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VALVE ARRANGEMENT DESCRI PTION 5 [0001] The present invention relates
to a flui |dge, a punp and a fluid val ve arrange The
Lab-on-a-%ﬁﬁgg&%}é@% t echnol ogy has reached a certain | g‘ég{s%@%&%h
maturity where fundanental mcrofluidic operations (e.g. sanpling,

m xing, filtrag] | il y.dn into
a poi nt - of - ca?ttﬁmg#fggiﬁg])ﬁé&w*ﬁ%ﬁﬁﬂiﬁ&v@d{}ﬁmgjé@gmbl e
assays woul d decentralize clinical tests and benefit public health
trerrendousg %Bgéovi di ng reasonably accurate test results rapidly at
a | ower coRE MONesorting to trained personnel and fixed

i nstrunents. Despite their success in research settings, these assays
are still at large fromcomercial domain mainly due 15 to a | ack of
a user-frhdAtdY conpdde présentdinpention trélates ta fluel carwidge,ad puhp end ladlvid
rates and a user-friendly conpact fluid valve that can reliably

regul ate f|V&r"8 ™ 003] Conventi onal punps that are widely used in
research settings are nostly nechanical and mainly include syringe
punps and pneumati c s.20 (requlated source of pressurized_ ga r
vacuum . SyP¥%de pun%%-%q-m}gr@@@é@@éip%w &@@?%F?%A%&ﬁﬁ? i c
punps can Rk whede ﬁﬁﬁ&h@dtﬁ%igﬁ)‘flﬁﬂli&éfe&‘iiéﬁ@(e.é."@ﬁiﬁ%lﬁfg; miXIRS HIRAERS
apart from being bul ky, usually burden the user with establishing

| eakpr oofl0 fandjegiractioph sai be Givaply drfegrated duth & paiiraf-carfodiagnostiaassen| It is

punps such rkl ' . fl i dj .
Ponnect 1 onLeageti T sl Bt ca il It OO B sl b publlc
di rect |y aphehlihettemendouslythyeprbvidimgdeasopably ectiratditest. resilisgepigiyngis lawer
nore comon_i.n.qol ecul ar si evi and rk.based on th inciples of
o1 ect r oosmytaviipuEresfbe i EhaheAind Bt s R Rl enter Bt s

gr avvbgc Ks dniediestch kaudixkgll Isethbseras®iyh are san@wgfgetﬂa? ainﬁﬁirbﬁﬂ&ﬁnﬂﬂﬂlaﬁl’ﬂ?dﬁé ow
ependen on the |liquigd conpositiagn and surface charge. reover,
the purpifdd a&%&&ﬁ%@aﬁ%@y ﬁ?'anac\s_ﬁmdéyg@ %g?lelan ablg Mfgwa@a% a
bul ky powers \3&PRiedly cORB4ck Multl wHitvd thaidhh RlliaBlf; régRERSMNig owPUNMPS Or

m cropunps has been an intense field of research in order to attain

truly integrated and/or portable inicrofluidic systens. The vast

maj ority Ofjpdgdf M CT eRUIBNio! Yurdft GAMBEY el AL il TEERERRtiRes Lre

mostly mechanical and mainly include syringe pumps and pneumatic pumps

sl

20 (regulated source of pressurized gas or vacuum). Syringe pumps can deliver precise
flow rates while pneumatic pumps can maintain a specified gauge pressure. However,
these pumps, apart from being bulky, usually burden the user with establishing leak-
proof fluidic connections. On the other hand, non-mechanical pumps such as
electrokinetic flow control do not need fluidic connections as the pumping action is

25 driven by voltage potentials directly applied across the liquid via electrodes. These
pumps are more common in molecular sieving and work based on the principles of
electroosmosis or electrophoresis. However, they suffer from drawbacks such as
bubble formation around the electrodes and the flow dependence on the liquid
composition and surface charge. Moreover, the pumping action requires high voltages

30 typically delivered by a bulky power supply.

[0004] Miniaturization of mechanical pumps or micropumps has been an
intense field of research in order to attain truly integrated and/or portable microfluidic

systems. The vast majority of the micropumps rely on compliant parts (membrane or
1



di aphragm for displacing volume and additional conponents for
rectifying flow direction (diffuser or check valve). Mreover,
actuators A e conpliant parts convert energy i '

mechani calvgém%%kﬂ%)%%ugh mechani sms whi ch can be el ect rgg'tl'}gg;lh@%/ﬁoomz

el ectromagnetic, piezoelectric, thernomechanic, or pneumatic in
nature. 5 st _of the earlier mcro .are nmade of .

sem condup'lt\%?p- . %’é) %t @Fl?lﬁ‘iuég raluge &%r?@btﬁm@lr CRBPYREPISi fop f5etidying dlow
their m ni aditciigm{ditser Ok lchsk .Wﬂtéﬁﬁe_rpéétﬁﬁt&@'drf)&_ir%em@ lcompRarkt Parts
integrated circuits. However, such materials are stiff, fragile, and
thus can orfiopvV{it GREREY PR ke meshameal owordi Hioughemeehanigmseyhichecapubgp

si ze. FurthgLsumt&s trofhodehl | l{FH.E] k Natkic W hiudehe
punped fluid and t?‘iew gop%{est’i%g%itgg%&%g a ro?r%g%n(k)yhogpsquanf\rﬂ?és t hem
f r om bei n§ Mostoif thereadied nipopmipsard maddyfsemrapductdrof@shienidhrg. silibar e
exists an iphefent limtation.with the.mniaturization: t u

energy drops pg[ysﬂlé:g%)[ Sl%cg\a/gé e ré%ailo%]fo%aﬁ? ewrﬁlmllﬁg%vg(’prga%gr
di mensi onalintegatddngirdiitst Howpusip sitht matefisls i@ Isa £ fiapite, f dndi Bu€ can only
resi stance ingr eﬁses vviIh vi scoys 15 farces taking over inertia in

smal | rni crBeHds faed ve PRiagsEeRtopYs e ymp Sz Furthermers, meshaf,
for bypassiige!afrdgunih! @R skt With M6 TRmped Hukd Gnd liOidhisticated
interface B:_y ﬁavj f]l.{a ful lé integrated fluid del iuvery. Al't hd(?ulgsh(,:a? hi s
i nt egr at i@ fabricaien dweiplifies Bepdiom being eansidensil dignessbleder bieasedysf eat ur e
shoul d be sought w thout conprom sing on the punp performance. 20

[ 0006] Thus, it would be desirable to have a conpact, reliable and
nevert hel e{8005hex pen$uxtherpthame caisth anlinhatent inratiovhwith tiermintatirizatibre theo
be used in LOX echnol ogy. 2 00071 To this end, the ingvention .
provi des a PHEF eé’ﬁ‘ng'r%BSe agé fr V%@PIOB‘EE Bfmaﬁunﬁﬁp‘dﬁ% & dgpepsiogal o
claim 61, acdlingi 6f thal putnpasdtaaterenhsitasadie Muitiie gesistanct dofRadds, with distous
fluid car%ri d etajac{:cordi ng to. claim@85. Further. enbodi ments of the

fluid caft Py DEOVST T sl micrechannstsy d higrqonldoRseqmsidgred a small
described ipficé REpdyeRPBFiaksiSy HERBIEIENMThR &ﬁnacﬁﬁt&rﬁﬁﬂﬁﬁhgfiﬁ&%& by

cartridge according to the present invention is suitable

accommodat hAvng e iptserated) flgid dlelivarngalbquelh, thisintdgeation is pathevat( &) )

in the at E@gﬁ%}%@% dﬁdg}ibﬂw&, QMLm;mﬁaﬁfbe§§%§ %&&Rlogmg;orﬁl%ghﬁ' the?

part of th or val ve arrangenent accordihg to the presen
i nvent i on tphwpgieyfomhdnoei ng direct integration of 2
20
[0006] Thus, it would be desirable to have a compact, reliable and

nevertheless inexpensive pump and fluid valve which are suitable to be used in LOC-

technology.

25 [0007] To this end, the invention provides a fluid cartridge according to claim
1, a pump according to claim 61, a fluid valve arrangement according to claim 76, and
a fluid cartridge according to claim 85. Further embodiments of the fluid cartridge, the
pump and the fluid valve arrangement are described in the respective dependent
claims.

30
[0008] The fluid cartridge according to the present invention is suitable of
accommodating one or more fluids (reagent(s), sample(s), product(s)) in the at least
one fluid channel thereof and suitable of forming a part of the pump or valve

arrangement according to the present invention thereby allowing direct integration of
2



t he punp and val ve arrangenent w thout the requirenent of interface
tithing. Further, the fluid cartridge according to the present

i nvention | d i nexpensive to manufacture and,

fulfils tﬁ*ééé@gl%sgg%i lity criterion. The punp accordi ngt}?@(}%@éﬁ&mz
present invention can be used in LOC technology and allows for the
provision of _a 5 self-contained portable mcrofluigdic stem for

poi nt - of - ca{rhg' P zl’gaf?gsvtafvgsa.m’[lm?ﬂg% g5y ment %@B@Uﬁg"o‘?‘g‘?ﬁeﬁ urther,
present i nveet fluid, castriipeliactosding 1td dKL pfefeiiplihveRtioR i€ RAINAA 1Y SensMEtthi N
whi ch at | east one ci rca’gf erentjally sealed fluid channel is formed.

The channel TPB3faFuTesngr thupalss fulfihs the disposshihity, friterions {The Pumpeaccerdivgde y
10 arrangedheprdsb@ ifvtasibh sdrfbe WBERTLHC Eé&ﬁl&b@s&ﬁa‘ﬁlgwpfﬁ the ﬂxjogi'sfa*')%?‘a
I | ayer™” The at l|east” one flurd

being greater than that of the elastic

channel i $§ wdf¢ontainedrpoztable mierofluidis systetn fortpointof-clrg didgeosticast i ¢ | ayer.
For exanple, the elastic |layer and the substrate are bonded together
by gluing. For exanple, the rigidity of the substrate relative to the
el astic | ay@p0%jan be Adijorditgedo uhaaspére dfethe rpresentoinveitéons ubftidaéLtridpe

via a nechanical constraint. 15 For. exanple, the rigidity of the .
substrate r‘@“ﬁqssseat%’a‘?‘?? layjer, Bathn WHVEF% e ﬁ‘ﬂ‘i‘ﬁ‘%?’@ﬂ“%‘yasef‘ﬁé fluid
thi ckness odhahied iSfebned. The cRIEIdhyep Lorhpseh Sfsirtte hAY 8 clMtict¥yer fixedly
inserting one or_nore elenents for adjusting the rigidity into the

subst r at 89 FEneek anrHiesubsiate; Whetsin the ispstratprias atrigidisheinmereatenthan that
channel can,M@¥ 1Ry 1%{&&.}]% & Iehd? one I E}%neIFigrdeﬁf@dTBﬁ &t 1daBCofY side

| east one fluid channe “has a rectangular or circul'ar cross-section.
The cross- sherepidhy b elstiq layerf Fariedamplarthetlastimyayer sl tha sybstrhteage iduded

| ength of t ' n ut i s_.daes | have to .be the, case.
G rcunfer entpg%tﬁr;ﬂ )Fsiélglr}l d%ﬁég’gaé“ptl‘%’l 2{’ © Pﬁ@ﬁ?' IOE :ﬁt&" Elfa?ﬁﬁ?{glrd?tévec@ntb‘ls §faéﬁ“§/
sur rounded layertchm be ladjusted viaahie materiabsf the subististe ok tHath @beaniRhl dofistraint.
circunfer, ially closedlsealed and not open to one side thereof so
that a fllg ir}'ld"c?éﬁxﬁl& ‘3‘8&%5%&&%5 W‘%{e&“gﬁi tq ﬂ‘éreg’isﬂc FIBEY b adiRster
or escapi Ngif thethickiesé bfthél subagdtd @hd/ordT thel dMstic flyer S insertRY dnle @ nfdfe
side of the fluid _ channel is defined by the elastic’layer, the fluid

channel nayloRents fRsadisting i rrdibeintg thy spbsirate, fortgxempleyene ormherefribsi d
cartridge a9{Q fd ; ] i T J, | emsi.ve
to manuf acture. 'Ig?\%rntg?l cl)]trld(;&agﬁgzt%p g?‘)egi}{ gg%{saggl déésél(g?%? 2%9 éf’(%ﬁﬁlg’ Bkt

cartri dges leasyonseflyd shangelhas aregtasignlaperdirchlan crdsesection. dhe cioss-pretiva ad

for a di . i Siel,e0y.a$S t .3

bor 1 or medd thERbighamet S ARAYAS AR dERa MRS IERAT Athpbibup fis*Gocs not

appl i cati orhaspdai be che aater i Cigpminferentiallpesealed mead that the flpidTphannel is
be_ di sposed s.and

according to t resent .inventj on.and f{erwar

repl aced bfoglﬁg%ﬂ rs"frf%’inﬂedgaf"tr %g‘é’@ne&\zﬁliﬁoﬁ’iﬁii 9 “5532%87‘%0@‘072
[ 0010] Accorcifcirgiferéntially elsbaikicaled tnd Adt®péd 1 cheGlRNAGLOBMhAIQ fluid can be
exclusively formed wthin the elastic |layer, that is, beneath the

upper sur f 2ETIRE test andritpred Bigeein Hethoub lgsking gr peraping fiopeie finidiehapeel.
al | si dess @findeh 18kt An ﬁflﬁgn 8n&dd bind nofiedaglel & erdled wgfoyéasﬁh {58k, e

dd b
the elastic |ayer. | I's enbodi nent, the substrate does not "take 5
part in fofldhehasnd mayrbe compressed by deptessingrthe klastieolayerx Bnpfleid dartridge s

enbodi nent , | Ui . med by .ext rudi t he.el astic
layer in the (?g rt(g(q'l(1 &%%%%lr’engl?g E)SP%S\)} %idnlae)%fe s(ﬂ'ee{oi Iﬂm{“ﬁ%mé?‘a ereeores
| ayer, for aeseamifldispokablel differénndluid\caniddesntay beagrovided, wheréiRleach flaRl
fluid channel . .be faorped within the elasti¢c |ayer by providing a
groove on ga%‘ﬁg%ﬁeprmlﬁﬁgg T & diffgrept assay) Dependipgqon, fhe. desised agsay H@g"e
surface @ ppifoddd thd)Gespective fluid cartridge (assay-specific or application-specific

cartridge) may then be used in the pump according to the present invention and may

be disposed afterwards and replaced by another fluid cartridge.



10 groove with a second elastic |ayer. For exanple, the groove may be
provi ded by machining the elastic |ayer, by extruding the elastic

| ayer or ing, for exanple replica noul ding (or
soft-1lit h(l%? g@%ﬁ]&t he elastic layer in a desired shapg.CT/SGmOS/000072

[ 0011] According to anot her enbodi nent, the at |east one fluid channel
can be 15 defined on at |east one gide thereof.py the substrate. That
is, the at @hg@t one ‘?‘fcﬂfdg“% ﬁﬁ@lmsblog‘%f’ ?ﬁ“ﬂ‘gahwelp?ﬂ“yg? rEelusivey ¢
layer but afosledwithiheths @RS¢ Riyer, 10 ks, 8RAM Be ubp@ shifhleCth&RANARI atiodd
be partly formed within the elastic |ayer and partly formed within

t he subst r ahe lower susfage thereof. (That ispplrsides of/theet legst @nﬁ'eﬂeiﬁaﬁmneliagef
Lo SuNS e : T / .
e Chonne Ay BRSPSk YLy Gl W 51 B8

the channel 1s defin e, erern
si des/ par spagtf intfhemihg and lichGagthe fhudecluiendl Nt/ dxamplecih this dndtodinhéne, the

| astic | ..and bst | t i.n.this e le,.the
FLa chaonBlia Bpb G PRt 6y etfhablo 1t clificTRyeril oierdeSingl GBe Groy &
f OL med on tﬂi&yiﬁiﬁ‘fgef hcﬂg lik ameﬂ@&ictlmr,qbae%anfplé, ﬁy&{ngliﬁg]d}jdﬁ?@h{@ 10 drldther

1 or ..on t upper surtface._o e supbstrate. . .
2\0 c g; d ? ;1 8 O;/‘%a'lélsﬁa ﬂ?rnglé‘ﬂa%ﬁ{“ée? d’F"R&’ﬁ ?”é‘ﬁ‘ﬂ) dﬂﬁ‘h‘b ﬁ{e elasticlayer dyopyoyidingr a
si de/ part Ohrodvdenld dirfhcE BROBR elaftid 1 %%ﬁﬂbﬁ%&&ﬁg tHsub& &g&g{sfx@}tﬁe

wherein all other sides/parts are limted by the elastic | .
ot her wordBsgrogve with ¢ gecamehelastia layert [Fof éxarplennthe grepve onssele Ipyovadegr byove

rovi ded o . L Sl f . el
o oove i's. aiPUEaSHE PECbP huhdeTh O 1580 By BOTEEE ol B,
exanpl e of replics neovibding (rersofi-lidwigraphylethe plastic layatén aflesired sidpei d channel
islimted by the 30 elastic |ayer, wherein the other sides are
limted by the substrate. In other words, in
[0011] According to another embodiment, the at least one fluid channel can be

15 defined on at least one side thereof by the substrate. That is, the at least one fluid
channel is not limited by only the elastic layer but also by the substrate. For example,
the fluid channel can be partly formed within the elastic layer and partly formed
within the substrate. In this case, the upper side/part of the channel is defined/limited
by the elastic layer, wherein the lower side/part of the channel is defined by the

20 substrate, and wherein the lateral sides/parts of the fluid channel are defined/limited
by both the elastic layer and the substrate. In other words, in this example, the fluid
channel is formed by two mating grooves, wherein one groove is formed on the lower
surface of the elastic layer, and wherein the other groove is formed on the upper
surface of the substrate. According to another example of this embodiment, only the

25 lower side/part of the fluid channel is limited/defined by the substrate, wherein all
other sides/parts are limited by the elastic layer. In other words, in this example, the
fluid channel is formed by a groove provided on the lower surface of the elastic layer,
wherein the groove is covered/sealed with the substrate. According to yet another
example of this embodiment, only the upper side of the fluid channel is limited by the

30 elastic layer, wherein the other sides are limited by the substrate. In other words, in
this example, the fluid channel is formed by a groove provided on the upper surface of
the substrate, which is covered/sealed with the elastic layer. In any of the examples of
this embodiment, if a groove is to be provided in the elastic layer, the groove can be

formed by machining the elastic layer, by suitably extruding the elastic layer or by
4



this exanple, the fluid channel is formed by a groove provided on the
upper surface of the substrate, which is covered/sealed with the

elastic | ny of the exanples of this enbodine | ove
is to be 3’?‘2@‘?"%@" n the elastic layer, the groove can%gs*:'%oro%g@&%y
machining the elastic layer, by suitably extruding the elastic |ayer

or by 4 suit y | ding the elastic layer. If a _groove is to be
provi ded i YA yéﬂ‘g'g‘kllfl&lﬂéf elgsfig ! ‘B’Fbi{/%g{f’ﬁﬁe Héofbﬁr%‘ﬂg@ylnﬁ%?ﬂbﬁ‘ifﬂ@ the

etching, exibowll & bé)forméﬂ" | Agthinty, Stehits! SktPudifh) OF mouldifl® el sliu'Bst?a@é’
of the above enbodi nents, e elastic |ayer may conprise an el astomer
whi ch, for layinpl e, can be selected fromthe group consisting of a
silicone elastoner, for exanple pol ydi nethyl sil oxane (PDVS),

pol yi soprene, polychl oroprene, natural rubber, |atex, butyl rubber,
et hyl ene priopi2lene r Ubkay of fed ghewembbdimektsﬁme(baastipdﬁyybuiaﬁ(ibﬁpﬁse an

pol yur et ha oerflu ol for erfl uor gpol yet ar 10
(PEDE) el acuttrrer it Aot el i e elecin OB LU oI BB A SIHoTHe
el astic | ayeﬂfistdiﬂéi foee e Pl dim%lhﬁ Bl16x 08 (DB, p@Iyx%ﬁfbnb%o%%rdﬁ'en%
m xt ure of dlfferent materla?, The el astic Ia er al so

conposi t e |0g{ERl ruplgslater busyl yubber, leeasewy@ma@bmﬁv@et@%ommﬁat e
may have a n anaf face

surface of ;{%ﬁ;éb%&ggég? | %b@g{/eglraﬂ‘%s arlrld'<'31qr915§br éyl?)én}gsg&dexp na?’%ﬁlﬁggﬁowﬂ@aw
of the sl®PFEEkelasiomers pekyinside,cdapilensarndugiindrvimyl atetate. Tiie QIMC layer can

be. pr ovi dedredtadt &g i Badkdfof AR IR« TRk of iRl BB, Y

shape, for ebastichdyer mayalsebed aconsgoafpelaya. r ect angul ar shape or the shape
of a polygon. For exanple, the elastic |ayer and the substrate can
have the sane or a simlar shape but this does not have to be the

case. Al so [bé]subst Rt smyCaf e MNe ahbelisims ehdTBUBHR iy Gavk ke
made of a mixture of different materials. The substrate may also be a

conposi t & [subsiantialy plaven BpRes supRFeoFherma the donercsuraeh aktheslastip dayer is
substrate nRYnhe SRYAd Pardh ufbef Shuthear Mé TR aﬁlﬁliia?’es aq}@mtﬁbaa'

that does not behave as a magnetic shield. For exanple
el ectri cal Isyrfagecpidhe sbstrafe.i nert material can be silicon or gl ass.

Accordi ng

[0014] In any of the above embodiments, the substrate may be provided as a

20 plate. For example, the plate can have a round shape, for example a circular shape, a
rectangular shape or the shape of a polygon. For example, the elastic layer and the
substrate can have the same or a similar shape but this does not have to be the case.
Also the substrate can be made of a single material or can be made of a mixture of
different materials. The substrate may also be a composite layer.

25
[0015] In any of the above embodiments, the substrate may be made of an
electrically/magnetically inert material that does not behave as a magnetic shield. For
example, the electrically/magnetically inert material can be silicon or glass. According
to another example, the electrically/magnetically inert material can be an organic

30 polymeric material or an inorganic ceramic material. For example, the polymeric
material can be selected from the group consisting of an acrylic polymer, for example
polymethylmethacrylate (PMMA) or methylmethacrylate (MMA), polycarbonate,
cyclic olefin copolymer (COC) and polystyrene. When the fluid cartridge is used in

the pump or in the fluid valve arrangement according to the present invention which
5



to anot her exanple, the electrically/magnetically inert material can
be an organic 30 polymeric material or an inorganic ceramc material.

For exanpl ymeric material can be selected fr 0
consi sti naﬁ%]:z&og lgggslryl ic polyner, for exanple polynet hgﬁ}ﬁ}égﬁ"é{g’?’%}’@ e
(PMVR) or nethylnethacrylate (MVA), polycarbonate, cyclic olefin

copol yner ( COQ) d tyrene. When the fluid cartridge is used |n
t he punp orreFPr?C’t‘Yngf aﬂl%’n}l’é‘ls?/é‘ Q‘FWH&’@?‘%H{“%%GPH}CH@ and, a; Magistie skish
i nvention Wiivide, be's85RR%E iY@ ¥r SR brap b 8R aﬁowﬂx%ﬁb@ fagésen& RS tﬂg

el enent and a magnetlc field device, the substrate nade of one or
more of t hemagnstie field Anterfere withethermoagnetict Seld acting om recpriessinfg @lerdent of

cour se, ol <R af SAPRRRE ok Epdla A6 e B8 hekheft BERL MR Witp

/i nterferé magnetit held3hatmgsenitlee pressing etehht. act s on t he pressi ng
el ement. [0016]1n any of the above enbodi nents, at |east a portion of
the at |l east one fluid channel can longitudinally extend wthin the

channel | ayjgo16]n the Iﬁf&ﬁﬂ@f fHe aBotd énfbtldahentd, Gt lehdd aGoRtfin d¥QhEISH 1ehdtBne
footprint of the fluid channel |ayer may have the 10 shape of a

circul ar arfuid chame] cap WtB‘?m%”ere’ﬁ%@v\élﬂ@ﬁﬁbﬂ Fhaé‘ﬁﬁlslaygt in| the shapg of a
portion of &hgaatyd qﬂ%&h&%rdé |tHd foo @ﬂ}ﬂ,ﬁ%?'mec e ; e tfﬂlem{ ky‘r %g%ﬁ@d

wi thin the channel layer in a’spiral ape e av

space i nlprshapsofrarnitculangrsr can be effectively used t hereby 15
reduci ng the overall size of the cartridge and increasi ng conpactness
thereof. [0018]In any of the forgoing enbodi nents, at |east a portion
of the at I[@@kA] one flh uhyloﬁfharabe&e anbodintenes, at leist agettionvipRslat least one

f oot pri nt e spi.r shape thIS h e effect t a

i oh per certihehginel fas gttty SEBc it ibe amarlarer By spiEhAE: 20
utilized formeasgoHEDSAILbIY s ?9& ﬁrthméhﬁmfei Wiy€lS cdnhB¢ effectivBST @RY thereby
reduci ng the overall size of the cartridge and increasing conpactness

t her eof . 1Baedpcingshe pysrall sigeofshe castsidae and ingraaping rompacpess thereof.
shape/footprint are suitable for storing a plurality of different
fluids in only one fluid channel. However, it is also possible to
only store [80]ngl e B ahylof thet forgoing ¢mahwdimantse af leastch pdrtiomef the2 least

one fluid channel can have a meander shaped footprint. Similar to the spiral shape this
has the effect that a high percentage of the available space in the channel layer can be

20 utilized for accommodating one or more fluids thereiﬁ thereby reducing the overall
size of the cartridge and increasing compactness thereof. Both the spiral
shape/footprint and the meander shape/footprint are suitable for storing a plurality of
different fluids in only one fluid channel. However, it is also possible to only store a
single fluid in the at least one fluid channel.

25
[0019] In any of the above embodiments, a microfluidic chip can be provided
in or on the channe] layer so as to be in fluid connection with the at least one fluid
channel. For example, the microfluidic chip can be provided in or on the elastic layer.
However, the chip may also be provided in or on the substrate layer. For example, the

30 microfluidic chip can be a silicon-based microfluidic chip for extraction of a chemical
or biological substance from a fluid comprising the chemical or biological substance
and for purification of the chemical or biological substance. For example, the
microfluidic chip can be directly integrated into the channel layer, for example in the

elastic layer. Any microfluidic chip known in the art can be used in the present
6



[0019] I n any of the above enbodi ments, a microfluidic chip can be
provided in or on the channel layer so as to be in fluid connection
with the | e fluid channel. For exanple, the m fluldic
chip can b OB&%@%@%Q in or on the elastic |ayer. Fbmevgk?&gﬁgg@ﬂPB
may al so be provided in or on the substrate layer. For exanple, the

30 microfluidic chip can be a_silicon-based mcrofluidic chip for
ext ract i on Byentiopllinsteative granyles) of gucha misrpfluidi ehip nchide ut prgingt limited

conpri si ng hgne f}ﬁm&ﬁhdlé)rchﬁisoh&%ﬁe%' i uRet 626690@63‘13“ Qfsh%ufdsfsﬁatﬂé)“

of the chemcal or biological substance. For exanple
m crof | ui diG3Ehi26, euKimet di-riyee. IQ/fthntIElé;E &loaftrénge onMWShaﬁﬂieIISIwges

for exanpl h of,l.ui_di hi 0 he
art can be Haags for BB HORNEE we MR Ocns b AT UR Rarmdiebe

of such aStfrim rtbé |chartheL 1ayler. pini thisl cade, fobwkample ket midrofiiidid dhép nidyebe
m'crofluidl etg rlbdl V\DZO@% 3@943 US638871 US

6, 379, 626, ° € glastic orcxapRie b %HPYNERIBIS fo2,
15, pages J&abﬂefsﬁiedfﬂhem@mpg)e andQuRIBRd tbhBe Tuld éﬁahhuddl& aCHthiBicCHYt

al so be provided separat el fromthe channel layer. In this case,
for exanpl Provided i éheouchqameli tayemiArcamingoto anetheshexampls, tﬂﬂéa‘ét}'amab'cbe

| ayer, for

doubl e-si d d ag%?egll t@é e’?%{g(ggagra#ﬁdﬁﬁ:@& gm{é%gf@fﬂepl Ui egk?gntﬁ Of\gllma a
flui di c p@relaspe ;o Wbd:hltlm miveofindhie clep niaajoemsewedcBomhxagpteothamtxbﬂnidic
exanple, a aV|t rovi.ded . el astic.layer. and/

rigid coverclBl fn(’fe\é L0 SHCIES aflgﬁxg?c%toﬁémiﬁméﬁ B fropg |bE‘FPad[ he
m cr of | ui diog bOM)p(pmMobglcthﬁﬁpleCFor Emmlﬂx,aﬂ@h@croﬂmlcw@iﬂwlddblgnﬁhi p
can be desi gned for nucleic acid extractjon and purification froma

whol e bl ood%oPerErIng,/ MIPHRPETsaY 88 iacRhy§iolgiral sampis The maistoflyndiq ghip may

‘m crof | ui dikgyé Bhé of brd enlS TndHRE or Yhord VufleE MY miFHIIAR SHH nfdY oBso
physi ol ogi cal sanple. The microfluidic chip my have one or nofe

inl ets ahdl iWAgrais saygrab fnetipralisies yech a4 ecrlbmpnlmg,cceéhliypesmﬂ aycleic peid
integrate f t I | 1 S
and nucl ei ?ﬁégfﬁiogu:ﬂﬁ?l iglgét}?%lhﬁi’c Ehlﬁm cro I UI e& tﬁp%érﬂgﬂ gr?é es’l}/lé%ed
to perf or miereflyidicepestions sush hasimiking, difteation, tm:ractmcd:tc as m xi ng,
filtration, extraction, etc. [0020]In any of the above enbodi nents, a
covering layer having a rigidity 20 being greater than that of the

el asti c | ajé020jay behpamvbﬂfhd abovd epbafimedls £t@sting ldyaxyﬁﬂving:@rrigidity

exanpl e, e, rela |ver r| ove | ayer y.be arranged on the
o aeri o 2 benk gty 6 Pt be FratIRLgn o f o et layer
covering | ®seexMihplé,QRe EﬁlativBE' ﬁ%@@&veﬁng WHRF nﬁ?)be%ﬂ‘d&%ﬁroﬁ%@éﬁﬁbﬂa?& of
the elastic_ layer in places er than those defining/surroundi ng the

fluid punp Vi fvpiladlgbond &k Byproviging g epveringylayer an gipcof e elastic
di scharge §fyepugh &kh%mpéat %{%ﬁhﬁ Yofdfe- asgdz%?l? &ﬁ’%%é Cotljxe@yﬁi Ctﬁ&ebe
prevented, such as di scharge of separating or exarrp gas

char ge/ pl ugyﬁmnx(mdmgéb@ﬂmdngmpn@@nmlmb@sw@mdam; ay fidic
g e WA A Ui bt U SRSl B
gui di ng ones ardlsasharge pf eqmangg durin@ont exainple] gas'chae/phey),f therdbyl prbivérting
the coveri ngsmbqg cross-contammatlon of reagents stored within the elastic layer with the loss of
separating fluid. Further, a guiding (orbital) channel for accommodating and guiding
one or more pressing elements therein can be formed within the covering layer. In this
30 case, the pressing element(s) of the pump may be supplied together with the cartridge
and may be discarded with the cartridge after usage of the same.

[0021] In any of the above embodiments, one or more fluid storage containers

and/or one or more fluid storage lines can be arranged in or on the channel layer (for
7



30 case, the pressing elenent(s) of the punp nay be supplied together
with the cartridge and may be di scarded with the cartridge after
usage of . []0021] I n any of the above enbodi nen re
fluid sto&@ég%ggﬁ?9lners and/ or one or nore fluid storg§£$g£ﬁg§%8 n
be arranged in or on the channel |ayer (for 7 exanple, in or on,the
elastic layer) so as to be in fluid connection wth the at |east one
fluid chanrf&pmplegin aneahe elasticHayeprfe agto bpindluid eangediionitiethe atleast prg s
and/ or the d
; Iﬂit!d?o &ht n cﬁ& Haﬂp%éﬁltg%gg m!ol'c: kﬁﬁ& d @tﬁfag?? QHE&‘%&LJ e bRE OF

wi th regar anne stora
| i nes/ cont anererflidsidragedines as:tnon-lhagxaﬂy dérared ebith zqgend tarthe nma layperyred

e channel7t5 a8 id SERER Jinks Bt a5 e Al o RRRES 1y ¢ nd
cont ai ners fambdoss bhe panfamt aféDfetiolAbly AndbP képlifedtly Qfratged il s1JR Hhee

into and u[l?gl uggabl e_out of the elastic |ayer/channel |ayer. The one
or nore fl laver et sxanmle Gie qup e B fhud sigrage F?lnwaer§1aa¢/alg@e ST

are used angh dehiigngska erhnagwwggam@gn&)l &Hddﬁxaﬁlﬂ aﬁlenoﬁ’tngf M eiaEhc

fluid 10 connection wtTh the at "I east one annel so as

recei ve a flaygi/chanaduleyer. Ehedmeto; nfqreaﬂmdr@nfallmsjmmnthelonand nm¢ Iﬂetst

it in the / i }9 re

sanpl e) fr%ﬁ)?%g%elﬂlg%n allik'%%r thr Te{)% éé'ﬂk‘annee? m%"?ld o if 9?@

st orage tOrbmectiorswithdhé htuezﬂ;t eixaoﬂlag €hdnneless aaltcb caseive b flidedectprdddcay
desi gn of theflud.c tr|d ereby i ncreasi flexibili th eof
and furt her® g chappe |°ﬂBe°15t ét%‘?zf@’ét ‘2@&9 Yyto; rﬁ{e d‘h?l“
third di rreraéduen re&lfent, |dﬁr@;le§tﬁfrﬂgﬂe lcontaiglelilineOintd thet figid Péham. m@ﬂhrdZD
channel |ayer. For exanp he fluid storage line js a tube bein

t
bent or be ﬁ%ﬁéonﬁ%r@rwm stamepe lines allpy for amaredpodidaridesign efthe Huidror
exanpl e, 1 RewTHAL AlehdyS Hiéfé%Slfl% rAGRDili) BerRO MRARFHYY Taﬁmi}nfok %&Easﬁ&d
an outlet port.” By neans e containers/lines separate
channel s1istprdge @m@manangea@hddumgrsmnrfoaﬂyldzs@ordmmraédltmn to the
form conbi t
nount ed on%fahhp(@'haglﬁ%él‘:ﬁ ay era ?goﬁoarsek%khoﬁjl B?ﬁlgheﬁest&g |lg{gg§‘rrl1ec'? %3&3 bent
(segregat edy hehdabds 1ﬁtlouads1ﬂ>btammdalIs-shapethﬂ/arahdlrcaldglmpe F&br &xampile,etheat
| east two f| |d st or ont rs/lines. serl
roan ng. ot TGRS 4FHERER P et meage e o infd ond i BPA PSR Y et o
or chanber chitaigtiefines Ragunat Fluid thinfelt ayChe tonrdered Wit efhastherein aly
Ieast tvvo 25 fluid storage containers/ljnes can be nmounted in

"par al | e?® dpsitefl; forr/compination: Ear erapple Adluidisirage GRTHAIRGT AR OF mEvaredon
both term Rt Ghadel 1dRr §@-Q§tcf britigd t@@@ﬂ%neét&&‘é@@egﬁbﬁ)qﬂgﬁr AtdShannels
configurations of "paral " nmounting storage containers/lines
i ncl udi ng & |thq)ﬁgr§ix e F@or%iamnh ehdeagt tvisa fluidngforageconteingrsdimenpdn be
termnatio ha »h r t at
oo or - mor SR ok IriSalif bRl Lork g bkl 3P IATHRY Sigh
st or age | i mhsmblr @nchambkr for athert dhenrebsneeittih thedcactnid g dlor exdmple, ahllanst two
possi bl e t.two (or .nore). fluid storage gontainers.an r two.or
ore 11 ot i 83t PruEBasiats. b e it T REAURL Mefifh R sab RSt
sour ce fr orhexsafhieffiuid einnéll antdr 6@ MRt dhd Q¥ fdd Ghaahel Ithefd iuldbrTe
fluid channel WO 2008/ 118098PCT/ SG2008/ 000072 [ 0022] According to
anot her en98Wr FeRRguTAGRNsseh) Apaspliel’t monpating, sfarage scortginepdines pelpdiag alli o
a dummy, t tﬁ@isxﬂlé ’coﬁbgiéfmﬂ{s 60 Phifthg HeirCloutte 4HIMbrrhinBtfon WARAAS Rvifhilf the
dummy is replaced by a fluid storage container/line conprising a
sanpl e t helcatimﬂgsbflbtseals;sa@eelbtﬁf thatrisvocrmuor diysd stomage cofitainets and/ortie dre

used to gf?%poré Hgid storage lines branch of from the same fluid channel. It is also possible that

two (or more) fluid storage containers and/or two or more fluid storage lines are

:)

arranged in the channel layer so as to source from a different fluid channels and

terminate at another same fluid channel.



5 cartridge/fluid channel closed/blocked until the user replaces it
with a new |line/container that contains the sanple to be

anal yzed/ processed. [0023] Accordi ng to another enbodinent, a
plurality 1 2P G883 ¢ orage containers and/or fluid st OPQHEG?qOWg@OFan
be provided in or on the channel |ayer and 10 connected in series via

at |least one fluid channel, with a mcrofluidic chip being connected
t her ebet weel23hn t hi sAeiPEHeg ietnother cibedimentotwa enperaten@yid chanaels cas be
arranged bef@necttd9iaCh AR 18 AIRRER | RS Slrhdn Sihe] & ed
after the chip. Thelacont al ners Fbil’Jnes arrgﬁgée]%&bef ore ﬂe hi B‘%&a‘ﬂg
respect i vel gummpmtisiraplacedr by a fuid stgaget coptaizerdiaewbmpriding a sample therein

cont ai ner s/ ines ranged behind the chi ny be e tyi‘fﬁg-l i 15
operati on o¢éf§}§eupﬁpo?h@e r%%gﬁ?/g%dqbgnﬁn&g)cagrgep e[f B%P%L}Bﬁ
the chip anchrtridge/fiald ehimdl idlbsbd%lo@lﬁé’dlt ahtie rted |uséle$e;ﬂéde§nﬂ_ed'itﬁ; lh_eﬁevt' he
chip. After_.operation of the pu t he correspondi ng container/line
havi ng t he ’ﬂ?%‘i?&@t‘nefﬁ@f 89%3%@3 g%“ﬁlﬁﬁ’(ﬂf’é’&alﬁ?@r‘ﬁr?‘l’?éseéart ri dge. For
exanple, the at |east one fluid channel can be forned in a cl osed

| oop of two substantially concentric circular arc portions which are

connect ed WiPleach obeserdimm tat anatisr r embedimenti vae piurality pOORA4 | Etoagty
of the aboy, 3 ' . ral.l ' r. | e
stored eritg ﬁ#&aﬁf 552%%@21 ﬁﬁ:gfgf%éalﬁ{ﬁkefgfugih%gl{dkg\i Iﬁlgfagﬁc e%%fiﬁyﬁi a%d
are arra nhertgkeim egieanda at teasteqrer fvid dchhnreln Foefluidi p being
exanple, the different fluids.can be.separated 25 from each other by
s i
exa e, are U eb ofiltoh i A
gas,npni trogen ogméar l?(q)gndi oxi de, or Oan air _chésrge pgre a I_iqui.(c:i g/hi ch
has very | cRn@Herylines drapged; beforgthe elpfmr@PthVﬁlylr«‘@g?ﬂuﬂwnt A &eagentaerent
fluids. Hovgug b Bin¥s tahensl : i :
separ at ed by ar?f hriﬁ{net %@ﬁaﬁ%{@%ﬁs brea%éi {v)\ﬁiggdq?lﬂge c%ﬁ;puﬁlg [ ne ?h@%{‘ Ib%}nén%o
channel 18 9pemsigy pf the@umpdheteagents and sarnple(skard punpeshthrough theschipoandiabd e

to store wd.hi | [ 0 L t
fluids t herggglf/&%dr)@vtlylg ?ﬁgta%l&é{l%g{%%g‘%t% ﬁg‘\alrgir1 % E@%’eééere(;pfe llq‘(k:l::nféﬁg e pump
cartri d_ge ghe mﬁp@dimmaiir_rer/ﬁm hawilhmﬁ)b ipmduemﬁerbilnei_m}'i begrembvédifeom the
respective cl;ll‘tH%ge. WO% Qxa%lrf)le?qle%? Fegét 0];1L H{ll% c gnr}le ceanrbglfcl)r?nbeli){n Q rc:l%\s/eedrﬁ)cengi of
For exanpl €, severa

two substantially concentric circular arc portions which are connected with each other

20 at their respective ends.

[0024] In any of the above embodiments, a plurality of different fluids may be
stored within a single fluid channel, wherein the different fluids are arranged in series
and are separated from each other. For example, the different fluids can be separated
25 from each other by a separating fluid being immiscible with the adjacent fluids. For
example, the separating fluid is an inert gas, for example a noble gas, nitrogen or
carbon dioxide, or an air charge or a liquid which has very low solubility or is
immiscible with regard to the adjacent fluids. However, alternatively the different
fluids may also be separated by a thin wall which breaks when the fluid in the fluid
30 channel is pressurized. According to this embodiment, it is possible to store within
onfy one fluid channel a plurality of different fluids thereby providing a simple but
nevertheless efficient cartridge structure, wherein contamination and blending of the
respective fluid with an adjacent fluid can be reliably prevented. For example, several

reagents (washing solution, buffer solution, etc.) may be stored in the fluid channel,
9



reagents (washing solution, buffer solution, etc.) nay be stored in
the fluid channel, 9 which are required for a certain assay

per f or med being in fluid connection with one

fluid chaﬁﬁg gguc that when the fluid channel is preggggﬁgég&ﬂﬁg
reagent s enter the LOC in the order/sequence in which they are stored
in the fluid cﬂannel qg n.this ex agents are stored

the r
h the 11 ui HHER ARSI PRsrIhn Be e Brhetn SHOF hetedn S5 @EpHER ng
vol ume r equivitkdné Bnd BEthd Tuay cHaftiel VLIS that BEed the iffhiE &labhhdl dgﬁrehs%nzed the
desi gned. [00251In t he above enmbodi ment, the single fluid channel can
be connect e§agBtsaentemihetLQfF in, the; @rderfseqnear:q:mcwhr@h gheyoare smrerb it therfbod |

and a worKi d1a f

bet ween t he ot er}fltéllg‘élgﬁ?l ere&%ﬁéeﬂ h%% n@ﬁ urac'%%(p ?‘ dtli##g}rl%rg?l Iwe’(rjs
For exanp ISeqrderh:ef ugo Akd mg,h¢ caesgbndanrg \tommerreqmredn it ktherasgpyrfdr which ke fluid
channel Iay tﬁp p and does not contain any gas therein. For
exanpl e, g?(\s 8515? uid and the plurality of different fluids can
be separated fromeach other by an immscible separating fluid. If a

wor ki ng Irgtde%purrpr ng liquid is stored behind the different 15
f1 ui ds, It er entin e 309%e embodimentnthe siwgte fuig gaamael qan s comnecien ity

by pressuriggadieVef K h‘ﬂ&ohhﬁw cqlup A UAS sidk Mer e IO ﬁgmf:@zﬁ HeSstdt&Pt

free of the different fluids (sanple, reagents, etc a proper
| iquid caf ipshasiegle ﬂ@td@aemlbﬁg'e@mélepﬂ@ssm élereefwmdr@d pllmalpyrsﬁdﬂesnt

different f he one

single fl urﬁd'H aﬂgﬁ#\g’% aanﬁé%etBt?ean 4: R@t‘?ygﬁ) té%ﬁine?g%rgg gb e?layer
mi cr of | ui diandghe phipi and 2Desnatt doatairf bayi ghscﬂmaneFom‘@rampteg tieeswerkitgi Iquid
i nl et channel, whi,ch nected.to the si d ch nnel, via
oy wins o S mErR b CRBASH o B bt copsl ffor st by o rpmmiseible
cont ai ni ng sapﬁ'ﬁﬂ‘@ fluidhef elwbrmgqrqeuﬂmpr;@gr liguid A8 /sRMEP bétind BRY &ifefnt
For exa the other end of the single fluid channel can be in

i ndir ectnl) 7 1Hlwids, e, diftarend nflyids am ke dﬁ@lr"étly d’I“Sltel%m%rﬂt? ¢hip Byepressysieeter
fluid chan r t I d
Lo the' ot hor g 1K), ks Sné PupRie iRhyct SALPE kellilo! B Xprtetifae
st or age cor(@aalilni@rlleﬁgqmés m)cramé@mrepqnshq:wecm be uied for otkating she pressure
conpl etion, d [ o]

anot her enb llI'errgﬁr&t) %%Eﬁ[ﬂ UQQJFBF{TH%?P?@Q{& fPl%gr gl@@% E’gnor?gle'slgé)fﬁhebe
formed wit rsmglet ﬂmdcdmmdl cahaqpemdlr&mlry ﬂmd&mnim:ctedi tolithd mte‘mﬂmfiiwﬂﬁlp Grfm

be store t he Iurallt of flyid channe Fur t her,

o o posdd PeBREmaf chattel Rrthd st & ¥uPinte fafnet iR Soutested i feinge ©
channel s a flid)diemael ﬁ"ﬁ adrﬂtfnfuﬁy evticl tal KiSrepRcdlesE bifliedl sRR@Y Ronfaiier/line
exanpl e, each of the plurality of fluid channels nmay conprise a

circul ar arceNBEIng "t‘)ﬁamlélﬁéllltergtl fore; the %ﬂ‘l‘@fpuaﬂblsr%’ﬁ’taf‘@ngohm& thee
sane radi UstheRBRl bithe bhgleCli& utahelaaaﬁ bR fliRds mifd éo@rﬁe&tg%ﬂth' at%quatt

fluid channel s being arran ed along a sanme circul ar pat

exanpl e, aféhriclipria get afothen fhidoehante spivingadsi a yhipfoutleuphinpélavirich &
may be a e C can be
o ovi ded e Peaef b the'omBledd S Sinehi s RGP oAbt aE B G es
end of eacvonthintitline| witieh i ¢qntauis Shdréini thec lpavdned st fher cenipleridre, oft ke
ot her end port n of each of the plurality of fluid channels

subst anti al ?‘?“(3:?8 aé ®feander shaped portion. If each fluid
channel substanti aIIy conprises a neander shaped portion, a |large
amount of fluid may be stored in the respective fluid channel. |If an
end porti oh0®6l each érccargimgpto,@apther, egpodimenty & rlwiakitys of sseasraten Juid
withint I V, I 10
25 8 m crpshirmet cBh b Rihet SAENE Cuinl 168 Tk Bl ARSR g B

i nsi de of tteeedcinreadh af thpepﬂthralamdrf daid dinemfels.JFnk-ﬂm,rmwdlmdpmslble tb lstore in

respective ofil dor r(r)ur)ltel Sf ’theI flu%?'gyh of ﬂuuiq eha%néigaal Iset er?Je (];tl Hljﬂ%re%p %p S ass

described above. For example, each of the plurality of fluid channels may comprise a

circular arc portion, each of said circular arc portions having the same radius, and the
10



15 device placed inside of the circular path quasi-sinultaneously by
noving a pressing el ement along the circular path for several

revol uti O%o%ﬂ?ﬁfsms squeezing the fluid channel. Furt h?&T/S{}EOP%/ﬁqog‘}ZSO

possi ble to iver/punp the fluids stored in the differen

channel s simul taneously by providing multiple pressing el ements with
each pressing el enment being dedicated to a given arc channel at a
time. 20 [cWEPianacoptions efothe phiraldy of Ayisdyshepngls being arangsd alangon same

plurality oa‘ucﬁﬁp ﬁtﬁ Mslekgnyab%%h oﬁi%ﬂ o?@a g&eg%g)pwaﬁ 'o@ﬂhﬂ?clﬁﬂﬁéwel

| ayer, each of e plurality of fluid channe risfng a circular
arc porti ormayehc rrmshgeslavithipi the whraulalapzth,pwhcrpmn@ h&@-chgp tcane bs aevided

radi us, and_d th%'c'ir%Hfalag t@r r%q{uld & ec%on nle eh p%f[q%Xh léll’?ﬂlt % on

channel s 25 1be| ng arran Sane Ci'r rcu ar
of each of filié channeBl Fblye)fainpﬂé uhdo«hhaam%mmebﬁgacardfangpmrad&ty h»lf fluidhe

circular pa h and fl uid-connected to an LOC- chip, erej eas
one of the FHbsERUally, FORRIISES i PFADAer %P‘aq P%,gp%w{} b huld charhel
connect ed tssabgtmlanwcb ﬂ@é@cu Rdaridel Shaped pbm%ncmepgé/mao@uscﬁwléi%yfﬁéﬂ d
channel serV|gg as ' a c i nl et channel whi ch is connected to the

| east one etaedhvithe tﬂﬁpﬁmﬁae Buidishannel df aneand gortioplod exchiof §1elP}ura1lWIQf |ﬂG1d
R T o
fluid- cdd rascatrmdrot:hlpafoseqmmg @tal]ntdaestaypdantbhenmﬁy plavédainside efthe circular
reperat e e st AGAYHARRE Tt L QU AFORIR 105 o e
ot her end phurhlitgrof\fivid ahamﬂéI@‘éaﬂﬂbﬁsefs lawirdula# erc3VetioRPedchidireiilat hridgportich
has the same radius and the circular arc portions are arranged along a same circular
path, the fluids stored in the different fluid channels can be delivered to an assay
15 device placed inside of the circular path quasi-simultaneously by moving a pressing
element along the circular path for several revolutions thereby squeezing the fluid
channel. Further, it is also possible to deliver/pump the fluids stored in the different
fluid channels simultaneously by providing multiple pressing elements with each
pressing element being dedicated to a given arc channel at a time.
20
[0027] According to another embodiment of the invention, a plurality of
separate fluid channels can be formed within the channel layer, each of the plurality of
fluid channels comprising a circular arc portion, each of said circular arc portions
having the same radius, and the circular arc portions of the plurality of fluid channels
25 being arranged along a same circular path, an end portion of each of the plurality of
fluid channels being arranged within the circular path and fluid-connected to an LOC-
chip, wherein at least one of the end portions arranged within the circular path is
connected to the corresponding inlet of the chip via a separate fluid channel serving as
a chip inlet channel which is connected to the at least one end portion via a dummy
30 being replaceable by a fluid storage container/line containing a sample therein. For
example, the other end pbnion of each of the plurality of fluid channels is fluid-
connected to a separate outlet of the chip via a respective separate fluid channel
serving as a chip outlet channel, the respective chip outlet channel being connected to

the respective other end portion via a removable fluid storage container/line.
11



Dependi ng on the chip, the cartridge according to this enbodi nent can
be used for perform' ng multiple assays with a single cartridge in
paral | el sed for perform ng a single assay i L4,es
mul tiple m%g S ?‘o étJhe chip. 5 [0028] According to anot E@?&g%@%lﬁ%nt,
the at | east one fluid channel is connected to an inlet of an
LOC-chip at_one_end t wherein one or npre fluyids are stored in

Che at | eadReRSAEDE o tHe nﬂﬂelc Jprerding o dhissmbfgnent g be psed for
stored in t oaﬁlnge,aﬁﬁlp&nﬁss£§s%fdlq <‘ah %}@Ica@ﬂgeeﬁnp&mel%%ﬁ lﬁnﬂjsed for

t hereof and the one or nore fluid has” t he above descri bed
effect, thazerfarrgmgtaasmgée Wlnghteqwmsmdaweb@ubée&qthpt he 10 fluid
punp channel for creating the required pressure to push the different
fluids into and out of the chip. [0029] According to anot her

enbodi nenf ,[0028)| ur al iAcgomdingcior aotifee embbdialehty the at Edstc&mnﬁlmﬂschmmd is

chanbers can_be, f.ornmed w thi nne t.he .flu 15
cartridge fOPpestsd @ &Hﬂ?ﬁ%?ﬂﬂlnraégﬁﬁ’rpa%lof‘? e’&‘# 8%'{919? Fherep 8@%‘” more fluids

l'i nes/ cont ardstbredGRIREALIEMt bie fdd icBSnnyl, and WeerRinld abﬂcﬁ% mf] uid fxasidied m or
chanbers and respectively conpri si n%] a different flui erein, and a

first and &h¢ aideashone fhd ghammelbetweep therqtiysr gnd theregband thpeag Qgners fiyidss
having a r egReRds e abdvelleSitfbed B rkﬂatgpssuﬁam%ﬁahg ﬂamﬁf&gn Fg’&@eg% fheone

of the two connection ends is in connection w't

channel ¢&@rfluad pump charel feo cleating tlhp aesjuired brsssrento push thei diffenitoiiidseinto,

t he f|UIdSa8§gé%% g@*ﬁSlvely stored in the fluid storage

| i nes/ cont &I Mers |c are connected in series and can be

flui d-connected on one side thereof to an assay deV|ce such as a
nicrochip, e|n t he ot her Sld thereqf is in fl ion th
the fluid d comFPIETRg; HPtgS, STl p oy, pf SRORLEreTHlY
fluid chan @edlem %mnﬁﬁlst b chiitkersGarl 1be Uofindd SitBinN ﬂﬁa&la@fsal M§érY etkey ﬂﬁﬂr ve
as 25 a ggnpln channel t hrough which a punping fluid, for exanple
dei oni se ge fugther Gomuvising a plasalityyof flyid, storpge ﬂlpﬁﬁ/‘%j%lt%lteé? epnpgied ine
fFluid storggges {rﬁeﬁ{ecﬁ’lﬂlrdﬁ't)n%?%hﬁﬂ{e}'@&d cRlifbdr{ L L1BG SpoBORRY ¢ 1ﬁg | 1

fi
the fluids are stored dowistream of punpi ng channe and g the

punpi ng f| differens Puidpthgreitr andgh fitse amim dast:minthelplpuh’pd 0f ﬂmérsmage
the punpi ng, 0

rate to eadneyeipRunh BA e £ ERieudl e DAl Al HBRES tod, Wheleif the
flui ds ar e ofidlst mb emmemuymnds hmmkﬂmé&snrreesorcwnhtaeﬂmd hhmljcorifmmng a

exanpl e, ,each ch Al San e fille )

o her 1 2 FenE RRGE ERE. s bbiimithl i RGP Bersatpatgly Spredd el o
storage |i dmid stai@gaﬁ@s%/cbﬁﬁﬁﬁ&w&ﬁ& G&B{e&e@ws%n&@zﬁﬁ%ﬂ\ﬁs a6idl ddgndcted
anot her aspect of the present invention, a punp conprises a fluid

cartridge QBQSEMIthersok i an pssey, devissotich @x3onicrReRiDs Whiredt therpthersidsi o
punp channgherdot if & ﬂ@é cBiheBfion @ﬁ‘lﬂheeﬂuﬁpéﬁahﬁﬁic pﬁﬁ e vlld?ﬁﬁé hﬁﬁi@ In
fluid channel of the fluid cartridge, V\/nereln e punp Turther
conpri ses &his P@Gsﬂleé}ﬂéi @ﬁé@@lhn‘gng the| \éqrblng llquﬂdéhqplnlcemgxcluﬂn‘@bpqre@sesasng
el enent e £ e t her,
wherein %qt;h’!&ﬁ) Iﬁé eas onebjﬁolrg‘g%ésﬁl Ang&aﬁﬂéglt&{de f‘% éﬁnglsét?éﬁl%g(e\‘%t%aﬁ be
successi ve Ipquieqb toeﬂnse:tly ahsinthe flozwls fstoveddin phnfluid Rtomage! linedeontdilves foressi ng
el enrent and ui d riri noved ,rel ative to each .ot her to
Cher eby oot B8 e st dish it Ml #F g aSpRrapi o1 e ok amar

and a dri Viaig ofl§\th& Phbidis plifpetthrbigh 818 FhuidPEHRnib) Pambidg cﬂ!uﬂn@?ﬂie
and the cartri dge can be pr essed agai nst each ot her to cause the at

| east one pREPUERPId beingfteeof aig gapeersair pubblesahe flow| rateds easigido 59ntwlu ch
the at | e@sdss PRI B %erha%n%c‘aﬁ?% A6 LG a5ed éxfd%gﬁr%%&;}i’ be

relative to eac to caus€ the pressing t to reFatlvey
move al ongathieved) Eonje)q@umi;e c#chrchehberléam beﬁﬂﬁbWﬁh atskpargingShiidygue asmant

I's moved alir?er}pgag, eeiI];gl ilrjllm%sg ler%n&lqg Huld in tre@Séc%% ﬂu%rgggrggseslme
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15 respective portion of the fluid punp channel. However, it also
possible to alternatively rotate the cartridge while keeping the
pressi ng q*,@%g@lst);sxed. Further, it is also possible t?cﬂ?&ﬁ)og%&zt he
pressing elenent and the cartridge. For exanple, the punp accordi ng
to the present invention can be used as a microfluidic punp for so
called I ab-gn-chip applications. For exanple, the punp can be

oper at ed aﬁgﬂﬁer i st affiCP@Irz&) D ARSthely ASAECt hef RFMPTEERI0FRYPAEO™ o2 ¢ PHETP
present i nV@pHHoR AMid Birﬁ{dfg@(i@cotr&m% R afP of BfeUIbLEE eMbSdImeNS! #H8rein a
having a sepafate punp and a separate fluid cartridge can be avoi ded.
Due to the pemp ebannel isifermrdrhy 2k deastradpardon of the at least sae fluidrehannel ofy
may be mad - . ct r e .3t es
T a el abhg Tn Ehrridgt, SRS hnbRi A bl WRePPOMREF St RECOR: BRELE
be used a$ ddnsent,| thiedatclasst rone gpeessing clemeant 2bd tthee flpide sstridge dlemgembvabie
the driving device are endurahle parts of the punp.. In this case,
after the JHERYS FoFReBrU e  BIR WHE® B 68 o, PEPEREAlemea (eisUaGe o8t om
the el asti Gah ayekuckbddivielie depsresded lalong e fiuid Peipl shatthél PRBR t1RNPressing
repl aced by another (fresh) cartridge. For exanple, the pressing

el ement carfloseent andiibg flyid ensteidge agwpaved rrlatiye &o egch odher hiherebyporapressra
gui ded al o I : i rg,tm ]

driving 30%‘&3&?@@%%@%@?%?& |%gﬁ§%£}gﬁnh€ei’n%g(r}lm ment ofg lcf ?g v%ﬂu%pthg]@t

t he preséftledshomepressing eldmeenp pwbtbe ngtrisige nambe pressedagaimatiersh iohebtoccansed
the driving devuice can _conprise nekic.fi.el.d device providin

rovi ng. g fae erepsi G b SRR el i SEn bRl st
accordi ng tone tphdssing retentintraind the Tatiddpe dan bemmivied eélative, toxach bther r@asi ng
el ement and, the drivjng device erate al nost wear-free. In the case
of “a di spodhbPESHIE AmEal oy PG Tve AlopR A SMBrFIaHl T SbEne
magnet fi elgk pfetdinifcRmeh8 MeEa Aldngakd ﬂuﬂr;ﬂﬁrgj Elhnfid] Q5 RRret3Adbnkfess
reduced or svmﬁl"tépkllﬁe% of f by the maé%eti c field device thereb ngﬁ,s :

r el easi ng’ trefpegiveperting ofthe@yid pamp ghanpel. Hpweyer.dt alsg/passibls te gligrnatiyely
used fl uid gafel fhldSe i i ERLAG {88 NFORR ,
it is al sorposesi bl e tgggna‘ﬁglaele%bﬂrnén%v@ %ﬁggpe?%g%t r%xggl lt:amentr’ E‘?‘é@f&r
appl yi ng armpossihle thmiové bethdhe pressing dlement andthewgriidgec Férogxamplel theipumpl so
possi bl e t she pressi ) | t acri.fi .and dj S

t oget her quf%1 ‘%f'rt "g t‘?%ﬁ‘?ﬁ*"%@ﬁﬁ%ﬁ@rﬁﬁ@ : #E%} %sgg Fgcemﬁ‘glrgltcraq“gn efog\%g)? Sﬁleldn

t hi s case, liben-ghipSpiplicatiohe nBort exhfhplea theb purap chw dedoperatédhas aapdristatiipe.

0032] | f ) b mbodi ts of th di to.thi
vant i 070 Himg. S < Guap RaREIAY e PLesi JALFOBP 6 PR RN & o
bal I. I'n theueas svitf sydtefisHOma] &phhtei fhinpadddrd skparaterflbi@rcatti@se can be

operation of the punp the ball may be sinply 15 el evated/ renoved from
the el asti @vpigsaDugdo tﬂrf‘a‘%bot’%éesé%’éée PYmR ercerding o dpreseAt mentionmavs by

a fresh 0Nt BREA! b tlnffachitCar HiRerttiResDathckattsSinl RANe manner.
| ai d/ pl aced on the upper "surface of the elastic Tayer and 1s rolled
t her eon al &y examplé,| aidigpashbladkid ¢aptridgel cani besed tak ehecthud wasdtridggy wherein
wherein Lol v f . I; i ving.
dovi ce. Thihs BRI APRRL: s b B bl SRIRARMIE Bt ME sl e
to 20 t her ehse, afterphespgerationasplepumiethp prdssiag elefmehtie réléased frpmnthe elastic

channel , whereb he flui.d in the flui chapnel js displaced. To
Vary the aioishEthe R id parided Bionys B Bipisced RE aposhE hespb g
the el asti Gof ayhipl§Hthé B&sﬁ’@% tleBiflt/cad bé RPm¥EbPohd ¥r AbrelBBs HepressBhYesd e
varied. The size of the ball depends on the size/cross-section of the

fluid chantéichugrg guidedealens and prsssed peqingt dhe) fluigopump channel by the driving
30 device.

[0031] According to an embodiment of the pump of the present invention, the
pressing element can be magnetisable and the driving device can comprise a magnetic

field device providing a moving magnetic field acting on the pressing element. The
13



[0033] I n any of the above enbodi nents of the punp according to the
present invention, at |least a portion of the fluid punp channel can
have t he % SRIO circular arc. In this enbodinent, kB?/SEE(ﬁ@ﬁdO%
el ement may be sinply noved in/along a circle having the sane

di anmeter as the circul ar arc portion of the fluid punp channel SO

that 30 during each_c (=qne, conplete circul ation _al ong
circle) thePHRR §§ﬁ°ﬁ§né fﬁﬁrﬁmbgd%fé% 15 578y {p mapactueand the Rrpsﬂrw %mt

channel , thgiehy divid) ﬁé"\hé@oééré{é QIrB(‘Ss(P WeaAGeSNd A c&sléeof*c 4 i PosQHﬁpﬂuld
channel to the other end of punp channel Accoré ng to an

exanpl e of ednirisigerabist thewperatiomel uhc pmp@@mmeﬁdémcmths maanq:tmalacy
el enent proyi u rtridge @1
magnet ( per%&%@% &%lgérﬁe R%?&ﬁ?&d& &c F%ér(rjadfﬁl%fﬁ'e @ %%:c,efril T 8‘5 ereby
pl aced whiScleldasing mlheapnesisirsg clagerst froni chendlastieayen lso et khesusbs flaid catridge

i nci dent with the ci Iar ortion of the u channel
Chen i nemt ot ot ErRSR o L oRe Heyrdvas it Ao prsiibie B iRyl Eree
can be a rofmampyessing klefienfby Aipfig BPéxterRiIFHREYo oRFOMeABE nfaPadtictBRe. It

pressing el enent is magnetisable, the pressing 5 el ement can be

easi | y novel§ alspaeesible dhiat gegresying .ehemeyt mtb&tsawgic@ﬁ and gispased togethenvith

For exanpl .
magnet i sabﬁtgett‘):al d%gﬁ& ?’éee t%ﬁ%(gg%h fagglﬁl%lsz:ﬁ&gppgpsr[@stsglgp eé%eélF
surface df Qahéve@adweiddgﬂlecmndgﬁy the force applied on the elastic
| ayer by the pressing elenent the rotary el enent and the cartridge/
substrate nmay be sinply noved relative to each other in the axial
direction 1[03d] t he rIﬂtmyyoEH&nﬁidvc éaﬁld)dixﬁenlﬁroy th&@umplmbrﬂmgofo iblhﬁ
ressing elenent the rot.ational eed of e r ojar may be
Dart ad Fur BHEHon A STOStnG HEMER RS D4 7 10U P fop sty & ik dh et so
adj ust ed bYOﬁdilbtﬁ)tséH]Q ﬂﬁi@ﬂSﬁhﬁ@g&C @ RS epation o@thetﬁaﬁlpqhassn ﬁa& awﬁnply
ei t her by tallorlng mat eri al ;l)ro perties of the el astonmer and/or

€

pr oper | y 18 derétedgemevideiony ther %Sﬁ‘élaD’FfLﬁOdhaﬁS@??ﬁls%ﬂWdém@ﬁgetchﬂ bkmbﬂ@ﬂbf
|
the el asti gy 2¥REh ofe AR dJSRNEY Ut thd g nfél 6 dgggg@glsfxiﬁmﬁ bR %he

punp uses only direct contact force an this case,
for exanpl eppehenriaract the elastjelayefand hsarOBad the'raﬂg@ltmg dhet firgd ghewel fogmed

el ement may.be, Bl gléa%lglslgﬁ& feak ﬂsrtolh%%’;mov%t egt otb e Ball §: Cgoé}lrt]l!oﬁaé by the

driving device. Thus, the ball successively depresses the fluid pump channel to

r

20 thereby compress a respective portion of the fluid pump channel, whereby the fluid in
the fluid pump channel is displaced. To vary the amount of fluid displaced by the ball
the force applied on the elastic layer by the ball and/or the velocity of the ball may be
varied. The size of the ball depends on the size/cross-section of the fluid channel and
is selected appropriately.

25
[0033] In any of the above embodiments of the pump according to the present
invention, at least a portion of the fluid pump channel can have the shape of a circular
arc. In this embodiment, the pressing element may be simply moved in/along a circle
having the same diameter as the circular arc portion of the fluid pump channel so that

30 during each cycle (=one complete circulation along the circle) the pressing element
successively depresses the fluid pump channel, thereby displacing fluid from one end
of the fluid pump channel to the other end of the fluid pump channel. According to an
example of this embodiment, the driving device can comprise a rotary element

provided above or beneath the fluid cartridge, on which a magnet (permanent magnet
14



constraint such as a clanp while the cartridge and/or the pressing
el ement are noved 20 relative to each other, for exanple by neans of

arotatin Is also possible to enploy a co

bot h contgg?hgﬁgﬂ¢leld forces. [0035]1n any of the aboggigﬁgm%&mgnts
of the punmp according to the present invention, a plurality of
separate fl ui % Eurrp channel S i)f be fornmed within the 25 channel

| ayer, wher®icPCHERASRST) 1§ fecepirisplay plaspd ahich isirefatst Aong BaiRamiradapitls es
a circul ar gpgam ﬁ[l%'c@ﬂmuﬁﬁ‘lcxbltﬁ)fhe%ﬁbﬂmcdré pUkidh offife m&“ BehAE Rler ne
sanme radi us, and e circular arc portions of the plurality of punp
channel s behaptary clempatiisabtoted. Eorsawreple, the totay elsmient caarbe ashiaredisk orre
driving dev 0 e

fluid cartr @ér ﬁﬂnﬁﬂé\ﬁggﬁ%\%’éﬂ% %%Jéss% é’lérgglﬂ i§ %%ﬁetfg{l%getﬂe SIICSSII‘E
el ect r onafrebdnjent sarebe easily nmakd ylopg aciecle b sindply ﬁ)tartmtgahed)my elRfhefit. For

circunferenti al th substantlall coi_ncident, wth the circular path
Chen the Gicsmaple i watnet snh thepiessu g och B9 B et ablrobaf Gelbe,o

el enent al Qﬂ'ﬂ:eﬂ hﬁthCéaEH ol RASPposHePMhavflirfale bme ChrtdeaTo ¥ tROFdréONS

of the pluralit punp annel s are arranged, during a single

cycl e of tepP §§|thg eéaseﬁéﬁxert%ﬂlmm&a@gr@gpeétﬁhvépgarsstebmt iapd e
plurality %Bmﬁ{x)é(g\// g e#ﬁﬁ Jﬁ%ﬁ@%ﬁmeﬁ?elﬁﬁ%%seﬁéﬁ’&h& ﬂ'tﬁ@l;ﬁ&ﬁfirec n

[ 0036] I n the a pernanent nagnet
el ect r omkQ rod thecrtarp elensant] and to Iwyrthfgvﬂocltyldf theprebsing clemaly,rtbe rotalunaled

as the magne e ed off/on fter/ hefaore
oper at | on’ dpuer e BART HoBt A B Thach, PR niyend Roiort (R TeE, o
magnetic s fpir@lsude)rrvan bealpd adjaﬁted) ()% \a@eﬁmtghﬁmjsligﬂi‘délela?,lficit}éI di[&r}]la reﬁfsﬁct Rger

el enent afte oer ti.on of e pu ere t her ef rom

bef ore opef4ifioty Brloppg ! Poge n&i?{]&‘ﬁW?%Fonéﬂrta@%’ég)’\?é‘?%‘?ﬂytcﬁ‘éomg

di stance 1Qehatie m&haxdmwhmoﬂmekﬁseeﬁm@ma@i@wt may be sinply
vari ed thereby redu0| ng/ increasi ng magnetic force acting on the

pressi nglel enent .
[0034] However, it is also possible that the pump uses only direct contact.

force and no field force. In this case, for example, the elastic layer of the cartridge and
the pressing element may be held/pressed against each other by a mechanical
constraint such as a clamp while the cartridge and/or the pressing element are moved
20 relative to each other, for example by means of a rotating element. It is also possible

to employ a combination of both contact and field forces.

[0035] In any of the above embodiments of the pump according to the present
invention, a plurality of separate fluid pump channels may be formed within the
25 channel layer, wherein each of the plurality of fluid pump channels comprises a
circular arc portion, each of said circular arc portions having the same radius, and the
circular arc portions of the plurality of pump channels being arranged along a same
circular path, and wherein the driving device comprises a rotary disk provided above
or beneath the fluid cartridge, on which a magnet (permanent magnet or
30 electromagnet) is eccentrically placed which 1s rotated along a circumferential path
substantially coincident with the circular path when the disk is rotated. In this
embodiment, by moving the pressing element along the circular path along which the

circular arc portions of the plurality of pump channels are arranged, during a single

15



[0037] I n any of the above enbodi nents of the punp according to the
present invention, the punp may conprise a plurality of pressing

el enent s. In the 15 case of a single fluid pu

punp effie¥Q§%§Hﬁgﬁgbe i ncreased and a snDoth/uniforn1ggg§§?ﬂ§ﬁbgp
the punp can be achieved. In the case of nultiple fluid punp
channels, in addition to the above effects, the fluids stored in the

di fferent feXAuChibsPressngriement she Huidp seppestively pinreds e thg splyrality of; flid |

in this enbgdhMeihneld il t¥ Rbidsdval aiipdagt s may be provided on the
rotary el enent (cor?egponding t% %h%ygo plurality of pressing

el enents). [0038]1n any of the above enbodi nents of the punp

according t e present, i nyentio i he, dri.yi ng device can be, at
| east part| Oé‘gjovi de(siﬁaghea and hegf%(?dlé@egfserﬁ #’8r ?{,,Pef‘ﬂ@egh rﬁf’gnﬁtt)ror an
exanpl e, thelehimndhigaétctan hotused ssathe eighéetolf aarelaetpmagnet fiaused hoOetagabt, 25

t he pressing el enent based on the sequence of fluids stored in the
fluid chann F(’E‘)g.netl'm?é(,abet HEP A RS 6‘%99??‘@?@‘#%&7 peration pithe pumpr § a

the flow raf@madent AtighetSi8 WCLsSthe AMInQAE habRALMIeld FRY b@iﬁdgf% BetwleB?

handhel d system can be progranmmabl e 'and can execute a’ se
downl oaded the§tagnetiand the pressingrelemsmt aftrs operatien ¢fitheipuimp andemay bereowtedf

t he pressi C ' S . t
spoci 11 o prapeboicifoRoaRkol e e pifeS WRLBR, oF Allef BRAEE of Hance
provi de dfi lmtwecayy thenmagnétoand e¢hepngssing demdeant mey pewsimphy tvavied thereby

conponents provided w.thin the.cartridge.. Such copponents may include
a heater, a'%g‘écﬁ {pCregsing magnetic foree ag ‘Pglgﬂgfe Pé?SFIEgF{éB“eBﬁDt ics, a laser,
an actuators etc. For exanple, the handheld system can di splay a
status of rotocol (e.g._step 1, step 2, ..., or depending on the
appl i cati 0?108? can bés‘ﬁﬂ? ef &’F\f1 Veermbedimensyof e pump according to the present
invention, the pump may comprise a plurality of pressing elements. Thereby, in the
15 case of a single fluid pump channel, pump efficiency can be increased and a
smooth/uniform operation of the pump can be achieved. In the case of multiple fluid
pump channels, in addition to the above effects, the fluids stored in the different fluid
pump channels can be pumped simultaneously. Further, in this embodiment, a

plurality of magnets may be provided on the rotary element (corresponding to the

20 plurality of pressing elements).

[0038] In any of the above embodiments of the pump according to the present
invention, the driving device can be at least partly provided as a handheld system to
run the pump. For example, the handheld system can control or adjust the velocity of
25 the pressing element based on the sequence of fluids stored in the fluid channel(s).
Thus, the handheld system may be used to control the flow rate of input sample(s) and
each reagent. For example, the handheld system can be programmable and can
execute a set of downloaded instructions to control the duration and rate of speed of
the pressing element according to the sample(s) and reagents and specific protocol
30 given. For example, the handheld system can provide an energy input to the pump in
order to power active components provided within the cartridge. Such components
may include a heater, a sensor, a diode, an electrical circuit, optics, a laser, an
actuators etc. For example, the handheld system can display a status of a protocol (e.g.

step 1, step 2, ..., or depending on the application it can be more informative, for
16



i nstance, Cell lysis step, Nucleic acid binding step, Wash step,
Elution step, Nucleic acid anplification step, Detection step...)
and/ or ca | he results of an analysis or a pro d
by an L&%Q%@?@%Q%n the cartridge. 5 [0039] Accor di ng?’?@ggﬁfé?/ﬁu@rﬁﬁe
enbodi ment of the punp according to the present invention, a
relatively rigid/stjff covering. |layer. can be provided_on top of the
elastic | ay‘@?t.g“qge)%eh)!&ﬁﬁi‘t@’ Npckig aiid ginding stepy Weash stsp, Elyfom step, iNydigic
covering | aief ahpiftdatien sth DAcibR 48h. . 9ARY/B &R HidpthythE M dfSn analysi
accommmodat ed. Tﬁﬁelr ebyl, gsﬁstatceld ab%\(g, any uncli%siy?iéd ® analysts
expansi on/ defagreeess perfasmed h awL@E Hrevidedyomrtheerttridgg. gas/ ai r | eakage
through 10 the el astic |ayer can be prevented. In this enbodi nent,
after operation/usage of the punp/cartridge, the pressing elenent is
di scar deds5t[0039]her wiAdvotdires toanbthérdgdodin¥ad6r the panpl acgrding @nhd fredent

aspect of t.he present .invention, a fluid valve arrangenent nprises
a (F:) hannel "8V & ﬁ‘?tlﬁw\ﬁ)ﬁ’i %ﬂdg?fflcg‘é%’f‘g&@r &% E‘?JH’IO@%@%PP&‘PH 9&%8 egétéﬂ ed
fluid channgjer! Borfékraﬂ?da, azﬁhﬁii@aﬂﬁﬂl chRB& ForfRARA kS O ednSiahatihatBeh

y

and an elastic |ayer fixed arranged on the substrate, wherein the
substrat e HB% ahleaplgprg pipssing plgmgntcls aseommeratadh Thersby,t s5estaspdrgbave, any

| ayer, and -0l : cagt: | I, 1 { .l
| east one si gsr“fe g ?‘ggﬁl(%{/detkdzgﬁ{é?rg@%le at%el(r‘;{)eq%ﬂg aﬁr gl Vgﬁl\?;a%e Qﬁ}o@éh
ar r angeniftthé glasticelayeneqor bes pregentedp ire e emgbelimemtn aftdryopatutioyusdge of the

elastic | ayer . ressed.at 20 |eagt. at pasi tion ong the
f1uid chanry?glfnp?cgptf‘ﬁg?’g%@mgﬁsg§§ leneptis djsga a%dotﬁﬁ‘ftgfre"r @’ %‘F cﬁg}ad[gfa'al ly
constrict, the fluid channel, and a driving device by which the
pressing el t and the elastic |ayer cap be pressed agai nst and
rel eased frlﬁﬁg% ach ot}fEPrdingto rothep aspest 0k thecRessnp deveatb i Fid: walvs

the fluid %ﬁ%&nﬁ&@ cORPrifR 48Rk Nayed Svifhlin wthichadt ViBas? oh& RE SRR Eentially
accordi ngéto the present invention. 25 [0041] According to an

embodi meh? serled Ruidrchannel isfprmedathe shanapldaxer sempriting i substratpang ae slastic
I nvention, é’rp%g e ' d. the. dri vi ng
devi ce can 1%%?5% %glr?{tsr 0 g%?g%n'gaéﬁdg??tg’ ?F%%ge%g\%ﬁgéeﬁﬁo?ﬁp? })1%?1 (!th nﬂge}/dg|
magnet i ¢ f igedateraban ok lof ithey elastici layeroand: Wherpinetbe iah deastl eneefitid i charmel is

manner to [ essi 0 . ress or.ta rel ease the
elastic | a;célg# 3&[ %5‘2? ﬁ°aﬁ§g’8ﬁi‘ %@&b@%gfa%%d%gﬁrn%ﬁt‘gm%fv glf’ f &TEmgnt
val ve ar r arfgrdree cbmprisiag dipressing eldireenpbe s/aith thewlastici layer cambe degresed@t
S E@)feagte ataa rp%lsjirtll(c:!n OaPAnegCtExé u(lj({ gl?a)x(age tloethgreg)? Iclo'se, that is, completely or

partially constrict, the fluid channel, and a driving device by which the pressing

element and the elastic layer can be pressed against and released from each other. Any
of the above described embodiments of the fluid cartridge can be used in the fluid
valve arrangement according to the present invention.
25

[0041] According to an embodiment of the fluid valve arrangement according
to the present invention, the pressing element can be magnetisable, and the driving
device can be a controllable magnetic field device for providing a magnetic field
controllably acting on the pressing element in a manner to cause the pressing element

30 to depress or to release the elastic layer.

[0042] In any of the above embodiments of the fluid valve arrangement
according to the present invention, the pressing element may be a round object, for

example a ball.
17



WO 2008/ 118098PCT/ SG2008/ 000072 [0043] I n any of the above enbodi nents
of the fluid valve arrangenent, the substrate may be nmade of a

non- nagneg*,]é% figgif erial that does not act as a nagnei*i:?/séfﬂo%(ﬂwﬁ
the a t, the

[0044] I n ove enbodi nents of the fluid val ve arrangenent,
controll able magnetic field device may conprise an el ectronmagnet or a
per manent magnet. The el ectromagnet may be sinply turned off/on to
rel ease/ attract the pressing el enent thereby opening/closing the

fluid channpod3]l n t helnCagefahe abdve refbogitdent¥BgnRS fluiliOvalvecarringéRdnt iR
the pressing_ el ement nay be sinply noved relative to each other to

alter the f¥betEataEayhg iadeofia npp-atagnetisable materal thatriors nesiest 3s,a Pagnetic
al ternati velyelgt he control | able magnetic field device may conprise a
magneti c shield and a nechani smfor placing the nagnetic shield

bet ween t e magnet and the pressing el enent and for renoving the

magnetic shy fromd hgre n, Ih ont r.ol l.abl e gnetic field 15
devi ce may Qlﬁéﬁ corrprl%lsg{eagg#‘)gfgﬁn})?%}mg?tgi (ﬁr}tdiﬂ\'/el 5@51 X R%dﬁ?%nsgg%?te tﬂe
magnet i ¢ shéontrdHablovneagaetic fild deeich aniySconpsise apadcrombgriceloe @t permbivent

| aci ng one_or e of the magnetic, shield tween t he magnet and

Ito he at Ieaslf’a%}?golg’lﬁ&g?m@a@}eéﬁ’éﬁﬁ’? Slmpl%mﬁ}ear"%? o o rgFa P_Egagﬁgﬁliﬁ pressing
el enent s i selgh@ititkiéby dHenin@Rfsing M HAND KA, FRHDELsE 6f & Phrdlatlefidiagier,
provi ded for each pressing elenment. 20 [00451 Accor di ng to anot her

aspect oflOtthe mageeicand thepesting plemantimay e sieapby mevad teloipe foseash gther to
o channel ok € oG REHES o fhe rp Sk Ul h Aol 6P afinaA) he
non-i nt egr adonyroflabieredgwitic iclddeyéwtmayoconipeise a nsigneticeshémidl adba neschanibni n
s’ = 2 A0RBUtaL bl A RIRTRR s g TSR i
a |ast of tremopingrtaé imagnedc hielddfreh ahagtwiayi The coavdllableambgtefie didd e
2;?? r ?38é§§%\ékg %'; a]gg %Bﬁl%tglsegg B ng]i%ygtelwg\% lﬁl yaéd%reggabiehref\la;tlleltjilcdshields,
wherein the mechanism is capable of selectively placing one or more of the magnetic
shields between the magnet and the at least one pressing element. If a plurality of
pressing elements is provided, at least one separate magnetic shield can be provided
for each pressing element.
20
[0045] According to another aspect of the present invention, a fluid cartridge
comprises a substrate in which a plurality of circumferentially sealed chambers or
channels is formed and a plurality of fluid storage devices non-integrally formed with
respect to the substrate and connected in series via the plurality of chambers or
25 channels, each fluid storage device comprising a different fluid therein, and a first and
a last of the plurality of fluid storage devices having a respective free end serving as
connection end. The substrate of the fluid cartridge according to this aspect of the
invention may be either a flexible substrate or a rigid substrate/. For example, the
substrate of the fluid cartridge according to this aspect of the invention may be one of
30 the substrate or elastic layer of the fluid cartridge according to the first aspect of the
present invention described above. For example, one of the two free ends is connected
with a pump such as the pump according to the present invention or any other suitable

pump. For example, the other of the two free ends is connected to a microfluidic chip

being located in or on the upper surface of the substrate. For example, the microfluidic
18



invention may be either a flexible substrate or a rigid sub
For exanple, the substrate of the fluid cartridge accordi ng

strate.
to this

aspect ofvﬁyﬁypgﬁggtion may be one of 30 the substrateP@bségﬁgghgn

| ayer of the cartridge according to the first aspect
present invention described above. For exanple, one of the

two free

ends is conpected,with. a such_as. the punp accordi t.Q the
present in & bg 2 §H§0fg‘t’]%g<} né‘fﬁopﬁ‘a}cel&pﬁ%ﬂ e’ﬁ&rclug&éﬁ‘gl%éflgfaﬁ'@“cﬁfl‘laer
of the two dhemecakbelBioldeicaPBERGhes fib@ AfltdCdoafaidihgl e hlintal6} BBlogical

| ocated in or on the upper surface of the substrate. For ex

ampl €, the

ni cr of | ui diebstanceckgrsxamplesach chamber ean big filled withe fbid being immisriblerwith

extraction QUL FdiGaty : l.cal or biological sub
'g@ﬁmaygtbiadqameﬁm@ﬁgﬁgga e,

froma fluid containing the ¢ or biol ogical substanc
exanpl e, &ach chanber can be filled with a fluid being imm
with the flHj stor inthe fluid storage.devices. 5 1004
shows a cr Jgg&ject i o%q% l'et]‘ngellofv‘isua} goéséﬁ'ef?(frgagH‘ﬁc@ﬂ&&%déeoac
enbodi ment fiakt énib@dimieds 6Nthe pregemtinvemtionf 00471Fi gure 2 shows a

cross-section of the fluid cartridge according to a 10 seco
enbodi nrent of the present invention; [0048]Figure 3 shows a

st ance
e. For
sci bl e

Qk;kggnf 1

nd

cr oss- sect ifgayT t he ik QRMsTd HBR-REGR OF B9 fiRd RarkllidehoBSIRG BN

of the present invention; 15 [0049]Figure 4 shows a cross-section of

the fl ui 40 sseondicabedimenteithepresant lvention;

[0048] Figure 3 shows a cross-section of the fluid cartridge according to a

third embodiment of the present invention;

15 [0049] Figure 4 shows a cross-section of the fluid cartridge according to a

fourth embodiment of the present invention;

[0050]) Figure 5 shows a cross-section of the fluid cartridge according to the

second embodiment of the present invention before and after the elastic |

20 fluid cartridge is depressed by a pressing element;

ayer of the

[0051] Figure 6 shows a general view of the pump according to a first

embodiment of the present invention;

25 [0052] Figures 7 and 8 respectively show a general view of

according to a second embodiment of the present invention;

the pump

[0053] Figures 9 and 10 show a top view schematics on the pump according

to a third and fourth embodiment of the present invention, respectively;
30 |

[0054] Figure 11a shows a picture of a top view on the pump according to a

fith embodiment of the present invention, and Figures 11b and 11c show pump

characteristics of the pump according to the fifth embodiment;

19



fourth enbodi ment of the present invention; [0050]Figure 5 shows a
cross-section of the fluid cartridge according to the second

enmbodi nenb%(gg(?y;ﬁo%}lr esent invention before and after tpg Ebﬂﬁ&/b(ﬁmz

| ayer of d cartridge is depressed by a pressing elenen
[ 00511Fi gure 6 shows a general view of the punp according to a first

enbodi nment he present jnyention 2] ures

respecti vel @Bg ow g AR 1 og\ﬁ,a&eh?rﬁlew%w r‘?g J@E‘g?tﬂﬁaﬁﬁc?rﬁalﬁerszEBﬁée
embodi ment iafthé Aeidnsaeisiapé andtené panp aédR fol tHe! pRSer? iedtidd) aﬁ&lm
top view schematics on the punp according to a third and fourth

embodi ment b¥ showes ssverab Apid; Wéeﬁ me%é?;e&ﬁ%tegl to 3le Fl@wlllfiﬁfglfrtbe ha
shows a pi gl t

enbodi meﬁt of ?Ig"ligfptrﬁgsen{)\%%\\ﬁdelﬁ tlootﬁ‘,'es ang |gg%églkp€%l& ngadfié show
punp charécteristics of the punp according to the fifth enbodlrent

WO 2008/ 11 CT/S o] ure .12 sho er al

of a flui dg@ﬁ%ﬁage cong'g{eg%rﬁ &a eggligjéwlgactcﬂrg“\glto 2 %F’Pg?‘g‘ﬁlg a d‘}l

t he punp aquesedt ingeritionf he present i nvention, and Figure 13 shows
several fluid storage containers being nmounted to the elastic |ayer
of the cartridge of the punp according to the second embodi ment of

the invent Hoolsn 51 Oomﬂeqwﬁusmteh bdidr eAbSRmeMCO AU S figE haQrdify 2
si xth enbodi ment of
10 to the present 1nvent10n

[0058] Figure 16 shows a schematic top view on the pump according to a

seventh embodiment of the present invention.

15 [0059] Figure 17 shows a schematic top view on the pump according to an

eighth embodiment of the present invention;

[0060] Figure 18 shows a schematic top view on the pump according to a
ninth embodiment of the present invention;

20
[0061] Figure 19 shows a schematic top view on the pump according to a

tenth embodiment of the present invention; and

[0062] Figure 20 shows a cross-section of the pump according to an eleventh

25 embodiment of the present invention.

[0063] Figures 21a to 21d show different schematic top views on the pump

according to a twelfth embodiment of the present invention.

30 [0064] Figures 22a to 22f show a method of fabricating fluidic channels

utilizing tubings according to an embodiment of the present invention.

[0065] Figure 1 shows a cross-section of the fluid cartridge according to a

first embodiment of the present invention. The fluid cartridge 1 comprises a channel
20



present invention; [0057]Figure 15 illustrates another enbodi nent of
a fluid cartridge according 10 to the present invention; [0058]Figure
16 shows |.C top view on the punp according to

enbodi mn&]‘g?&gﬁw resent invention. 15 [0059]Fi gure ﬁggﬁg%@%‘(ﬂon
schematic top view on the punp according to an ei ghth enbodi nent of
the present invention; [0060]Figure 18 shows a schematic top view on
t he punp adaysrdi within ovlachatrisdst endbeidiumderentislly tskaed fluideahantieh § dn formed. 20

[ 0061] Fi gur | [ ardi 0 a
enth empod isshpitf E9RE SRIERL b fubBe fsht'an Bt BY SRBENAChRRL &0
a Cr 0ss- seché ubstpdte Ulhg ghuing onlsycarydifilg: duitatsla behdinveretinigifes ewdhad itheeinhl of
the present invention._ [0063]Figures 21a to 21d show djfferent .
SChemmt: o RIBAE clls SBifAOHE SH SROTE T R BUETE MCHITE Rt
the presentenibodmdnt, ARe subStrdt 9G4 aHOM BSachdR thiterfdd In BRAVNRoMB tIRH B
fabricating fluidic channels utilizing tubings according to an

enbodi nent thin stiffeplgecElust the figidity ofrthe substrate 71s greater than the rigidity of the
elastic layer 9 thereby providing mechanical support to the elastic layer 9. The at least

one fluid channel 5 is formed within the elastic layer 9 beneath the upper surface
thereof and has a constant rectangular cross-section. The fluid channel 5 is surrounded
10 on its upper side and lateral sides by the elastic layer 9 and on its lower side by the
substrate 7, that is, the fluid channel 5 is circumferentially sealed so that a fluid can bev
accommodated and stored therein without leaking or escaping from the fluid channel 5
except through the longitudinal ends thereof. According to this embodiment, the
elastic layer 9 is manufactured by replica-moulding polydimethylsiloxane (PDMS).
15 The used mould is a relief structure defined in a 130pm thick dicing or grinding tape
(Lintec Corporation, Japan or Furukawa Electric, Co. Ltd, Japan). The thickness of the
tape determines the depth of the channel 5 and the tape thicknesses can be accordingly
selected from commercially available values. The tape is initially laminated on a
polished surface of an 8-inch silicon wafer. A digitized negative image of the layout
20 of the elastic layer 9 is transferred on the tape by thermal ablation via CO, laser (M-
300 Laser Platform, Universal Laser Sys\tems Inc. 30W maximum beam power and
1905mm/s maximum beam speed). The laser beam settings are adjusted (e.g. 1% of
maximum beam power and 0.3% of maximum beam speed) such that the laser beam
can cut through the tape without damaging the silicon substrate. Parts of the tape are
25 then carefully removed from the layout. Then, the PDMS pre-polymer mixture at a
ratio of 1:10 by weight is prepared, degassed, and then carefully poured on the mould.
A ring barrier around the relief structure contains the pre-polymer mixture on the
wafer. The mixture is cured on a levelled table at room temperature. After peeling
from the mould, fluidic vias may be punched in the PDMS layer. The elastic layer 9 is
30 then bonded to the stiff glass or silica-based (e.g. silicon wafer with silicon oxide
coating) plate with the groove formed on the lower surface thereof facing the upper
surface of the substrate 7, thereby forming the fluid channel 5.
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[ 0065] Figure 1 shows a cross-section of the fluid cartridge accordi ng
to a first enbodi nent of the present invention. The fluid cartridge 1
conpri ses 20 layer 3 within which at |east

ci rcunf erevelt)?(g) I{}(a;seal ed fluid channel 5 is forned. Thgeg/ﬁgﬁ%g/’mopn

3 conprises a substrate 7 and an elastic |layer 9 fixedly arranged on

the substrate 7 by gluing q any of the suitable bondin )
t echni ques gﬁﬁ‘ﬂ as t HOBWEs b‘lﬂﬁ%ﬁ?ﬁj’“b? Cros§-festien 8@@?\?5’@438”5’5%8@?@@1"&
oxygen pl asfgne He6RT Ghbidlihéhtlob i p?es@rﬂ*i‘ﬁﬁihﬁ&{‘ Eﬁcc&rﬁﬁ’lgst&' P’g?/st {rﬁl}&hrﬁeﬂt

made of an acrylic material in the formof a relative st|
pl at e. Thusfluid gkanneh$ d§ foymed wath@ tb@: Plasticdayer P hepeath et uppet $vaface thereof

rigidity of |d c port
to the el as;tnhhzﬁ)logJa gl’?é E&V#he a%e eas e@r%teﬁ) |at:‘| a%ﬁ%#r@el "éé MPSPEE%E
wi t hin thé defiasd by:tliea:j/astlc Biyb@]eﬁatshoxt'ffm HRigin thisr e‘nﬂmdnﬁém;rtmélaﬂmdaybﬁs

a const ant ECt a ﬁngar C Ctl e nnel

The fl h
surr ounded ﬁo't?hs %tfcd y%fn ?%t’t érsﬁ‘l’ong %§§°39¥?r?& é‘Fé]%et sgeond

| ayer 9 andsn%dixﬁéht'tﬁ&\/@ﬁbs&ht@@ 19 ¥nadb 6f &t Bl Gnterdal ﬁh@éfohﬁ,offah@taﬁtew d
channel 5 is circunferentiall y sealed so that a fluid can

accomodat dbinaptiff platee IhenBiskickastig daysuit9a) aroanyfagured s@aﬁﬁmlgaﬂqvffdntg\e
fluid ch Bt |
ura c an{}gl}{dﬁpgﬁgﬁg%xgﬁlg repUs t) He ug&g h;o'ﬂﬂi Ralh i E.sh%ﬁﬂf;%du r?%%’e

Accor di ng ment, the elastic layer 9 I's manufac
repl i ca- i@ Haivevgr, pdley démerting ki fisik elastic(IPpvSa. frdib tﬁhmounkbdherrﬁwlt clastic a

relief str t Ul d 130 k,dicj or n

(Li ntec Co?%’ora |oﬁlentgbapgﬁ&16°rthﬁtff%?gvﬁg @?eéﬂ P%%ht%‘ ﬁeﬁiﬁéﬁ?&%he
t hi ckness adyet huftet apisectitizecoitace surfdees dﬂbbth l@iferﬁ e oﬁ?g’ﬁﬂ&ﬂisnﬁ fedimérdie
tape thicknesses_ cap bhe accordjn sel ected from commerci al |

avai | abl e &S\IF sthe plastig Qﬁgﬁ@p’aﬁ% rlasihtsafm needfo the %‘%FYIBC

surface of an 8-inch silicon wafer. A digitized negative i nage of the

| ayout 20 of the -elastic layer 9 is transferred on the toyge by
t her mal &bI847dn Figured sheikes cropmsemtionebthedluid fastridge apgording & a thixker

Systens | Neyp3 RN RR%E gﬁ@g&@&@ PGS, at?lq stﬁaéggtg th ThHe &9) -

The | aser beam settin re a j ust ed XI nmum beant’power
and 03% of siigsibased haterialdp deedfprms aﬁhrttlatatel}tthm stﬁﬁﬁatebMQa}asmﬂayer 9

L oush. s LAE St P Kl SRR B U SRRaBEE S B S a s e
pr e- pol yr’rerthemtpﬁetl side af tl® ﬂuiﬂ chanaél ils]sﬁxrdnmdwbgﬂie dlatlp 1838609 e0herein the
degassed, ,and t n car.efu our,ed the uld. A ring, bath

o o ¢ 7 S s afe it oY o it T S erdimg b v SoSieerm, T i
waf er. The chinflel & fo&nwbﬁﬁm‘?ﬂh@ d £¥&d ditkthé appep siface @F MelsABRRNSAT, Y6rC -
After peeling fromthe nou | uidic vias may be punched in t he PDVB

| ayer. The c&4mBRIE{bY maghining o selestive plebingAnddty qoyerngdsealing the gropys veth
silica-basegg élﬁ‘stﬁla}%kb'ﬂfe?éby"@ﬁﬁhg‘ﬂd ﬂl§$ﬂahﬁalg oxi de coating) plate

with the groove fornmed on | oler surface thereof facing the upper
surface of the substrate 7 thereby form ng the fluid channel 5. WO

cross- st 1Mebh:  chgary b kst FORGEIAE SR fuf Mol Butigg o  founn

enbodi nent emboﬂlhﬁnpbﬁﬁmrﬁreseﬂwﬁnéntmﬁ InARisansbodndn®, thé iflsidecHansk] Hetis ,a
the fluid channel f or med V\Jn%hl the el astic beneat h t he

upper surf &8% "tft’iétf‘é!ﬂtf CIPRY-SaEHRR BN 1S§§?‘Pé‘&"élet°ﬁé|g@6? orgiliga-haged
all sides efatdriaid the 'f&-npm&hvéy e stiEf pafel aﬂ%bmattma;elr 9% agcmd RYR

9. AsshovvnlnFl in this enbodi ment e elastic

consi sts of aowmiétﬂh’éiﬁ%(ﬂ%ﬁ)r Ageprding t(aﬂs%%mlleplésﬂlﬂéf/ ‘hﬁl@mel gb.

In the sgg ﬂ?"%ﬁm
mat eri al "1 ?1 orm o g’@%ﬁa?%%ﬁ%ﬁ? %artsl? .f‘@’q% a en.atﬂﬁ'%febr ﬁtr%gtthat
el asti ¢ | aysthedeppes sida ofi trecfluid ebhnoyl & spicﬁneli- byothiedtlastic layer 9, wherein the

pol ydi et h¥c|>\nsrel:r| e or}%heg HDIXBc)nann-lepg 1su(§e% { he sut?stra&'e% an wheremd e atergled

sides of the fluid channel 5 are defined by both the elastic layer 9 and the substrate 7.

According to this embodiment, the fluid channel 5 is formed by providing a groove on
22



10 However, after renoving the first elastic |layer 9a fromthe noul d,
the first elastic layer 9a is then bonded to the second el astic |ayer
9b which i flat PDMS | ayer after subjecting

surf aces vf %ﬂ@% ﬁayers t o oxygen-pl asnma treatnent. FlﬁgﬂﬁéﬁhMﬁmwn

el astic layer 9 is placed on or adhesive-bonded to the Stlff acrylic

plate. 15 [0067]Figure 3 shows a cross-section of the fluid cartrldge
accor di ng t??cIAO% the %Bpg%%eﬁévs the Sb‘gsqartf‘e elopver ﬂ’&é‘ﬁ? piothe elptae layer 9
substrate 7gf exARk by RaRikhe, %egttasesetaﬁngs Iahd 9&311@@-%@1&&?%‘ &t Aheﬂwrar&she
formof a relatively'thin stiff plate, and the el asti ayer 'S

agai n made ¢ clastio/layere? wﬁ@dlymnged( @ms)subsmetﬁc%m that the twéj @moves face
enbodi nent eI 5 is surrounded
by the el as??gll‘%(aiygtﬁ S&Po&%eerﬁfﬁ yCE&mtuBg St éderh es are limted by the
substrate57. According to this enbodinment, the fluid channel 5 is

formed b din oove 0 the urface. of th str

for oxanl OB rmc e Rrh° S i, £ BE feFigne g e fuid ehinmel' S
coveri ng/ seRfihédor fdeft HRVEddhiddot Biahe blastci1Syek aYBorflor HaheRiddahdne] Ng
the fluid channel 5. 25 [0068]Figure 4 shows a cross-section of the

fluid cartrd erRfePeacomnrensedyby deptessig rthe clastisdayerdron the at lgest gpe sidawith a
venti on. ikl defiRY BN a4RR. Th f GORASGh: BchiER A £UIRKETkng
circul ar cross-Section. The substrate 7is A made o ass or
silica-bd$ euowdtoeﬁheﬂastw laywe 9falomgtiee fluid p@nacliSVﬁuiyl SIdn¢d1insth¢ flmdphatnel
and the el r t |onanejD ) .
Accor di ng {%%5 tb% spYaE%d %x%e %ga‘;i1 ohlllu ?esgfxe thpr(r% ag%.\ 3 valv ot o d
within the aebadhgmoﬂa)peeseﬁlﬁvmmmrt ly formed within the subst rate 7,
that is, the upper side of the fluid channel 5 is defined by the

el astic layer 9, wherein the |ower side of the fluid channel 5 is

defined by [bém)subBighpd & Ehowd'G \BoRiAl GieWwh8f ItRd 8b@ReAnPftot Aefirst
fluid channel 5 areigdefl ned by both the el astlcqilhgi}l)er 9 an%) t he

subst r at &5 Embagdimsngiof ghe gresent nsptienti Feenpump Ad comprisesch Ayide partsidgg 1
fornmed by Fb"c&ﬁf&ﬂ?'&goﬁe &mex&v%mbsaﬁ{en@u R (AP haﬁh@lfl?;%{ ed B at

substrate 7 and | ower surface of the e ayer exanpl e
by machi ni regst zportion p§theat ehstroge flaidthaans! Soéﬂinrﬁhllcthangd& t. The pump 13

Aot var 05l SEBALISC h8VBle Sl JASAHY) A DA 57 HpBIeRA ©

7 so that t fooves eac
form ng theffliepressiiposternént 31 the ¢1640i6 I yes 9 canbdsuceessinelly epresped eloﬁgmlie

the dr aWEB' gﬂsmd S\IHQ;(): %hz;[.nrxllgl H when &Q%rrgglng 5elems:.ent 11 is moved therealong to thereby
compress a respective portion of the fluid pump channel 15. By means of the driving
device 17 the pressing element 11 can be controlled, that is, controllably pressed
against and moved along the fluid pump channel 15. According to this embodiment,
the pressing element 11 is a steel ball, and the driving device 17 comprises a magnetic

25 field device providing a moving magnetic field acting on the steel ball. The fluid
pump channel 15 comprises a circular arc portion, and one of the two longitudinal
ends of the fluid pump channel 15 is in fluid connection with a fluid via formed in the
channel layer 3 and serving as a fluid pump channel inlet 19. The other one of the two
longitudinal ends of the fluid pump channel 15 is in fluid connection with a

30 microfluidic chip 21 which is integrated/ buried in the elastic layer 9 and comprises a
chip inlet 23 connected to the other end of the two longitudinal ends of the fluid pump
channel 15 and a chip outlet 25. The fluid pump channel inlet 19 is in fluid connection
with a fluid source comprising one or more reagents, samples, etc which are to be fed

to the chip 21. The chip outlet 25 is connected to an output reservoir. The magnetic
23



defined on at | east one side thereof by the elastic layer 9, a
portion of the fluid channel 5 can be conpressed by depressing the

elastic | q,%&?qogm%ﬁ ot he at |east one side with a pressi PEr Eé Q;Ua,él

such as a if the pressing elenment 11 is presse

noved on the elastlc | ayer 9 along the fluid channel 5, f|UId stored
in the flui hannel can be displaced. Figure 5 al so |Ilustrates t he
operation og g‘%l"lﬂecfw %W%gﬁ%%? PevicsAdhengath dhe Auidpsagtsidae 1, on

i nvention. §RKQ] fagtet 296s %b&ya&,cm,g BRABSPhith §¥rdthted fafonewmr&ﬁffa@mm
to a first 15 enbodinent of the present invention.

ump 1
conpri ses apdth subgtaptialiy ¢oingident witlh the ¢irejan asc pertion pf tlhh @uaimw channel 15
enmbodi rrents oritign
of the at aéf e‘h% h&é&f ?}Jgﬁ &E;gnng(:hm%%‘bp alfl%e%’;gle §¥ (r:%% te%l?lﬁ%eg&et 80?

punp 13 fﬁrndodymmm(rr[Ndea inutidibéd tcprgematagmebﬁ’emm phhpafgipmei'r iRor NQ
devi ce 17 essing. el e t 11 t he | a Q
can be succe%gﬁg&el gﬂg’&g 153 G lﬂrﬁe‘ ﬂﬂﬁip“%%ﬁﬁ@gx 29\hen
the pressing £t &/axléled SlabRRsed h@ﬁ@adoﬁ@gte} ﬁarahﬁdkai?mqméﬁ%gﬁal)
respective portion of the fluid punp channel 15. nmeans of the

driving dedndesequrekyff-genized;oncthe ﬂéﬁ@n@umuwarshs&em@ ﬁtsk&ﬂleapmq%ttﬂw s,
| | abl
control | abl y,pg B§§‘§Haﬁ9 n%ﬁéb&ﬁ&oﬁ%‘%f&w&t&%& 'h%PI #wnﬁb%ﬁ%ﬁg N eeI

15. According to this enbodi ment e pressing el enent
bal | , andOttadiusof ﬂlmldlevnlp@hmmebbirpmtageashaomgnévblfcllc@ﬁedfbyahd baldant e

o ov 9,19 ARYLABIARE bk elEERGR A GBI B i o, Fh1
| ongi t udi neﬂuxendmdg)‘e ltxbehghltlyleﬂ:vaudlrﬁomhhmm:y dfsk 23, witeréih thiedotaBndisic27 on

with a flui aclildvthg ﬂ]:n%r ga?t?‘idlgenl apeemoveable relative to each other in the axial direction of

the i'otary disk 27 to thereby adjust the distance between the ball and the magnet 29

15 and, thus, the force applied on the elastic layer 9 by the ball. For operating the pump

13 a cartridge 1 having a desired chip 21 integrated therein is selected from a set of

different cartridges 1 and is placed above the rotary disk 27 by means of a fastener

(not shown) with the centre of the fluid cartridge 1 being aligned with the centre of the

rotary disk 27. Afterwards, the steel ball is laid onto the elastic layer 9 above the fluid

20 pump channel 15. Then, the distance between the rotary disk 27 and the fluid cartridge

1 is adjusted by moving the rotary disk 27 up or down. The ball is attracted by the

magnet 29 and, thus, squeezes a portion of the fluid pump channel 15 as shown in Fig.

5. Then, the rotary disk 27 is rotated via the shaft 31, wherein the rotational speed of

the rotary disk 27 is set in accordance with the desired flow rate of the fluid in the

25 fluid pump channel 15. When the rotary disk 27 is rotated, the ball follows the magnet

29 and, thus, sequentially depresses the fluid pump channel 15 thereby displacing

fluid and feeding it from the fluid source into the chip 21.

[0071) Figures 7 and 8 show a general view of the pump according to a second
30 embodiment of the present invention. According to the second embodiment, the pump
13 comprises a fluid cartridge 1 having a fluid channel 5 which spirally'extends within
the channel layer 3. On the centre of the fluid cartridge 1 a silicon-based microfluidic
chip 21 is directly bonded on the elastic layer 9 using a double-sided adhesive tape. A

dyed-water filling the fluid channel 5 emulate reagents typically used in diagnostic
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channel layer 3 and serving as a fluid punp channel inlet 19. The
ot her one of the two | ongitudinal ends of the fluid punp channel 15
is in flui on with a 30 rnicrofluidic chip 21
integrateéﬁogurlegﬁ%n the elastic layer 9 and conprlsesﬁg&gﬂmgamwp
23 connected to the other end of the two |ongitudinal ends of the

fluid punp channel d a chip outlet 25. The fluid punp channel
inlet 19 i s353sf iAu?tES(PGHﬁ%GS‘?‘%HS% #sihe Prossing elemgnic bl srgoafralledsbeaor

nor e r eagendrying 8SRELE? wRith isVihillt 18§t bOmD prelRds &ﬁbédﬁeﬁhﬂﬂ’e rotary 3R
chip outlet 25 Ts connected to an output reservoir. The nmagnetitC 23

field devi c¥ efohpdiisiag dgvieol hisydrives Ry azvmmotien ﬂedhlblemeabh alshpravidedas
car L a92, tanRandlllSheR, VRORE oAt sE 01D SR OLAGEIANALEDof e

rotated al ong aclr subs col nci
t he ci r culsarotary disk @7t i[mtlusoémbdnhméﬂtuthd opntrqjlec hamaebo\&& sopply Hyhaedhs 9

27 is rotated., ln this enbod str re-e t made of
5 neodym un’f"%ﬁkjgl‘—ee‘iﬂg‘)n fnémi?kl?'l B?’@Baﬂfeoapé’gﬁ‘g?’%f 8’&?“£¥6P$ rpiahenalg

power. For gxaldf e rbﬂ%l.%' distk a7 ¥indliths, Adwirite df Se' d;ml@r:’, 4n K1 BmBbdieh, UM
di sk, and the magnet 29 is an arc- shaped/an | e I"ab retrieved froma

conput er hatlhﬁdéﬁt@l%e between theerotasy diskiZgi and)the mdged U @fl}}dStS‘# ﬂn@eﬁiw duy
on the 4-i n&ge rniSHh AR &l%% tmmﬁssihagggze §;§ee&)y
au ha rnan

a shaft 31 of a DC notor cr oMbt or

The 10 r d8iafshedisk RE ahd distangel hgtwetrathn disk 23 add(theataasidgme Idowever,tio thie
fol | oned by II d. hence sels tre sition of, t ne
29 with res p')lI(lab(?fta "? mtthgglshanf? lscleontar ‘éamql% fgf %exp ?‘#“Pgé‘é Oidef 20 redick
slightly el@upledyfafaie sysent, dbued guiding ktricture Wsroeided with arspédl\zetingity 27
and the flujd cartri m)eabl relative.to each other jn the
vl "G ¢ eohit R ¢ A2 pre dlefad e Betyern e disy 21 ara curtides IvADLh o
bet ween t haisboddprapiately flab@oNBEsh2Artdi@gePdddnstiubied. %&H%ef ﬁifnﬁ‘ﬁlﬁﬁéﬂohﬁﬁlg on

t he elastlclayer 9 by the ball. For operating t

cart ri dgé3 1to f§ emyodimsatanddie ppmp léfcmlegm%abmerr@pﬁme@t srelsemé@
froma set gt qbefdfaﬁ 2S0IE Btk SRS, ekl gsspsaove the rotary
di sk 27 by megns of a gstenerg}gnotﬂogg&gmg)ﬁ%%h 1 g@‘%entre of the
fluid cartridge 1 being allgned with the centre of t he rotary di sk
27. After th I onto the.e 3st ve
the 11t 007N, FiaBkEE nclld op S et diGahp 36 i HBoaed B
di sk 27 andh¢ bﬂasédt nventen.t Thecgenpl 13 accﬂfﬂmgstoeﬁle lﬂ)drdmui)ddjm‘eﬁt&:omaésya

di sk 27 ., down The ball is ttr y, ma nd, thus,
squeezesag ’ﬁ’b‘? CPEHdgs 1t haying a;sipgly, aiﬁgar?ﬁg ﬂ“i‘g B@gﬂgmﬁg I'—‘ﬂ@ f}"gju
Then, the rephfey 5@ sikiraBtfy dedlfféi’eﬁttfﬁﬂds gﬁnﬁlben&hﬁgémﬁls stohar ehe\diffeRnt
rotatlonal speed of the rotary disk 27 is set in accordance with the

desired f| dingsare segregatrd by 4,848 charge A (s examplejanninshasge) oha liqusd thapien
the rotary igisikifid with ftﬁtﬂht?sduseh ﬁ'&/'ehto sstdd! uta%%@h b%%vé%ﬂq}me

thus, sequentially depresses hﬁn i unp c anne here

di spI aci ng fiuids. & mirgofluididichip 21tha‘vmgm sltgle ﬁhlgmdetsliusolacemomﬁtemntmoi)
21. [007 ) aI Vi unp ccordin

fo a secabd o phRHEL T3 RRH A SARTAR o 5Bl o SRR HRE ol

second enbodnhnmnhssay, hﬁ' RuctEic lﬁ:ld:@mﬂidtlﬁﬁSanﬂ ﬁdrlﬂodtlmﬁrWhicngqﬂlrd%aséﬁﬁg a
fluid channel. .5 V\/m i ral‘i%ﬂg’@ ends W.thin the cha tSger 3. On

the centre aBPh‘faﬂgnf) Q;‘éf”t‘ qreagents in ¢ giyen SEAUENCH; ?%F’I Hagenthi p

21 is direckd yerms}ome@ml Eﬁéesu@%l@%i@cﬂaﬁﬂﬁﬁ &c&amggtoam@ipuhiee o€ end
adhesi ve tape. A dyed-water ling the fluid channel enul ate

reagents typAvEEA| Wlﬂ@édlq ‘hejibigpsesyt iTheopumping rate of eaCh reagent can be
30 independently defined by stepping up or stepping down the constant supply voltage to

]

the rotary disk 27 when the corresponding reagent starts to enter into the pump
channel 15. After flowing through the chip 21 the reagents are withdrawn via the chip
outlet 25 which is connected to a fluidic port provided in the channel layer 3 and

serving as a fluid cartridge outlet 37. The pump 13 according to the third embodiment
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assays. A steel ball is again used as the pressing elenent 11 and is
controlled by a driving device 17 which is simlar to that of the
previ ous ' . The rotary disk 27 of the driving | S
driven by%g@%@(@# er 33 which nmay be al so provi ded aggg\éﬁg{ﬁ?fﬁ;@f)é
system Via the controller 33 a user can adjust the rotational speed
of the 5 rotary disk 27. In this enbodinent, the controller 33 is a
pover suppl 9f e nresgplsingentign; is fone reayuefefeeding one e andry sathplagend hwiltiple
applied vol har: i onal speed of the rotary
di sk 27 and‘feggﬁi‘bsts'?qé‘ g\}v{?%%s(eé%g Eotqthg[:%ﬁ?r% 13. In this enbodinent, the
di stance between the rotary disk 27 and the cartridge 1 is adjusted
manual ly. | her ,enpodi nmen he controll er 33 be designed to
both contr oliao?{gt at N)‘H@fﬂ %’jﬁye‘éft(fg SRR BT W%aaﬂgy“&fpi? rﬁﬁ%"@%ﬂﬂt{o\ﬁé“e n
the di sk B7chanditiiehdal i Fikge l10. EoMRY Lo tHepinky 5f BIFARI) RRAdh prdfides
distance is not a variable for the user to adjust in order to reduce
conpl exi ty WrAvential apeodachonyfgsding gf jmpltiple sreageatsuie i SV Gtderedrevpump a
speci al geoRligihg! d3athe SO ERbSibest RE Gaafiod vl tqy 7 X
the disk 27 and cgartrfdge 1 V\/Ib*ueﬁ t?fl;te usernapﬁr ogg)ivgitegl ﬁ&g%@fe}%ﬂé@%
fresh cart riimgangeus nintrodedtion. dfotrhultiple peagents3 (Hoeelidsingnidtilexing)i s
enbodi nent .he aGceqr di t,0q.1. above enboditent are,.
sui tabl e to‘éﬁil er&lﬁ%tgptgg?%&tgeﬁn?%f) c%?ﬁng%ﬁcehdﬂ %@gﬁeﬁ“fl’g?m'gfgieﬂc[)-lﬁ)Pr-eésg?rgd n
di agnost i10sa d¢ddated] fRiid whandl Shsdyswigerdinpy\ai @iti@f oft daeh Fluitpclassad r5disda t o
a third enbodi ment, qof. t he present _inyventign., The 13 according to
the third e ‘é’é%“%&%ﬁfﬁi%&%’(@??ﬂﬁiﬁgﬂ%ﬁ%ﬁ@e&% bl e
spiral -s ha%d?ir’ti_h!l'l forad e substalifdl hdanddd 8hdple4b ds E1RBREe oﬁp&it? keredsi ty
of different 1luids (sanﬁ)l e and reagents) is stored. The different
fluids are EashribydmenpghanngladSachih grmmises popirqslas mse @ogionaiwhersim thye)
or a |iqui GifehRt abcSporfiBHsSirt irfngtl toll 4 Ginel dittufiP pHih &Fhich Bbres)d
pr event cross_-contczpm rllatsi on%et%en t%gnef%lté:ugg.p Ae‘?nh“(":l} E?lfelﬁwdild(% t(():ktlllwp
21 havi nd5 reit of Ihe pressingi eldment 23. Insthis| exdwdingent,tdach Guidt pumpochafitel tllia-
fluid cartry The . chli. IS<.desi d for .an_.assay (for.exappl e
het er ogenec}ggq?nnqlﬁlﬂ%g%gaﬁ)}%lggﬁ%ﬁﬁi aé?@ h%%?hcf 3% erlgn |'(S)Iﬂ Oﬁir% words, i i
purificati cmbodimenh thefjuidrohsniebs i(@id the flhidgahipochamiel 45)siadplideddned four
mul tiple reaﬁénts iq a gi ven sequence. nce,. the reagent g“are
serially stQPRFERR eV HGI BT FERFRE Fidh %Pseg Y-8 & 1%’&‘ T {PRECRt o
order of usemprRIHb®EHr8GtHed briaBiiments (R fiYi®pEARYhanA&l8 SREENNE chah8l Of
each reaggnt can be 30 independently defined by stepping L(lip or
ep

st eppi ng onmayhe divided: igwtungg% p%gmpg’gstoé&go,tt@'ee or more channels depending on

flow rate and reagent requirements of the specific assay. In this embodiment, given a

uniform angular speed of the steel ball at a constant supply voltage to the DC motor,
all foﬁr reagents are pumped with an equal back pressure. Although adopting a non-
uniform angular speed of the ball allows independent pumping pressure/flow rate for

25 each reagent, this would require a sophisticated hardware for closed-loop control.
Instead, the pumping pressure can be simply customized by accordingly adjusting the
length and/or width of each fluid pump channel 15 during the design process. The
chip 21 has a separate chip inlet 23a-23d for each fluid channel 5 and a single chip
outlet 25 connected with the fluid cartridge outlet 37. Further, in this embodiment, it is

30 possible to use a plurality of pressing elements (together with a plurality of magnets),
for example 4 steel balls, so that the different reagents are simultaneously delivered to
the chip 21.
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the rotary disk 27 when the correspondi ng reagent starts to enter
into the punp channel 15. After flow ng through the chip 21 the
reagents ] wn via the chip outlet 25 which is 0o a
fluidic p§&§2%$égﬁ%€d in the channel |ayer 3 and servi£§9§§§@$ﬁﬁﬁiﬁ
cartridge outlet 37. The punp 13 according to the third enbodi nent

of the pre i nventi is agne.way of feeding, one..or re sanpj e

and nul ti plslgﬂiﬂagent sln(r%g%]ﬁ??vgcf"}b\llﬁ%%[ﬁngsgoéyexﬁ@?’ Pﬁ&‘%‘.%gsegﬂn"%“‘ds‘c
[ 0073] Anot hehip fwyolﬁf-ptﬁase d:iztfh@ti@ﬂ&g%ﬁﬂwi@g%ﬁﬁwlﬁi 8@1& dca(;lwh fubddl B the %hip
reagents into_t chi 1l is shown jn Figure . Contrary to. the
punp of Fi g?dr §°gg-m5wserﬁx PR Queleis s 15 bpsed Aoy the pEincipls/ thatdwclsis wid

mul tiple reaagaRivat irfkv@rsﬂi:lyﬁiﬁdé){o@ﬁgca stirfPRe RYIR pRGERE G BhotBpicifltd Akt D

embodi ment of fhe invention provides quasi-parallel/quasisinmultaneous
i nt r oduct P o¥asbingnawayi pnpurities de rn stianplvéor dilenhel) cielutiohs hysdleig jagig) can be

According t I ] C | Ul S .etc.
is pr el- s'? orsgahp ﬁreﬁég)égetdgféﬁﬂgg{jg@% Bygﬁcléﬁ)ﬁehdas{g&g%% gf'eélwgﬁtl‘glaf )
porti on of peaxhudes foltbvahg nine lpribapledhawdver arepioeeh td belskilljaden ambaimne!
15a-15d is defined/.forned. The fluid channels 5a-5 re rtiall
formea i n° OSSR PTPoR AP SePL ShapRs Ty S0 couiries, Macaria ship plfe

t her eof . Eagtonidtidh hnBURRi&GRBAREH ofl BRsel HebsCONMBlithmBng pipkhial | stdps JF Ghe

portion, wherein the circular arc Portlons are arranged on a sane

ci rcul ar 1paeagenisi Wi havs pakigciemenitigted fhat sificyspased sirface %gths chips 2 hgan be
el ement 11.yliRed msheeM§hmma&%mffJuubf1 &}Héﬁg@ﬁ Yefdhic 1ea Imd viand

al so each fluid channel 5a-5d) has the sane I'n other words,
in this enfo¥hElewever,such|chipd cerhfimiuse ibthe figld qutsedefresearth Jahopatorficsonki
15) is divi i four. n wherein each segnent .can be
usd onty. 5 S e biaB Nl £ BSHRRL faa PUST A BEGP RRCHT Ruptifhd
enbodi ment dluidie ifietfack. Fumhers iain désirdtle (tanithve | aipamp hgsteml in2Orpbiatingya be

di vided |pto unequal. .se nts of .two, three or nore chanpe].s :
Gepend: i SHRPPRB Mo SaRTEY aBiine P s ehmmel fracapokimatca
assay. |n takay. EHE3e giobRis, cadib¥ 86lved b3NthE Bl ARBUESEndSREpEP hcdoRBngioce!
ball at a constant supply voltage to _the DC notor, all four reagents

are punped R PrEseahinyguagn. The pupp accorrding toshe RESE inygatien way he used as a
nonuni f or muﬁﬂﬁféhﬁﬁlat?&ﬂlefgr fost HiGanABtibal 3dsh §iﬂg@?§nm the léﬂig'fig)r the

pressure/flow rate for 25 each reagent, 1hi"s wou require

sophi st i catheleid gartredgedrsodhas shecsaing ppmp ¢ 3 carpfunctiondoredifferenhassgignpi ng
pressure,gan be sinply custom zed by accordingly adjusting the |ength
and/or wdth of each fluid punp channel 15 during the design process.
The chi p 2100v8} a Kiegpeer Hiashaows ptoapniiest o2 the pRidg atairdiag ada fifik esibadimennte |
5 and a singl.e chip outlet 25 connected with the fluid cartridge

out et a7, SRHRTEIER! YRR D BA e io apernpie BFical it el of
plurality e puns atdogdifg eoTtietfesehtOgRdnion. PUnp cliirdttdiisads durh @§ flow rate
magnets), for exanple 4 steel balls, so that the different reagents
are si mul t AALOAS Pregeire Vit dngagired @gzinst ppphed velfgge at different separations

2008/ 11899 REGHSHRAVELAL00 3¢ hORTH ) Bnd 1 RRUEORADRALIB DS usif Phved

exanpl e, a silicon-based mcrofluidic chip for solid-phase’ extraction

and puri fi eatarofurger desigreparametens ofdle prenpubeaccaslingio thhiinyention are wall

Sol 1 d- Phas gy fel 6 he Blafc 1k 9% pafeufhr bt HRRRE ek BreRlphBdubtae 411"
the elastic layer 9 and the fluid pump channel 15, and depth of the fluid pump channel

15. Prior to each measurement, the fluid pump channel 15 was carefully primed with
30 dyed water without introducing bubbles. Flow-rate measurements were obtained at a
constant supply voltage by timing the pump to clear precise volume of dyed water
from its inlet. Similarly, 'static pressure build-up across the pump was recorded by a
digital pressure gauge (Fluke) at the pump outlet about a minute after applying a

constant voltage supply. As can be seen from Fig. 11b and 11c, maximum flow rate
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readily but irreversibly binds to silica surface in the presence of
chaotropic salts. After 5 washing away inpurities in an ethanol (or

al cohol) §ﬂ6g&%ﬁﬂm%pucleic acid can be sinply recovered {80k HR072
surface by an elution in a |lowsalt buffer. CbnventionaF procedur es
following this principle, however, are proven to be skill-Iladen and
time consum ng, i nvolving many steps of pipetting and centrifuge.

M crof | ui di%dcHFBUBSPRPLY RIRSSHFE BFRFHaethbY Hhermuemin 3 cascemsily topch b Gfens
steps by eldspiiai a6 t@isRRkPh NGsprbEREy. ot AReE O VEREEHE Suffid@nhRY Snost
earlier denonstrated that silica-based surface of the chips 21 can be
utilized fof theelabohniadchithazod wicrofiidic cappbieations | Besideac faidy (lpwt Woltages

genom ¢ | 1al , i | I 14
Prerd out oitaborbiefieh Ftbs pURETYGE eshitel ofi Ay 2R sddeies ulll?
a conpact 5 ahgl tleamit ik suitsbie foribgtery dperanion ésthalfiidshed fluidic interface.
Further, it is desirable to have a punp systemincorporating a 15

di sposabl e fluid cartridge containing the required reagents for a

speci fic bijggrg! yti c¥iguds I2Yshowh &S Senlefal RieANBf & Fid Stofu@k \tBkali¥r BY &or
fluid cartridge and the punp according to _the present _invention. The

punp accor disap inghe fleid sarddgerandioy PRMP GRCORYYE Kthe pregens dnvention- Tbe dlid
plattorm f QorkRdoniftP 394l (ARG YRed a BlodBLind/BPWARL Rdvihf e iy
ol'® tlui e 13

21 or the cartridge 1 so that e sane punp can
f uncti on16 @1 aiidfol sareple(shambresgenOto [be(ebink tharchipl 21a As Ishowen in Figpl;itey

on the pu accordin 0 a f4fth enbodiment  of the pr Lvention
whi ch was n&g’é‘g Sfocga%e?oé’&ﬂ?‘ﬁe;dt f%ling%ﬁes pau rfrhpln%c%ér%ac et i@f‘fc%:gﬂ%fw{ﬁﬁg r}pl)%}’rrp
accordi ng trespettiver bs provided weithi 4 oeck Rdv. Bigarad3 hioves sevarabfloid sasragd ow
G 1 er ont CONAS BRSO3 o T GO Gt 1wery PEGING e gter 1 of g
top surfaceugfpy Ih8ciREREl0 BR)sebildNémbhiHentRF e inveritiode Eadlefihid ktorage
par anmet ers of "t he u}:% 13 according to the invention are wall

add

t hi cknes$5 pntaiper ig in Byidrconnection with thecfiyid chanpe Sndragerremedateseion
t he upper : ésf“ﬂé b fh i

15, and degﬁl]é/o tlﬂl;ea%‘%lﬁlr pu‘?rphlct(}:llﬁ 3%&%?‘%5@9‘9%?? glre C!th%; %égﬁwug@&%
measur ementcontainersf Ba-3Pdo el dhaanabrel mprst aad emalléryfopiprine df whe flugn

dyed R i nt roduc bbl.es. £l
obt ai ned acoiiBlrpRb T3 RSB 5 lkeA I FrlPBRLARE U S8

preci se volalsaevaficallyeisht vt enly horizdntallyi i @tis approadbathey fluiit ettangel(s) 5

Gauge. (FROicely b e oik SERR R [ it kPR PP RYTPRE
action and functions as a fluidic interconnection between the chip 21 and other fluid
storage containers 39. This approach also allows a more modular design whereby each
reagent can be pre-stored in “fluidic blocks” which can be easily plugged in and
plugged out to/from the channel layer 3, similar to components used in electronic

25 industry.

[0077] According to the embodiment shown in Figure 14, the pump 13
comprises a fluid cartridge 1 having a plurality of circumferentially sealed
channels/chambers 41 formed within the elastic layer 9. Although the fluid pump
30 channel 15 is shown outside of the channel layer 3 in Figure 14 in order to keep a
clear view, also in this embodiment the fluid pump channel 15 is formed within the
channel] layer 3. The pump according to this embodiment further comprises a plurality
of fluid storage lines 43a-43c connected in series via the plurality of

channels/chambers 41. Each fluid storage line 43a-43c comprises a different fluid
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constant voltage supply. As can be seen fromFig. 1 |b and 1lc,
maxi mum fl ow rate 27 and maxi mum supply pressure generated by the

punp 13 c @Hisﬁ g each up to tens of m/mn and tensPe}/S&P@ 1000072
respectively. ranges of values are sufficient for ? tPle

| ab- on- a- Chlp and m crofluidic applications. Besides, falrly | ow

2nd pr essur beih aEERA 8ty il » cotdh Rufelind gk (8 Foroed g ioed sy have'a °°
operation iRspdoivd freé éhd PRSI MhELtidR BNV T (BERRY &nn¥itidBW eBds i8 in
fluid storgﬁ?e container 39 for usage in the fluid cartridge and/ or

punp accor dilig cppnectien mféébmﬂmﬂmntcmwel hend the efhert aneasyeonageteditoner
39 is suit t h

chip 10 21 S b Samapler FREY AaPLaitin ARG P AE SHE +SERMY UnaliSy
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channel 15f r. geperating.peristalti.c acti nand
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to the enbodi ment shown in Figure 14, unp 13 conprises a

cartridge Tuidphmy chagsield 3 aysyself affict ﬁwm@mmrf@mas}cesxgah@ﬁ)nowmg feW
channel s/ chg,%pe
fluid pﬁrrp c glr)\é\% a%g?ﬁslps g%“%%r{zgltgé %%%dpq%d @Xl r?nlgl ‘ﬁ%ayerg@# P

Figure 14 iCharmetléﬁ ig notk@eptant Blilghdes canepet trapped/stuck mhﬂm serfacedo firhe fluidhe
fluid pu chan d within the channgl The np
accor di nggt gmtph %?b .S%"?? n&'ffﬂf HR AR ST ¥ agﬁlth'\’%puw chaniiel 13

causing reagent mixing and contamination. Flow rate/pressure generated by the pump

ot

13 is much lower in the presence of bubbles, and the bubbles cannot be calibrated, that
is, the pump is difficult to calibrate, causing an indeterminable pressure/flow rate. All
these problems can be solved by using a separate carrier fluid (DI water) in the fluid
25 pump channel 15 with no air gaps therein to push the reagents (separated by air gaps)
stored in the fluid storage lines 43 forward and into the chip 21. Thus, the pump
according to this embodiment of the invention provides a more controllable flow rate,
less cross contamination (reagent separation by air gap almost perfect), no reagent
wastage, modular design, and higher backpressure due to the absence of bubbles in the

30 fluid pump channel 15.

[0078] The above described concept of providing the reagents, sample(s), etc
downstream of the fluid pump channel 15 and to use a separate carrier fluid in the

fluid pump channel 15 may be also applied to the previous embodiments and is not
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of fluid storage |lines 43a-43c connected in series via the plurality
of channel s/ chanbers 41. Each fluid storage |line 43a-43c conprises a
different flui therein, wherein a first and a la
pl ural i ty“(])(# H#Dgllljll%gssstorage | i nes 43a-43c have a respecﬂjyga%otro@goweﬁd
serving as a connection end. One of the two connection ends is in
fluid connection with the flujd,p channe and i he, other one is
connect ed ?@“ﬁe‘gﬁ? pﬁlﬁll.lsa%?)r(’feb'éfﬂpl%{g},?’g?i HEs Afgcl% ‘Bofitsdi B the, PrevOYs
fluid, |ineerdsbdiments tRruad Ma@ b storAMetivdeh ietlui@péinp chandi3E dfithe chi
contain one_or nore reagents. The fluid storage |lines 43a-43c may %e
bendabl e or2lbent into a substanti al U-shape or wound into a helical
shape like a spring and may be directly plugged into the respective
chanber 41 through the elastic |layer 9. Each chanber 41 is filled
with a sepafli9ing f| Jiugthere ahghowmin Figurk dSythe hbavie eofidepi id nionlimited to the
respective flujd. rage |ine 43a-43 Another fluid 10Q..stor line
43" connect e BB BB scrrlig 1 R oie gl IS Embpteet gk ) 3 ¥pove
provi ded onfliitheareridpstaceorling & afbthereibodienihaing b3ubaaes diér® fnavHitl §
enbodi ment, .no..air_ hubbl es r any, ot her separating fluid) are._ .
i nt r oduced RIPRBL: ‘Pfgac‘W‘cFWif‘Herﬁ‘%ﬁiﬂ SEﬂ%ﬂB’P‘“ﬂﬁf’haﬂbﬁﬁe‘”t fis forngde ﬁ’t‘%al’_é’éﬁ 513
separ at ed g Neorddd 1iHEAP 45£85E Whichah Iwnem&gﬁn?fkoﬂﬁéde Eviﬁlhfesﬁ%cﬁ'tg h&!np
Wi a

channel 15. The fluid punp channel 15 is initially prined

neutral 18 sup¥tstilayere Grf seeetpsl Jn gesicavja thietohwrality tof pbpinels/chiambers 41.
bubbles. T HAs® hj i1 QU4 . '

subsequent Iﬁaggggﬁ?éﬁ? nt oégt %le’ﬁﬂe%q‘g{’[‘fj“ %‘% Bfﬁgé ﬁﬁvﬁ’}lfskﬁglrfd‘%ﬁﬁﬁdﬁcg SE)OJ%
channel 15 indhefluid| sforagd bues 43aet3duBpchpivif ctonegedmei mayt bemprise| aodifferent ew

ways. Bubbles e .conpressible. Hence the .ocgupi.ed volu i h
frana punp SRAHERRTERRERS (i€ srlRRT gk abils 48t S0 4 JehPL ek
at the surfphaelityf of Hid Istorake? GngUdBa-¢hamaw alfespddtitd|feeberB ke ihgC ah
occur w i?l n the fl ud'ritngu channel 15 ‘%ﬁusi ng rea(%ent .m xi ng and
cont ami nat i “GANeCHPRBER Pgﬁ’@é&'ﬂ cenngEwQI enda i ogfinacted o) ApicreBuidic chip.3l
llover in thRinalE&RICH i?onREORHRE surfiR of 1R sEbialeadyer 8NPRL othEr one of the
calibrated, that is, the punpis difficult to calibrate, causing an
i ndet er m ndWP Eopresen prdsiis t\pe epnaecta to ansuitabls PivERg devage, fur exampled
by using a;SepRaksd [ ' e ), D fluid 25 punp
channel 15 t§v|§fj h %@ﬁ@hég&{;@nﬁdﬁg&b&% %é%%ﬂ e?%gdlir%gg'ents (separated
by air gaps) stored in the fluid storage lines 43 forward and into
the chip us, t iccording to this enbodi nent of the
vent 1 0R0 J00es o Ml TR SRS £ oo b, e, RS AsEing o, Seventh
cont ami nat ieatbodineag @fitths gpesentt inventioy after @APing| sl Sdn pB4EY.€THY pump 13
reagent wastage, nodul .desi gn, and hi gher backpressure due to the
absence of cﬁﬁgﬁfeés%\“ﬁal?fﬁﬂé $t9r48e fogta @rrahd 2 §ip 2l ophigh srsarmngsd

descri bed canke§hstiellayRf 9'6f BieThid E8tr{d8E Y aldhg a cHACPIHR(fRid clinfel 5 has the
downstream of the fluid punp _channel 15 and to use a separate carrier

fluid in t§hane qf aclosrdnloen are is1formed by, eonmeesingmiol Jubstantislly pencentric
previ ous e RedhER RrfM with At offbr af k! Bhebfye! i3 UARIGNG cifdut
st orage %lfnes_ 43. EI’tﬁat I s,l a?%o lenrtakg{%rtgg}eotg‘? ée?ﬁ%o I nglﬂ%sm{c}h{}e&%cui d
may be st opedionetfitbe fluichehanheli 3 fipstignscisathe duidlfunen chanhel Lhihelbs tie
I[ P(r)n??]egu[ é%ﬁ{% cf'%gula‘?‘rha(rjc\:lv{alorhgn E.{n%%nes tc:>L %Om{[egte’thea Htclll\(/i%to?gggccggttainlerss g:[39j and

the chip 21 in series. According to this embodiment, upstream of the chip 21 and

downstream of the fluid pump channel 15 are arranged fluid storage containers 39f-
30 39j which (before the operation of the pump 13) contain therein the sample 39(j) and
several reagents. Downstream of the chip 21 and upstream of the fluid pump channel
15 are arranged fluid storage containers 39a-39e which (before the operation of the
pump 13) contain an appropriate working fluid therein. The working fluid forms a

continuous body of fluid ideally without containing any air/gas bubbles or air/gas
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usage with a punp according to one of the previous enbodi nents.
Figure 15 shows a fluid cartridge according to another enbodi nent
havi ng a | ayer 8 in which a plurality of cir Lally
seal ed ch§%ﬁ%@é¢%ﬁ%ﬁbers 41 are forned. Pluralities ofggﬁﬁgéﬁgp@ﬁége
| i nes 43a-43c which are non-integrally forned with respect to the 10

substrate | gyer .8 are connected in series via the plurality of .
channel s/ pkﬂﬁ%ﬁeﬂ’é’@ﬂ a“‘%éfg’ﬁﬁ‘% RaRAe, %ﬁﬁﬂ%?ny49mF% fipid) imgpisqiple vith sl o
bei ng i mm SgRiblcBnitdolls B8y bF Worans MRIEHa) RtalhRorh! difngr 84QH9UApstrlfdr
43a-43d. Each fluid storage |ine ey conprise a different"fluid

t her ei n ( prdawnsgedm of the chipad]eand sontymaple§xtends do downsreqrn of thedhil purhmst
of the plurglj f | . OF | Lpes - ave a.[les tiwve
free end se‘?l\e}}luﬁ% lgé tﬁ%%@nﬁ%@@gﬁe & %@é ‘aie %?5%1(:% }I!fgp?m Cg%nﬁggg i Qﬁn%ds
i s connectegpetation ofitherpuirpuicthe prelsing ddmdneil his lottaliatd desired velobity fleng
upper surface of the substrate |ayer 8.. The other one.o he t
connecti on aeﬁﬁcé‘flarré’aﬁbcodﬁc“i‘i?g%@ttg%"{“g AFFHaE gre pashen BWH&L%BP‘E&?E@@?S
for exanpl grek@red PUMR R§FRHH Btdifera BT bt FRARYRAIAREGIHeREDa 30e,
enbodi ments. 20_10080] Figure_ 16 shows a top view on th

. ; : . he punp
accor di ng t/&SPecibwalin that it febofivid packege is Rumpeddtheaieh thevein 7108t lesst for one
carrying o : g I [ :
cont ai ner o B8 TIBR Rlund UL TR phe R, B8R B et ki
| ayer 9 df uphtzeanm wif dhe shipr 2 defote apapatmpgathe ipupipel3 Fhall fiond dr ddssnmach 5

has the sha f | osed | pop which,is. forned b onnecting t

subst ant i a|‘{%’§‘“§%ﬂ§%‘%tv¥?‘ nggﬁé(?Prgifkoé?d e rﬁﬂ)reﬁ“(')engoﬁl?eﬁ aﬁ&‘f r&gp\é%mrht
t hei r respesftthe ehiprads .ThiEhﬁeimnlﬁctj thd $equidnze oalﬂlﬁlimﬁerdc\i;\%w stofred hhecohh taitegs
channel 5 f ] as the ui np .channel 15, ereas the outer
circul ar ar@rﬂgé‘r F‘%‘F‘? IRFFAUDE %W’ngéﬁﬂ@g’te REEETYed g d’o_EtPﬁFﬁgQa'3_9e after
cont ai ners cp@atiadiheifng 3 fdr Al thtaPdoriebt Sedioll DF timCdepértdin}tor Be WBloSity of
enbodi mrent, upstream of the chip 21 and downstream of the fluid punp
channel 15 eastefluidnagkaes. Fluid forage eontpines 3he spmprsingthereingthe ghiid parkage
(before th ' i '

50(1 ) and Sogar Lo HETafy 2L REIGITR, cortprSarhe sDoaqiRt fihet SproalD & be o
the fluid Fatgctehmandients remevedrfromm thecldstic lagers?. diluid etocaga tcantaipers 39e-
39a- 39e whi o h e i f the.p 13) .cqgnt ai.n

appropri at éﬁglor "pr?(gggﬁf‘%rf% &'Igeflri@%i rP%&Ia%eés \‘/’\Vg’} g irJ?gp?‘Fuﬁ}h&’? rf heéaman the
cont i nuous poahiyt. Thedel aonthireeke3tlel 39b wbinprisetthe wadtathat shgll de yroperly divcarded

bubbl es 95 tgglert.ﬁeg%vsith the used cartridge 1. The cartridge 1 having the fluid packages pre-

stored in 39a-39j, the chip 21 and the pump channel 15/fluid channel 5 arranged in an
entirely closed-loop channel format constitutes a self-enclosed system which can
prevent exposure of any of these fluid packages pre-stored in 39a-39j to the
environment. This is a useful feature in applications where any of these fluid packages

25 is considered as a potential health threat to the user such as those including infectious
samples and/or hazardous reagents. It is to be understood that this embodiment is not
limited to the specific arrangement of the fluid storage containers 39a-39j, that is, the
amount and the relative arrangement of fluid storage containers 39a-39j may vary
from those shown in Figure 16.

30
[0081} Figure 17 shows a schematic top view on the pump according to an
eighth embodiment of the present invention which is designed for performing a single
sequential assay (single-inlet-single-outlet chip) on a given sample in a single

cartridge with multiple pressing elements and corresponding magnets (not shown).
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30 plugs therein and ideally w thout containing any other fluid

imm scible with itself. This continuous body of working fluid may
start fro | jrectly upstream or downstream of t ' nd
conti nuou@@k@gﬁgﬁﬁs to downstream of the fluid punp cﬁgﬁ}rélgkogi/ﬁt?ooﬁhat
way primng the entire volume of the punp channel 15. During 5

operation of th unp. 13.t he essin lenent 11 g rotated_at_.a
Gost red verAsepitgrbibdRy stbodifell 5t SEBrTEe dued RpidFoaie! s i gfned
circul ar angtiethd éHansk)layer BNandf foui diffeReKRIGMtsNre stotedr withih fihd Meander
respective containers 39f-39] reach dedi cated contai ners 39a- 39e,

respect i velshapedriiid ichanngl;3 pt !?ﬂetﬁ"él thereafalee fidfersahuids are Btagacd HescBRs p
21 at | eastypfqfe QBGekd s%ﬁlfh%ed ¥OnUHRh Yihe? AR ah! 4tk g%u%glﬁx]%gflm first

pre-stored In 1ts respective contalner at the 10 up e chip
21 bef or e5 opemdtand thitdreageotsprd@spshtively stored inthe flgiichaeriet b in thieform off a

the working.fluid pre.stored in iLts 4espe ont ainep at.th .
downst r eamiieis obe ReRBRs Riu dod 1% GRRERAHE SOR B BERYR Py
palc Ikages S ttig ﬁﬁimiddf thfe8 shorh plugs Blowddjpy loaé ?rng phie Tae loig Iilh%obﬂmfo&ﬂl

Wi e preserved |pn containers 39g-39e, after operating the pu 13
for a tot a|reqasv%@c39“%# Bri2e ecriaﬁeﬁaw_ iR gPlATATR 3 WPB ol Tee
each flui dRarig@guidihsy Sk slyai@dPwhien isthulifdle %% SRiRA Bk S/itheg#ed fb
the fluid package which left the chip 21 at |ast and conprises the
subst anc&0 (theichenndrlaysr candithe ehdp Bb ae‘gsi@qﬁeloéqomy ap §9F eh pe A pabbles om

the el asti e . I | Rer i

her o nt AP licrdPuthlofi 130 Bro o B B cBnciPer diE MROOREIRE 1, The
product. Tlveeend ofitheimenderFbapcddhiid drmpnél Secanlbe flidtanetted tostha linletd3
properly digscarded 20 .together. wth the.used cartridge 1. .T

Parer T oo’ ot Rk ko faieRHE A kiadobet R ahEihel Elihn 298 chiphlet chamnet;
2|1 ang Ithe Viﬂﬁkfﬁf)lh 'szﬁiBﬁl feﬂ td fhiefoneiefld eftaafieid cﬁaxfiiéfﬁﬂ'@ledlmxﬁn' ; Wlinee4it whieh ys

cl osed- 1 pop channe ormat_  constjtutes a_ self-engl.osed system whjich
can pr evEhieBREBE A7 TERlaceAble _atfhgéétmrasallae EqUiEE g5y lﬁabj%a%e
39a-39] t 0 dhhenyelyd 4PNTRIkeep the fchiicA shhped Bhidf Bahndl 8 dibsedRiptil BRMsENS
wher.e any of these fluid ?aqkages 25 is considered as a potenti al
heal t h t hr &enlaqes therdumysy A7 svithtn real fuidsterage ingidf eeptainins tharein thessamplees
and/ or haz i dﬂﬂ@ ] Ri.6

enbodi nment %lsggﬁ%twﬁ%?%flp éoge%s%&'tfr}\lg Og%rec%faf I C a@?éarﬁgtgsrlr{g‘?%‘%lﬁtc%aémf 1 {If
st or age cobtapbmectd30 theldgjtlet 25eof the ship 2/ evicayed amathexrfbhid tleannel|setvingsas a

arrange t,of flui.d storage containers 39a-.:39j I
hown s e optiptirinh By 25 EH Bt DS s i thed Bl AECH AP BRAS,
on the punmwithctherdhip@utlet chanmdl Byt eastufci priductostoragee line déehe product

i nvention which (s designed for perfor a single sequential assay
(si ngl e- i nFISFaES; g 46,8 g ie@evells pyn-iteaeal SRk loaaneto GpRIE g ogentia
cartridge Wdducit the RbRpREiES OF i Rin BptrARioaNBufify bGRUMbM e PRAHPELS
(not shown). 31 Accordi n? to this enbodi nent, a neander/serpentine
shaped f | uithfee magratisable pallsrsgrvingpsressing clements b b areconireliably rotated-alorey
differensr, Ui NOGIshSNBRE thefdb el
5 at - one S HharaL et U Gl plplicRe Y RN STRRE thel ey derfilniy’
working liquid out of the fluid pump channel 15. The displaced/pressurized working

liquid pushes the reagents stored at the one end in the fluid channel 5 and the sample
stored in the fluid storage line 43 (replacing dummy line 47) forward through the chip
inlet channel and into the chip 21. After passing through the chip 21, the reagents
30 leave the same through the chip outlet 25 and the chip outlet channel. The fourth/last
reagent will be collected as product in the product storage line 46. In this embodiment,
the fourth reagent is delivered in three short successive plugs followed by a long plug.
The three short plugs are for cleaning any residual trace left along the channels and in

the chip 21 from the sample and previously delivered reagents so that such residual
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and are respectively separated fromeach other via an air
pl ug/ charge. The first, 5 second and third reagents are respectively

stored in ., channel 5 in the formof a single
(conti nu0l%§%g%i§?&and the fourth reagent is stored inh)tel?lgG%tloﬁllﬂ(gmz

channel 5 in the formof three short plugs followed by one |ong plug.

The 1 ong plug of e fourth re nt i.s followed by another air. plu
anich 1 T oe et SR o riSe o ibe ST ieerere Mg il ol
l'i quid whi Gl prsdusti Ther&: shertpeugd o dourihtedgentAllbelsetab Shabte. Aokdify
channel layer 3 and the chip 21 and does not_ contain any(%?s such as

ai r bubbl edo thgembedimentihe werking liguid istised toprime the Jyidpwenp hagneb 12 and r e

of the flui i daf Ui
channel 5 égﬁﬁgé%P”ﬂgg? gﬁ%&@?&%ﬁnggﬁQ&H% @fqggggﬁ%Fﬁgﬁﬂﬁéﬁ%Pﬁﬂﬁg?c
chip 21 vbahamest hi forivard ahdahterthe chip & vTegcastsidge advpylingtioahis ehbndigient
which is cqonnected t.o the.one.end of the fluid.channel 5.vi.a a dummy
e 47" whib utiedd cliea T Rl sl AbniGE 30 Pt emotiifiely O e
43 ant ai Eiiﬁtg%jx@.%c lilaméhl@f]dgbedefeidas afrehenlgutliw ﬂlof Iﬂiht dafnpls ah@ f}ﬁeﬂﬂ: pﬂ%ﬁuct.
meander s e uid channel 5 closed until the user replaces the
dunmy 47 wifeveyer dhpsesiilied 1n fherasyean ynderstand it the %ipwg PUPr @R ergaeily
sanpl e to Bg, Rl d62Reke hseRIraaes asitlintebs r&h@@a‘hleeﬁ&a%\; ddvis TR bther

shaped fluid channel 5 can be connected to the outTet 25 of the chip
21 vi a yé& reagentsahidh age enrently seowissered ithe uid channghefghecartrigdige.channel
by connecting the other end of the meander shaped fluid channel 5
with the chip outlet channel by nmeans of a product storage |ine 46.
The pr oduct{0082] Figure 18 shows a schematic top view on the pump according to a

ninth embodiment of the present invention which is designed for simultaneously
performing four sequential assays (single-inlet-single-outlet) on four samples in a
15 single cartridge with four pressing elements that can run in parallel, and Figure 19
shows a schematic top view on the pump according to a tenth embodiment of the
present invention which is designed for performing a single parallel assay (multiple-
inlets-multiple-outlets) on a single or multiple samples in a single cartridge with
multiple pressing elements that can run in parallel. According to these two
20 embodiments., four separate meander shaped fluid channels 5 are formed within the
channel layer 3, wherein each of the four fluid channels 5 comprises a circular arc
portion respectively forming a fluid purﬁp channel 15, each of said circular arc
portions having the same radius, and the circular arc portions of the four fluid
channels 5 being arranged along a same circular path indicated by a dashed line in
25 Figures 18 and 19. An end portion of each of the four meander shaped fluid channels
5 is arranged within the circular path. Within this end portion each of the four fluid
channels 5 comprises a sequence of different fluids/reagents required for the assay(s)
performed by the chip 21. A microfluidic chib 21 having four outlets 25 and four
inlets 23 is provided within the circular path. According to the embodiment shown in
30 Fig. 18 each of the end portions arranged Within the circular path can be connected to
a separate inlet 23 of the chip 21 via a separate fluid channel serving as a chip inlet
channel which is connected to the respective end portion via a dummy line 47 being
replaceable by a fluid storage line containing a sample therein. According to the

embodiment shown in Fig. 19 only two dummy lines 47 are provided, wherein two of
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storage line 46 is a renovable non-integral fluid storage line to
contain the potential product at the conpletion of the punp
bfds

operation eration of the punp 13 three magne
serving agV%g@l&g%pel enents 11 are controllably rotat Ee)gflggongpd%yzand

pressed against the circular path indicated by a dashed |ine thereby
di spl aci ng workjng.liquid out.of the fluid annel

i <l aceq heesd o Ypnarbyiohn din Groplat e St dreclagomesaion sepamte
the one endnlbﬂzz 6EthE lchip® 1€ HABYIE bmBodiment i sttt Rh® p &&@ﬁ@fiewn ciffafé foli d
storage line 43 (regl acing dummy line 47) forward throtj‘g<h he chip

i nl et chanribid ghannelst ent heefleidicpnested Ap tacseppratesouilgt 2h 108 chlne21cmapa
21, th h
b b out | et epenve iRy AR TE i S Bhcf Plalndl e tbepkcly? g "

product i outiet cplmonhldteugt amacpted fontbe 4G pedtive tokties endripodionend a reinevable
fourth rea ‘Uf g eééed in three short successive plugs followed
by a | ong %F él gg? short plugs are for cleaning any residual

trace left along the channels and in the chip 21 fromthe sanpl e and
previously delivered rean&nts so that such residual trace woul d

not cont amlfBE the MBRFPrdErests thewn mskiss. eb”gé?\tdfiﬂpﬂycdr?nwnﬁqat%éhat a
col | ect ed afurfgUsid cah¥e 1428 %6 pARRThe RbidGm cHalil 18U O B30 N e

will be sent to waste. Accord to this enbodi nent the working

| i qui d i §0 geagents gngh sapple opded au ¢ dpwnsirearnaitled fluid pamg ahannelid b indp thet he
reagents a t r

channel Qﬂlg Sré @(gﬁ'tggﬁ{"ﬁ llaglngg‘)ﬁg(ﬁée Lllﬂglegar% ?f%ggmég Wrt]lgm %
this enbodmmrlb thes cartrtdgenil antigd ﬁle(rlhipsﬂdin(osdadrfte endirectiyepl)sh syapeststhrough
According n-integr fluid.s age .devices.are
ony used PR 1o o vRER B S dof sl iny B BBleS i e SiRiinge
in the art ligaid mamﬁwamnnb fhiia fuinp h&neMIs. Mﬂﬁsﬁ%ﬁ‘geﬁﬁcaﬁh&ﬁcl separaved frbmed
to make use of such. non-integral reanabIe storage devices for al so

ot her 1013 Egeerkingfiguid by gaschrrge il the &3860Hs &€ storsdl ip the GaErifge hegween
channel  of (fehgorkffaliiquiitfrd the chip 21. These drawings also show completely closed (self-

enclosed) systems. The schematics are drawn such that the cartridges use non-integral
fluid storage devices only for the sample and for the product. However, those skilled
in the art can understand that these shown cartridges/pumps can be easily modified to
20 make use of such non-integral removal devices for also other reagents which are

currently shown stored in planar fluid channels of the cartridge.

[0084] Figure 20 shows a cross-section of the pump according to an eleventh
embodiment of the present invention. According to this embodiment, a relatively rigid
25 element such as a stiff covering layer 48 is provided on the elastic layer 9. The rigidity
of the covering layer 48 is greater than that of the elastic layer 9. A groove is formed
on the lower surface of the covering layer 48, for example by machining. The
covering layer 48 is then arranged on the elastic layer 9, for example by bonding, with
the lower surface of the covering layer 48 facing the upper surface of the elastic layer
30 9. The groove (together with the upper surface of the elastic layer 9) forms a guiding
channel in which at least one pressing element 11 (two balls in this embodiment) is
accommodated. Thus, at least a portion of the guiding channel coincides with at least a
portion of the at least one fluid pump channel 15. In this embodiment, the guiding

channel is formed as a guiding orbital channel which is coincident with the circular
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[ 0082] Figure 18 shows a schematic top view on the punp according to a
ni nt h enbodi nent of the present invention which is designed for

si nmul t ane % r$orn1ng four sequential assays

(single-inle ys&ﬁb e-outlet) on four sanples in a 15 sFﬁ“Fgﬂ@gooppdge
with four pressing elements that can run in parallel, and Figure 19

shows a sche ct Vi ew he pu according to a . tenth

enmbodi ment f’jr?g qﬁ‘é}b the ?ﬁ@@%}f’f‘% e\g%?% ﬁleF‘?“dg's Faypiesine ﬁ‘lg”ffé i deriShg
a single paAadohﬁhg S s (eitlodin¥ne:- tHen b&%ﬁn%’%‘lédxéﬁ't erlotbtfl ﬁxTeSi;ux‘aﬁ' B is
single or nultiple sanples in a sing car e wth nmulti

pr essi ng elﬁﬁ’éﬁ?cyswnhe together prith ﬁeﬁmgeét andAeel@@ dﬁswgdqddog evitlmbe 23
mbod t
erbod! MEn! Ssed S AR FoMBARISER S LaRElg Tt s BRI e i o4

conpr i ses Saanyiundesired ezpansiooof iherelasts fpyert § arel z;nyfdmchargg oﬁgdslpl\ngé theooph
channel 15, o id circ arc portions having the sane

radi us, ancfh?gul St}th% ﬁe%F%e"Eft ions of the four fluid channels 5
bei ng arranged al ong a sane circular path indicated by a dashed |ine

in 25 Flgures 18 and 19. An_end_portion of each of the four neander
shaped f1 uil08%annel Fignres 213 F‘hﬁg‘édh%’ gifferent gehematie tarayiewa of thapump n

this end pqc&dr@ﬁg@@%hw@fﬁhtéﬂﬁaoﬁﬂﬁ’é’nt bf the réshii 'ﬂ?@ehﬁox? It ﬁgﬂﬁgésggdgs/ f@c)ordlng

sequence of different fluids/reagents required for t
per f or med0yyg an kmbedimenpaf thainventie (rdated to Iiii 17).2he d‘amnmglnﬁ & (arsihenet s

25 and foury é ﬂhﬂtﬁorﬁ% fn?e p_{ Qéﬁltﬁl%Hg\ﬁ”smbﬁ ih Iﬁ%s gxln{)gd"m‘gnt) &t g'e arrang% glll ng

to the enbo I ment
parallel with another ﬂuld storage line 43 that contains a desired reagent such as lysis

buffer to be mixed with the sample. These fluid storage lines 43 can be either an
integral (non-removable) part of the cartridge 1 in which case it has to be pre-loaded
15 during manufacturing or it can be a non—integrai (removable) part of the cartridge 1 in
which case it has to be provided by the user before actual test by replacing a dummy
line 47. Without such embodiment, for instance the situation in Fig. 17, the user
himself/herself may have to mix the sample with the desired reagent (e.g. lysis buffer)
before loading the mixture in a fluid storage line 43 which would replace the dummy
20 line 47 on the cartridge 1. However, this approach requires further handling of the
sample and hence is not preferred. With the embodiment shown in Fig. 21a, the user
only needs to provide the sample in a fluid storage line 43 and perﬁaps the reagent (if
not pre-loaded in the cartridge). Mixing of the two can take place within the fluid
cartridge 1 as both will merge and flow together once the working liquid starts to push
25 them with the activation of the pump 13. '

[0086] In this particular embodiment of Fig. 21a, the two fluid storage lines 43
(the sample and the reagent to be mixed) are arranged in parallel such that both are to
source from different branches of a same fluid channel 5 and terminate at different

30 branches of another same fluid channel 5.

[0087] Other applications of the cartridge 1 may require any of the possible
configurations described in Fig. 21b to 21d. Fig. 21b is a special case of Fig. 21a when

branching of neither source fluid channel 5 nor termination fluid channel 5 is required.
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30 Fig. 18 each of the end portions arranged within the circular path
can be connected to a separate inlet 23 of the chip 21 via a separate
fluid cha booSBlsdds?d @s a chip inlet channel which ispeQRRSHEG0T
t he respe??‘?v(g @r? portion via a dunmy |ine 47 being rep?acea% {)y a
fluid storage |ine contai n| ng a sanple therein. According to the

onor ei n two 1 astoBpl i sact B Yosh i st ek B €t PO S

are direct|fluié chamel 8dnd Ceraiaeparaabier sahetlvid cRinntlh® KHi 7 c3dvolvdd thot h
enbodi ments the. other end portion of each of the four fluid channels

can be fl uiRRogHREE Pdgn pethfTuid sarage lings 43 ags tospugse fompa sameyilyid chanpeh
respect i ve sSeRadatiutd hittindmed @feehe ﬂiﬁdi xﬁa!aseles ﬂﬁoﬂ'dﬂs ﬁfétekf%todﬁ%mﬁén

the respective chip 5 outlet channel being connected
respective h@tlhﬂmdéﬁuagﬁdmes dh awd ta squice ﬁpma;bfferept dd @haxmsbﬁdgs térininetel 6.

0083] The F 9 Y. nstrat a
\[I\Dl’kl ]ng | gdu cang%le use oé?grmb?%&"% u’ﬁ%eegﬁlr‘%ﬁhgﬁjgﬁne efgtelérﬁg‘%o }
push al | t he theGnbedyenitsliswicibeeerplng otheacenbinitionfiealsopsssiblecam of t he
fluid punp channel 15 into the chip 21. The respective punp 13 or
cartridge 1 nakes use of a working liquid that is inert to the

cartridge Jo@ssj tO the deddrPo2dredtd MRAdIE chhrthelsNdi et | carAlgd 17 %aﬁl?t'%ls
through the chip 21. The working |liquid does not contain any

bubbl es. 1&smpodirenif the gnyantion dakes ass Ghegadily avedahle sommseipl phsm:nel
15. The la I r y a
gas char ge%blﬁgat th hre gﬁg’gﬁi{%% %g%gé gcfte?rj%)g ?ﬁeﬁ?‘ét‘@%ﬁt@i Agldg‘g% (%fa\/\!/iejg%e{&h
wor ki ng | i geAgdntssiarce they ddmddo zﬂmmwaetb@emmfrlgsidaﬂsgs tottbeir umqhdremsk-y

cl osed (sel I ) ematl ar ra

t he cargr 5%%’2’ %1 g&@%@&’@é@gﬁ eﬂvu d Y6 2§ g ?}ﬁ%‘ﬂ%"%ﬁ @V‘fe ?cef
sanpl e and ptablerh bécxpssachandrﬂmnd)eamentsmssu&lﬁhhgseﬁ réagerith @had theg ABw

0. 20° it 4908 s SE NI AR L S 0L B o8P el i SRS

reagent s WaieCdireRfl§ féiited el 15y Q1A bflerbRBiag tHe! gﬁbﬁrafé?@ﬂleﬁh& of
the cartridge. ’r\‘[(0084] Fi gure 20 shows a cross-section of n‘E}m
accor di ng fsaikey & prRdiceciomsamd s ssetionpandpetaneoth gyéarei |P€ﬁf§1es s
Accordi ng tgh A8 utceRad &% ition @nﬂ@rﬁétéﬂﬁ IcmeE & tﬁe g 'l“%ﬁg]{hlﬁx#&gnﬁs a
stiff covering layer 48 is provid on the e astlc er

rigidi ty ofwil I¢eme@lwénfb‘ﬁgomtagtevlﬂﬂ@agesthOeah@vﬂmﬂzmd,tthatcomfnetcm twllimgst | c

| ayer 9. 2758 MY & \}aﬁeiy 5frr&gmlcal structures and can be suitably chosen such that they

would not react with any of the stored reagents. The use of plastic tubings 50 for the
fluidic channels 5 also offers the benefit of minimizing dead volume at the joints
between the fluidic channels 5 and the fluid storage containers 39 or lines mounted on
the cartridge 1. Such dead volume usually traps reagents and introduce reagent cross-

25 contamination in a sequential flow system.

[0089] Figures 22a to 22f show a method of fabricating fluidic channels
utilizing tubings according to an embodiment of the present invention. In Fig. 22a, the
main component of this embodiment, a pre-structured solid substrate 51 is disclosed.
30 A plurality of grooves 52 (forming a spiral or serpentine layout) for tubings are
created in a bottom surface of the pre-structured solid substrate 51 and a set of
corresponding thorough holes 53 for inserting the fluidic pins 54 are also created on a
top surface of the pre-structured solid substrate 51 at appropriate locations. Cross-

section of the grooves 52 can be of any arbitrary shape as long as they are larger than
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on the | ower surface of the covering |ayer 48, for exanple by

machi ni ng. The covering layer 48 is then arranged on the elastic
layer 9, 0 608303b€ by bonding, with the |ower surfacec@lschédSoonorz
covering layer 48 facing the upper surface of the elastic |ayer 30
The groove (together with the upper surface of the elastic |ayer 9)
forms a guigl] | i .ch at. st _one. pressing.el enent. 1
(two balls tlﬂh%tgﬁ‘?gﬁ %H gd?ﬁeﬂ%]fornggzﬁ%icgf%%a{beg& ng ,tgé’te Iﬁ%‘:ﬁgtmajrhe
p(ﬁrt i onI of mhmugu??ljemgs ellrtaﬂxhbd;1 arcani altp@fdﬁﬁSte\Mzkanﬁ td n%agklyahd)@ﬂhihd@@piﬁé
the at |east, one.fl ui ¢chann 15. In this enbodinent, the
gui di ng cha%“ntﬁlbei"éseﬁﬁff?‘r%g‘gggnéﬁ uf%h- ng orbital channel which is
coincident with the circular 34 path along which the at | east one
pressing el enment 11 rotates in Figures 17 to 19. According to this

enbodi menf, 009U pr esdn dig. @hnthadluidic pins S aregoserted 2 the through-holes 53 of
provi ded/ s | € t 1 tfe [t | . i | .

i scar ded tgBrarCRE AR stbdde 15 TRB S difing 5o B clifr B SBontapialy
coveri ng | asfreightl® rmoretpyefemblyt fleshmbettiniocder &y save Spdue anyo redakesthickkess of
expansi on t.he elastig layer 9 and any di scharge of gas plugs

t hr ough thg[{‘%flggts\%%&laé?y%r 9 are prevented. [0085]Figures 2la to 21d
show di fferent schematic top views of the punp according to a twelfth
enbodi ment of the present invention, In Figure 2la, according 10 to

an enbodit HdRPTor  he 17 Fige RS st Whingwe) elpnmppropniaty lengtheareinlensd inithe
47 (and hengeoved8s fdrhdl sitsBa89A drdNfe 4ittsChthe i}y 59 F Whefectdd b e
enbodi ment)” can be arranged in parallel wth another uid storage

| i ne 43 t haespedsivedluidic pind $4i ABer thatade stooserc? e sdalediby dpiaidhesivet tapenes
m xed with . i A 4 an ei t.her an
i nt egral (r%ltr?raéﬁoig\;% ‘|°‘e'@%}?‘t“mc‘#‘ eeglgga@?l%]}’d%gﬁi ﬂl‘eﬁo& fnc(?lfeﬂé%goél i Rhas
to be pre- stacdedd $gbsthateiS1lg manuf acturing or it can be a non-integral
(rem)vabllg) part of the cartridge 1 in which case it has to be

provi ded by the user before actual test by replacing a dumy |ine 47.
W t hout suqoospbodi MeFig. 27, ah BlEétRNSRr b Aidhl dotiatns @E fluid phutlp clahnell 1%
user hinself/herself may have to m x the sanple with the desired .
reagent (e igybropgh; ' hsupralignmga Witk theqsolid pge-strotused, pubsgate 31 The glagtic
storage |ingefd whi GEpatRs| dhiifyPROMCRsE BE tHUERYidE0 1! i) Serdds Qd}résﬂgi}dix% .

cartridge 1. However, this approach requires further handling

sanpl e and thasengh holesri3t fop inserting dhe: flujdic ipinsiHé aceridonicreated insthe whasticlafery .
21; the g only needs to provide the sanple in a fluid storage line
43 and perhaps the reagent (if not pre-loaded in the cartridge).

M xing of the two can take place within the fluid cartridge 1 as both

o @ o OB B RS B PSR A e e

structured substrate 51 with the respective fluidic pins 54 inserted into the respective

inlet and outlet holes of the pump channel 15. The elastic layer 9 also contains large
25 enough thorough-holes 53 at locations overlapping the fluidic pins 54 that are not
utilized by the pump channel 15 so that they can be accessed from top even after

placing the elastic layer 9 on the cartridge 1.

[0094] In Fig. 22f, after mounting the elastic layer 9, the chip 21 and the
30 respective dummy lines 47 for product and for sample are also mounted on the
respective fluidic pins 54 to enclose the entire cartridge 1 forming a self-contained
closed system. Before a complete enclosure, the cartridge 1 and the pump channels 15
must be filled with the corresponding reagents and working liquid accordingly. To use

the cartridge 1, the user has to remove dummy storage lines 47 or caps sealing the
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[0086] In this particul ar enbodi nent of Fig. 2la, the two fluid
storage lines 43 (the sanple and the reagent to be m xed) are
arranged iWwo PRkaise®d such that both are to source frompgirkt:8io8060072
branches of a sane fluid channel 5 and term nate at different 30
branches of another sanme fluid channel 5. [0087] O her applications of

the cartridgge 4 ] of . i cpnfiguration
described i ﬁﬁllc—ililcgI Ziﬁ%?&lo}e%%ggﬂﬁng&'ng% slggliga Js?‘lﬁ)rg X arpe J(‘:ag%"ga%f) 8"’9? at'ora,‘gfa
when br anchlimg4of(alseir¢agent 1gesiri€ meédedity thb applédatibn)n The uedrnthérapiades the
fluid channel.5 is.required. 35 . This js sinply the case when both
fluid stor agiry Fﬂﬁ'g{gﬁg ‘E’F&af‘&ggﬁl?rftﬁé& F*?f’o?ﬁsam_gg P08 censitel L & BAd
term nate agladdfétRinpaREnd 15 The@O20NBE pRocedirdis a8 d6schBA MBS irfviaBtion.
enbodi ment. when both fluid storage lines 43 are to sourcé froma sane
fluid chafnel 5 but terminate at another different fluid channels 5.
Fig. 21d isppbg enipadicne pt ; t ' e L . 0
source fr on% dib%]f erent fl ui“(’:l C gﬁlﬁlgpfsg (g %htﬂu?%r%&nﬁ]%tg’epgﬁ?gﬁ%t (la(?gglg%re
f1 ui d channatangemari chaye daerthidesgribdd arvkeilfustuated, dh éntoebes uidesst@dntbiit many

limted to iJrents Listed. above.. Any. ot her conpination js

al so possi b‘fhgl.q g%gg’ggﬁ%m&? §a¢ v%“&g‘é’ Pt bfelrﬁ%/d&i R Q%w%‘ﬁ?%? Iventjqn yithout
cartridge Idepartihg fiohethe $€bpesbsuid iwaitionf the inventi on makes use of
readily Kailable comerci al plastic tubings 50. These tubings 50 are
i deal for“sequential injection of plugs of different reagents since
they tend to mnimze dispersion of liquid plugs by their circular
cross-sectional profile and snooth inner walls. Hence, such a nethod
eventual |y reduces the problem of cross-contam nation between
successi ve plugs of reagents when they flow 15 along the sanme fluidic
channel 5. This may not be the case when the fluidic channels 5 are
directly fornmed in the cartridge 1 by etching or enbossing the
substrate which are nost |ikely to produce cornered cross sections
and non-snooth surface profiles. This can also put certain
restriction on the material choice of the cartridge 1 as this
material wll conme in direct contact with reagents. On the ot her

hand, the comercial tubings 20 50 offer a variety of chem cal
structures and can be suitably chosen such that they woul d not react
with any of the stored reagents. The use of plastic tubings 50 for
the fluidic channels 5 also offers the benefit of mnimzing dead
volune at the joints between the fluidic channels 5 and the fluid
storage containers 39 or lines mounted on the cartridge 1. Such dead
vol une usually traps reagents and introduce reagent cross- 25

contam nation in a sequential flow system [0089]Fi gures 22a to 22f
show a net hod of fabricating fluidic channels utilizing tubings
according to an enbodi nent of the present invention. In Fig. 22a, the
mai n conponent of this enbodi nent, a pre-structured solid substrate
51 is disclosed. 30 A plurality of grooves 52 (formng a spiral or
serpentine |layout) for tubings are
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created.in a bottomsurface of the pre-structured solid substrate 51

and a set of correspondi ng thorough holes 53 for inserting the

fluidi.¢ pins 54 are also created on a top surface of the PCT/SG2008/00()072
pre-$tructured solid substrate 51 at appropri ate | ocationsgpe ‘;3 6June2009
section of the grooves 52 can be of any arbitrary shape as ?

they are larger than 36 the outer dianeter-of the comerci al tub| ngs

50 which are ¢\ g pl aced i.n. The thorough-hol es 53 should be at an
appropriate size so as to securely hold fluidic pins 54 to be
inserted as shown in Fig. 22b. 5 [{0090)In -Fig. 22b, the fluidic p| ns

54 are inser twiht isRialnid i hr ough- hol es 53 of the pre-structured.solid
substrate 51. These fluidic pins 54 can either be substantially '
straight. or nore preferably "L-shape" in order to save space or to
reduce t hi ckidess sfluidhatridggicenmisingt rate 51. 10 100911In Fig. 22c,

pl astic tubings 50.nafhcANeARRNER Rk roo\/es
52 of the substrate 5f 5ayr?d he endst?e(g%! ﬁ%gg%‘ﬁ%gﬂtgl§9g%gg?§d%%ﬁ%ect ed
to the respe(f‘l’?%ﬂﬁlﬁm”&i’é“yﬁﬁ%@l’wg After that, the grooves 52 are -
seal ed by an adhessubsateapé 55 for exanple a di ci ng or grinding tape -

by | ami nating ont e,bottom of th ol i.d re-struct,ured substrate .
51. 15 [0092]1n FI'g asr}ﬂ%?'er%ﬁwg fdem%:‘f “whi ch contains the fluid

punp channel 15 |ﬂsmlbl|°ﬁwglhphlpbﬂtlmloqawdenlqrgmthenhamaltahcrtamébmlmﬂmd

“pre- structuresim&abmvr@meaﬁamxbﬁm@mﬁﬁac layer 9 is a separate entity
fromrest of the cartri correspgndl ng thor ough hol es

set
53 for inserting "t”ﬁ%”??’ﬁgﬁfiﬁtﬁﬁﬂg“’%% axq@e o meye dpid somge fomtanra bebgist i ¢
| ayer. 20 9. &@@Q&Mih ur ¢ the chie] la)tchmdbbm@inuﬂmdlcawnoﬁ wiith thelat lgasesheand

mount ed " on  t BgiatRinhd;whkRm the substrate has a rigidity bemg greater than that of the elastic
) layer, and ‘ - ,
wheérein the at least one fluid channel is defined on at least one sxdc thereof by the
elastic layer; ‘
wherein the oné or more ﬂui.d storage lines are non—integrally formed with regard
to the channel layer and are removably and/or replaceably arranged in or on thc channel
layer;
- wherein the at least one fluid channel forms a closed loop with the microfluidic
‘chip and the onc or more fluid storage lines and/or the one or more flvid storage -
containers being connected in series therebetween.

2 The fluid cartridge according to cldim 1, wherein the at léast one fluid channel is
exclusively formed within the elastic layer. '

3. The fluid cartridge according to claim 1, wheréin the at least one fluid channel is
defined on at least one side thereof by the substrate.
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structured substrate 51 with the respectlve fluidic pins 54 inserted

into the respective inlet. and outlet holes of the punp channel 15.

The elastic layer 9 also contains large 25 enough thorough- ,g@z /000072
at locations overlapping the fluidic pins 54 that are not 6§Hé2009
the punp channel 15 so that they can be accessed fromtop even a

placing the elastic layer 9 on the cartridge 1. 10094]In Fig. 22f,

after mounti g thﬁmqiuﬁ%mgm%g@mﬁmc& he cva‘eg‘m%& gﬁ&%@ﬁifl 3(8 res ectl ve

dummy lines 47 for uct Tan e are a

respective f Pty ‘\Em?ﬂ‘ﬁ‘@’ﬁhe@l@fﬂemr@manhéomuiwnMﬂaasubmmlge 1 form ng
a self-contained closed system Before a conplete enclosure, the -
cartridge 1 ndt Wannels 15 nmust be filled with the
correspondi n rea 8&?@ BHRFFRAIAG o clai PV hstsingheslastin lyer qommnises at he
cartridge 1, mhwm&ededhamelmermfmeehewaﬂwc&teﬁaagmekubmtﬂ&c@f caps .
seal i ng the Zfminkidiathel RePRiafand)d replace themwi th the sanple

storage line 43 and product storage line 46 (also reagent lines, if
"needed by the appld<cation). The user then places the entire cartri dge

1 over a magﬁeti (The ifRlddcattfidhe pOGIrdih ORI S, RE&SS 2 Hodvk 8B iSedldn @B t he

el ast oner 15, The rest of t procedure is as descrl bed
by the i nven FQ@%@E@]’ S E’L‘Fé{ﬁl"%"ﬁfftig?'%ﬁlﬁﬁ“’ erithRreby | ipfng the at
cartridge, plfh%owﬂmquhennel val ve arrangenent have been descri bed and
illustrated, it is to be understood that many changes, nodifications .
and variatio to t resent, invention w thout departing
fromthe scoze g‘i"i’ic‘} %erﬁ"?"é “8 amscof plaisd Ga s dhersinsheralastis e 16
June 2009 Qmsmelammml aimed is: 1. Afluid cartridge,
conprising: ° a channel layer within which at |east one
circunferentjall aled fluid channel is formed, the channel |ayer
conprising a% subﬁ?‘? idcartidar ageprdinge plrimn 7 aperein theglagiomer s selsptgdfiormn t he .

substrate, the group consisting of a silicone clastomer, polydimethylsiloxane, polyisoprene,
_polychloroprene, natural rubbclj', latex, butyl rubber, ethylene propylene fubber, Polyether
block Amide, polybutadicne, polyurcthans, perfluoro polymers, parylene, polyimide, and -
- ethyl-vinyl acetate. :

9, The flvid cartridge gccording to any of claims 1 te 8, wherein the substrate has a
substantially planar upper surface, and wherein the lower surface of the elastic layer is
arranged on said planar upper surface of the substrate and faces said planar upper surface
of the substrate, ,

10.  The fluid cartridge according to any of claims 1 to 9, wherein the substrate isa
plate,

11.  The fluid cartridge according to any of the forgoing claims, wherein the substrate
. i3 made of an electncally/magnetlcally inert material and/or does not behave as a
magnenc shield.
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a mcrofiuidic chip being located in or on the channel |ayer and

being in fluid connection with the at |east one fluid channel;

one or ‘nore fluid storage lines and/or one or nore fluid stR(I’H862008/000072‘
cont ai ners -being arranged in or on the channel |ayer and lRdcBiged 16 June 2009
fluid connection with the at [east one fluid channel ;wherein the
substrate has a rigidity being greater than that of the el astic

"l ayer, and wherein the at |east one fluid channel is defined on

at | east one,sid neof. the el asti ere n, the.one or
nore fl uid s%%r agrelgﬁﬁﬁg%&g%ach%%@?éﬁtcé gllf’vsé;'f%m "’r“% Yto the
channel | ayeinesimdterial és silisomerghiby and/ or repl aceabl y arranged in or on
the channel layer; - . wherein the at |east one fluid channel forns
a closed loop,wth the morofluidie chip and the one or nore fluid
storage |ines*a &f‘]’aﬁl *ﬁﬁemdﬁee“mrd%héarﬂrﬁr erheeeaa@l&feem/arﬂ&rémﬂbei ng
connect ed .i nins®e malesal isua bRt patateric niteridllpLarf iharpahiceaainie iggeianc cor di ng
toclaim1, wherein the at .| east one fluid channel is exclusively

formed within the et astic layer. 3. The fluid cartridge according to
claim 1, whet4i n Thpguid cartridgesccasding o claimil 3 wherrie the pelymericimptatialgn at

| east one si giuclch bR Qfe ghﬁp btRissRE b RhyfC polfiner, Polddrbiade AFHRQANBA do-

Recei ved 16 Jc?ne 20 ; The flui'd cartridge -according to claim 3,
wher.ei n the BYYFEAY P°Hﬁgfef“f uid channel is partly formed within the
elastic |ayer and partly forned within the substrate. 5. The fluid

cartridge acepr d'ﬂQﬂ&x@c%@éJ&@&dﬂ%Wd}cﬁﬁﬁ 184 P4 Whéreih 3084t aﬁ%%!h' ges a

groove provided on the | ower surface 't ereo and covered by t
substrate th@‘Féﬁﬁi’s'f‘B‘Fﬂ?’ﬁéjhaﬂ‘FéhﬁtmelsE%{’gf’ ‘tfr‘r‘@“fﬂa{ﬁ d channel, 6. The
fluid cartridge according to claim 3, wherein a greove is provr ded on

ayer her ebif oty mul sl shibrpinl] < B RhGH Wigh GpeblofRt ¢

cartridge ac%‘éf“d?aﬁ'gmﬁg phpnest has|a gpirb shages. 6, vvherel n the elastic | ayer

.conprises an el astoner. S. The fluid cartridge according to claim7,

\é\'? ﬂ glo 2 et Qfag[ g‘rsmtI‘IBgﬁuxd Faﬂ&ﬁ%at%%t ugg? tF)%r? aorf Tgm%w %%Qlaﬁgsn&iué-&ﬁ ﬁgeagtf a
portion of the at least one fluid channel has & meander shapc

18.  The fluid cartridge according to claim 1, the microfluidic chip being a silicon-
based microfluidic chip for extraction and purification of a chc,inical?biological substance
from a fluid comprising the chemical/biological substance.

19, A The fluid cartridge according to any-of the forgoing claims, wherein a covering
layer having a rigidity being greater than that of the elastic layer is provided on the elastic

layer.

20,  The fluid cartridge according to claim 1, wherein two separate fluid channels are

connected with each other via one fluid storage container. ©
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pbl yehl-or opr ené, natural rubber, latex, butyl rubber, ethylene
propyl ene rubber, Pol yether bl ock Am de, pol ybutadi ene, pol yurethane,

perfluoro polymers, parylene, polyinide, and ethyl-vinyl aeeTa$@2008%00072 .

The fluid cartridge according to any of clains 1 to 8, whaegiifed I®EJune 2009
substrate has a substantially planar "upper surface, and wherein the
| ower surface of the elastic |layer is arranged on said planar upper

surface of tne Smbéiﬂxﬁdi&@n@dcéoﬂﬁ%% Saind, RheddiR fardd DR EHare Shitd &&ﬁ’xel?ﬂret he
substrate. fluid e accor di ng many of clains Ito 9,

wherein the %°ﬂ?)°§& ﬁ’t‘"’&“ﬁs?aéw?)ﬁ‘ﬁfi‘éw CPPMARGS | uid cartridge according

to any of the forgoing clainms, wherein the substrate is made of an

et | o oht 2 i etaiad- A8kl I Blhal AL Bl MBERIRLaREIRALE 35
The fluid catlEpsedieoran B chanpeylayes se psdp paumce fromjeseres fivid thennel (or to
$ Ihec]E Ir i cgl I yurﬁmmt o sagahhiy cﬂaﬁﬂ):anmf[ﬁﬁdt@d{ ido&\zf]dahb _ﬂﬁiﬂ{:ﬁdhnﬂ (@ %Sbranc 3.

e fluid cartridge accor o claim 11, erein the
el ectricall y‘?fmag e9 almc‘i’?l %)7 g}’t material is an organic polyneric
material or an inorganic ceramic material. 14. The fluid cartridge.

accordi ng togacl a’Tﬁ@tfu?ﬁcaﬂH@gre%cBrdmﬁ% Q?&Mnﬁ&&n %ﬁﬁfd‘sﬁ:ﬁg’e%aﬂ?ﬂeﬁwd
fromthe gr psistin an acr qybgar bonat e,
cyclic ol ef |°ﬁ‘g‘€‘iﬁgﬁ’ﬁﬁ’é %%BV%@?W%W@’“W’B“"H‘FEA“H BpokaRft i dge
accor di ng t ceraiinsteat twoldiffersmt fifidchhdnelsiwher ein at | east a portion of the

at | east one fluid channel has the shape of a circular arc. 16. The

fluid cartrldge according to any of clains 1 to 15, wherein at |east
a portion of?4 The fluid cartridge according to-claim 1, whemm two fluid storage containers are

arranged in or on the channel layer so as to source from two differént fluid channels and

terminate at a same fluid channel,

25.  The fluid cartridge according to any of claims 1 and 20 to 24, wherein the one or
more fluid storage. containers are non-integrally formed with regard to the channel layer

and are removably and/or replaceably arranged in or on the channel layer.

26.  The fluid cartridge according to claim 1, wherein two separaté fluid channels are

connected with each other via the at least one fluid storage line.

27.  The fluid cartridge according to claim 1, wherein three separate fluid channels are '

connected in series via two fluid storage lines.

28, The fluid cartridge according to claim 1, wherein two fluid storage lines are
arranged in or on the channel layer so as to source from a same fluid channel (or to .
branch of a same fluid channel) and terminate at another same fluid channel {or to branch

. of another same fluid channel).
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the at |east one fluid channel has a spiral shape.. 17. The fI ui d
cartridge according to any of the foregoing clains, wherein at | east

a portion of the at |east one fluid channel has a neander StaAPSG2008%000072
The fluid cartri dge according to claim1, the mcrofluidi Res&v&i Peihidg 2009
a silicon- based microfluidic chip for extraction and purification of

a chenical / bi ol ogi cal substance froma fluid conprising the

cher ni cal | bi @P.ogi DelfluRitheidgasgording & claBhE whirtih evciid s&drg@%@g@r ding to

any of the f erein a covefin avi ng

rigidity bei (ralg §§@t g‘% mtvﬂ?fer%qfasf“rf@“’ﬁé@fg? i&}‘@r" °1]3?"OV| ded on
the elastic I‘W}l’é?‘ea“?@dﬂm&fmdmhdmaart ridge according to claimi1, - °
wherein two. separate fluid channels are connected with each ot her Vi a
one fluid st age.c nt.ai ner PCT/ SG2008/ 000072 Recei ved 16 June
2009 21. The' ‘I ui g&u“t‘?‘?’tﬂ‘é@“"&%@&&@ﬁh@“ ovhereizitye fuid gpragedings ahr ee
separ at e f | ubukngdidmmeinsheshenneldaRED S shitcdSBIM ©6 different R dhbtield 281 OF age

containers. .22, JdNe dhdnis Gl dge according to claim1, wherein

two fluid storage-eontainers are arranged in or on the channel | ayer
so as to source froma sane fluid channel (or to branch of a same

fluid channes)., aﬂdcﬂﬁ&%ﬂﬂ&&c@&rdxﬁ@@%ﬁﬁfcﬁ%ﬂt$hyhﬂcrﬁbw u,&O
car

branch of angth h e flurd

accordi-ng to :egsﬁr Lo 3?%’?115"3 aﬁm&ll{’/f”d"bég&%{’ﬁ’é“e%‘t’% ‘H@T@heéf’

arranged in djrnwiuﬁe:s whiarmallt by afhed steregcasntsiter saxoniing td i@ of daimgiend | Ui d
channel and i(ﬁBQEMﬁu@&o&%%c@&%ﬁ&%n&bﬂh q?ﬁcllr}zl%gag 30 corftataing g€ T uid

cartridge accor]d to claiml, whereint storage ¢ ai ners
are arrangedafnﬁ "b‘h the channel |ayer-so as to source fromtwo
different fluid channels and termi nate at a sane fluid channel. 25.

The fluid cafi ri ¢genass ﬁ%}quco;'cgncﬁﬂgx ai?r};ldﬁlkxgem”ﬁ)e at lg'argtdonﬁ H:Ei%lm%géér all y"

wherein the one or nore arners are

formed with @E’b’eﬁ’r"é?sf"oh?l’rﬂgW%@Pauyéywﬂfaﬁ@imalﬁ@wmmcmdaitbr
repl aceabl y ash @hgedhdinrepeotiofeddie channel layer. 26. The fluid |
cartridge according to claim1, wherein tw separate fluid channels

are connected with each other via the at |east one fluid storage
i ne. 33.  The fluid cartridge according to any of claims 1 to 19, wherein within a single

‘ ﬂuxd channe) a plurahty of different fluids i is stored, the different fluids being arranged i in
_series and separated from each other.

34.  The fluid cartridge according to claim 33, whercin the different fluids are
separated from each other by a separating fluid being immiscible with the adjacent fluids.

35.  The fuid cartridge according to claim 33 or 34, wherein the single fluid channel is
in'fluid connection with an inlet of the chip accor&ing to claim 1 or 18 at one end thereof,
and wherein a workmg liquid is stored in the single fluid chzmnel between the other end
thercof and the plurality of different flvids.
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27. The fluid cartridge according to claim1l, wherein three separate
flui-d channel' s are connected in series via two fluid storage |ines.
28. The fluid cartridge according to claim|, wherein two PC&{%32008/000072
"storage lines are arranged in or on the channel |ayer so Rscditeddénne2009
froma same fluid channel (or to branch of a sane fluid channel) and
terminate at another same fluid channel (or to branch of another sane
flui d channeB§. Thofuid pOSErocsdianNe el FHewhsrsie the Morkingriguid B0Leriddth The
fluid CartrlQﬁﬁ‘dm&m@ﬂaﬁpaﬁldﬁ'cﬂ%mm%ﬂEbn'faﬂpang'hﬁytﬁeréé_orage, lines
are arranged 1n or on the channel [ayer so as to source froma sane
- fluid channel and termnate at two different fluid charMels. 30. The
f1 ui d cartrisge ahcﬁmdlcangdgacalrdimgtbﬂlammebim Whtrel tﬁelwurﬂnﬂ@ma.g@ i nes

are arrangedy, sour ce .f.rom t wo
different fl u%glungﬁﬁ‘gF‘t"@“f% %nn b frop °"°ﬁ18‘h""0°>’f”1‘ HPBSbI8 FREEE 31

, The fluid B##tridge according to any of claims Ito 19, wherein two -
separate fluid channels tire fornmed vm thin the channel |ayer which

are connecte h ather vjia a is replaceable by a
fluid stor ag% cokpﬂ&“d‘gfmg eide (s t?ﬂ‘yé' igs 3%T° Trehereinyihg ongengd of thes o

a fluid storsage ﬂmmambmﬂuid-ngnnmdamhe afcraflufiiicnthipvitaaethaGluidrhafle] -

contai ni Ng BeAAERL £ cl{ubﬁfe?élﬁnnel wifich 1%'_ fb %leﬂ h qhé:sq{él% ﬁxﬁlcg&a&%?ﬁ{;) g&eugtgxr

-claim1, wherei nﬁﬁ e at -l east one anne or s
of two subst2SHEFERIAeSH E&ﬁ&éﬁl@ﬁ%ﬁ%@ﬁaﬁﬁcw@ tpartafshaimsdonfetedd wi t h

each ot her air atflnidistorapeEpeeddrdity 16 Aiisaf 1 358 clalie26 tb B0 Ebnedtidy d H@ifle
according tqpagy of clains I to 19, wherein'within a single fluid
channel a plurality of different fluids is stored, the different
fluids being arranged in series and separated frorri each other. 34.

lehe_ g | uid capytri d?ﬁémf &Eeta&omg% @iyraraam Wrs@![%elrehﬁéi&%&gﬁdedﬂ

urds are al e . 1 N ul |ng

i i sci bl e ﬁ{%ﬂ%‘ﬁ“’ﬁ%@éﬁ@r Fogeiongi af SRl et e .
accor di ng t dlvid chpnpelzerving 'ﬂ8ﬂchlmm1d¢t@bmﬂ Wich isreghnsctid witiek otiienendofthe s i.n
fluid connecemgamuwcmnawxd dtkBbvanit ﬂ&b@mﬁﬁ@ &n@ﬁ&%&mﬂg tBanAt@iamslx or -18.

at one end th erein quid is stored in the

n
single flui (5m atﬁr%gf’r 'g'f‘ l’f‘f@‘"’ﬁ%ﬁ’é? é’ﬁﬂ%"ﬁé‘f"é’o‘l‘"d&ﬁ&:t%e plurality -
of different fluids. 43.

40.  The fluid cartridge according to any of claims 1 to 17 19, whcrcm a plurahty of

separate fluid channcls is formed within the channel layer.

41.  The fluid cartridge according to claim 40, wherein each of the plurality of fluid
channels comprises a circular arc portion, each of said circular arc portions having the

same radius, and the circular arc portions of the plurallty of ﬂulcl channels being amanged
along a same circular path,

42.  The fluid cartridge according to claim 40 or 41, wherein each of the plurality of

fluid channels comprises therein a different fluid or a sequence of different fluids.
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PCM32008/ 000072 Recei ved 16 June 2009 36. The fluid cartridge
accordi.ng to claim 35, wherein the working liquid is inert with

regard to the channel |ayer and the chip and does not cont ®GT/3GEI00RAH0072
therein. 37. The fluid cartridge according to claim 35 or Ri:6e1wmm.mn52009
the working liquid and the plurality of different fluids are

separated from each other by an inmscible separating fluid. 38. The

fluid cartridgge ﬁ‘h@ﬂﬁdbﬁ'&dk@ac@d‘l‘&h@tﬁcﬁinﬁ#lmi4§5vht:ﬁm3:?cnd\ljbﬁfoﬁbfbahm one
’ conn cte

end of the sjingle fI c is qu

m crof | ui di c% ﬂi h@'l HB{IW% ’fi“ﬁﬁ"ﬂadé'ﬂ r?ﬁléﬁc ?r\??‘gi’gj1 g‘é’a‘ém&q‘i’fgpml nl et
channel. whi cbiam ard Biseedviid tghin the cisduiagpath, bid Fach of ke eardyortiongargangkdmy
bei ng repl acgggl e | oLaga: can ARt kgt 0 any of
claims I and 20 tgQ o%itgk?[f%q]d stotr]age |s%aéccordl ng ?o any of 1
and clains 26 to-30 containing a sanple therein. 39.The fluid - :
cartridge aceqr diThg e caiidgddcedtiig WBlaBb4s, @haantm/amérenmpdrmdmembf end -

of the singl i d connecti W t,h n, out | et of
the chip vi ag\/BJP’“&W@? H‘é‘? %“ﬁ?lsds“%ﬁ%&ﬂﬁ'lwm TVINng as a b oA pl%out | et .
channel which is connected to the other end of the-single fluid

channel via g re'ﬂ!ﬂ&hﬁarﬁidgéﬂc&&%@gﬁmcwwraemﬁ%gé@hwmagoﬁw of
claims 1 and 20 to 25 or .a stora‘gellne ac gﬁéo an §/ f
0]

claims 1 and®P§ssdyvitin the ‘H’B‘“‘““Iﬂ‘?@ 1§ foppegte E?r']t‘er‘i°ﬂ'§‘8°
clains 1 to 3eparatd Omidehaneisarving @lachiplinlét phapficl wbphmabmcﬁéwo thegtHemshel s i s
formed withip.th A pBANER] adr emgn{,s cea lbsy;hmglo&@rcmw%c@mt@h ng

to cl.ai m 40, Bin eac ur a channel

conpri ses a enywéeimaw 1a?'°c'~°B@)P&WW“%H“W“%WHPHW%W’EF ‘é’f‘?;z‘?)‘(ﬁ’?? i ons
“having the sadmidn stsple@ftinl he circular arc portiens of the -
plurality of fluid channels being arranged along a same circul ar
path, 42. The fluid cartridge according to claim40 or 41, wherein
each of the p6.ur Al flyidcfrtrideedogordingigrsiein S5 dHrThema thepghenrnd Parign of or ent

_fluid or a segy Eﬂﬁ%]]&fah\?'of 184 @aknefshidfuitBconncelREh/ ﬁ@ﬂ&ﬂo’uﬁ&@;@ifﬂ ciecei ved
16- Ji ma 2009 . 43 e, accorndin

uid,cartri
wher ei n an eﬁ’ﬁ“ﬁﬁ?ﬁ“berfeﬁffme%‘ﬁ °h8?n°ﬂ%wmﬁl 4 4 ¢ etc % J(;(‘]alcbhannelﬁé i's
ananged Wi t hiostlet ¢henre] treing|cameqsert th the aespdotiys o@t@wﬂmm@x Wr @W&H‘Hﬂiﬂ"@r 18

is provided \ﬁfmta B dnfafdfr dobording t@'&nyﬂﬁft;l*ﬂwmsqmb@@;&aﬁxdtstb&geﬁﬂ’e foesrdih®ns
arranged within the clrcul ar ?at is in fluid connection with a

separate inl &2y P ﬁl?ﬁ‘@slzf‘ﬁdﬁsw

47.  The fluid cartridge according to claim 1 or 18, wherein the at least one fluid
channel is connected to an inlet of the chip at one end thereof, and wherein one or more
fluids are stored in the at least one fluid channel, and wherein a working liquid is stored in

the at Ieast one fluid channel between the other end thereof and the one or more fluids.

48. | The fluid cartridge according to any of claixhs 110 17, 19, wherein a plurality of
circumferentially sealed channels is formed within the channel layer, the fluid cartridge

' i"urthér comprising a plurality of fluid storage lines according to any of claims 1 and 26 to
30 and/ora plurality of fluid storage containers according to any of claims 'l, 20t0 25 -
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44. The fluid cartridge according to claim43, wherein the other end
portion of each of the plurality of fluid channels substantially
conpri ses a neander shaped portion. 45. The fluid cartridge
according to claima43, wherein at | east one of the end portions
arranged within the circular path is connected to the correspondi ng
inlet of the chip via a separate fluid channel serving as a chip
inlet cha i 1S : : i i a
=" durmy. Do e A ey SRR of s Bhd SRSy AP SoRAES R
any of cl fwidshet¢in2@dtadir@mndm last bf the plstloy afjfuidisiveagadmes ahdig fluad any of
claims 1 and 26 to 30 containin% a.sanpl e therein. 46. Ige fluid
cartri dgeSH2EOTARPTT BEMNGT FFPDesHYy e ord4eaRs 4 3 WanETRB G T3 P1%n
of each offthhevddonhadtioh¥ndd isfid Hhid coRaRtien with e flulddEdneRBo@ReMABG L 0 a
separate outlet of the chip via a respective separate fluid channel
serving a@O%FQ%ﬂQQKH@@WE% channel, the respective chip outlet channel
bei ng connected to the respective other end portion via a renovabl e
fluid storage contains according to any of clains 1, 20 to 25 or a
fluid stofage Thentuidcatidge agecardingtoyclaifn 49, ahakeof theaotblerZtid chadfels Uaing The

Fuid cnaled Vit Sgrae Ba'hsdmmpate st NG e el B O

t her eof , @&dgdﬂﬁ%g@ﬁmrmﬁiﬁérag@é(ﬁmﬁﬂldﬂ ds are stored in the at | east
one fluid channel, and wherein a working liquid is stored in the at

| east one fluid channel between the other end thereof and the one or

nore fl U:Aﬂf' A’ﬁle fi[ﬁf cz{r{rwgg a&%&&iﬁg qgﬁaiﬂ?@@&‘&%‘@h&@in@ﬁé’ m@écroﬂi!liéfc@ﬁipl t 0
17, 19, erein a plurality of circunferentially seal ed channels is
f or med wi dchondingtte clabman el 8lispdhuid ednaedtioni withcthe pihiedege dfiilng thiorconnection
conprisiqgﬁa plurality of fluid storage |ines according to any of
clains 1 & 26 to 30 ancVor a plurality of fluid storage containers

according to any of clainms 1, 20 to 25 45 connected in series via
the plurality of channels and respectively conprising a different
F1'ui d thetlei n, Therflid caiidee achouiag oodtimbr, VEHGERIHR GHORYT FyProfided Qi glower
storage |ip@se §MA¢ Albsfrhibicsl RhQh@gauba@t ai ners having a respective

free end serving as a connection end, wherein one of the two
connection ends is in fluid connection with a fluid channel

contai ni ng, a e [ O F Ny 48, . I | .
according'to ¢ zfilﬁnglq %g%&rﬁ%g%c%?ﬁ{lgg) %%1 es;al’fN ;BEL:%HI %ﬁgﬂlﬁgﬁ{éﬁﬁégﬁgu}eﬁ | ed
with a sepahiathawybitiat fbr bedongnodating e floidéc piht h the fluid in the
respective fluid storage line and/or fluid storage container. 50.
The fluid cartridge according to claim48 or 49, wherein the

m crof |l uigh ¢ cilelnad 6RtrfligBdcdordifg & dit 35U, whdreirStht Rubiddik dosRBRE & ihen
with the other one of the two connection ends. 51. e fluid

car t ri dgefléé ebanaeliga ths fhidiE |3, wherein a groove is provided on a

| ower surface of the substrate for housing a tubing. 52. The fluid
cartridge according to claimb51, wherein a through-hole is provided
wi t hi n t het. Subftidatgrifigy acaoclongro dhim 39, whdrkivitieh tobipg s conb&tedlioehd flaidd
cartridge according to,claimb5b he. tubing is connected to

J wher e L
Che 1 ub cREGRRFaLg: or FR S eThg<ding Vit fpe duidic'Bin

55.  The fluid cartridge according to claim 54, wherein the elastic layer further

comprises a through-hole for accommodating the fluidic pin.

56. A fluid cartridge, comprising:
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54. The fluid cartridge according to claim52, wherein the tubing is
connected to the fluid storage container or fluid storage line via
the fluidic pin. 55. The fluid cartridge according to cl ai m 54,
wherein the elastic |layer further conprises a through-hole for
accommodating the fluidic pin. 56.A fluid cartridge, conprising:

a substrate in which a plurality of circunferentially seal ed chanbers

or C.hannel S iSa %u%gtpg%gin y@lﬂﬁha luralit opéiféﬁﬁllfér&%aﬂ& s&héﬁ &agmtbglrs%gghﬂﬁgl ¢S
non-integrally tornmed wt rgspec to the substrate and connected in
series vifarthegapdural ity of chambers or channels, wherein the
respective fluid st.or .device,is a fluid orage,line or fluid
tor age cont ai P TraES e o bR wihGrsaift ey ent
fluid theqBktate and connéfiéll i sbhidsStia RO PhRalltdSF climbeRerRhatndlsi wierdih thd ui d
storage devices having a respective free end serving as connection

end, respeeiyeciie storagecleing is adkiidgorage dpeer 3 Ruid stopgetchataingp epch
surface ofy,f Qﬁra%%%%@i%@&ﬁnﬁr%%éjae%yﬁeg?ﬂﬁih't'lﬁegeiﬁ,onneCt' on wth one of

the two connection ends; n the one or nore fluid storage
| i nes ar e non-andtdystaint y 14so pfbd plurdlity pEfad dtoragetdaeicetamimg|a regpgetiveand
are renovably .and/ or repl aceably arranged in or on the channel |ayer;
wherei n tHh& L?F%(fl}gt"ﬁfcé}g“etcﬁ%ngﬁgnbers or channels forma closed | oop

with the m crof hi¢ksfividie bhip baind 16dagdih bf & h Yipdr stlfatiedf SHeQubgatdadi ces
bei ng connected in series therebetween. 57. The fluid cartridge

accor di ngbairg ia|hidramectionevith et th roconpicHonetdsy a sil i con- based

m crofluidic | e | L d i :

hom cal / bi ol g e Vs B oF RELS MRS al ik W Aok el Plapmed with regard
chemi cal / itld dgned laystinst aecenovabld.andhereplageab carangedigeor ao dloy dianigel t o
any of clains 56 to 57, wherein each chanber or channel is filled
wth a fllﬁ?'%’ being inm scible with the fluids stored in the fluid

st orage devi cagherein the plurality of the chambers or channels form a closed loop with the

microfluidic chip and the plurality of fluid storage devices being connected in series

therebetween.

57.  The fluid cartridge according to claim 56, the microfluidic chip being a silicon-
based microfluidic chip for extraction and purification of a chemical/biological substance

from a fluid containing the chemical/biological substance.
58.  The fluid cartridge according to any of claims 56 to 57, wherein each chamber or

channel is filled with a fluid being immiscible with the fluids stored in the fluid storage

devices.
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