtextive 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 1lens in a conventional photothermal conversion



30 the nunerical aperture of the solid cylindrical |ens 20. The DL val ue
descri bed above varies according to the thickness of the sanple to be

anal yzed. Wen carryi ng out neasurenments on a sanple having a thickness

| ower than the confocal length, it is nost preferable for DL to 35 be equal
to [err]3~lc. 15 For exanple, if NA = 0.46, [err],1= 488nmand 7~ =
632.8nm ([err] 2 presents the wavel ength of the detecting light), then the
rel ati onshi p between the value of the sHilft DL and the signal strength is
as shown in FIG 8. FIG 8 shows 5 the signal strength relative to the

val ue at [ergddctrdsbdfidatdipzdheiyame edsd efrdd Ehél &dcdebpidg taken to
be 100. It can be segg*that %he signal _strength Jjs maxi mum at OL =

4.67.m In thightake diyerge & 1h7eg 1 d]e%r?%n the solid cylindrical
| ens 20 such that the shift DL is 10 the optimum val ue of 4.67.m [err]L

represents the d| ren fueen f.oc gsition of the detecting |ight
and the focal® %sﬂc?%nmg?c eylri%l(éi‘f I'I"‘T a#trt‘Pent it he same result is

achieved5regardlémbqﬂlmﬂnQSMthﬁhﬁth%n eﬂemenﬂquﬁ nivragtecidalg |ight is
| onger or 15 ﬁ&raéé@flﬁﬂ?t’f OCe Pt S0 ﬂ{véﬁlﬂcﬁ%%f Dohdd g%%- lens 20

Exanpl es of t optinmum shift_OL (L1-L2) for_the solid cylindri
are given Hﬁ%@q foktly refrrencs Jed i Fawinderr] 1 Here, L1 and L2

represent the focqatg dlﬁtﬁl@%@eﬁéﬁ@&ﬁsﬂ&:dﬂ@tvﬁéw\éﬁtcﬁm& the) 20 and

;hﬁ.) ?_et ecti n(,QOIllsl‘a J}jéu :Q.ACBI\llecl) ngth’ll{ 5 r 21\261'{ OeI(':tn!llVCerl'gChemlcael 1S§Stlel\ll€éjl cb L -~

24880. 4611294 S8 1 . thy 06 3BKHEB0 . ehlildctBiBnatBS G5 %ékﬁfﬁ’ﬁﬂi&Z&rﬁEéﬂﬂﬂmﬂ2939. 05

. 0916335320. 4016%%6 96. ‘%336 Lﬁe&aéﬁ?e%t{)q% § %n oac(he the solid

cylindrical |ens are planar, 111 s eas e so cyllndrlcal 25
| ens 20 to tdwstgmedraxn mwmosqu @allat:aansilmecbeeliememe bl ution

sampl e Mbr egyelopdatatisfeddi sold Gratd ARt dRie0 16 is 16

con5|derably smal | er_insize m croscope objective |lens, the

ni cr ochem cé?o"%liﬁé‘t-”eﬁﬁ @ ao@]t?a'%}’e %1’3? sExafdct i Fiass ShYH@tHre a
gradi engsr efetrayta' vgelatgwlesuﬁsaﬂsawmﬁ, wisidH altee plaued of «dy Ymidte

cDer Bl on SSICE e Pce ROANLONS 101 it ote! HoRD b ol aqd e
cylindrical dsrm 2xpladied mesdpective svieot afeddssathartme iy seqdainat i ty of
| enses, and;hﬁﬂ§§iéﬂ§bed 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 Dbuffer 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



10 solid cylindrical lens 20 also contributes to nmaking the m crochem cal
system nore conpact in this respect. Even if the solid cylindrical |ens 20
does not itself give the optinmum value of the shift [err]L between the
focal position of the detecting Iight and the focal 15 position of the
exciting light, the solid cylindrical lens 20 can still be used if another
mechani sm for adjusting the focal position of the detecting light is

provi ded. For exanple, if the shift OL B2tween the focal 20 position of the
detecting light and the focal position of the exciting light is | ess than

the opti numpadiudrice, fde defiphasa Iﬂdﬁdﬁlclmactr@tg}rasaé),erar add)rimdien the

focal di star1gL(|:1eH=}sgs]c ';ﬁr%?@gletectltﬁ%ll ht (vvavg; en th 71 sh ualﬁ(;ls b(ﬁ%

| engt hened. C é;ﬂﬁﬁ t opti cal

pat h of the tigd ecitkeng lHJogwI@tvetro ri&ke:htehasdgbeofl mgel chip edemeatdifoar gent

beam bef ore t.he det ectl t 0 t| l'ight. As

a result, tREFSH® atnlg §m§ hleg?]t%‘l eﬁir(]gﬂcovﬂn# r}}gf)lBF't h SO|AI}8

cylindrigal dmyenizd s@dtargftehemmh amk 3l amrice dagr e wsed bimsgppadi zed.

The above descri t[g:]:r}d el at |Iql_gfzta&tngveal gﬁég?p(ldlﬁmt Q%F%E liigd cylindrical
nar t 0

l ens 22 and the p Tens 21 ‘use ow'n iments. FIG 4 is
a schemati ¢ QPeridpbciqade dAansy Thd@hFamey 3w éb’ffstqrt V<girP (ﬁs a chip el enent

for micr OCh%eCsﬂrl%é‘d &Fove Lk aoiadity ddrrd ey ypslivetacds tde

present inve . chi eI enment_faor m.cr Oﬁﬁ% cal syste.rrs according to
t he present t@"rﬁ)éﬁ} £l THRHh AL P han e@ afed®lZment 30
havi ng 10e szmmtsﬂdmcﬁaumgasonttte tEhe:hﬂmraielpd%.esiltnghphadebehap&édel enent

§8|?30\é\9|:2&‘r|ca|£ﬁenses %Cslfoét e |r;%q{éqn€dér%%t%%v\e}€gar I'n féhithe

solid cylindnildaidnigreslesl s &k duianly mme tﬂﬁ@ﬂgl@séﬂ'@bﬂﬁm@-*ﬂ f aci ng
one anot her Q (ﬁl er‘ 1%1@'&;9&1 'élé?r%ﬁ’@aﬂ) (ﬁ'ﬁ‘%dﬁ.ll%hta)lndc . 4 and

5 asolid Cylin Iens 22 I's shown_ on each ann 15.

However, al tHlRgh (-9 s the adldd porindrdcsdl ilensy 13ham ddie lémh2 to be
pr esentls)n e gutdliing Haidd i rﬁj@l%sgéaﬁ;lall)l d 15 cylindrical lens 22 on

enbod ront 1 he. ST G R e dersed, 00 e Resdad’ °*°

channel possesisieny Ipt atce-t3Heapdthraledirgrts 3 s iy plagsmdshadete element
10 (i.e. the glass substrate 11 and the glass substrate
13) using an adhesive, or may be fixed using a jig.

20 Examples of adhesives that 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 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



20 sane effects can be realized as with the chip elenent for m crochem cal
systens according to the first enbodinent, but in addition, because the
solid cylindrical |enses 22 do not project out, the m crochem cal system
can be made yet smaller in size. 25 FIG 6 is a schematic perspective view
showi ng the constitution of a chip elenment for m crochem cal systens
according to a third enbodi nent of the present invention. The chip el enent
for m crochem cal systens according to tlBe present enbodi nent has a
channel - possessi ng pl ate30 shaped el enent 40 having the same structure as
the channel -pggsessi ng pl ate-shaped el enent 10 shown in FIG 2. However, in
FIG 6 the glass substrate 11 and_the gl ass substrate 13, are each forned

such that there iBE2Gh FERALSRE rBFERIEIEE | t§Re ot lens 21 in the
35 outer surdgCindiid£dilémei QY idea chmm&eﬁcﬂ Ctra?r)sparé@tAs shown

in FIG 7, plaar ens 21 is a s e pe. The fl at
face of thee%cf ars %ns Val ?’%m%f?he ga‘-ﬁﬁ% vCé)i$ égeﬁnrhjec’su?’l?(gcles of “The gl ass
substraté 11t1mt 113';e aneif tdet Ied raﬁewmhatmeﬁlmmﬂymm the center

of the |ens. %od 43 V\%ﬁ @Et&é(v‘\?afci‘dﬁ%(e n@:dif‘?‘% pr(@éie usgng an i on

exchange net sodiumions i 2SS substrates 11 and 13 are
repl aced wi téxamle i viapanesorEpyiired Fatems . Aokl ¢kl ex cPrpbicatiobe
carried out pyow&ek) rlgobysgmg:g@m)g the 10 surface of the glass substrate

with a netallic film exc ther ion ere the planar lens is to be

formed, and then ‘?m’e'?g?rl‘fg“’rf lfosst‘? ?WH“%‘&%@M umnitrate or

t hal | i ugoni tﬁﬁxﬁsmém Isady .id ta sémagbmg\ol:eghﬁ-haﬁaﬁsmitstmgfb@cﬁpnt to

provi de 15 Ia ar s 2 e, .of SSGSSI ng

pl at e-shape?if ncfh jﬂt}“f t’% f'{]a&%[\yl npu ’?ﬁrb(% c1"‘t“l)’I a(cg]gsraﬂfe%e p"il anar |lens 21

on the Ii ghtdmapme mgfmndethes mtr@beamall)n three rad ¥ak tdieed hitex

di stributi o g}g ,%}:éf}pq%)gltﬁi iRt 1 d Oed%‘l‘aat};&wlﬁ solid
enses [

cylindri caI 22 descr ove. As Int i rst” enmbodi ment ,
t he channel - possds&ing moafje 'sh%ﬁ)éa éFeent 40 having the planar |enses 21

i's usedibn ayHBEEAEheTEgteSYStEMKO ﬁ@ffa{c@wedﬂ@déﬁdaﬂeﬁﬁé%@ﬂt@élthe

i ke. 25 According to the present e od| rrent me effects can be
realized as Ef’fﬁﬁ'h@qffr%treég%ﬁﬁ ﬁ%‘b‘%ﬁﬁé TP e no

parts that projecf adle f]rarrgtiﬂwzosuff ahessohﬂheyghadmsamsueatses011sand 13,
e o PONGH SRy LS SR D IRIG 4 ST Lek $0 SLEgn B! IndoEhi P

el enent for MTrothem cal syste nposed Troma anne - POSSESS
pl at e- shapedf asireateinn 1@61@33@1‘145):16@ dels drheh ep Jallsbvay 1 ik dgea ut fene sarrpl e

is fed ppto id‘%ﬂhﬁrﬁl@%ﬂé éa[n%na?s SHUIHd W SAAY B B edsrifese hagine) -
Detection or the Ii e is carried out on the sol ution 35 sanple in a

m or ochemi czﬁves‘ys‘il'}é?ﬂ iRRFR I?éqdptﬁﬁciﬁ%é?frré? s@}id 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 so0lid 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



conversi on spectroscopi ¢ 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 |ight, and hence thernmal energy is
emtted. The tenperature of the solvent thus rises locally and hence the
refractive index changes locally, and as a result a thermal lens is forned.
10 Enbodi nents of the microchem cal systigm according to the present
invention will now be described with reference to the drawings. FIG 9 is a
schemati c bl gck: . di t AR fs I " ghis
an exanpl e ooa&%al%rgérno em c%lgs%sstem tda(%:tt:%)érsgiqﬁrgl to a%{’}ﬁréifee r?bd!(}'\ nent of
the present anddmnah givirg ¢he sqlied diaafelcypdssiarsingafiractistmped

el enent 10 i 208tk AN XonY SRR €151A0e dedraAiRXGidddig |1 ght source
111 outputs exciting |ight of a 20 gr edet erm ned wavel ength, and this

exciting Ii gﬂﬁc’?%aﬁﬁfdlﬂ%"e’dlw % rthe Fenfier qfqibe ¥ades ng | ght
is then sef gl bha ;_féa}fl;ﬁcéﬁmg;ﬁafécm 114, and then passes through a
dichroic mrror 113, befor b di ated .ontQ one of i e solid
cylindrical | ensé& 3:% ral'1 Etbb cé%el nﬂ:g & &% haped el ement 10.
The i rradi atcadmchr:taaﬂg JlergshtZG s.eatfsmebiadbra:to tete feoedl quussifidamn dfhereof in
the solutio %L_Tai,]: q]ﬁé] etn@ n asS6ssi ng

pl at e- shape&@erreaq‘f &"0 ence a ther ﬁpjﬁ%ens tgp%deéglégt er edéon t he
30 focal pogvhqrbrdetmtw td dhesmalhd eng ifiqmmgd iightthe mefifiian oif t he

so: UEI Oﬂosarm{ée srm%ut?%%pr Ny ﬂ?ﬁ:h@!{dﬁidrﬁfélls%mu% %@%él:crt{l Qiph the |
sol ution sa an e rou e 0 r sol.i,d c cal_ | ens an

o L hen absoRtsgt oy hie VEAARAST PSSt e 1R Y B R. JAng ol ar
upon a det ecimt t’lh']e? Soltﬂﬂl.dh wnqﬂé gl ighmestaurcomsk2t agrudhelaither hand,
out puts detegti Ii f f t.hat_ 0 e exciting

| ight. Thi setc%%ﬁ re%cfa SQJhttlam‘lvv%(lt?verge qu; Cﬁhﬁj}l lcaldﬁ'\?enr%lzﬁld; S:ns 119,
and is then ﬁiefdcbcﬁttectl’ﬁa ogitelati oifr dihe morlrtktrloplisanmé-feor eAgakl i ng upon the

first spkid gyljy f}{i“&?érL t?cp,camgi %é%t@l@n@ctﬂé&éérﬂf&hés

convergent ly 1 rradl at ed the so cyli ndr| cal lens 20 onto the solution

sanple in tff@%ﬂal%lstmrﬂfelt}% %?C%Qiélgcﬁd-ﬂﬁ’é? anek $hes ineg i1igre ofhaped

el ement 10. tHe s yletartddigpld EcH hﬁmdoaasmshme(m&it tike darirmel | ens
formed int sol ution sanple bFTY t he ex0|t sg&tci is thusstq’?\gerged or

conver ged, BRPEESi F MBI rs&f’or?c?p jugt Thi s
detecting | i@ﬁa]t wsmmmmwn@maﬂsmerggduamdgezhtedchipused as

15 sign I S ou h_t \/ t
filter %IQG %trﬂen-@ ozrlctg@%!rt?&% C(%ﬁl % %?:s?\t@éeﬁh’[ %y%ﬁ'te Si gnal
| i ght det ectc§!1 Byhush doal araste cﬁmaﬂlﬂ-ﬁrdelﬁeﬁd@%n the thermal |ens formed in

the 20 sanple, anghdYAGECARFEITAIN 1%mcf2rooril§@ewlbﬁeah%u@fpltma@ li ght
nodul ati on period of the chop 11.2. The si.gnal utte? romthe

detector 11Fh& LaaRY Mot rﬁo&g%ﬁqtﬁc&; Zﬂlg F&fenodul at ed
i n synchr onisSrgdtly thie aax Gintouit IALg e Imxdteattico e hee riicadch 10fpddia ickippper

25 of the exciting light (as in FIG. 14A4).
The confocal length Ic¢ (nm) is given by Ic = n°

(d/2)%/),, 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 Dbe equal to V3-Ic.



25 112 by a lock-in anplifier 122. The solution sanple is ‘analyzed by a
conputer 123 based on the output signal fromthe lock-in amplifier 122.
According to the m crochem cal system of the present enbodinent, 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 disagram showi ng the constitution of
an anal yzer, which is an exanple of a 35 mcrochem cal system according to
a second enbodi rr?;g %ethf RgLsens . 4@vept_l Q%Bn}ﬂhﬁn@lﬂ% yze@fcg:&g di ng
to the present enbodi ente ha's e same constitution as the®analyzer
accor di ng t olkheresents chbedvatpt eegthpet f Phet Aeteoting hgg]@ﬁ"—i‘fe\'ﬂ]’eﬁ’ées 5

firstly, t hetﬁé"f@l&&’iéﬂgﬁiﬁ%eéﬁéénZQh@“vémdbﬂhﬁhé‘%if@%ﬁ' &qis itself
used to realize the optinumfocal positjons for éxmtlng | i ght and the

detecting |i'ght “(Jo?n aﬁgr%‘?g%rb?ra??csﬁ%‘ﬁ?rh‘h%m nd ft&cd £AM® for
di vergi ng ortls@r\yﬁglgangstfmgle}heﬁélaﬂgﬂregm el ﬁ@lﬁélLtStsszfilmgﬂﬂuﬁ, f ocal

position of th ect] rel at the f 0 he
exciting i g"ﬁ eé\%tv%jr]ow%gdfx sec%né Jpn% t%%%lf'?e?b‘%zﬁ& gt used.
In. FIG 10, mwemlemmshemlmgbn@m@ngdltmge Tha Fingn @taﬁh _
represent ed z?ywéﬁ}ﬁ fxﬁ?éﬁserc%lw NYTBIAl G, A4S fe&a’ﬂl@ &% d&%tl%r{]hat i f

the signal is lifirer 121 provi

anal yzer of tﬁn@sqbldb%&sh shensg %@wwﬁ.%@mm sl fh Alels

|'i ght-i nput téme ép@ﬁnmsv@l@@r@mlm er rat |r@i>r\@?5e(iitsf &dd zes the opti mum
focal 20 pos ns of the excitjin % hi' and, t he defe n a lens
for “di vor o1 Hit bE TR IS Phet iR E0FR h PP LSt [T SoFFETIRS the focal
position of Itghtdeam@tt]mg foghl peshtior ¢H the éochtimppsiiglon, cdnd he

exciing |1 o] Sty LEGH TEd) 028 Spcoralogd petheopighanham ol system of

the present A M T 05cope
conver gi ng Ifcgml oti\l%talh@ec%ﬁntm @%’s@@%smm@mm el s higregle e | @nent 10 and a

condensgg | efisoAf &r NAlar Skl r@é’caf‘%é@éﬁ&é’%f atﬂé?ﬂéxéi)in{&vﬂ&wg or
convergi ng the detecti ng 30 light and thus shifti na T-rﬁ ocal p05|t|on of
crigdh

the detecting |i grRanRIeD0F dehif reRf iman shidt 4L dhi®al system
can be made yelidn@ylpidti el ZBend | 5D dde I§1\6er$Ch€nBébI‘e bi Oﬁ‘dﬂr di agr am

showi ng the constitutipn of cro m C. Sysjem acc toa35th|rd
enbodi ment of2t & Spr‘é%]glﬁ ol €eﬁ% &hﬁ Rer8)SLEMAGES 48P ées
the focal distances of the exciting light (wavelength A;)
20 and the detecting light (wavelength A,) respectively.

Table 1
A1 NA d Ic AL A2
(nm) (nm) (nm) (4 m) (nm)
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 1lens 20 to the spacer 25 and adjust the optical axis to
be in the solution sample.

Moreover, because the solid cylindrical lens 20 is



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 enbodinment 5 differs fromthe m crochem cal systens
of the previous enbodiments in that main conponent elenments are built into
t he channel - possessi ng pl at e-shaped el enent 30 of the chip elenent for

m crochem cal systens, and also in that the exciting light source 111
itself is used as the 10 nodul ati ng neang and hence there is no chopper
112. The exciting light source 111, the detecting light source 120, the

dichroic mr I i 4 ! C gggi I
| enses 22, fe s\/\%ave ag%l' hgng}tf% fﬁ?iﬁztraér Ogﬂaé-i[ é&{}%&g’l#g%t%% 11 ‘gérae t hus
all built i riltemsw thee rirrerdienpiorsle S e | e g apde Mt mommCcand
mor eover optj.calipaths for the exciting light fromthe exciting |ight
source 111 and the detecting light fromthe detecting |ight source 120 are
provided in the dHHRa® e S5 i R St te XafRGE WS idiftexRd ens s d be 20

noted thet tdigisealwiamanaitit el et smaic &Ildeefmnldtel ﬁd&l{amréeuh@n a
surface or surfaces of_ the c pQOss: ssm te-s e t 30.
Accor di ng tdA'JOt rﬁocsf'lo‘i:lhoéfﬁ cgfq_g&esteéfﬁlb II% at é]atﬁbo ‘?‘rte?ﬁ l%l’l ous
conmponent ellamditt scaan ebebush:tfueni dtde @te c&m:m.’mar posisEs Sy piha& e- shaped

el enent 30. tggﬁ m gal can.b extrenely
small in si zge%sland er yﬁ%rolr Elocé(}ﬁst ?‘lga %%%?Iﬁ]gablﬁtl tgﬁ g%As descri bed
above in detfdessEEEOriR dgset@tnﬂélﬁﬂflés’éhtc’ﬁ resHS Son angjligndferftheet ween t he

focal ppsiticyuif dfeimuciddinddridto atkd homasiddtay do ek isR) WhoN

I th t I d) d t h tq.b d out
Time & neas BHETARDIL Ak YR MRS SRS ot 7 SR SRR AThrs ok

ef ficiency can beﬁ:ven:rlelasﬁda solZd and imdrdmedr lenms Qoctemy eadt syst em t hat

uses the chi, nt._c de. _snall er c d|n to .t resent
i nvention, t 13:[9 q#% r%rmur%l‘ﬂ?lue Pltﬁ'{emszhel J" he‘%cwee?rhm%eo
m cr ochemi cdiofalsmﬂmI;an dofe tma&jed@lmcm Ile:ghtn asidzé:heAcfcmale ng to the

presentqgnv %P,g ler in
si ze. Assa JIq-'P'rL det ectl ’Fhf[:}?df et ectl ng a ﬁiﬁ/ ﬁ%{q%% ormed in
the positi orleé?s 2 @an lﬁﬁ WS@Q‘,&{ t?é’lof@%"aé‘lqc;hqrb"@%tﬁor and nor eover

the mi crocheyafRalt isupiaie cedtdie gode igfldfercHe) &tating 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



According to the present invention, the mcrochem cal system can be nade
yet smaller in size. According to the present invention, the 15

m crochem cal system can be nmade smaller in size reliably. According to the
present invention, the m crochem cal system can be nade yet smaller in
size. According to the present invention, because the m crochem cal system
has a chip elenment for mcrochem cal 20 systens as described above, a

m croscope objective | ens necessary in tihe conventional apparatuses becones
unnecessary, and hence the m crochem cal systemcan be nmade smaller in

size. Mreo ) t.egr.aty ' refr [ | . t he
chamel - pos et PIE dbdd S it (OF HE i SIS AifltRe R
adj ust ment bet wedmea syl ediemant oy FHE rash HAMe |SyFdeiss fapprding

pl at e- shaped.£1aE Pr Lt dnidB ind 2 HH £ e Hhdrind 12k REEOIRP pesessary,
and hence o%%lratlgn can bhe mgpl ified.and thus work efficiency can be

i ncreased. s thEHRE Rhe RARR iTFE YT HE Hidd m cal system
can be nBde chdrrriTeiposyeriding liaass - srapbdd usl emerd] | Ehtshawrt emeF Id .

portability. 24 E%QINB L., A.ghi I t [ ' 1.Cro ] ca
systemt hat zpir 63&9% 4 osr°1cladr rcllélrshgdu cgannfgpeerlrsgsi t)?:lzeoﬂr&a%?rﬁs?ar?‘p%;t%@n a
l'iquid, conmdlsichgylansheimed -Iysses el tie-Sihgte crddaiigrenthavi ng a
channel 't hrough ?ﬁgiufeﬁ/etzhe i G4 GonbAl RiAg 4 Q%/lsig{@i%#ls Ragsediaand a
l ens fixed to said channel-possessing plate-shaped 10 el ement 1n a position
facing the @rmAdiile intahhe glammisubs@atiadd i Fadiiamone iRaEisr a
ffcal Pos! t 'v\lfi"qkpftjl-'fealdhdrﬁf& 115 Wi idtudin chamnetic 3.5)A ﬁhl P gl erent_as
clained in claim_l, rfher co I Si ng .a .spacer vLaéﬁglc sgid.ens is
fixed to said 15 I(fhgrr#g ﬁlo?é'@g'ng’ pﬁ%é‘tléisﬁ%’ T rthe.ns4.822AJC§ni p el enent
as clai med ishowraion kackheriglen ofaitthd erimrirs2la Igr .adHeweveef, r adthoeghndex
lens. 5. Aghl Flse'n%@é}}sa"iéz F A ’Egu% 'é%l‘?ﬂcf"zcg)fi’nd}’ﬂecfa% il (%92’ 3% g%
refractive i'ndex lI'ens 1's di sposed on one surtace of sal ,
channel - pos yewsians inattdres Haedy: eirpuiiiing sifleohithelsmeit as clained in
f' ai m 5 5 Wheraiih dhe A" aditht X & adld v JHIRBG dfit iy &1 15& @dd ndri cal
ens.
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—shapgd 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).



7. Achip elenent as clained in claim5, wherein 25 the gradient refractive
index lens is a planar lens. 8. A chip elenent as clained in claimb5,
further conprises a second gradient refractive lens fixed to another
surface of said channel - possessi ng pl ate-shaped elenment in a position
opposite the first-nmentioned 30 gradient refractive index |ens with respect
to the channel. 9. A chip elenent as clained in claima8, wherein the second
gradient refractive index lens is a solijg cylindrical lens. 35 10. A chip
element as clained in claima8, mherein 25 t he second gradient refractive

index lens is a anrlens ’\J/-%G %Irrent SI{:I?t med_in claimd4,
wherei n the gradi e"’m alcrf i ndex 5 ]o ¥5i% 5

channel - posmén’gcqal ot egedratp eth eélmmli Th@ an¢h|fpceI @rferttheaylzalramed in
claim11, t v ' ndri cal
| ens. 13. A érb# gfrrse%%@g%ﬁégl%gﬁrr% nélc{%aé m 11, d ; %éﬁ 0 Cog%l’él‘%% ng a

second gram@mwmmm Ve |%eﬁncbr@?%mQErQQﬁW%afui@hme%%esm ng

pl at e- shaped. Gt £r@NEhé rbéhtp&?"éf WhOPRAS e shbe b keteriRRtivRned sanadi ent
refracti ve index. I ens W th respect to, the channel . 14. A chip el enent as

claimed in GEAMSRE GRRrRE LA S TRD AN i FPANGs TR i Hiex | ens

IS a solid cythidigrsseddurh erts:zs lfn the g sl eobtsced alIeghd MAanref cl ai s
1 to 14, wherei %$'q%¥qﬁe osse55|n Jplate sha ed elene isogpde of a

gl ass. 20 16r or%sd I'h c?tasrﬁjl WHET ei
m cr ocheni cadxchetgen ¢an dre acrmttgﬂzed Out7 byA v sl iowh oy caveygienttonpr i sing:

?hfghphﬁhe%rfa{’ée BEODHI LA SHHE T AR b d L Y £l aims 1
J 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



25 an exciting light source that outputs exciting |light of a predeterm ned
wavel ength; a detecting |ight source that outputs detecting |light of a
wavel ength different to the wavel ength of the exciting light; 30 a

i ght-inputting optical systemthat inputs the exciting |ight and the
detecting light coaxially into the sanple in the channel; a

| i ght-outputting optical systemthat |eads output light out fromthe
sanple; and 35 a detector that detects tihe output light comng from 26
said |light-outputting optical system 18. A microchem cal systemas clained

in claim 17, WRROHA S Al Sk SN s RO SHASS) i %@él'ﬁséha@?@c@f@&%ﬂtl f said
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10% & (35109 @ha%ﬁl@l&ﬁ&ss%]&% (r_:)late 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 c¢ylindrical 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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outputs detecting light of a wavelength different to that
of the exciting light. This detecting light is diverged
slightly by a diverging lens 119, and is then reflected
5 by the dichroic mirror 113, before falling upon the first
solid cylindrical lens 20, whereupon the detecting light
is convergently irradiated by the solid cylindrical lens
20 onto the solution sample in the analysis channel 15 of
the channel-possessing plate-shaped element 10. The
10 detecting light then passes through the thermal lens
formed in the solution sample by the exciting light and
is thus diverged or converged, before exiting from the
second solid cylindrical lens 20. This detecting light
that has been diverged or converged and exited is used as
15 signal light. The signal light passes through the
wavelength cut-off filter 116 and is detected by the
detector 117.
The strength of the signal light detected by the
detector 117 depends on the thermal lens formed in the
20 sample, and moreover changes in synchronism with the
exciting light modulation period of the chopper 112. The
signal outputted from the detector 117 is amplified by a
pre-amplifier 121, and is then demodulated in synchronism
with the exciting light modulation period of the chopper
25 112 by a lock-in amplifier 122. The solution sample is
analyzed by a computer 123 based on the output signal
from the lock-in amplifier 122.
According to the microchemical system of the present
embodiment, a microscope objective lens for converging
30 light onto the channel-possessing plate-shaped element 10
and a condenser lens are not required, and moreover
position adjustment in the Z-direction is not required.
FIG. 10 is a schematic block diagram showing the
constitution of an analyzer, which is an example of a
35 microchemical system, according to a second embodiment of
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5 firstly, the solid cylindrical lens 20 on the light-

inputting side is itself used to realize the optimum

focal positions for the exciting light and the detecting

light (by means of chromatic aberration), and hence a

lens for diverging or converging the detecting light and

10 thus shifting the focal position of the detecting light
relative to the focal position of the exciting light is
not provided; secondly, a pre-amplifier 121 is not used.

In. FIG. 10, component elements corresponding to those in
FIG. 9 are represented by the same reference numerals as

15 in FIG. 9. Note that if the signal is weak, then a pre-
amplifier 121 may be provided.

In the analyzer of FIG. 10, because the solid
cylindrical lens 20 on the light-inputting side has a
chromatic aberration which realizes the optimum focal

20 positions of the exciting light and the detecting light,
a lens for diverging or converging the detecting light
and thus shifting the focal position of the detecting
light relative to the focal position of the exciting
light is not required.

25 According to the microchemical system of the present
embodiment, a large objective lens for a microscope for
converging light onto the channel-possessing plate-shaped
element 10 and a condenser lens are not required, and
moreover a lens for diverging or converging the detecting

30 1light 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.
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The microchemical system of the present embodiment

5 differs from the microchemical systems of the previous
embodiments in that main component elements are built
into the channel-possessing plate-shaped element 30 of
the chip element for microchemical systems, and also in
that the exciting light source 111 itself is used as the

10 modulating means and hence there is no chopper 112. The
exciting light source 111, the detecting light source 120,
the dichroic mirror 113, the reflecting mirror 114, the
solid cylindrical lenses 22, the wavelength cut-off
filter 116 and the detector 117 are thus all built into

15 the channel-possessing plate-shaped element 30, and
moreover optical paths for the exciting light from the
exciting light source 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,
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and moreover a microchemical system that uses the chip
element can be made smaller in size.
According to the present invention, the lens becomes
extremely small in size, and hence the microchemical
5 system can be made yet smaller in size.
According to the present invention, the
microchemical system can be made yet smaller in size.
As a result, detecting light for detecting a thermal
lens formed in the position of the solution sample can be
10 easily led out, and moreover the microchemical system can
be made smaller in size.
According to the present invention, the
microchemical system can be made yet smaller in size.
According to the present invention, the
15 microchemical system can be made smaller in size reliably.
According to the present invention, the
microchemical system can be made yet smaller in size.
According to the present invention, because the
microchemical system has a chip element for microchemical
20 systems as described above, a microscope objective lens
necessary in the conventional apparatuses becomes
unnecessary, and hence the microchemical system can be
made smaller in size. Moreover, by integrating the
gradient refractive index lens and the channel-possessing
25 plate-shaped element to form a single body, adjustment
between an objective lens and the channel-possessing
plate-shaped element every time a measurement is taken
becomes unnecessary, and hence operation can be
simplified and thus work efficiency can be increased.
30 According to the present invention, the
microchemical system can be made extremely small in size,
and thus excellent in terms of portability.
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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 liguid containing the sample is
passed; and

a lens fixed to said channel-possessing plate-shaped

10 element in a position facing the channel.

2. A chip element as claimed in claim 1, wherein a
focal position of said lens is within the channel.

3. A chip element as claimed in claim 1, further
comprising a spacer via which said lens is fixed to said

15 channel-possessing plate-shaped element.

4. A chip element as claimed in claim 1, wherein
said lens is a gradient refractive index lens.

5. A chip element as claimed in claim 4, wherein
the gradient refractive index lens is disposed on one

20 surface of said channel-possessing plate-shaped element.

6. A chip element as claimed in claim 5, wherein
the gradient refractive index lens is a solid cylindrical
lens.

7. A chip element as claimed in claim 5, wherein

25 the gradient refractive index lens is a planar lens.

8. A chip element as claimed in claim 5, further
comprises a second gradient refractive lens fixed to
another surface of said channel-possessing plate-shaped
element in a position opposite the first-mentioned

30 gradient refractive index lens with respect to the
channel.

9. A chip element as claimed in claim 8, wherein
the second gradient refractive index lens is a solid
cylindrical lens.

35 10. A chip element as claimed in claim 8, wherein
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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 abgrration 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.



