1 DESCRI PTION M CROCHI P DEVI CE TECHNI CAL FI ELD The
present invention relates to a mcrochip device having
a mcrochip formed wth a fiquid flow path for |iquid
to flow and a gas flow path for gas to flow Priority
is clained on Japanese Patent Application
No. 2005- 308754, filed Qctober 24, 2005, and Japanese
Pat ent Application No. DES6EELTEME23 filed June 14,
2006, the <contents of which are incorporated herein
by reference. BACKGROUND ART Attention has been paid
to a mcrochip whic i ghly accurate
anal ysis due to advgﬁ@gggﬁgggﬁg@% hi gher reaction
rate, a higher yield to obtain a desired product, and
a, educed anmount of necessary reagent as conpared to a
chem cal reaction i nTEgH¢RKEr FIEL@ test tube. T[ :hen
a chenmical reaction or an electrolysis reaction of
| i Thé grebant prevehtomedatesiorsgmicrdudipril eviachuving 4 tidrschip formed
necessary to separate liquid fromgas' because a flow
withpdiduidBlgweath foy liqiid tb Flovkadadzab flogapativ s gesibbiles. As a
m crochi p device which perforns the

: € .th as_|iquid
s e PEPEDI b Alaimedien {apangss Vaisgt ApRliGatien 3{0@0%93&86% filgd October
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24, 2&8?515@%9%% i hplatigh @5—3@%—565@& ﬁﬁe,d BN 42006 the
l,an.view of. the m gcrochi ' he cover of FIG 22
COntgrgﬁ%%‘ghfcwgﬁedmﬁ?@o?ﬁedﬁ%er%né’ 5%‘,\%&21 8%:1 i onal viewtaken
along a section line A-Ain FIC. 23. As shown in FIG
22, the mcrochip device 1 includes a mcrochip 3 and

a cover 5 in a stackgdaROUNTEARTON the mcrochip 3.
As shown in FIG 23, on the surface upon which a cover

5 alitehiiéh bsteo Baif tS ansicroshipoiech can parfpuinc: Hiplolyw apairhte9

for liquidto flow and a gas flow path 11 for gas to
analydiogye towkvatiages ss¢inds aomghertrbaotion mate] 4 jghet yi¢ldwe phinim desired

are configured in parallel. Both end parts of the L
produpiggindia fadgegdoapen ohnereBwLhreagent 9a cempaed the chpaaicliregtion in

ath 11 are |located at each of the four corners of
abe‘iq??éoﬁ?ﬁersb Pp 3. On the cover 5 are forned a first
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be blockaded by gaseous bubbles. As a microchip device which performs the gas liquid
separation, a device having a structure as shown in FIGS. 22 to 24 has been proposed.

FIG. 22 is a perspective view of the microchip device, FIG. 23 is a plan view of the
microchip with the cover of FIG. 22 removed, and FIG. 24 is a cross sectional view taken
along a section line A-A in FIG. 23.  As shown in FIG. 22, the microchip device 1
includes a microchip 3 and a cover 5 in a stacked arrangement on the microchip 3.

As shown in FIG. 23, on the surface upon which a cover 5 of the microchip 3 is
stacked, a liquid flow path 9 for liquid to flow and a gas flow path 11 for gas to flow,
which is shallower than the liquid flow path 9, are configured in parallel.

Both end parts of the liquid flow path 9 and both end parts of the gas flow path 11

are located at each of the four corners of the microchip 3. On the cover 5 are formed a



end of the gas flow path 11, and a second was port 19
connected to the other end of the gas flow path 11.
Furthernore the central part of the liquid flow path 9
and the central part of the gas flow path 1.1 are
closely contacted with each other to forma contacting
section As shown in FIG 24, in the cross sectional
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introduced fromthe first liquid pert 13, the liquid

7. 2.1 flows through the liquid flow path 9, and is
exhausted fromthe second liquid port 15. In this
cags,shiwn seFIG. 3¢, iadegcatedeyptionng shape @f shera@nfaoting section 7, a
introducing the liquid 21, the liquid 21 is not over
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negati ve pressure resulting fromthe flows (refer to,

and fs@xhaeseginfdre thepatent lidod poed6. 1Jn thidwasg\bgrsptting adequately the
conventionally, various distillation methods have been

presgune Wt iniodsieingibatiquid antlle\lmpbﬂlzlé ngt piyoxéler protjusian 10 due to its
including a plurality of caonponents with different
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% Pat'ent Docunent 2: Japanese Unexani ned Patent

ApPuitBéhiodd) whehNijuidd RhtvdRicbPfom the first liquid port 13 and gas is
introduced from the first gas port 17, the gas can also be smoothly absorbed through the
gas liquid interface K due to negative pressure resulting from the flows (refer to, for
example, Patent Document 1).

Moreover, conventionally, various distillation methods have been known which
heat up and vaporize a mixed liquid including a plurality of components with different
boiling temperatures, and condense a vapor containing mainly a lower boiling temperature
component, thereby separating the components of the mixed liquid (refer to, for example,
Patent Document 2).

Patent Document 1: Japanese Unexamined Patent Application, First Publication,



No. 2002-102601 However, in the configuration shown in
FIG 22 to FIG 24, as the height of the gas liquid
interface Kis between the grotrusion 10 and the cover
5, the height is low, and then an area of the gas
liquid. interface Kis small, which results in a,
problemof a |ow value in gas |iquid separation
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A microchip deV1ce of the present invention comprises: a microchip in which a

liquid flow path is formed for liquid to flow; a gas flow path provided along the liquid
flow path; and a plurality of gap sections formed between the liquid flow path and the gas
flow path and having one opening thereof facing the liquid flow path and the other
opening thereof facing the gas flow path, gap of the gap section being made so as to be
gap through which gas can pass but the liquid cannot pass, and a gas liquid interface being
formed at the gap section.

The microchip device of the present invention may comprise a heating mechanism
capable of heating a lower boiling temperature component of a mixed liquid including a

plurality of liquids with different boiling temperatures to or above a boiling temperature



separation efficiency and hi gher gas absorption

efficiency. Furthernore, according to enbodi nents of

the present invention, therg is an advantage that
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| ower boiling tenperature conponent can be evapor at ed
therepf.om t he mi xed |iquid. BRI EF DESCRI PTI ON OF THE.

erspective view sho

DRAW FIG I . is_a i ng_a .
i E?%%QN(%W%R?PSEW We%g'a‘b‘fec?&ﬁ@@% P ﬁheaer?ePﬁdPWgn“"n HAESNE
odi.nent .of the esent. i.nventd on, ..k IS, : P
poss{FRely LA HEE% X AF LF e i iR o ish Bhovies igheP b liquia
L. k i W : ved. FIG 3 is an
spulJ1 BT SHA e pRMA| Grbichoved, FLG.
FI G rindred a&doRBiflg 88&hbQIAkNY 08 WePreRnLinQSitiche Hetedd an
along a section Iine GC shown in FIG 2. FIG 5is a
advaR@ES BRE oYEoVd RWes BoNInp GerapSsaananevhonticar bt sefardtbkfrom a
present invention. FIG 6 is a plan view show n% t he
mixesld zpitibeatedhoent tiehlower beilif @mSratEeEGMpPnéns can be evaporated
di agram showi ng the action of the second enbodi nent
fromghomixédliics 5. FIG 8 is a perspective view show ng
a third enbodi nent oT the present invention, FIG 9
is a perspective view showing a mcrochip device in
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embO@Michifof e g&%&ﬁ%ﬁoﬂ\’i th a fifth enbodiment of the
present 1nvention. FIG 12 is a plan view show ng a

M gIQNk A glaﬁl A6§ QhSkRIMgehdvnli dRodHig withfthdicdver efiihedhiomihip device
shown in FIG 11. FIG 13 is a. plan view showi ng a
shoviaaint FIGE 1 kdreovedcr ochi p in accordance with the fifth
enbodi nent shown in FIG 11.
FIG. 3 is an enlarged cross sectional view of part B in FIG. 2.

FIG. 4 is a cross sectional view of a cross section along a section line C-C shown in
FIG. 2.

FIG. 5 is a perspective view showing a second embodiment of the present
invention.

FIG. 6 is a plan view showing the second embodiment shown in FIG. 5.

FIG. 7 is a diagram showing the action of the second embodiment shown in FIG. 5.

FIG. 8 is a perspective view showing a third embodiment of the present invention.

FIG. 9 is a perspective view showing a microchip device in accordance with a
fourth embodiment of the present invention.

FIG. 10 is a cross sectional view of a cross section along a section line D-D shown
in FIG. 9.

FIG. 11 is a perspective view showing a microchip device in accordance with a
fifth embodiment of the present invention.

FIG. 12 is a plan view showing a microchip in accordance with the fifth



FIG 14 is a plan view showing a mcrochip in

accordance with a sixth enbodi nent of the present

invention. FIG 15 is a crosg sectional view showing a

m crochi p device in accordance with a seventh

enbodi nent of the present invention. FIG 16 is a

cross sectional view show ng a mcrochip device in
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the present invention will be "described below. FIG I
embb&m@enpefﬁle@eésemanver@lwnshow ng a mcrochip device, FIG
2is a6 plan view showing the mcrochip with the
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cross sectional view of part Bin FICG 2, and FIG 4
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FIG 201sa p(I;an view showing a microchip device in accordance with an eleventh

embodiment of the present invention.

FIG. 21 is a schematic diagram showing the action of the microchip device in
accordance with the eleventh embodiment shown in FIG. 20.

FIG. 22 is a perspective view showing a conventional microchip device.

FIG. 23 is a plan view showing the microchip with the cover of the microchip
device shown in FIG. 22 removed.

FIG. 24 is a cross sectional view of a cross section along a section line A-A shown

in FIG. 23.

BEST MODE FOR CARRYING OUT THE INVENTION
(First Embodiment)
Referring to FIG. 1 to FIG. 4, a first embodiment of the present invention will be

described below. FIG. 1 is a perspective view showing a microchip device, FIG. 2 is a



As shown in FIG 1, a :mcrochip device 51 includes a
m crochip 53 and a cover 55 in a stacked arrangenent
on the mcrochip 53, In thig enbodi ment, the m crochip
53 and the cover 55 are fabricated on a silicon
substrate or a glass substrate by using the
nicronaqhining_technojog%. As shown in Fig. 2, on_ the
plan gigvf shoavieg thy ictashiphuitl Bigspvesshgpnim E1Gy lgemeneh G 3 is an
stacked, a cqncave_parf .f fl t.h 57 is f.ormned.
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is aliquid. _|ow path 63 for liquid to flow The flow,
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the liquid flow path 63 is first s flow th 65
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plurality of first protruding parts 59, in a space

57. batmoagthead flaeefivwipaths the flioot patid sangwictret $y 58 fist protruding part
plurality of first gap sections 71 are forned, where

59 andhthespemdmgotreding pat 61 & 4 kgiid fovpath 63 fardiguidow flsat h B flow
and the other_opening thereof is facing th i.rst. gas

pathiondhe pde Al Gs firsinipireding part p9 phie hagiiew 995&1;3 ig pdirst gas flow
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own 1 n Fl 3 and FICT 4, on an inner
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face 59a of the first protruding part 59 in the

the lfyued ol pathedifortiqhid tb flewt hce being intersecting the

direction of the liquid flow path 63 for liquid to

f | owthegphureliyatf fwsteprotruding parts 59, in a space between adjacent first
protruding parts 59, a plurality of first gap sections 71 are formed, where one opening
thereof is facing the liquid flow path 63 and the other opening thereof is facing the first
gas flow path 65. Similarly, in the plurality of the second protruding parts 61, in a space
between adjacent second protruding parts 61, a plurality of second gap sections 73 are
formed, where one opening thereof is facing the liquid flow path 63 and the other opening

thereof is facing the second gas flow path 67.

As shown in FIG. 3 and FIG. 4, on an inner wall face of the first gap section 71,



part 81 and a liquid repellent part 83 are forned in
this order fromthe side of the liquid flow path 63.
Simlarly to the first gap §ection 71, on an inner
wal | face of the second gap section 73, that is on a
face of the second protruding part 61 in the present
enbodi nent, the face being intersecting the direction
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1@|d flow path 63 and t he pressure of gas flow ng
parttoﬁt wgbpndigas flaw datlwd7.pat h shown in FIG 2 at or | ess
t han the Young- Lapl ace pressure obt ai ned hy
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By setting the difference between the pressure of the liquid flowing through the
liquid flow path 63 and the pressure of gas flowing through the gas flow path shown in
FIG. 2 at or less than the Young-Laplace pressure obtained by the Young-Laplace equation,
the gap of the first gap section 71 becomes a gap through which the liquid 98 cannot pass
but gas can pass. The Young-Laplace pressure is obtained from the Young-Laplace
equation given in the following.

AP =2y cosb/w ... (1)

Where AP is the Young-Laplace pressure, y is the interface tension of the liquid 98,



wi dth of the gap section (refer to FIG 3).
Furthernore, the liquid 98 forns a gas |liquid
interface K at the liquid rgpellent part 83 of the
first gap section 71. Simlarly. the gap of the second
gap section 73 beconmes a gap through which the liquid
~ 98 cannot pass but.gas can pass. Thus, the liquid 98
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efficiency are increased. (2) The You ngLapl ace

throyghetbe second gas Bew pbtheThend fsrexhaustes fsom flacthird @as porm 9§ and the
the liquid 98, the contact angle of the liquid 98 to

secopthgaspit 3te (the liquid repellent part 83 in the

present enbodi ment), . and. t he.di nensions. of the first
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di mensi ons of the first gap section 71 and the second
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can be realized. 9
(2) The Young-Laplace pressure can be obtained from the surface tension y of the liquid
98, the contact angle of the liquid 98 to the surface (the liquid repellent part 83 in the
present embodiment), and the dimensions of the first gap section 71 and the second gap
section 73 (distance w of the space between the protruding parts (refer to FIG. 3)).
Therefore, by setting optimally the extent of the liquid repellent property of the liquid
repellent part 83 formed in the first gap section 71 and the second gap section 73, and the

dimensions of the first gap section 71 and the second gap section 73, a large area gas

liquid interface K can be realized.



(3) By formng the liquid repellent part 83, the
pressure of liquid flowng through the 1liquid flow
path 73 can be hi gh, which §esu|ts in increasing the
quantity of gas liquid separation from the gas
liquid interface K. (4) By increasing the length d
(refer to FIG 3) of the first protruding part 59 and

(3) ByHermingdbmbiqyie senellentmgrigiar thearessyggiod hianidtayaas thyoygh the
irection intersecti the djrection of the [
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ase SI ng the processing anount

sepaiglop FATLs gt SNYSIHERTET on. (Second Enbodi nent)
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a plurality of third protruding parts arée added t
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path 63. By setting adequately the space of the third

procgusiigrantiungofiae kect8lysia réactist. bubbl e of the first gas
generated in the first gap section 71 is prevented
f r Gecondlinhgdimenthe second gap section 73, and a
second bubbl eH%gnerat ed in the second gﬁ s cti o
i sNs¥led &rond erbrdiment shhegressniingention syt 8)5;5 d‘ﬁ the
follobdk: In the exanple shown in FIG5, the third
OUOBM%r udi ng part 68 is shown to have a col umar shape,
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e shown in FIG 6, the third protruding part

path I3 By@éﬁﬁgaaé®ate$§1ﬁ&%pa&wﬁtm fhirdPréridigs pats 63X acﬁest bubble of
ilmor a resist pattern on a Si substrate as a nast:

the ﬂrﬂr gas gendridd & ihedlryt gapupdtiod 7l iasrerented dbinvBowimg to the second
etching (ICP-RIE), a liquid flow path 63 and as flow

gap ssatitns 78 5ind ndein blecgenendtedyin KthePseRTE, gaprisetian W igtbkevgated
of the liquid flow path on one side) is 100 parr
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t th center of the liquid flow path 63 and at the
(prlsaggc ?d separation parts have a width w4 x w4 of

e T R
mord &t Anwhélbthnfle ShovAPin VG, & NBe IBRDLBtrading Pert 68 has a prismatic
shape.

By forming a thermal oxide film or a resist pattern on a Si substrate as a mask for
an inductively coupled plasma reactive ion etching (ICP-RIE), a liquid flow path 63 and
gas flow paths 65 and 67 are formed by ICP-RIE, where width w2 of the liquid flow path
(on one side) is 100 pm, width w1 of the gas flow path (on one side) is 400 um and a
depth is 50 pm, and a length of the flow path is 30mm. The protruding parts (pillars) 59,
61, and 68 at the center of the liquid flow path 63 and at the gas liquid separation parts
have a width w4 x w4 of 10 um x 10 um. In the liquid flow path 63, Cr/Au thin film

electrodes 81 are deposited and patterned to be a width w3 of 30 um.  The length of the



0 electrode 81 is 10 nun to t0 nzm Wen an
el ectrolysis reaction of water was perforned using the
m cro-reactor described a gve an aqueous sol ution of
1 wt%sulfuric acid was use To keep a stable gas
liquid interface, a syringe punp was used to let the
aqueous sol ution described above flowwith a flow
electroged lds 100010 3@me201 i Inin te, and a pressure of
0.05to 0,1 k i plied to t fl ow pat hs
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the electrolysis reaction of water noved rapidly to

was hified it6leheQias 106 s 49 @ q7at Uklér thbrconditiohddesgitsed above,
l'iquid interface, by which gas |liquid separation

whert o wblageerf @cthifoi ¥ Ori¥dwas( abiplied] alowbedi efeh? )nAFﬂ@zvecB asﬂ: awshoavn in
third enbodi ment of the present invention.

FIG. fy thegancragomolipubbins, SObwashliserned @nfthe @?ctmd@t&luﬁpwlyah the
59 and the second protrud| ng part 61 have a col umar

elec@i&%éfeagil%%f‘b’ﬁér weheniE®adi gur ati ons are the same as
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. JHBYm i ntroduced fromthe first
hqme%g%ar%;%loﬁu%éj%nd ggg may be introduced fromthe

fi (Blirdesbe@hient)91 and the third gas port 95. In this

case, due to the negative pressure generated by fl ows

of Fithe§ shotvs adhiedembodjiiedt afittle gaesenttifiveentiot.r obhutbe gregeas

can be absorbed by the introduced |iquid through the
embgdisieht, dpathdofithe Brst anéruking(Roi% andrhd sagioned ptormﬁkélfgmartl Gldhave a

to FIG9 and FI G 10, a fourth enbodi nent of th
colupmnatggpe. nvieR thewther cpnfigieatings arq e gamepgshss af the second

rspective view of .a microchip device, and FIG 10 is
embg‘?l&ﬁ&%éescé@?:‘??%ﬁ\g{ﬁ’feo@?r@\ﬁn%l ﬁ‘gn al ong a section line

t hénhﬁ ?}}%t Itlbent I ?&né)oil(_r)l%sntsgxﬁ‘é‘r\fn I \l/:%ﬁ;% ? g{é‘@%g'ﬂe%éeg’the

electrode part 81 and the electrode part of the second protruding part 61, liquid may be

introduced from the first liquid port 99 and gas may be introduced from the first gas port
91 and the third gas port 95. In this case, due to the negative pressure generated by flows
of the introduced liquid and gas, the introduced gas can be absorbed by the introduced
liquid through the gas liquid interface K.

(Fourth Embodiment)

Referring to FIG. 9 and FIG. 10, a fourth embodiment of the present invention will
be described. FIG. 9 is a perspective view of a microchip device, and FIG. 10 is a cross
sectional view taken along a section line D-D shown in FIG. 9.

As shown in FIG. 9 and FIG. 10, the microchip device 101 includes two stacked

microchips 103 and 103’ with the same structure and two covers 105 and 105’ with the



m crochi ps 103 and 103" with the sane structure and
two covers 105 and 105" with the 1 sanme structure in
a stacked arrangenent sand\l\jolchi ng these mcrochi ps 103
and 103" As shown in FIG 10, the mcrochip 103" and
the cover 105 are a plane symmetrical shape with the
m crochi p 103 and the cover 105 with respect to a
samegtHediEe o 2 iackedaacagteenisan iplingihesoatisrpchips ] Ginnd: 198’
m crochip, 103 . Therefore, descriptions of the
mi EPSEAVH ImbE Afldhe Fricroptiar 09 o s Fo‘ﬁélg? \ER2 BERBw,
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of through holes 115 are provided in the liquid flow

the rpfetrdncd hilmbérstattechedite parthofithd Bidcratiopd 03 hed thed@s dvifH mime (°)
path 111, One opening of the through hole 115 is

addedy and igpehteshdesheptbmstaonemittetthe 1iquid flow path 111,
and t he_ oqther oPen_i ng is provided on_  the surface .
oppdiudiloy netel ld s faredon thinsutice REtheimigraghin I3 faeipg the

. 1]111 %31 he m crochip 103 is provided, On the surface
MICIGENPHES cover 105 facing to the microchip 103, a first
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111 and t flow path 113 are forned™ the
provid¥d@Adhe bok&s oﬁﬁé,liq‘r(]ﬂﬁ B6w GRS afdethE bihet oSSR Hrdvad& on

where one opening thereof is facing the liquid flow

the spafake dpposite @rttle sinacetonevhicpeieiliogid fHew ath 118 of dei m@rdohip 103
the first gas ::low path 113. Also on. the surface of

is providedyi crochi p 103' facing the microchip 103, a liquid
flow path 111' is forned. By stacking the m crochip
109ndhelsurfase pif regenppl OboBcing o thejmigrachip ¥3pafisgteas flew path

and the liquid. fl ow pat 1' constitytes a cl ased
13 BlGane ivihs o BoBptaitt &9 200 Tarebiin s beragst th

are forped also in the mcrochip 103", and a second
thro’ég&seh(fl?so@%path 11.3" is also fornmed in the cover 105'.

Thus, between the liquid flow path 111 and the first gas flow path 113 are formed
the through holes 115, which constitute first gap sections where one opening thereof is
facing the liquid flow path 111 and the other opening thereof is facing to the first gas flow
path 113.

Also on the surface of the microchip 103’ facing the microchip 103, a liquid flow
path 111’ is formed. By stacking the microchip 103 and the microchip 103°, the liquid
flow path 111 and the liquid flow path 111’ constitutes a closed liquid flow path.

A plurality of through holes 115’ are formed also in the microchip 103’, and a
second gas flow path 113’ is also formed in the cover 105°.

Between the liquid flow path 111° and the second gas flow path 113’ are formed

through holes 115°, which constitute second gap sections where one opening thereof is



Between the liquid flow path 111" and the second gas
flow path 113" are fornmed through holes 115", which
constitute second gap secthgns wher e one openi ng
thereof is 12 facing the liquid flow path 111' and
t he ot her opening thereof is facing the second gas
flow path 11.3". On the inner wall faces of the
facingrhe ligtid Hlemepath 115 9ad theeotheraparing Hesreof 13 Breingfhe second gas
el ectrode part 121 and a liquid repellent pail 123 are
flowpg in this order fromthe side of the liquid flow
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second gas flow path 113", and a fourth gas port 137
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flowrriagy bdhi ¥ thegoverd95’ athfemedraghird ghsipprt 3 owhichngicqmaestsd to
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the 1i@id AGwIph@yd i8] Flowspatfsididohs 1411141° Theroafitd QRicAfard &inected
crochip device with the ‘configuration described

to tha QR Ww bathe111despr i ethe Wigitet BEtheintidiodhib® 103, @85 which are
f'rorn the first liquid ports 141, 141', the liquid

facinkSd thd bthwseridhpaets g tHelzuid fiow ghathls A ,pld 1 hsecbhd Jligliidlporahis,
's exhausted fromthe second liquid parts 141, 143'.
143’|ape folmingd wésed, arp pormetted e theHmuit ﬁ@‘@rp@ﬂl@é lbeltlheen t he
pressure of the liquid 151 flowi ng through the |iquid
f1 dle p%ttqm@fihqmlcm&qp daviee with thy eadigpgatign %@%ﬂ’ﬂl aRgvisgvill be
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143 523> cannot pass but gas can pass. The liquid 151 forns
’a gas liquid interface K at the liquid repellent part
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hol e 115" which i's the second gap section becones a
flowrathtdughwghlioid €lowt faghd 11qpid” and the pressure of gas flowing through
the gas flow path at or less than the Young-Laplace pressure obtained from the
Young-Laplace equation, the through hole 115 which is the first gap becomes a gap
through which the liquid 151 cannot pass but gas can pass. The liquid 151 forms a gas
liquid interface K at the liquid repellent part 123 of the through hole 115.  Similarly, the
through hole 115° which is the second gap section becomes a gap through which the liquid
151 cannot pass but gas can pass. Moreover, the liquid 151 forms a gas liquid interface

K at the liquid repellent part 123’ of the through hole 115°.
A voltage is applied between the electrode part 121 of the through hole 115 and the



151 cannot pass but gas can pass. Mreover, the liquid

151 foruis a gas liquid interface K at the liquid

repel l ent part 123' o the #ﬂrough hole 115" . A

vol tage is applied between e el ectrode part 121 of

the through hole 115 and the 13 el ectrode part 121

of the through hole 115'. Thus, the liquid 151 is
electepdeqrartol 417 efithe rgugthbalpl £%'. ofThas.fthe Bquigd§1 &y dectrolyzed, and
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rough hole 1 first gas fllows through the

liquilliihtetfa@as of ewhropgh holk113 5°. arthed frsexdRdlesdsabroupl et fivst gas flow
first gas port 131 and the second gas port 133. The
pathdéacamd igesshaubtedronhthe digt gabpors €8 badd thaseddndwapattt 133.  The
113", and is exhausted through the third gas port 135
secopd gag fews thoeugh thasecood gasiday pa 1R, gnd m&hguﬁt@sf thegngh the
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to, b th ich b liquid 151
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ai ne romtine surface tension of liquid 151, the
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liquid repellent parts 123, 123" in the present

are ietrbaddrent ), and t he di nensi ons of the through hol es
115, 115" (radius r of the through holes 115, 115
(2) Theefaang tlapkkGpedjure carcloy olsipen ongthe sunfaderierBiraafi lsmid 151,
optimally the extent
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interface K (4) By increasing the Iengths of the
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(3) prafr'otrming the liquid repellent parts 123, 123’, the pressure of the liquid 151 flowing
through the liquid flow paths 111, 111° can be high so as to increase the quantity of gas
liquid separation from the gas liquid interface K.

(4) By increasing the lengths of the first protruding part 59 and the second protruding part
61, which extend in the direction intersecting the direction of the liquid flow path, the
lengths being the depth h of the through holes 115, 115’ (refer to FIG. 10), the size of the

electrode parts 121, 121° can be increased, thereby increasing the processing amount of

the electrolysis reaction.



61, which extend in the direction intersecting the

direction of the liquid flow path, the |engths being

the depth h of the through holes 115, 115" (refer to

FIG 10), the size of the \ ect r ode parts 121. 121

can be increased, thereby increasing the processing

anount of the electrolysis reaction. 14 in addition,

i nln adslitpone sethe peesbodinnhmdimenti whbent applying aepltage bétvggethe

bet ween the el ectrode part 121 and the el ectrode part
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ﬂmm%%g%%gﬁeﬁ$H%; t é%6$esent invention is described based
on(FifthEmbddirthedtp FI G 13. As shown in FIG 11, a
m crochi p device 201 includes a mcrochip 202 and a

coWrethe fA0Bving] £hifth smbodiment afthe grezermtdngamientis dncited based on
m crochip 202. As a. substrate to fabricate the

FIG.ftil¢o 6thBi13. 202, a deep etched silicon substrate
processed by dry etching or a trench etched. glass
substshave lrpf’z K& dsserpigsgchie fledeac i Ingeludeie mi@oshir 802 agdea cover
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concave part for a flow .path 210 is forned. In this

resisGAN gRVE apanbdif Bonding isawefud & bonditfe nicipthip @R tayd te cover 203.

first pillars 211 and a plurality of second pillars
In otB&2cases, hn adhealvews therpoiemgtréssivs hapding ieused foewbndingng

and approximately in parallel to the concave part for

a Asiseovpan RIG 10, omihgsurfage afiike mimechie 2papr whanh the £owR203
. path 210, three flqw paths are formeqd which are
is stagkediagippaasypartfer %ngtpﬂ,sh plQysdommed.  dp i pencargpaptior a flow

Ll ar 2. ng, t t hree. fl.ow paths, .the 0
pethBb BT RH AR Bt PR Sty B ccon piAS o it an almost
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pris RS nP e BlSediAtne bt arRir AL BB I ELohdaWbthe for o
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11 and a flow path outside of the second pillars 212
which are sectioned by the first pillars 211, and the second pillars 212. Among the three
flow paths, the flow path sandwiched by the first pillars 211 and the second pillars 212 is
configured as a mixed liquid flow path 213 for a mixed liquid M to flow. Furthermore, a
flow path outside of the first pillars 211 and a flow path outside of the second pillars 212
are configured as a first gas flow path 215 for gas to flow and a second gas flow path 216
for gas to flow, respectively.
End parts of the first gas flow path 215 and the second gas flow path 216 are bent

so as to separate from each other, and are located almost at four corners of the microchip

202.



are configured as a first gas flow path 215 for gas to
flow and a second gas flow path 216 for gas to flow,
respectively. End parts of #ye first gas flow path 215
and the second gas flow path 216 are bent so as to
separate fromeach other, and are | ocated al nost at
four corners of the n1croch|p 202. 15 1In a space
belmeepaca beigisbo neighbeing rillars nmtmm@npllwr@ﬁr%t;pﬂ&rs 218t
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the hizad diduishMap ployi ndrugtheroiargdeth dvsk arts pé thief dlecatodys fopbedting 221,
end parts of the el ectrodes for heatlng 221, 222 are
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The electrodes for heating 221, 222 may be formed by patterning by using a

micro-machining technique on a metal thin film deposited by using a thin film technique
such as sputtering and deposition, or may be formed, for example by doping an impurity
into the silicon.

Furthermore, a first flow path for cooling 223 to cool the gas containing more of
the evaporated lower boiling temperature component is formed, which is almost in parallel
to and superimposed on the first gas flow path 215. A second flow path for cooling 224
is formed, which is almost in parallel to and superimposed on the second gas flow path

216. Both end parts of the flow paths for cooling 223, 224 are bent to the direction



into the silicon, Furthernore, a first flow path for
cooling 223 to cool the gas containing nore of the
evaporated | ower boiling t Igper at ure conponent i's
formed, which is alnost in parallel to and
superinposed on the first gas flow path 21.5. A second
flow path for cooling 224 is formed, which is al npst
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action of the microchip device 201 will be described.
a lyophobic treatment is performed to form a lyophobic surface 237.

Next, the action of the microchip device 201 will be described.

As shown in FIG. 11 and FIG. 12, when a mixed liquid M is supplied from the first
liquid port 231, the mixed liquid M flows through the mixed liquid flow path 213 and is
exhausted from the second liquid port 232. In this case, a voltage is applied to the
electrode for heating 221, and the electrode for heating 222.  Also, a cooling medium
flows through the flow path for cooling 223 and the flow path for cooling 224.

The mixed liquid M flowing through the mixed liquid flow path 213 is heated by

the electrodes for heating 221 and 222. By heating above the boiling temperature of the



As shown in FIG 11 and FIG 12, when a mxed liquid M
is supplied fromthe first 1liquid port 231, the m xed
liquid Mflows through the jmxed liquid flow path 213
and is exhausted fromthe second liquid port 232, In
this case, a voltage is applied to the electrode for
heating 221, and the electrode for heating 222. Al so,
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or cooling 223 and the flow path for cooling 224
M fI6kd $hrough the flow path for cooling 223 and the flow path for cooling 224. Thus,

the gas G containing more of the lower boiling temperature component is cooled in the gas
flow paths 215 and 216 so that its temperature decreases below the boiling temperature,
and thereby it is condensed to become liquid. Then, the liquid containing more of the
lower boiling temperature component is distilled from the first to the fourth distillate ports
227-230.

Furthermore, the mixed liquid M exhausted from the second liquid port 232
becomes a mixed liquid M with increased concentration of the higher boiling temperature

component because a certain amount of the lower boiling temperature component has
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As shown in FIG. 14, a microchip device 241 includes a mICI'OChlp 242 and a cover
(not shown in the figure) which is in a stacked arrangement on the microchip 242. Asa
substrate to fabricate the microchip 242, a deep etched silicon substrate processed by dry
etching or a trench etched glass substrate processed by wet etching and the like, are used.

On the surface of the microchip 242 on which the cover is stacked, a concave part
for a flow path 210 is formed. In this concave part for a flow path 210, a plurality of
pillars 243 with an almost prismatic shape are formed almost in parallel to a side of the
microchip 242 at even intervals, and the column of the pillars is formed plurally.
Therefore in the concave part for a flow path 210, a plurality of flow paths are formed
which are sectioned by the plurality of pillars 243. A plurality of flow paths are

constituted by a mixed liquid flow path 213 for a mixed liquid M to flow and a gas flow



substrate to fabricate the mcrochip 242, a deep
etched silicon substrate processed by dry etching or
a trench etched gl ass substrate processed by wet
etching and the |ike, are: Used. On the surface of the
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part for a flow path 210 is forned. In this concave
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Next, the action of the microchip device 241 will be described.

When a mixed liquid M is supplied from a plurality of first liquid ports, the mixed
liquid M flows through the mixed liquid flow paths 213 and is exhausted from a plurality
of second liquid ports.

The mixed liquid M flowing through the mixed liquid flow paths 213 is heated by
the electrodes for heating 221. Heated above the boiling temperature of the lower boiling

temperature component included in the mixed liquid M, the mixed liquid M is evaporated

as gas G containing more of the lower boiling temperature component, and the evaporated



m xed liquid flow paths 213. Furthernore, a plurality
of cooking ports are fornmed, which are connected to
both end parts of the flowgpaths for cooling 223.
Next, the action of the microchip device 241 will be
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sections 217 so as to be gaps through which the gas G can pass but the mixed liquid M
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cannot pass, a large area of the gas liquid interface can be stably formed. Also by
evaporating a higher concentration of the lower boiling temperature component by heating
the mixed liquid M, and then condensing the evaporated gas G to liquefy, distillation
separation can be performed for the mixed liquid M with different boiling temperatures.
Furthermore, in the present embodiment, by configuring the electrodes for heating
221 in rows under the mixed liquid flow paths 213, efficient heating can be realized by a
simple structure. Furthermore, by configuring a plurality of the mixed liquid flow paths

213 and the gas flow paths 215 alternately in parallel and in a plane, more of the mixed



evaporated. In the sixth enbodi nent descri bed above,
by setting the gaps of a plurality of gap sections
217 so as to be gaps througyy which the gas G can pass
but the mxed liquid M cannot pass, a |large area of
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gap sections 217 in which one opening (|l ower opening)

t hgpabdrmose, fimtHengwehgartd ftBe mixed liquid flow path 213, an electrode for
heating 221 is formed, which includes such as a heater to evaporate more of the lower
boiling temperature component out of the supplied mixed liquid M. The electrode for
heating 221 is configured to be almost in parallel to the direction for the mixed liquid M to
flow. In addition, the heater is configured to be heated by applying a voltage.

Next, on the lower surface of the cover 253, a concave part for a flow path 257 is
formed. This concave part for a flow path 257 is configured as the gas flow path 215 for
gas G containing more of the lower boiling temperature component being evaporated and
going up from the mixed liquid M in the microchip 252.

Furthermore, inside the cover 253, a flow path for cooling 223 to cool the gas G



liquid flow path 213 and the other opening (upper
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evaporated gas G goes up and is introduced through the gap section 217 to the gas flow
path 215.

By setting the difference between the pressure of the mixed liquid M flowing
through the mixed liquid flow path 213 and the pressure of the gas G flowing through the
gas flow path 215 at or below the Young-Laplace pressure, the through hole 254 of the gap
section 217 becomes a gap through which the mixed liquid M cannot pass but the gas G
containing more of the evaporated lower boiling temperature component can pass. The

mixed liquid M forms a gas liquid interface at the lyophobic surface 237 of the gap section
217.
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221. Heated above the boilijag tenperature of the | ower
boiling tenperature conponent included in the m xed
liquid M the mxed liquid Mis evaporated as the gas

G containing nore of the |ower boiling tenperature "
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is didtillgdificbm thieeliftdlate @itst he | yophohi ¢ surface 237 of the
gap section 217. 23 A cooling medi umsuch as liquid
or Feahermioren the mixeg igriduYlexhawtad from the sseomsbliquidgort becomes a
. tenperature of the | ower boiling tenperature conponent
mixeghLiiest i Wi incgsaseheoneentEaiioniof m%hlgm%rlmﬁemﬁ?rau%cqwmm
flow path for coglin 23.. Thus, the gas G cont.aining
a besgyie e st 85 e B8P Tk Bpisrins S0 Pomt AonEechs
eva {ﬁ%ded in the gas flow path 215 so that its
P enpérature decreases bel ow the boiling tenperature,

anfietd & @B niblochid 252 EENSE ol DatPE eHRing 28 iflovid&E the gas G
liquid containing nore of the |l ower boiling

contdifINREH@E W the0OWRORARHg tenfpethtsrel coh@nddt @ndibtieed in the state of the
distillate ports. Furthernore, the mxed liquid M

gas @fivautikelistil laemporheitsac daicglconddnded orThebeleypomding thedixtglied gas
liquid Mw th increased concentration of the higher

G inodthengay, empgreaconcenegimporidhe loveer bediag sempasatupd gpmponent can
.ampunt of the |lower boiling tenperature conponent has

bell%‘é‘é'wdevapor ated. Here, in the mcrochip 252 with no
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concéntration of the |lower boiling tenperature
interGRERANBObtabld Tormed. Also by evaporating a higher concentration of the lower
boiling temperature component by heating the mixed liquid M, and then condensing the
evaporated gas G to liquefy, distillation separation can be performed for the mixed liquid
M with different boiling temperatures.

In addition, by forming the mixed liquid flow path 213 and the gas flow path 215
in the vertical direction, separation and distillation of the higher concentration of the
evaporated lower boiling temperature component can be ensured.

(Eighth Embodiment)

In the following, an eighth embodiment of the present invention is described based

on FIG. 16.



be liquefied. In the seventh enbodi nent descri bed
above, by setting the through holes 254 which are
configured as a plurality gap sections 217 so as to
be gaps with a size through which the gas G can pass
but the mxed liquid Mcannot pass, a |large area of

the gas liquid interface can be stably formed. Al so
byDescsipiparf g basipicgnaguratinrcemilpnioite# osthe fifth ephrdiment and

boi | i ng tenperature conponent by heating the m xed
the spyegif et hpcisent lﬁﬁgﬁﬂ%%nglmgﬁée e re?%&fg §rgfadhesams

aLrtliquefy, distillation separation can be perforned for
Pa% he mixed liquid Mwth different boiling
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micrb&ipesat ure conponent can be ensured. (Eighth
Enbodi nent) In the follow ng, an eighth ernbodi nent of
t hin the esenchiprdsen camavspaesce rifledpdshgéd is forméd. G THi$concave
24 Description of tine basic configuration simlar to .
part fhratflot path@10iis ednfigimsd dis memixed Hauidiflosy pashy dh? For a mixed liquid
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M. rubayerthis caneane pat ki a fhay path 249, 3 Rlwmity H? %ﬁ@g?lf@}esgﬁﬁ are
P m.crochi p device 261 includes a stack of a plurality
ormgf- ynits which include a microchip 252 and a cover
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part for a flow path 210, a plurality of through hol es
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are configured as a plurality of gap sections 217 in
heatingi22h infremepe nTimpheataswesondigeridiigpehhate@ by applyigei wedfage.

the m xed |iquid f|OM/§%th 213 and the other openin% )
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215. Fuitherniore, ip the_l r t of the m xed
forme q uil sppngsggﬁ%%rl%ﬁoxglpa@ ggﬁﬁ sglg{g%?(f as tﬂe gas il path 215.
Furthermore, a flow path for cooling 223 is formed so as to be almost superimposed on the
gas flow path 215.

On the inner wall surface of the gap section 217, i.e., on the peripheral surface of
the through hole 254, a lyophobic treatment is performed to form a lyophobic surface 237.

On the side surface of the microchip device 261, a plurality of distillate ports 262,
first liquid ports 263, second liquid ports 264 and cooling ports 265 are formed

Next, the action of the microchip device 261 will be described.

When a mixed liquid M is supplied from the plurality of first liquid ports 263, the
mixed liquid M flows through the mixed liquid flow paths 213 and is exhausted from the
second liquid ports 264. Then, the mixed liquid M flowing through the mixed liquid
flow paths 213 is heated by the electrodes for heating 221. Heated above the boiling

temperature of the lower boiling temperature component included in the mixed liquid M,



heating 221 is fornmed. The heater is configured to be
heat ed by applying a voltage. Next, on the | ower
surface of the cover 253. gLoncave part for a flow
path 257 is formed. This concave part for a flow path
257 is configured as the was flow path 21.5.
Furthernmore, a flow path for cooling 223 is fornmed so
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Here, in the microchip 262 with no flow path for cooling 223 provided, the gas G
containing more of the lower boiling temperature component is distilled in the state of the
gas G from the distillate port without being condensed. Then, by cooling the distilled gas
G in another way, a higher concentration of the lower boiling temperature component can
be liquefied.

In the eighth embodiment described above, by setting the through holes 254 which
are configured as a plurality of gap sections 217 so as to be gaps with a size through which

the gas G can pass but the mixed liquid M cannot pass, a large area of the gas liquid



| ower boiling tenperature conponent is cooled in the
gas flow paths 215 so that its tenperature decreases
bel ow t he boiling tenperatqgﬁ, and thereby it is
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a ninth enbo
belodah€ Peltiete]bms@d 74, and a lower cover 276 furthermore below the lower

microchip 275.

On the surface of the upper microchip 272 on which the upper cover 273 is stacked,
a concave part for a flow path 210 is formed. This concave part for a flow path 210 is
configured as a mixed liquid flow path 213 for a mixed liquid M. Above this concave
part for a flow path 210, a plurality of through holes 254 are formed.

The plurality of through holes 254 are configured as a plurality of gap sections 217
in which one opening (lower opening) thereof is facing the mixed liquid flow path 213 and
the other opening (upper opening) thereof is facing a gas flow path 215.

On the inner wall surface of the gap section 217, i.e., on the peripheral surface of



on FIG 17. Description of the basic configuration
simlar to that of the fifth enbodi nent and the
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surface where the distillate port
unit of two kinds of metals with different thermo-electric powers. When an electric

current flows through this element, the element brings about a phenomenon in which one
side thereof generates heat, and the other side thereof absorbs heat.

Next, the action of the microchip device 271 will be described.

When a mixed liquid M is supplied from the first liquid port 281, the mixed liquid
M flows through the mixed liquid flow path 213 and is exhausted from the second liquid
port 282. Then, the mixed liquid M flowing through the mixed liquid flow path 213 is
heated by contacting the high temperature side of the Peltier element 274. Heated above
the boiling temperature of the lower boiling temperature component included in the mixed

liquid M, the mixed liquid M is evaporated as gas G containing more of the lower boiling



formed, a second connecting port 279 is fornmed. The

first connecting port 278 and the second connecting

port 279 are connected by agonnecting tube 280. Al so,
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21 Furth&leidrO ABS RiSx ddNIRUDN exhausted from the second liquid port 282
becomes a mixed liquid M with increased concentration of the higher boiling temperature
component because a certain amount of the lower boiling temperature component has
been evaporated.

In the ninth embodiment described above, by setting the through holes 254 which
are configured as a plurality of gap sections 217 so as to be gaps with a size through which
the gas G can pass but the mixed liquid M cannot pass, a large area of the gas liquid
interface can be stably formed. Also by evaporating a higher concentration of the lower
boiling temperature component by heating the mixed liquid M, and then condensing the

evaporated gas G to liquefy, distillation separation can be performed for the mixed liquid



t he connecting tube 280 fromthe first connecting port
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conca¥Ppart &r@ iy path 305. Thus, in the concave part for a flow path 305, five
flow paths are formed which are sectioned by pillars from the first pillars 311 to the fourth
pillars 314.
A first flow path 316 is formed outside of the first pillars 311, a second flow path
317 is formed between the first pillars 311 and the second pillars 312, a third flow path
318 is formed between the second pillars 312 and the third pillars 313, a fourth flow path
319 is formed between the third pillars 313 and the fourth pillars 314, and a fifth flow path
320 is formed outside of the fourth pillars 314.
In the flow paths from the first flow path 316 to the fifth flow path 320, reflux flow

paths are disposed alternately, which connect between the end parts of the neighboring

flow paths, a first reflux flow path 321 is formed between the first flow path 316 and the
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the fourth ﬁéllars 314. Afirst flow path 316 is
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path 317 is fornmed between the first pillars 311 an
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the seedridufiov pativ3patahd tiZthdéropbninpgeitréastinéemgtthe thiidr fddw path\¥18.
path 316 and the 30 second flow path 317, a second
Simidastyl inxa $Hacmbgaetn eaghb@ﬂgqnﬂgd irhthe pherality lod theetbiyd giltarodi 3, a
path 317 and the third :now path 318, a third refl ux
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reflux flow path 321 efourth reflux flow path

324 oradver,dh $Rageshd Hew hhtrE 732 SraeRcpode/iod @chting 332 is formed,
which includes such as a heater to evaporate more of the lower boiling temperature
component out of a supplied mixed liquid M is formed so as to be superimposed on the
second flow path 317. The first electrode for heating 332 is formed almost in parallel to
the direction for the mixed liquid M to flow. Similarly, a second electrode for heating
333 is formed so as to be superimposed on the third flow path 318, a third electrode for
heating 334 is formed so as to be superimposed on the fourth flow path 319, and a fourth

electrode for heating 335 is formed arranged so as to be superimposed on the fifth flow

path 320. The second to the fourth electrodes for heating 333, 334, 335 are formed



In a space between neighboring pillars in the

plurality of the first pillars 311, a plurality of

first gap sections 327 are fjornmed in which one opening

thereof is facing the first flow path 316 and the

ot her opening thereof is facing the second flow path

317, Sinil rly~ in a space between neighboring pillars
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to the fourth pat

On a side surface of the microchip 302, an introduction port 342 is formed from
which the mixed liquid M is supplied, and a supply tube 343 is connected to the
introduction port 342, and in the neighborhood of the third flow path 318, a supply port
344 is formed, which is an end part of the supply tube 343. Also on the side surface of

the microchip 302, a distillate port 345 to exhaust the distilled distillate liquid is formedso



by using, for exanple a thin filmtechni que such as
sputtering and deposition, or may be forned, for
exanpl e by doping an inpuridy into the silicon. Next,
inthe first flow path 316, aflrst flow path for
cooling 337 to cool the evaporated |ower boiling

t enperature conponent of higher concentration is
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path 316 to the fourth flow path 319 a sid

and theh ideatedibytthe elotesdes fofhedling fram thatitwdlectrodsfop hédting%z to
is formed from which the mxed liquid Mis supplied,

the fawmdh elestuqaiel fpr hestieg 333, dnsl cooled dytteelflow pathe for cooling from the
i ntroduction port 342, and in the nei ghborhood of the
first flnirnptl foswopling3 Jitoghe fousthflomypaib err cogljug B40.f or ned,
which i s an ﬁ g art of the sug l g ? 343. Also on
t helegied 8bQ\Frthg eeilige terpprgatiicdideniqyves ooiling tepRerpiupeganponent
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to the evaporation o ower boiling tenperature

fourthQiAPp@B&IYn FI00MFbhexantflX aBe %dscﬂil lcBntiniirgs horfenEdhsSRwWas bbifing
be connected to the fifth |OM/path 320. On the inner

tempeadtiresonfpaaent@fapdigted dp hsa oty innise tlh[rdlﬂol\hhpath Bt & pagyespthrough
section 327 to the fourth gap section 3 ;0, i.e., on
the sebrndsgapfsactonci28; bl isiintiedused toohe serend iflostpath Bl ar 311

to_the
Here, by setting the difference between the pressure of the mixed liquid M flowing

through the flow paths from the first flow path 316 to the fifth flow path 320 and the
pressure of the gas G at or below the Young-Laplace pressure obtained from the
Young-Laplace equation, the gaps of the gap sections from the first gap section 327 to the
fourth gap section 330 become gaps through which the mixed liquid M cannot pass but the
gas G containing more of the evaporated lower boiling temperature component can pass.

The Young-Laplace pressure is obtained from the Young-Laplace equation (1) described



fourth pillar 314 perpendicular to the direction for
the mxed liquid Mto flow, a. |yophobic treatnent is
performed to forma |vophobjsc surface 347, Next, the
action of the microchip device 301 will be descri bed.
Whien the mxed liquid Mis supplied fromthe

i ntroduction port 342, the mxed. liquid Eéjfl_o ..
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betrne gresé @niPbo8Ssdnt & @hfibhed b ¥ed ohlyWebBndMsiJeofolhe in the
t hrough the flow paths fromthe first flow path 316 to

flowtpaeh 316, bbthfHeatihpaidcodhtg areberfoemedireths ye@nadto thedfogas flow
fir at or below the Young-Lapl ace pressure obtained

path§ 8 53t Be3 1o amtjorilp hbatoe ie gerdomed, in theefifja fewafatlt 329. gap
sections fromthe first gap section 327 to the fourth
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gas wWwth a tenperature |ower than the boiling
(the first flow path 316) > (the second flow path 317) > (the third flow path 318) >

(the fourth flow path 319) > (the fifth flow path 320)

Therefore, the distillate liquid containing more of the lower boiling temperature
component is exhausted from the distillate port 345 and the bottoms liquid containing
more of the higher boiling temperature component is exhausted from the bottoms port
346.

Moreover, by increasing the number of times of heating and cooling, a distillate

liquid and a bottoms liquid with a higher concentration can be obtained.



tenperature of the |ower boiling tenperature conponent
evaporated fromthe mxed liquid Mflows through the
fl ow paths for cooling fror@fthe first flow path for

cooling 337 to the fourth Lﬁow path for cooling 340.
Thus, the gas C containing nore of the |ower boiling

terrPer ature caonponent is cqoled jn.the f|low paths from
t hElG 19 shows adiageam represenigtiomal whglis fescribeshalionen Geige the
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the fourth flow paths 317, .318, 31), and only
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by setting the heating tenperature as follows, (the

fi dstillgkebt rode for heating 332) < (the second

el ectrode for heating 333)) < (the third el ectrode

f ofAmeuntiolgefB84 )L 1G- (Atheurfted evdpogdtn) MV3de(Aroourtiobflowgf mixed
335) and by setting the cooling tenperature as

f olifwdsY = W pEevappriophY h TT@ymembpf redluskizd < (the
second fl ow path for, cooli 338). < he third_.flow
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cogltiton ) 0) Then, the concentration of the | ower
bor ! g“tenper ature conponent becones as foll ows.
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exhadddd asa GisHBatbilighia dddoavp@kdy 132Q). Therefore, the

distillate liquid containing nore of the |ower boiling
t eRleey, eelfirst fl®0 PRBIBIBtpet Brrex by sbelthd ardnthédetore functions as a

distillate port 345 and the bottons |iquid containing
condepsee, ifilet the fifithdtey pisbi3RD porfommparnteatmgeodplomeite fugctions as
exhausted fromthe bottons port 346. Moreover, by
an eyaperasiggirekpilehe Hisenorss the ithieksflow padiatli8Hgnetivas eda ey for
a distillate liquid and a bottons liquid with a
the gixg BAtid AR he R can be obtained. 34 FIG 1.9
sh | agr am r epresent at.i on ,of at is described
an0uee Toth A Bt AR GRRBRCIeRE, Rl uantT of RBERIAT Bt he gap
. ' i . Sfqi f .
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the daf\0PLRpasObutlithOM:Ql 1RREd OM®hnWpass, a large area of the gas liquid
interface can be stably formed. Also by evaporating a higher concentration of the lower
boiling temperature component by heating the mixed liquid M, and then condensing the
evaporated gas G to liquefy, distillation separation can be performed for the mixed liquid
M with different boiling temperatures.

Furthermore, in the present embodiment, by repeating the heating and the cooling
with stepwise changing of the temperature condition, a distillate liquid with a higher
concentration of the lower boiling temperature component can be obtained. At the same
time, the residual liquid can be obtained as the bottoms liquid containing more of the

higher boiling temperature component. That is, the microchip device enables performing

highly precise distillation.



("rmount of evaporation) V 1 = (Amount of reflux) Li -F
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the heating and the cooling wth stepw se changi ng of

pristhite dhappsiedbmnice] 4 alitbst e@dh ingereklSilohg atidalliogtlinthavdllehtoathe
hi gher concentration of the |ower boiling tenperature

concavmpa;rnﬁma fwanpish 365t alimedin the comeve aam forta fiey pathe305, a first
resi dual ﬁc&;i d can be obtained as the bottons |iquid

flowqsHt 3 %ﬁon’gﬁ Flewanth 129 arp foymed viueh am geationpd batharmllars from
the f%at??ﬁ ﬁﬁibt ﬂ?&w% hesda aer Ste Yon. 35 (& eventh

of eite TpPEREREn ST o e Tau P SH Oue B Gy are
prov?cﬂ:g ollzll}%veg %pprox1mately half the region of the length of the flow paths from the
first flow path 316 to the fifth flow path 320. In the remaining almost half of the region,
first barriers 353 are formed.

In the flow paths from the first flow path 316 to the fifth flow path 320, a first
reflux flow path 321 to a fourth reflux flow path 324 are disposed alternately. Thus, the
first flow path 316 to the fifth flow path 320 are configured so as to be a single
meandering flow path.

Between the neighboring flow paths and on the opposite side of the side on which
the first reflux flow path 321 to the fourth reflux flow path 324 are disposed, second
barriers 354 are provided.

In a space between neighboring pillars in the plurality of the first pillars 311, a

plurality of first gap sections 327 are formed, in which one opening thereof is facing the



Description of the basic configuration simlar to that
of the tenth enbodinent is omtted by giving the sane
reference nunbers to the sajgpe parts. As shown in FIG
20, a mcrochip device 351 includes a mcrochip 352
and a cover (not shown) which is in a stacked

rrangenent on the mcrochip 352, As a substrate tq
first ?‘lamwglhé ¥ axthppeies epﬁ%n%@zr%ﬁlscfé@ﬁg Eftec%aldsﬂqw eeh 317.

simitRe e b ng“g’%ﬁ G et OB RteeRipns 3R oS e
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concave part for a flow path 305. Thus, in the concave
to flgaiiand poly in thd regiop atterahs first pillars 811 fSIfomlqﬂat PiBilely, e sacond
fifth flow path 320 are formed which are sectioned

electmte fer heating 3133 Sriorpd sq s totbesuperipgosgd on thye tthﬁé ﬂnomett 318,a
ars .3 resent enbodi
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316 to the fifth flow path 320, a first reflux flow

whereahé sé2did tootha fhath pillarsSilRex 3, badd poib S2dedar Eutthapasedhe
alternately. Thus, the first flow path 316 to the
first lektrbdef fooheatatg® 33 20 therfeudtio aliettgedecidr bentiag 3686 abrecamfigured so that
single neandering flow path, Between the neighboring
heat«rrlsawl&ateﬁ@ymlymgvcﬂ@gebposu te side. of the side on
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path @8t éboﬁilig 3806k foRBePihRY to%%ﬂ?&ﬁnﬁd’s@& 8Rthd thirf %W‘;Shtﬁ BE8, and a
second Tlow path 317. Simlarly, a plurality of

fourSeton gatgdpr s@tih ON8 is338mned & istto BBRupELHHBBS 08 AR, foankl flow
pathfﬁg.r t 218%?’316 first flow path for cooling 337 to the fourth flow path for cooling 340
are formed almost in parallel to the direction for the mixed liquid M to flow and in the
region where the first pillar 311 to the fourth pillar 314 are formed.

On a side surface of the microchip 352, an introduction port 342 is formed which
introduces the mixed liquid M, and a supply tube 343 is connected to the introduction port
342, and on the third flow path 318, a supply port 344 is formed which is an end part of
the supply tube 343. Also on the side surface of the microchip 352, a distillate port 345

to exhaust the distilled distillate liquid is formed so as to be connected to the first flow

path 316, and a bottoms port 346 to exhaust a bottoms liquid in which the concentration of



sections 330 are forned. Moreover, ill the second flow
path 317, a first electrode for heating 332 is forned.
which is arranged so as to %e superi nposed on the
second flow patlx 317. The tfirst electrode for
heating 332 is forned alnost, in parallel to the
direction for a mxed liquid M to flow and only in_

the higher paijing fempraptare ¢panFoneritbegempsingregsed qus t¢ giepygporation of the

Sim.Jarly, a second electrode. fqr. heating. 333 is
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318 .a,. thi.rd el ectrade for heating 334 is forned so
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treatBieBt is padodded tarfernf atynptobiegntfer3#ore, tl-ie first

el ectrode for heating 332 to the fourth el ectrode for
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Al so, the first flow path for cooling 337 to the
first flowrpaltth for cwolpas 38 7 to thecfoakth iy w3dddh f@rceofing B al nost i n
parallel to the direction for the mxed liquid iv! to
f | blgatamdbéve thboiling genapersibies of thélower betlingit¢thpgratgelcongponent
. the fourth pillar 314 are fornmed, On a. side surface,
inclygled i e rﬁﬂé‘?‘gbﬁ‘i‘lﬂ Mghe mixed kigriddistsvaperpise @s gas § cpataining
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ate port 345 "to exhaust the stilled
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37 the higher boiling tenperature conponent becones
i nByeasing thiudiffenthbetepapthearéssureaf themixed liquid M flowing

through the flow paths from the first flow path 316 to the fourth flow path 320 and the

pressure of the gas G at or below the Young-Laplace pressure obtained from the
Young-Laplace equation, the gaps of of the gap sections from the first gap sections 327 to
the fourth gap sections 330 become gaps through which the mixed liquid M cannot pass
but the gas G containing more of the evaporated lower boiling temperature component can
pass. The Young-Laplace pressure is obtained from the Young-Laplace equation (1)

described above. In this case, y in the equation (1) is the interface tension of the mixed



| ower boiling tenperature conponent fromthe m xed
liquid M is forned so as to be connected to the
fifth flow path 320. On theyd nner wall surface of the
gap sections fromthe first gap sections 327 to the
fourth gap sections 330, i.e., on the surface of the
illars fromthe first pillar 311 to the fourth
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heating fromthe first electrode for heating 332 to
fourthHéow pathtftr @iobiog BéRle Tlurs, theapns AigcodBHyingnure obihe dovesr boiling
the flow paths for cooling fromthe first flow path
tempegatutesompagers 3ycaoded indhe Bawmaths i getihstlrw pegbi3ilAdo the
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fourticivy RGTCLSRRE dF LR Eresen CE bR PR Pt and
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flowtgath 3¥rivrdnj@ped scthabody B28ingam deifermedt r oduced to the

second flow path 317. By setting the difference
betifese by seiéing thedwatieg temperaungiag dellavwsgqui d NI f1 owi ng
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COfmANRHY Tp@m‘or Qsing 33he< Yiow fgriafd @ pethfoessoling 348)
obtai ned fromthe Young-Lapl ace equation (1)
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the interface tension of the m xed 38
(the first flow path 316) > (the second flow path 317) > (the third flow path 318) >

(the fourth flow path 319) > (the fifth flow path 320)

Therefore, the distillate liquid containing more of the lower boiling temperature
component is exhausted from the distillate port 345 and the bottoms liquid containing
more of the higher boiling temperature component is exhausted from the bottoms port
146.

Moreover, by increasing the number of times of the heating and the cooling, the

distillate liquid and the bottoms liquid with higher concentration can be obtained.



liquid, and 0 is the contact angle of the mxed liquid

on the surface of the gas flow path. The mxed liquid

Mforms a. gas liquid interfpace at the |yophobic

surface 347 of the gap sections fromthe first gap

sections 327 to the fourth gap sections 330. A cooling

medi um such as liquid or gas with a tenperature |ower,

t hBHC 2hshewws ¢ disgram espsrseaietieroiovhatiedesetied aheve. Ny using the

tenmperature ¢ ent evaporated fromthe mxed liquid
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concentration can be obt ai ned.
component by heating the mixed liquid M, and then condensing the evaporated gas G to

liquefy, distillation separation can be performed for the mixed liquid M with different
boiling temperatures.

Furthermore, in the present embodiment, by repeating the heating and the cooling
with stepwise changing of the temperature condition, a distillate liquid with higher
concentration of the lower boiling temperature component can be obtained. At the same
time, the residual liquid can be obtained as the bottoms liquid containing more of higher
boiling temperature component. That is, the microchip device enables performing highly

precise distillation.



39 FIG 21 shows a diagramrepresentation of what is
descri bed above. By using the notations in the figure,
the followi ng equations are,satisfied. (,AV ount of
flow of mxed liquid) F = ( unt of flow of
distillate) ID + (Amount of flow of bottons) q '
(Amount of evaporation) VI = (Anount of refl ux) +
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f ubcthedifth asbaimery by proatdinga ceNeo belew. théurittoehipps Bow path for
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merit crlbed above setting gaps of a plurality
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liquid M and then condensi ng }t)he evaporated gas (a to

surfdce @ efeysubstiaé by Listhg afechaR@e stdhosy drqetchimgper f ormed for
the mxed liquid Mwith different boiling

t ebpthedifthr @sbodimedthee rbape, ofithe pitler 3rdeseibed énboa priwnitic shape,
by repeating the heating and the cooling wth

but the slppe seaydivamnegtawdpr obluniteon asather shape evludnﬂlﬂﬁlisahe fignction.
distillate liquid wth higher concentration of _the
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rochip Jevice endbled per
and another shape which fulfills a similar functlon may also be used.

In the tenth embodiment and the eleventh embodiment, a description is given
where as a number of the flow paths, the first to the fifth flow paths are provided, but the
number of the flow paths may be increased or decreased.

In the tenth embodiment and the eleventh embodiment, a planar configuration is

described, but a similar configuration may be constructed in three dimensions.

INDUSTRIAL APPLICABILITY
The microchip device of the present invention is preferably used in such as a
chemical reaction or an electrolysis reaction of liquid and a chemical analysis such as

distillation to separate a component in a mixed liquid, and can improve gas liquid



precise distillation. 40 Also in the present

enbodi nent, by separating the heating region and the

cooling region alnost by hal,f and half in each of the

fl ow paths of the second to]the fourth flow paths

317, 313, 319, efficient healing and cooling can be

performed w thout wasting _energy, thereby enablin
sepafftigh ctaeicyiapd ganebshiniien efffqiencanmang cgn svanorae mexe of the lower

..addition, the present jnvention i.s not limted to the
boiliggisRRRBIeComBRBFHSHo! 6 vEed o may use ot her
enbodi nents described in the followng. In the fifth
enbodi ment, by providing a cover bel ow the m crochip,
a flow path for cooling may be provided on the | ower
side. In the fifth enbodi nent, although the, gas flow
paths are forned in line symmetry. the gas flow path
may be only a single. In the fifth enbodi nent, the
flow path for cooling may be provided as a. flow path
for a cooling nediumto flow at a | ocation
corresponding to the gas flow path on the rear
surface of the substrate by using a techni que such as
dry etching. In the fifth enbodi nent, the shape of the
pillar is described to be a prismatic shape, but the
shape may be a circular colum or another shape which
fulfills the function, In the sixth enbodi ment and.
t he ei ghth enbodi nent, the nunber of continuous flow
pat hs may be increased or decreased. In the ninth
enbodi nent, a fin structure is provided to increase
the contact area, and another shape which fulfills a
simlar function may al so be used. In the tenth
enbodi nent and the el eventh enbodi nent, a description
is given where as a nunber of the flow paths, the
first to the fifth flow paths are provided, but the
nunber of the flow paths may be increased or
decreased. In the tenth enbodi mrent and the el eventh
enbodi nent, a planar configuration is described, but
a simlar configuration may be constructed in three
di mensi ons. | NDUSTRI AL APPLI CABI LI TY The m crochip
device of the present invention is preferably used in
such as a chemcal reaction or an electrolysis
reaction of liquid and a chem cal anal ysis such as



distillation to separate a conponent in a m xed
liquid, and can inprove gas liquid. 41 separation
ef ficiency and gas absorption efficiency, and can
evaporate nore of file lowgr boiling ter perature
conponent out of the mxed liquid. 42 CLAIMS | . A
m crochi p device conpri si m&#n crochip in which a
liquid flow path is forme iquid to flow, a gas
fl ow path provided along the liquid flow path, and a
Lo pARgrpehyp devieRgenaitsingns f or med bet ween the |iquid
flow path and the gas flow path and havi ng one
openicraghiptiavdith 4 hawid dlovheath 1sCfgmedr ﬁ%bvqwéttﬁ flawd t he
ot her opening thereof facing the gas flow path, gap
ofa gab8ogaptspovided alvei thy nauié flew path; tad be gap t hr ough
whi ch gas can pass but the liquid cannot pass, and a
ga$hllrbmtyiod ghpm ﬁe&tlf)m:ﬁmbe&l betwicon thedigatd fidwe paihmngeled gasrflow

rein: the g fowpathlcl. s a first gas flow
path %‘Qt V’élﬂd’nﬁ oBeEh e5eé fqongh Bﬁﬂwﬂgﬁmﬁﬁaﬁﬂw  opFriBg
there&ffa&H yégypg?fﬂagyv pat h; the gap section includes a
[

ura rst gap sections between the |iquid

oS e et L g o

the 11qa11d11 efnnop pars N dtahes diqhidfiariface bdirg farmsd a'gtas ghp ssutipas hherein:
and a plurality of second gap sections between the

| it ffdvopatRatdudeid firéteas aeanAitgas 4 deovndadsiiangattV t h

one opening thereof facing the liquid flow path and
providadeorvhai sidepeithpyauidiasopathaci ng the second gas flow

path; and a first electrode is formed on the inner

wetid gapuetameindiidesheeplfiialisy offanst apctertoons batveea thekqud dow
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and th®offeRbpning tﬁ%&hﬁ&m@%@ﬁfsﬁ gzﬂﬁlow Bath Oaeial/Slupdity of REord gap
flow path formad in the mcrochip; and a plurality of

sectiopp betwedh thy lsmid Bow patheandithe secped gonilor pethand o\ﬁ&mm 0pemng
|
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flow pi8ethnds the gap section, and

a first electrode is formed on the inner wall surface of the first gap section, and a

second electrode is formed on the inner wall surface of the second gap section.

2. The microchip device according to Claim 1, further comprising:
a concave part for a flow path formed in the microchip; and

a plurality of protruding parts formed in a bottom of the concave part for a flow

path and along the concave part for a flow path,
a space between the protruding parts being used as the gap section, and

one flow path and the other flow path which are sectioned by the protruding parts
being made to be the liquid flow path and the gas flow path, respectively.

3. The microchip device according to Claim 1, wherein the gap section is a through



one f ow path and the other flow path which are

sectioned by the protruding parts being nade to be

the liquid flow path and the gas fl ow pat h,

respectively. 3. The m croghi p device according to

Caim1l, wherein the gap section is a through 43 hole
hole fhonekih themidrechip sritbame ppwninp tlemesf ppendadgn afvettewfof the liquid

rovided .in bot.t 0 f the |iqui fLow path of the
flow (8 b % e Rafioant i Be st pposiut frrsot MavERH P switisa
opposite t& a SRR wiIBPARIligaid Ao@ path if AEEM R MY & Fofnhke.
liquid flow path in the mcrochip is forned. 4. The
m crochi p device according to any one of Clainms Ito 3,
wherein a liquid repellent part is forned on an inner
| surfa f ' . The. TR T
4 G gBibaERefice R0 R LY ainh ol SR Pliawa
repelltiteartas Girtried iongn prxier wadl sarfatadfths papeciisrot r udi ng part
di sposed in a direction intersecting a direction for
liquid to flowin the liquid flow path. 6. The
m crochi p device according to any one of Clains | to
5, wherein on an inner wall surface of at |east one
gap section of the first gap section and the second
gap section, an electrode part and a |iquid repellent
5. pamk nﬁe@cﬁ@rdéeféﬁ hBcdrdfing t@ hkkeond SUThignsSI @B, Whetdiethe

liquid flow path.
protruding part is a plate shape protruding part disposed in a direction intersecting a

direction for liquid to flow in the liquid flow path.

6. The microchip device according to any one of Claims 1 to 5, wherein on an inner
wall surface of at least one gap section of the first gap section and the second gap section,
an electrode part and a liquid repellent part are formed in this order from a side of the

liquid flow path.



