M CROFLUI DI C DEVI CE FOR | SOLATI ON OF CELLS TECHNI CAL FI ELD The present
invention relates to a mcrof luidic system an apparatus for isolation of
parti cl eswoaotoot4h | ui dic device, and a nethod for isolpatriemwiehooessticl es.
BACKGROUND ART Known to the art is a device for isolation of particles of a
gi ven type, which conprises a main chanber, in which an operator, using a
pi pette, introduces a sanple through a hole of the main chanber, and a
recovery chanber, from which the operator, once again using a pipette,

draws the particl eMIGRORELUPICREMGE RORISOH-ATION OFEELRS r ecovery
chanber. The docunents Nos . US2003/0073110 and EP1179585 di scl ose conpl ex

devi ces_for the manipul ati on of sanples, which conprise a plurality of

val ves Eﬁﬁﬂmégéﬁyziﬁﬁgained in the devices thenselves. The docunent No.
US2004/ 02893k dliric| 0608nenby Seimsashetls & i PeFhiendier thecaRni path ation
of particles, details of the structure of the device and of its_operation

are not*RPREFFREd Lo%n okiP RV Qe sCha etk iRy pf oFLeRe torigiecide 6 uri ng

the stepsqoh meppbat £6p, 1bP1500u6tbenpaapdcragovery. Furthermore, the
results are not always reproducible, at tines contam nation of the sanple

occurs during the various steps, and the intervention of operators with
parti cubgRcrEROURD skl |l s is frequently necessary. DI SCLOSURE OF | NVENTI ON

The aimof the present invention i.s to provide a microfluidic_system an
appar at H2o¥or tPs & it oS par CRVIEES, TPTi EFoFa iR cofePrEEicdrg #net hod

for isohabénn efpdar tiiel @s, Wy Wdd enaklent hengdhgwpacksy of i hen cugk ent
art to ggerator, using a pipette, introduces a sample through a hole
of the main chamber, and a recovery chamber, from which the
operator, once again using a pipette, draws the particles of

the given type through a hole of the recovery chamber.

The documents Nos. US2003/0073110 and EP1179585 disclose
complex devices for the manipulation of samples, which
comprise a plurality of valves completely contained in the

devices themselves.

The document No. US2004/0209354 discloses only some aspects‘of
a system for the manipulation of particles, details of the
structure of the device and of 1its operation are not

specified.

Known devices have various problems of precision during the
steps of separation, introduction, and recovery. Furthermore,
the results are not always reproducible, at times
contamination of the sample occurs during the various steps,
and the intervention of operators with particular manual

skills is frequentiy necessary.

DISCLOSURE OF INVENTION -

The aim of the present invention is to provide a microfluidic
system, = an apparatus for isolation of particles, a

microfluidic device, and a method for isolation of particles,



overcone, at least partially, and will at the sane tinme b e easy and
econom cal | y advant ageous to produce. According to the' present invention,
a m crof woizdiociosasst em i s provided i n accordance with weatriBmiep®eisied in
t he ensui ng i ndependent clains and, peeferably, in any one of the clains
that depend directly or indirectly upon the independent clainms . Unless
otherwi se explicitly specified, in the present text the follomﬁng terns
have the peani ng i ndi cated hereinafter. By "equival ent dianmeter"” of a cross

secti onVREChndBrsk o6APRE dF BFetERAACKS | PEl et RAVIFH 4 saFE aFea B& the

Cross s@gétebmeBYy a'tCl DSSsSephir@nalaly,a £hanpgh 10ra10f tacdugdmd s cypdensd ood
the section substantially fer endlcular to the I ongitudinal extension of

the cha®®eY BF BGeRmicallyiadyartaveeesi bR BFOAdY@nce of the fluid in the
channel (or duct) . By "eqw val ent dianeter” of a hole is understood the

dianeter of a,circle having the sane area as the cross section of snall est
di mensi 8RSOBFiRHe LRIt tRERS SN By INHERES P iddi BLSYRE b GoF SGILEE) S| s

under st9pgy 8a8H S b @M Ao rRHEE) w LOPLhEE NG sats é‘@ﬁl&ilelﬁl ¢hef |aidlifhg
channel  (or duct) . By "mcrofluidic channel (or duct) " is understood a

channel 1{4ePEREERt hE4PATSa 30 s PLERELT LY t Alle IV ATEt O8i &St 2L ess

than 1 ﬂH&tTthﬁéﬂBnSaQﬂécgiythSrChﬁﬂagE%cQﬂydu%. ncane Wﬁﬂﬁﬁgéﬁhéﬂkfﬁ
standard. way using prof iloneters .In the present text, by "particle” is

under stob88S cor puscl e having its largest dinmension of |less than 500 nm
(advant ageously less than 150 mm ) . Non-limting exanples o f particles

are: cells, cellular detritus (in particular, cell
Unless otherwise explicitly specified, in the present text the

following terms have the meaning indicated hereinafter.

By ‘“equivalent diameter” of a cross section is understood the
diameter of a circle having the same area as the cross

section.

By “cross section” of a channel or of a duct is understood the
section substantially perpendicular to the longitﬁdinal
extension of the channel (or duct) i.e., to the direction of

advance of the fluid in the channel (or duct).

By “equivalent diameter” of a hole is understood the diameter
of a circle having the same area as the cross section of

smallest dimensions of the hole itself.

By "microfluidic system (or device)” is understood a system
(or device) comprising at least one microfluidic channel (or
duct) .

By “microfluidic channel (or duct)” is understood a channel
(or duct) having a cross section with equivalent diameter of

less than 1 mm.

The dimensions of the channels or ducts can be measured in a

standard way using profilometers.



fragnents), cellular aggregates (such as, for exanmple, small clusters o f
cells deriving fromstemcells, such a s neurospheres or manmospheres) ,

bact eri a,wbipsiebgies, (pol ystyrene and/ or magnetic) m ereaBRRGEBFHc1EANd
conpl ex nanospheres (for exanple, nangspheres o f up to 100 run) fornmed by

m crospheres linked to cells . Advantageously, the particles are cells.
According to sone enbodi nents, the particles (advantageously cells and/or
cellular detritus) have a largest dinension o f less than 60 mm . The

di mensi tms thef priesgpar ttekies ban “baetieasur ekl | in@estsodar d Wayrpis dige

m croscopes W th, graduated scal e .or nornmal m ¢groscopes used wt

gr aduatcltla%?lsr(l:%l e s %des?f’%ﬁeﬁ/ﬁi chIERETPAPE ¢l 8 ar &F&posi . hﬁQ‘p tHi®
present (déxéntdyedus hpndieass” thah a Joarntnc) eNos-uadertsheodethepl €89tde the
wi dth, and t t hickness a f the ticle. The term "substantially

sel ect i%aégt}gf%%earﬁbr 5 { f???\gu 2hi §Rt&dEMSNt {J(Ibr PBF h&FUAAEY ogGUis t er s
i ndi cat fngomembyeentlandber sy@eRAtald ongueh partifdesexbRplbi clyntdia.
parti cl that are_displaced and/or separated are particles for the vast
] or | té;f%sqfero%e 8t nDcE%fJQCﬁ vegleﬁﬁégg A agB6EY yv,C Y sibst ahfRal 137

sel ect iveudosphacesent ofor ahdvosladegous t epaBteRdLcat | Nd ppIpnear@mnt and/

or a separation) envisages displacenent o f particles with at |east 90%
(advant %%GSSWI Y%y Sm%/rs? rti SREEH ) ¢ h@l@%\?ﬁh@fﬁé or £YPes qPEEENt age
gi ven byanhdwphemdser (ot paainptlees nehokhticgieterott ype b typesmi tdbimrspect
to the lgot al _nunber of ar%i ﬁl es) .BRIEF SCRI PTI ON_.OF THE DRAW .NGS The
i nvent ioh TsH2¥RYTHEY fpﬁa? PhafPefewith BPEREEOLS Lvhe thfn &Red 1 &A ngs,

whi ch idateisteBt®e. sone non-limting exanpl es

According to some embodiments, the particles (advantageously
cells and/or cellular detritus) have a largest dimension of

less than 60 um.

The dimensions of the particles can be measured in a standard
way using microscopes with graduated scale or normal
microscopes used with graduated-scale slides (on which the

particles are deposited).

In the present text, by “dimensions” of a particle is
understood the 1length, the width, and the thickness of the
particle.

The term “substantially selective” 1is used for identifying a
displacement (or other analogous terms indicating a movement
and/or a separation) of particles, in which the particles that
are displaced and/or separated are particles for the wvast
majority of one or more given types. Advantageously, a
substantially selective displacement (or other analogous terms
indicating a movement and/or a separation) envisages
displacement of particles with at least 90% (advantageously
95%) of particles of the given type or types (percentage given
by the number of particles of the given type or types with

respect to the total number of particles).



of enbodi ments thereof and in which: Figure 1 is a schematic illustration
of a systembuilt in accordance with the present invention; Figure 2 is a
schenat i cwol2bugtosessi on of an alternative enbodi nent of a&csysteomdmidt in
accordance with the present inventiong Figure 3 is a schematic |ateral view
of the systemof Figure 1; Figure 4 is an expl oded perspective view of a
device built in accordance with the present invention; Figure 5is a top

pl an view of a conponent of the device of Figure 4 ; Figure 6 is a plan
view from beneath of the conmponent of Figure 5 ; Figure 7 is a perspective

Ui e of pROEROBEALRTRhsbcoRcagepRhyh € 1 P auTe 8 o an exploded
top pIaﬁhei@mwﬂhuﬂuacimpdaeuribédﬁhyneiﬁbftéﬁgNIEhleeﬁerénpeHﬂdﬂthe
per SPecthiB Aot s TR L SIUYER LEE femsona el ankiv.of an,apparatus

built 1 n accordance "W e presen :
per specbifvembpdumenth ihemeofeandednfehirc®asons of clarity of the apparatus

o o 9UCe, 10 ket A Len) GRSLACLOR NSt I o0, RLAune 17 L% pepspretve,
13 i s ainopcpbadancewwdthatpar prebehheiappatdons of Figures 10 and 11, with
I tems rgnDV€dF£8ﬁr5e§39ﬂ§ gfschematic illustration of an alternative
embodiment of a system built in accordance with the present
invention;
- Figure 3 is a schematic lateral view of the system of
Figure 1;
- Figure 4 1is an exploded perspective view of a device
built in accordance with the present invention;
- Figure 5 is a top plan view of a component of the device
of Figure 4; '
- Figure 6 is a plan view from beneath of the component of
Figure 5;
- Figure 7 1is a perspective view of components of the
device of Figure 4; ’
- Figure 8 is an exploded perspective view of a component
of the device of Figure 4;
- Figure 9 is a top plan view of the component of Figure
8;
- Figure 10 is a partial perspective view with items
removed for reasons of clarity of an apparatus built in
accordance with the present invention;
- Figure 11 1is a partial perspective view with items
removed for reasons of clarity of the apparatus of Figure
10 in a different operating position;
- Figure 12 is a perspective view from beneath of a detail
of the apparatus of Figures 10 and 11:
- Figure 13 is a top plan view of a part of the apparatus
of Figures 10 and 11, with items removed for reasons of
clarity;

- Figures 14 and 15 illustrate in partial cross section a



clarity; Figures 14 and 15 illustrate in partial cross section adetail of
the systens of Figures 1 to 3 in two different operating positions; Figure
16 il l ustwetzenyiou3parti al cross section a detail of thepeyaBanso@bis-i gures
1to 3 ; Figure 17 is a perspective view of a part of the detai

illustrated in Figures 14 and 15; Figure 18 is an expl oded perspective view
of the detail of Figure 17; Figures 19 and 20 illustrate a detail of the
device of Figure 4 in various operating steps; Figure 21 is a top plan view
of a de@eéélgf ™ girhe 4systensir @ R22Fighussr at esophdt dgr apve ofif fstent

conduct gdo st ngqt ,of Figure 1 ; Figure 23 illustrates at an
enl ar ge gcale gnggﬁ%§3%ﬁg%t of a detail of Figures 1 and 2 ; Figure 24 is

a perspect i veFygeneofl 6a Mdnisamatefs tie partiall asbeat eecitiohi gur@etddil

Fi gure [§ea d tive vihew of the variant of Figure 24;

Fi gure % FseagygggbglSgrggé§g§%t40§8I50iem1of the variant of Figure 24; -
Fi gures- 27 andig8re| Listicatee rematexitived vhew defi eepattFiofurtthe8ldétavar i ous

operatingy : [ QUE i s,an_expLkoded perspective view of a conponent
of the dgv?%gggFeEighrgE§&?g§ ﬁ%gg?g g%’is a top plan view of the conponent

of Figure 29;Figfrguié 35 i etwiprdednperspeotive devive oiuidie idetail
accordagEerQ&petEg_present invention; - Figure 32 is a plan view from
h

beneath of a varianf of the
- Figures 19 and 20 illustrate a detail of the device of

Figure 4 in various operating steps;

- Figure 21 is a top plan view of a device of Figure 4;

- Figure 22 illustrates photographs of tests conducted
using the system of Figure 1;

- Figure 23 illustrates at an enlarged scale an embodiment
of a detail of Figures 1 and 2;

- Figure 24 is a perspective view of a variant of the part
illustrated in Figure 17;

- Figure 25 is an exploded perspective view of the variant
of Figure 24; _

- Figure 26 is a lateral cross-sectional view of the
variant of Figure 24;

- Figures 27 and 28 illustrate a detail of the device of
Figure 31 in various operating steps;

- Figure 29 is an exploded perspective view of a component of
the device of Figufe 31; ‘

- Figure 30 is a top plan view of the component of Figure 29;

- Figure 31 is a top plan view of a device built in accordance
with the present invention;

- Figure 32 1is a plan view from beneath of a variant of the
component of Figure 6 and, in particular, a component of the
device of Figure 31; and

- Figure 33 illustrates at an enlarged scale a detail of

Figure 32.

BEST MODE FOR CARRYING OUT THE INVENTION

Microfluidic system




component of Figure 6 and, in particular, a conponent of the device of
Figure 31; and - Figure 33 illustrates at an enlarged scale a detail of

Fi gure 33yoBEphoblPE FOR CARRYI NG QUT THE | NVENTI ON M cpefr/ibiiiflbghe1s
systenProvi ded according to a first agpect of the present invention is a
mcrofluidic system1 for the substantial isolation of particles C
(schematically illustrated in Figure 20) of at |east one given type froma
sanple. The system 1l (Figure 1 ) conprises: an inlet 2 , .through which, in

use, theremipkd escomtiaduced 4 nfi)ré@ga?idé%:@rf})% d:h%] S;?ﬂt@é}{ﬂ thx;'%&& leo;*%t a
whi ch |s de5| ned separate in a substantially selective way
part of “thé par?{%#g%l%f oPYEhETgi Ve °¥yﬁ€m¥r%%?$%@@hé@lp&ﬁﬁLﬂQ&@nCZIBf t he

sanpl e parbeméscaﬂﬂ y (sthemat ateU1Y N 1F1419a2Q5 ARdraR QW | £4) 8 of V@Mh s
connectf t he separatl on ugt 3 and, in particular, through whi ch,
r

use, at F%%gt 5% t9°0fST hEYR&r tOMe CFABPLEhe THioV VIR Sefdisree ih a

subst antompkysest eatn Vﬁﬂw&y exi ttHroudht heh S8t efhl usdherBePaLahen unit 3
is connec ed.to éhe i nl i Accordlng to sone embodi nents, the system 1

conpri sEa-35FYe TG0 stéTe bEYEER the % nFEPapashant pulisepar awhdgbunis 3

(in pardesugaed bet weparabe hﬂ|ats&béﬁﬁnkﬂﬁlq§'%éQQ@@%ﬁé‘@ayEHEjféégﬂve
12, set_bet éh outlet nd the separation unit . particular, the

systen1ﬁ Eﬁhprlg &%ﬁﬁ%@téﬁ %eﬁﬂeeﬁftﬁémée%éVﬁﬁldhqﬁhlﬁrgmamﬁﬁﬁhﬁr

openi ngpattibkesyst2mdf t o dssdniel OUt & EHemaACCY ding ltlol@soggea@ég)o%or{rent S,
the separati Ondéj(?lt 3 conpri ses mai n chanber 4 and a recovery chanber 5

and is dedtghed tho t AT &P aPutdsdt BartWBFCPhelﬁar@?%m%thﬁ ofo t Hdgyi ven
type froepahetiennuehantlerarddt oihhgatregevary,ChaltRfigld #Hidh, in use,

at least part of the particles Cl of the given type separated
in a substantially selective way exit from the system 1. The

separation unit 3 is connected to the inlet 2.

According to some embbdiments, the system 1 comprises: a valve
9, set between the inlet 2 and the separation unit 3 (in
particular, between the inlet 2 and the main chamber 4); and a
valve 12, set between the outlet 8 and the separation unit 3.
In particular, the system 1 comprises a valve set between the
separation unit 3 and each opening of the system 1 towards the

outside.

According Lo some embodiments, the separation unit 3 comprises
a main chamber 4 and a recovery chamber 5 and is designed to
transfer at least part of the particles Cl of the given type
from the main chamber 4 to the recovery chamber 5 in a
substantially selective way with respect to the further
particles C2 of the sample.

The separation unit 3 further comprises a channel 5, which
connects (i.e., enables passage of fluid between) the chambers
4 and 5 and has dimensions (in particular, width and length)
much smaller than those of both of the chambers 4 and 5

themselves.



substantially selective way with respect to the further particles C2 of the
sanple. The separation unit 3 further conprises a channel 5 , which

connect s wb-2610/106433bl es passage of fluid between) the chawhigicodoosixd 5 and
has dinmensions (in particular, wdth and | ength) nuch snmaller than those of

both of the chanbers 4 and 5 thensel ves. The system 1 is equi pped with: an
outlet 7 , connected to the main chanber 4 to enable the sanple to enter
freely within the main chanber 4 , thus functioning as breather; and the

outl et Bhe whbecbmi 4 donnegtisbéd whent e@@vemlcrétan‘ber cénﬁ@étéhr Qugh i ch,
cl es o'f the given type collected in

in use, as art of the, part

t he recd%erye%%%ﬂg EStgxﬁFaPE bﬁesngﬁénFP enftre dysedm wifthdghdahe

conpri sesint hhawbkye 49 ,tined BpStteenlNf b@eHEEdtK&@ﬂhéﬁd4theadﬁ%P§%Jﬂ

set bet@een thﬁ nmai n chanber 4 and .t he outl et a valve 11, connected to
a

the recovely ERanfer S8 ReGhA0t Fe I eT§9OVEEY B%FWEEﬁTt%eaﬁ@cdﬁéﬂymﬁhanber

5 and twieicht | #h 8se, Iatpa@bbﬁub@bttJﬁfﬁﬁéV§a§€1é§e§eélbg¥“ﬁﬁ% &en
recovery chanb urce of a carrier liquid, Mre preciséely, the

recover %aﬁ%ﬁie%t?g éﬁtt &t WEERVERY R RIFanDep* 4t oArefe thRdSYATE™ he
val ves 11 and 12 on the other side; the main chanber 4 is set between the
recovery chanber 5 on one side and the valves 9 and 10 on the other side.
The valves 9 and 10 are designed to regulate inflow of the sanple to the

mai n CfTH'I[é)esyétemTtne fealetrs Ldomidh ds ar endegiagred 4,0 é@gu{lﬁgerba&' Qy of a
carrier the carrier liquid

|d tghﬁﬂg re&ovez% @hanber 5 and outfl ow of
togethé& %fc apyet he: gPFeEnPEYHESH het e lpecbeBRETcHanber
5 }hroughithmeoubheﬂeﬁ . 74fal Ralse the vab¥gscPeandid? @ie e38end the
al ve
valv s']hamber 5; and the valve 12, set between the recovery chamber
5 and the outlet 8. In particular, the valve 11 is set between

the recovery chamber 5 and a source of a carrier ligquid.

More preéisely, the recovery chamber 5 is set between the main
chamber 4 on one side and the valves 11 and 12 on the other
side; the main chamber 4 is set between the recovery chamber 5

on one side and the valves 9 and 10 on the other side.

The valves 9 and 10 are designed to regulate inflow of the:
sample to the main chamber 4.

The valves 11 and 12 are designed to regulate inflow of a
carrier liquid to the recovery chamber 5 and outflow of the
carrier liquid together with the particles Cl1 of the given
type from the recovery chamber 5 through the outlet 8.

If, in use, the valves 9 and 12 are closed and the valves 11
and 10 are opened, a flushing of the main chambef 4 is carried
out; in other words, the further particles C2 of the sample
are discharged (i.e., made to flow away) from the main chamber
4.

According to specific embodiments, the carrier 1liquid is a

buffer solution, in particular phosphate-buffered saline



and 10 are opened, a flushing of the main chanber 4 is carried out; in

ot her words, the further particles C2 of the sanple are discharged (i.e
made to fwowosv@yd34f rom the mai n chanber 4 . Accordi ng PoTAPEAN/H00615

enbodi nents, the carrier liquid is a Buffer solution, in particular
phosphat e- buf fered saline(PBS) . According to the enbodinent illustrated in
Figure 1 , the system 1 conprises : areservoir 13 , which is set between
the inlet 2 and the valve 9 and is designed to collect the sanple

i ntrodutRBSt hrough the inlet 1 itself; and a reservoir 14 for containing
the carrier liquid, which is designed to fill the recovery chanber 5 . In
ot her words, the reservoir 14 functions as source of the carrier |iquid.
The sysheeeudingt Har ctdrq)r iesbodamerser wdilustratetli chni sFsgirat Ihe thglet 7

and is e t. the i ds. com,ng t.he maj n_chanber . The
val ve §g$s %@tgb%% %%E f%le% é%%%ﬁrtgé HH‘E%éH%e? ey be ?Weﬁﬁrﬁﬁfhl
betweemnlﬁtr%sendothelﬁadmétﬂuanﬁursc@aﬂb@med toandl&&edeth@ﬂ@@mple
connect e I 2 .and. t hanber 4 with respect to one
anotherlgéa%a(%%%egﬁg ugﬂtﬁéesys %\?1{E%$k§ %W%r?sﬁ@serPégsgze dur ce
15 for¢Qnﬂﬁnmxp@.phesswm&uﬁﬁfkmqmmﬁ behMEBnlbh@eyxmmymlto181amdmm@ mai n

chanber.. d of su of t e yen pressure arti.cul ar,
t he preégd?ga u#% |s d%%léﬁ% t 8°F 5 5F§§§Upérf}én1 &S voi r
13 t owaastls sdwroai nothatber Earnlerd|1eqnndn oThsupp&yt@ﬁ t he gm&&mer

pressur Jﬁpc g enbodi nents,. the reservoir S et.ween
t he pré%% e’%%%r%er%§e§9§?fhzbva 5@ b 18 $Sard’ cutarS u?%%t i 13 is
set betdwsiond® pr essllects otine ef b G dedrivendrad 1o hetnd enia #n clﬁﬁﬁméﬂimg to
specific enbodi nents, the system 1 conprises a

The valve 9 1is set between the inlet 2 and the main chamber 4,

in particular between the reservoir 13 and the main chamber 4,

and is designed to connect or isolate the inlet 2 and the main

chamber 4 with respect to one another.

Advantageously, the system. 1 furtherv comprises a pressure
source 15 for imposing a pressure difference between the
reservoir 13 and the main chamber 5 in a direction of supply
of the given pressure. In particular, the pressure source 15
is designed to impose a pressure from the reservoir 13 towards
the main chamber 5 in a direction of supply of the given
pressure. According to some embodiments, the reservoir 13 is

set between the pressure source 15 and the valve 9.

In particular, the reservoir 13 is set between the pressure

source 15 and the main chamber 4.

According to specific embodiments,.the system 1 comprises a
duct 16, which connects: (i.e.; enables passage of fluid
between) the pressure source 15 and the main chamber 4 and
along which the reservoir 13 and the valve 9 are set. The duct
16 has a cross section of equivalent diameter of less than or
equal to 2 mm; advantageously, the duct 16 has a cross section

of equivalent diameter greater than or egual to 50 um. The



duct 16, which connects- (i.e., enables passage of fluid between) the
pressure source 15 and the main chanber 4 and al ong which the reservoir 13

and t he wibvweicoddzg set. The duct 16 has a cross secti opc@figgAbbIRIENt
di aneter of |ess than or equal to 2 nmy advantageously, the duct 16 has a

cross section of equivalent dianmeter greater than or equal to 50 nm.
Theduct 16 conprises at |east one stretch, which has a cross section with
equi val ent dianeter of |less than or equal to 0.9 nm The system 1 further
conpri skscta Vithr abimpnideyi e 17earhi adne s sdewitghed wioi dausasvasi aidays i n an

osci l I ating: fth 4 exerted on the sanple at least in an area
from tﬁéeé%}%\@yﬁ%}t%g%g?;géﬁa JéaFmeéeltealﬁd s L1&%° bé noffhee%’f%%s&roe
source 5 amd. t he reservoir 13. In this way, the particles d and C2 of the
sanpl e present in the reservoir 13 and/or in the duct 16 and/or in the main
chanber 4 are nade to vibrate; inflow of the particles d and C2 of the
sanpl e Theonsydeenetefunthet3conpt heesnanvibaahébnd desicepriovedhibie is
adhere_to._t he

parti cl d a snmaller tendency to cl.yster _or
wal | s oofé%%n%setr%\z/oi%%\{l%§ an yﬁ?gﬁ?nt e d &?écéﬁf‘g%ngf A% af n Wsanber
4 . Theteswgeaeekprobdt lom dilst r shmpilen saf Idestpaihi elresakda afdom2 tMd hin
the mai, er 4.i1s Lnproved. .Advant ageousl the _vibration device 17
conpri slglsfé;%n%s'(rczf)l Itg%i ng di é:g]ﬁrng’gerﬁ zli%,ar%gnh%cgga, PHYESPt TEH & B UFsans of
a T -jcourd®, 15oanfe thectreb@rvadeoridi.ngrr otlspecvdy ¢ enbogamenics est fta
oscill ati i aph m. | m.cropupp. (Thi nxxs(r) NMDP22_05 ith.inlet and
out | et %%%gc??céﬁgeﬁéﬁ%g%o?ﬁ?ﬁgnggléo eeﬁﬁ%&%ﬁn@ﬁfs%@nﬁ%’q%c’lrué‘ﬂ in
Figure digt t Aé¢ iab@toR2 iim sete amadg tdieamdbet 146, abet wede tbe priessite
source ;15-{i.n tigular, .t.he joi 19) .and the reservoir_13. _According to
sone erﬁj%fl(%r“éné%?,r Hi;% ?fsﬁtelrﬁﬁésco%rias“g %due the sample from he
reservoir 13 to the main chamber 4 is improved. The particles
Cl and C2 have a smaller tendency to cluster or adhere to the
walls of the reservoir 13 and/or of the duct 16 and/or of the
main chamber 4. The homogeneity of the distribution of the

particles Cl and C2 within the main chamber 4 is improved.

Advantageously, the vibration device 17 comprises an
oscillating diaphragm 18, connected, in particular by means of
a T-joint 19, to the duct 16.. According to specific
embodiments, the oscillating diaphragm 1is a micropump
(Thinxxs® MDP2205) with inlet and outlet short-circuited.

According to some embodiments (not illustrated in Figure 1),
the inlet 2 1is set along the duct 16, between the pressure

source 15 (in particular, the joint 19) and the reservoir 13.

According to some embodiments, the system 1 comprises a duct
20, which is set between the main chamber 4 and the outlet 7
and has at least one stretch 20’ having a cross section
smaller than the cross section of the duct 16. In particular,
the cross section of the stretch 20’ is smaller by at 1least
100 um than the cross section of the duct 16. Advantageously,
the stretch 20’ is set immediately downstream (i.e., without

interposition of further stretches or elements) of the main



20, which is set between the nmain chanber 4 and the outlet 7 and has at
| east one stretch 20" having a cross section smaller than the cross section

of the dugb dfayiob434particul ar, the cross section of thepgiigidahond@is i S
smaller by at |east 100 nra than the gross section o f the duct 16.

Advant ageously, the stretch 20" is set immediately downstream (i.e.

W thout interposition of further stretches or elenents) of the nmai nchanber
4. The stretch 20' has a width of Iess than 150 nm, a depth of |ess than
110 nm ¢hamden #Bength greater than 2 nmm Advantageously, the stretch 20
has a width greater than 100 nm, a depth greater than 30 mm, and, in
particular, a length of less than 6 mMm According to sone enbodi nents, the
duct 20Tkenptirs¢sha 21t ehah a0'widtkhiah Lessethaet IERD |inhe st Bebeh 2¢ and

t he out 7 as 13 ,Cr 0SS sec ion of .e al ent di aneter. greater than
t hat ofig%% strer }3 ! par? cul%r, * §¥ant95??§eEquaﬁ $ t Hat™f t he
duct lejdvanhageoesdy, atc’foe)rdatrr@ttm di21’of'erﬁa's eabodi dent sgrédeesysitem 1

conpri sg nsqr r detectln dire indirectly when the sanple
starts t@oe er%} de Egt at%Fb|8€E|n§6 lc@‘ r BPodkdh 1?%£?BM/6T t he

sanpl e l@matUSthbeaalnh&Ma@hmn and a control assenbly connected to the
sensor and to the bl ocking device for actuating the bl ocking device
according to what is detected by the sensor (in particular, when the sanple
starts Accendéngt he domée @@hodimentsdi thet Ausene 0s peaiphiieeenmoditritice t he

systemJ,cpo pLess sens r 21 for detegting pressure variations
al>/ong t%% dgg%igﬁanca];/ égt B ﬁ%’ h@ham?t%“; Sgnd aqu&g&%l RYE é@\t}i de 22
for bl ozkd ngaisnfa omtrosst rsecxarqml eof ovgudsal batmaliantdhedbegréatethamsystem 1
furthertﬁggpgfsgﬁeas89Q£58|20' (in particular, substantially equal to

that of the duct 16).

In general, according to different embodiments, the system 1
comprises: a sensor for detecting directly or indirectly when
the sample starts to enter the duct 20; a blocking device for
blocking inflow of the sample towards the main chamber; and a
control assembly connected to the sensor and to the blocking
device for actuating the blocking device according to what is
detected by the sensor (in particular, when the sample starts
to enter the duct 20).

Acccrding to some specific = embodiments, the system 1
comprises: a pressure sensor 21 for detecting pressure
variations along the duct 16 and/or at the main chamber 4; and
a blocking device 22 for blocking inflow of the sample towards
the main chamber 4. The system 1 further comprises a control
assembly 23 connected to the pressure sensor 21 and to the
blocking device 22 for actuating the blocking device 22 as a
function of the variation of pressure detected. In particular,
in use, the control assembly 23 actuates the blocking device
22 when the pressure sensor 21 detects a pressure greater than

a given threshold pressure.

According to further specific embodiments, the system 1



assenbly 23 connected to the pressure sensor 21 and to the bl ocking device
22 for actuating the bl ocking device 22 as a function of the variation of

pressure Webhefh®esz4! N particular, in use, the control asggiBbdodReact uat es
t he bl ocki ng device 22 when the pressyre sensor 21 detects a pressure

greater than a given threshold pressure. According to further specific
enbodi nents, the system lconprises, in addition or as an alternative to the
pressure sensor 21, one or nore fromanong the follow ng el enents: an
opti cal cemnsbdsessetimtad@it bonr @iceaDf ahheylsidretadi D' toa tdet 8ot s0fe

el ectri nductivity, which is set at the 'entrance of the stretch 20
for det %%JPF%% \%gr’i at'ion roPOESnés&@f"i \ﬁr‘lci}'l%u'éh?ogf?l]rgog’ﬂagt S S pAR age
of the ephpte] maletwctoseof ®techel cahtpenddtidivi the WHLLdS 6t ;atgthe
entranc f the stretch 20'. f detecting variatigns of permttivity due to
t he stars?ggcgogheoéas%jaeg%t@fcﬂe CORNCET A tdet e@dCTof 1BhePREI FEsiZt@nce,
whi ch i'snseénaé tbe euheanserotchhexmtreteh 2ecdorigiet agdt No Ved atdons of

t her nmal i.stance due to the start of the passage of the sanple,- and a
det ect o?ggéu?%%\rfﬁﬁf Bﬁaglot f%eif\lrﬁfr?rﬁ soée’fhgt Pefeaght PandeSofsamRd &t riet ch

20' forddeeetor ngoiardladdtonisccall thetialt iGARALI t whdkd t st heest agt afnd he
Connoot S4EF5 Tho Wt cbbr/ et ettior 2lnd 14 dd GHed 16 JRTRETRe Mocki ng
devi ce Rérmstaivimet foe @b e wdmal ionsciet 858898y ofh@he sample; a
an i nt 9 EPe R b nBE oy HTSE S tkt oPRAF Py e CansF a FoSIBIANGA ¢ h a
system 6br thageseneacheneot) foW t Hepartiiey araraference toF FigHu /23, the
blocki ng 2oyt £8:£2358M0' ¥82 33t U VY pdZead® o 1 nd AN ALY S¢
a detector of thermal capacity, which is set at the entrance
of the stretch 20’ for detecting variations of thermal
capacity due to the start of the passage of the sample. In all
these cases, the control assembly 23 is connected to the
detector/detectors and is designed to actuate the blocking

device 20 as a function of the variations detected by the
detector/detectors.

According to some embodiments, the optical sensor is an
integrated photodiode or else an external video camera

(possibly with a system for image enlargement).

With particular reference to Figure 23, the blocking device 22
comprises a relief wvalve 22’ and is, advantageously, set
between the pressure source 15 and the reservoir 13; when the
blocking device 22 is operated, the relief wvalve 22’ 1is
opened, and the jet of air coming from the pressure source 15
is released towards the outside, and the pressure along the
duct 16 drops. The relief valve 22’ is hydraulically connected

to the duct 16 by means of a T-joint 22'’.

In particular, the blocking device 22 is set between the joint
19 and the pressure source 15, specifically upstream of the

pressure sensor 21 with respect to the direction of supply of



bet ween the pressure source 15 and the reservoir 13; when the bl ocking
device 22 is operated, the relief valve 22' is opened, and the jet of air
com ng frwonbiveiopssessure source 15 is rel eased towards troemBtien@e1s and t he
pressure along the duct 16 drops. Thetzrelief valve 22' is hydraulically
connected to the duct 16 by neans of a T-joint 22''. In particular, the

bl ocki ng device 22 is set between the joint 19 and the pressure source 15,
specifically upstream of the pressure sensor 21 with respect to the

di rectiopedpresppty bbt beeprassuckanioetrhé. mai n chanber 4 . From what has
been set forth above, it may be inferred that introduction of the sanple
into the separation unit 3 is inproved, so reducing the risk of a

signi f ikeem paet diag heesanpkée rfas:sﬂngabeyend ithen&p]ae atihderweid thdt sel f.

Accor di atjyve o] ockln devi.ce 22 is not .
present, %%d@+%géﬁné$ uﬁt%$o% ”§ﬂ%g ﬁ%??or QX&QFveuﬁl? mﬁi&ﬁsis
connectimpbrovefie sontreducssenbhy 23skl noHt laersnmrufsicatnfte sont r olf agsenbl y
23, in I en the pressure sensor 1 detects a
pressuf%§ﬁ?5%é$§%%lﬁg %9%¥§e%h¥ﬂr%%% %?e%%h?e %B%%%%ageously, t he
control assenbly 23 is connected to the valves 9 , 10, 11, and 12. The
connect, en t ass oth nts evi.ces,_.val ve
units, %@@%&%ﬁgﬁ IEO t;;‘gl(ralot\/e%’EJ V% r%%‘aﬁ%#“ g? @& e?]g%r%q{ ‘EYFSﬁs 22
(conductsr noabtpe$)semrt ,el sige vbaoek Enyr dnmgnedione ees ﬁéﬁfoﬁm@cﬂmb@ dne neans
of radi e ves,  etc Accor ng to,_so enbodi.nmen t.he
syst em&l) i(,:S%é(rrpr%l serus’ﬁ%%x\?n etccﬁr}flecl% gerﬂb CORTEQ s&ssﬁ%ﬁé’ 5?he 3 et
24 and etewaboeddl thd cendeelgaedemblonBechntheecanﬂo@@gluma(walve
'ntrOdQ¥th%Hr%%¥1645%§J¥§ts§éSor 21 detects a pressure higher than

the given threshold pressure.

Advantageously, the control assembly 23 is connected to the
valves 9, 10, 11, and 12. '

The connection between the control assembly and other elements
(devices, valve units, etc.) can be provided via traditional
electrical connections (conductor cables) or else via
electromagnetic waves (for example, by means of radio waves,

microwaves, etc.).

According to some embodiments, the system 1 comprises an inlet
24. The reservoir 14 is set.between the inlet 24 and the valve
11 and is designed to collect the carrier liquid introduced
through the inlet 24.

The wvalve 11 1is set between the inlet 24 and the recovery
chamber 5 and is designed to connect or isolate the inlet 24
and the recovery chamber 5 with respect to one another. In
particular, the valve 11 is set between the reservoir 14 and
the recovery chamber 5 and is designed to connect or isolate
the reservoir 14 and the recovery chamber 5 with respect to

one another.



The valve 11 is set between the inlet 24 and the recovery chanber 5 and is
designed to connect or isolate the inlet 24 and the recovery chanber 5 with
respect twoeosy/@megather. In particular, the valve 11 is eetrbativwe@als he
reservoir 14 and the recovery chanber135 and is designed to connect or
isolate the reservoir 14 and the recovery chanber 5 with respect to one
anot her. According to sone enbodi nents, the system 1 conprises a pressure
source 25 for inposing a pressure difference between the reservoir 14 and

t he rech9epydénanbee 5somén embedimdmrs, t heh@r espalren sAur csomder i gg0ses a

pressur h rvei re 14 1 ds the r very er 5 .

Advant a%%%%g%,& "tgﬁg?r%%s\gr%voﬁogr 1453 ls%? %ep\féégufﬁe %ﬁ%&%%&ﬁ?&e% and
t he val Veelresarvedmt i t4l and ttie syefwgfcygcmmmms B duat 26;t iy, -
connect [ bl sage. of [ et ween) the pressure source

and theél}lécg\%grsi(a?%arﬁ“} g a%% éﬁgﬁ%e%iacrprt%sesﬁ%%e?g%gr_%i’z? arftf TheeVal ve
13 are bettowerdsdrhg recevery echadbeenbs, the inlet 24 is set along the
duct 26, in particular between the pressure source 25 and the reservoir 14

. Wth particular reference to Figure 3 , the system1l conprises a _
vi br at i ddvaevageouFhy , withiechrdsersiaiid at4t dst heetvibeavéon dhe ga-débwarg i s
desi gne, a variation_ {n_ an oscillating.way of t pressure at

| east i%}%ﬁcgr Lejzzl§ o% rfﬁebc?lileeco?/%%yecﬁalnberf% PaF%lFH¥§IMy?g?hes3b%??Wcl s d
of the gnenisgpeapdesent2tni twiith heonreeover yi chapbenablase paRe@ g0 of

vi br at 1l o] ryicles of the given type itself from
t he re?%%/g:?% %%g‘?{%g}ﬁ; 59¥YSV\EF%SPE§ gorret %’ R o ﬁ?d.reﬂ?éf ar t9 Ko
have a ¥ caiudedloradentyht thel usservoir athesrdt thé heawad | 53 odréhget ecovery
chanmber 5 and/or of a duct 27 that connects (i.e., enables passage of fluid

bet ween) '
According to some embodiments, the inlet 24 is set along the

duct 26, in particular between the pressure source 25 and the

reservoir 14.

With particular reference to Figure 3, the system 1 comprises
a vibration device 17a, which is similar to the vibration
device 17 and is designed to cause a variation in an
oscillating way of the pressure at least in an area of the
recovery chamber 5. In this way, the particles Cl of the given
type present within the recovery chamber 5 are made to
vibrate, and the outflow of the particles Cl1 of the given type
itself from the recovery chamber 5 towards the outlet is
improved. The barticles Cl have a reduced tendency to cluster
or adhere to the walls of the recovery chamber 5 and/or of a
duct 27 that connects (i.e., enables passage of fluid between)
the recovery chamber 5 to the outlet 8. The valve 12 is set

between the recovery chamber 5 and the outlet 8.

Advantageously, the vibration device 17a comprises a diaphragm
pump 18a connected, in particular by means of a T-joint 19a,
to the duct 26.

According to embodiments (not illustrated), the system for
filling of the chamber 5 is similar to that for the chamber 4.



t he recovery chanber 5 to the outlet 8 . The valve 12 is set between the
recovery chanber 5 and the outlet 8 . Advantageously, the vibration device

17a conpryweesiodogdsaphr agm punp 18a connected, in particpbgiphMoo®ens of a

T-joint 19a, to the duct 26. According to enbodi nents (not illustrated) ,
the systemfor filling of the chanber 5is simlar to that for the chanber
4 . Consequently, in said cases, a blocking device (not illustrated) is set

bet ween the pressure source 25 and the reservoir 14; noreover, one or nore

sensor Camséguentel et oris (nebitll | usdgas ed) sanabogeusnbo tdeyones dest i bed
above vuﬂ; ref eren ce to the g;al n chamber 4 are arranged at' the entrance of

the duct a’feﬁ ot A& Sppr OFEEEE p'daf t PSRSSUACE oF AFESt @ Sen®adi IRt

(not i hfesérm;eﬂ) 14; t hersysicam loOnpri s ed HOGEHT abliNopPaAlddt@dRrs an
opti cal , Which is set at the

r| c ul trasound detector)
out | et glOt gﬁi E 1955 r’l‘aﬁré)g@élﬁt r'fl  BEEeBIS? Z%es%ﬂo?% 8RSV §nad tho
det ect weférphncet hat cawi trr&:frf athdriteeOul| gre8 arrEifyPMN f Ok has e/l c23 s
desi gned to regul ate the openi neg of the valve 11 and/or 12 as a function of
what i s° ﬁ%t%ﬁctbyﬁ i X S ERIFOPT IR RIS RS i n use, when the
opti cal sensor detects at |east one drop of carrier liquid (in which at

| east part t he artln]%é:lqs ad of the given type is present) the control
assenbl %r Hat enfs velRokhi dit Istigdadle adhsat |Sdr$trﬂ“bs§ure to

zero, tdnmp:bi@@éo NG t haekkewoe!f thenli oquideidm addi tinn Orofei
alternative, when the optlcaﬁ sensor detects at | east one drop of carrler

i qui d {TRCHR CHRRET ase” pdt EEBFOPRE FACECEPES - QWhsich Hes gPoBnaty pas s

pr esentdut het c@nt rbd; aspelite 3t 6! agrRs tbgr¥al Ve dkerdind/ ob st hegyal v 11.

In this ey, é gossmle Q ohtain the particles d in a

dne etect 1quild that exXits from the outlet 8. The

control assembly 23 is designed to regulate the opening of the
valve 11 and/or 12 as a function of what is detected by the.
optical sensor. In particular, in use, when the optical sensor
detects at least one drop of carrier liquid (in which at least
part of the particles Cl of the given type is present) the
control assembly 23 actuates a relief valve, which brings the
actuation pressure to =zero, thus blocking the flow of the

liquid.

In addition or as an alternative, when the optical sensor
detects at least one drop of carrier liquid (in which at least
part of the particles Cl of the given type is present) the

control assembly 23 closes the valve 12 and/or the valve 11.

In this way, it is possible to obtain the particles Cl in a
very small volume of liquid. This facilitates the subsequent

steps of analysis.

Figure 2 illustrates an embodiment of the system 1 that
differs from the sYstem 1 of Figure 1 for the position of the
duct 26 with respect to the recovery chamber 5 and in that it
comprises a duct 28, which connects the recovery chamber 5 to
the outlet 7 (or to a further outlet, not illustrated) and

along which a wvalve 29 is set, connected to the control



very small volune of liquid. This facilitates the subsequent steps of
analysis. Figure 2 illustrates an enbodi nent of the system1 that differs
fromthe wopsbmmodssaf Figure 1 for the position of the dect/Bfhiwdoals espect
to the recovery chanber 5 and in thatisit conprises a duct 28, which
connects the recovery chanber 5 to the outlet 7 (or to a further outlet,
not illustrated) and along which a valve 29 is set, connected to the

control assenbly 23 . The _duct 26 connects up to the recovery chanmber 5
bet weerPI HERAE 1S3 27TARAAPEE PH parteetFalP tRe thgctezevesnnebesbey t t he

recoverpehdaercie subkant bal landg n fg ontof pé?@i‘éﬁ%%??! Bhe Wddl.antd cul ar
reference to Figures 14 and 15, according to sone enbodi nents, at |east one
from arfifiFeHe® vaPvES dhe 1pecaveryidchamber Farsiksitartiabbh val feont, 10,
11 and d2)thescramagiigul ar structure described below with reference to a
particular valve V (in other words, one or nore of the valves 9 , 10, 11
and 12 has the structure of the valve V described below) . According to one

aspect Wwith NGaPr e8ENAri ILGRlIORe & o/at ¥, Mok S 10N Q¥idlets The.yahYRq Vs
equi pped with a closing el enent 30, which conprises (In particu a?, (S
of ) a s dtvedineRtiastde hersriene &nemi amdagi ghedvadvpass, béluwedi a
bl ocki ngh@oskt i ofh (phkéstiated idhd gYLeyid), i Rowhigh the ghesing el ement
30 separates two stretches 31 and 32 of a respective duct, and an openi ng
posi ti APYFIFUSKT atHdr yFEPiQurdesmsyibed n beicoh midhcl asifiegesiceneno 3@ i s
set In giali My yapbethe (RASSRARLOL A d ARl vEedbe SETEhengs Land 32
is allowed, The valve V conprises a diaphragm 33, Ich I's set between the
two stretchBs 31 &nf 302 Dpen thee wichyrel efevhe3valvaseY described

below) .

made .

According to one aspect of the present invention, a valve V is

provided.

The valve V 1is equipped with a closing element 30, which
comprises (in particular, is made of) a substantially elastic
material, and is designed to pass between a blocking position
(illustrated in Figure 14), in which the closing element
30 separates two stretches 31 and 32 of a respective duct, and
an opening position (illustrated in Figure 15), in which the
closing element 30 is set in such a way that the passage of
fluid between the stretches 31 and 32 is allowed.

The valve V comprises a diaphragm 33, which is set between the
two stretches 31 and 32. When the closing element 30 is set in
the Dblocking position, the closing element 30 itself is in
contact with the diaphragm 33 so as to separate the stretches
31 and 32. When the closing element 30 is set in the opening
position, the closing element 30 itself is set at a distance
from the diaphragm 33 so as to enable the passage of fluid
between the stretches 31 and 32.

The valve V further comprises a respective mechanical pressure

element 34, which pushes the closing element 30 towards the



t he bl ocking position, the closing elenent 30 itself is in contact with the
di aphragm 33 so as to separate the stretches 31 and 32. Wen the closing

el ement 3Q0i285103@k434N t he opening position, the closing eceiBitiodReid self is
set at a distance fromthe diaphragm{33 so as to enabl e the passage of
fluid between the stretches 31 and 32. The valve V further conprises a
respective nmechani cal pressure el enent 34, which pushes the closing el enent
30 towards thestretches 31 and 32 (in particular, towards the di aphragm 33)
so as tstkeephéde3t! asidn@ el eirenpadfidiset f towahes btpekidagppesigh @)

Advant ageousl y, the nmechani cal pressure el ement, 34 _conprises (i.n _
particu grggiscjaﬂgﬁpiﬁgf\éﬁhﬁ%Q% ﬁgﬁﬁ?ﬁgsgﬁ %ﬁéﬁ%ﬁuﬁ%l5§ﬁn§¥995ﬁﬂﬂ 34
passes posntide. bhdvkintggeosistlyon tige t hechpancay pRsddae aatdepihends when

the closing el enent. 34 sses, from,t he openi ng position to the bl ocking
posi ti o%.)m e Val vev %% TSR %ng cﬁd?ﬂﬁﬁgg'aéﬁﬂébrl%&c%rﬁ?%e@turn

conpr i séseranthet vabet ngozAleted eouipRpasedn fhom BBk! BMoekeABNH oA L 10 ch
houses t he_pechani cal pressure el egent 34.. The hol |l ow el enent 37 has an

i nt er nat® chahn&P 3818 PET olfgh %ﬂ‘g‘s?’f{ﬁeﬁgﬂi Lt eYPEERIwSLETSR t

act uat 34 hmles&9)fs@t tie copring Waodi ¢ 1en ct ®st g 181 &dreitg 3dos iEon .
fluid-dynam c actuator 35 conprises a sealing elenent 40, which is designed
to slide in a fluid-tight way along the internal channel 38 and is set in a
posi ti cfheovagsportli agmbpitbe actibini-deten39 bargaebact3sn thhibe in

rechen! Gl PLERBYLS.. P ThcedPec b iren ¢ sctualor, S5 1

conpri ses a Sucti
connectal étentacBlat ohindr ZheuSss t oha midethiani ceQUISedEhdd | busheatedain

Flgurefﬁé ﬁglfgﬁ’e e%gnkh%fﬂﬁééOgnughgeﬁﬁaisc %%5% e%%tgﬁhsgﬁlb%%n
end (in particular( provided with an actuator hole 39) set in

contact with the closing element 34.

The fluid-dynamic actuator 35 comprises a sealing element 40,
which is designed to slide in a fluid-tight way along the
internal channel 38 and is set in a position corresponding to
the actuator hole 39 in contact with the mechanical pressure

element.

The fluid-dynamic actuator 35 further comprises a suction unit
41, which, in turn, comprises a duct 42 that connects the
actuator nozzle 36 to a suction source 43 (illustrated in

Figure 3).

In use, when the suction unit 41 is operated, the sealing
element 30 is sucked back and pushes the sealing element 40,
which slides within the internal channel 38 so as to compress
the mechanical pressure element 34. Said negative pressure
moves the closing element 30 away from the diaphragm 33 in
such a way that the closing element 30 reaches the opening
position. When the suction unit is deactivated, the mechanical
pressure element 34 pushes the sealing element 40 toWards the
outside through the actuator hole 39. The sealing element 40

in turn pushes the closing element 30 against the diaphragm 33



el ement 30 is sucked back and pushes the sealing el enent 40, which slides
within the internal channel 38 so as to conpress the nechanical pressure
el ement 3%0 28a0/Wo43@gati ve pressure noves the closing el eqcenB203@o@esy from
t he di aphragm 33 in such a way that ttte closing el ement 30 reaches the
openi ng position. Wen the suction unit is deactivated, the nechani cal
pressure el enment 34 pushes the sealing el enent 40 towards the outside

t hrough the actuator hole 39. The sealing elenent 40 in turn pushes the

cl osi ngiel emetit 80wagaithst tthe dilapdiragneB&nansudh atwey ft hadadthes ctigsi ng

el enent i tsel s the bl ocking position. The closing el ement 30
(al so iP?ggkég e%og%ﬁﬁpgure 7 ) has a nenbrane portion 44 and a projection

45 t hat extends al ong a perinetral edge of the menbrane portion 44. In

ot her , o] | eqent |l arger.thickness at_th
perlnetrag c:cil'ge néuéigﬁ% eg%l %ggeﬁb Ll?r%ﬁﬁgné8h5ﬁ9ﬁﬁer@i g?ﬁhd% of
t he menbembeaaed ddriiidnt |4gmtm@sab@memmhm A Dstigr eberents3Glaity tae
act uat o 6 pagti Iar the hollo eIe nt 37) The projection
45 has éﬁggﬁégﬁgizégré g%AE%or %¥b§§9%p88F$$ g%bdfﬁ%np§hqq1 WOERDr ane
portionthe h@§q5rngnneﬁ&meﬂdy g9l hadri eal bheper |thibksegaseatt hethe
proj ect t sha of a ircular _rin Acco ing to saone
en’oodlrfigg{?lﬁ]ig Egiclo S1hg @ efent 33U 5% ﬁﬁﬁﬁovng ngnéggeﬂ%ﬁﬁ?ﬁﬁﬁ?%
mat er i areﬂseémcan ef ashenmendmlorared sanky ﬁlﬁﬂﬁblﬂi@ﬂitﬁi@s@c Obeéwabhl etha

m xture n r_of .el ast ic_materials th re dlfferent from one
anotheré §é tgﬁgﬁﬁ§$y3%thémgrgg?o ?uééﬂﬁrpgéé Spdrti RAriChisi st s

of) a sthﬁcdﬁmﬂ1®W|rEMGmanﬂ aB7a.S|Theon@r¢1é&mﬂanﬁ@wwrdaﬁg &0 sOfftular
enbodingﬂéﬁe.the silicone has the follow ng formnul a:

According to specific embodiments, the membrane portion 44 has
a substantially cylindrical shape; in this case, the

projection 45 has the shape of a circular ring.

According to some embodiments, the closing element 30 is made
up of a single elastomeric material (i.e., an elastomer) or
else by a combination (for example, a mixture) of a number of

elastomeric materials that are different from one another.

Advantageously, the elastomer comprises (in particular,
consists of) a silicone, in particular a silicone rubber.
According to some embodiments, the silicone has the following
formula:

[RZSiO]n

where n is an integer greater than 4, each R is chosen,
independently of the others, in the group consisting of:

methyl, ethyl, propyl.

According to some embodiments, the elastomer comprises (i.e.,
is constituted by) just one silicone or, alternatively, a

number of silicones that are different from one another.



[RRSIT n where n is an integer greater than 4 , each Ris chosen,

i ndependently of the others, in the group consisting of: nmethyl, ethyl,
propyl . Asoaondimgisto sonme enbodi nents, the el astonmer corpmiIBEA/(006E , S
constituted by) just one silicone or,18alternatively, a nunber of silicones
that are different from one another. According to sone enbodi nents, set
underneath the actuator nozzle 36 is a nmechanical pressure elenment 46 (in
particular, a spring) for pushing the actuator nozzle 36 itself against the
cl osi NPXI@RET 300 Asenedienpadimentar.i aser tledétrnesdtdyndm caachuaber 35

has th tyee: LI Lustr i.n Ei_gur 24 to 26, p which the sealing
el erren?lcz%ﬁc%rrgéi é%sgt \%%cgltg?ﬁggﬁgn sr%%&%srfn YOG c}f}]gcéﬁnbgaaitéﬁhlﬁta%d. | t
shoul d dbesenphasi Zod thrathime phet isatwatat rooctate 66 thesobf vag¥ihas

Sig”ifi&?@tcﬂﬁé’f’rﬁ A0S WY r36he prior art. A first advantage consists in
sk o

the lower r gas contammnation (in particular, air) of the sanple. In
this regard, it should be noted that usually the closing elenent 30 is

parti al : 0 d that d.n.the solution proposed it is _pot
necessa%%cc%g{lgf%gt}i éa jvg?%%%p’ai ﬁttl]’teo flklélel ﬁ%@a&lé:sian W@ Eien 53%aFnt?‘ﬁe

bl ocki riFpustiutien ilBypssmeytled ndgnt hEigetresf 2dr,tgare of itrhewheichof takr

woul d r. Ahe . S .advant age consists in the reduction of the
head | ?&é:lslr{v%eﬁq;éﬁ‘e stuctﬁ‘lgoggis?@%%%gsi st‘f’%nc?(?%?rh%m(st he[ltd;art‘i'é1 ré% itted

t oget hethigth agan dorddsmentddd.gh fluid tightness) . In the enbodi ment of
Figure 3 , the valves 9 and 11 are illustrated schematically and

substantially have the sanme structure as the valve V described above. In
this case, skeovbht hgeenehysitdee vHatestBe apdrticalareasirconnectefl thea

valve V has significant advantages over the prior art.

A first advantage consists in the lower risk of gas
contamination (in particular, air) of the sample. In this
regard, it should be noted that usually the closing element
30 is partially permeable to gas and that in the solution
proposed it is not necessary to supply a jet of air to keep
the closing element 30 in the blocking position (by supplying

the jet of air, part of the jet of air would enter the duct).

A second advantage consists in the reduction of the head
losses when the suction source is functioning (the parts are

fitted together so as to present a high fluid tightness).

In the embodiment of Figure 3, the valves 9 and 11 are
illustrated schematically and substantially have the same
structure as the valve V described above. In this case,
advantageously, the valves 9 and 11 are each connected to a

respective suction source 43.

According to some embodiments (not illustrated), the system 1
does not comprise the pressure sources 15 and 25. In this
case, the valves 9 and/or il, instead of being single valves
comprise a plurality of valves arranged in succession along

the duct 16 and/or 26. In use, the valves arranged in



respective suction source 43 . According to sonme enbodi nents (not
illustrated) , the system 1 does not conprise the pressure sources 15 and
25. In thwvewmsessdthe val ves 9 and/or 11, instead of beipog/iBingb@eiml ves
conprise a plurality of valves arranged in succession along the duct 16
and/or 26. In use, the valves arranged insuccession are opened and cl osed
in sequence to supply the sanple and/or the carrier liquid to the
separation unit 3 . In this way, the valves arranged in succession work in
a way sismickaisstiona qee i sbanieidc ndp clblkeghoith d skernreied tbatsuppIwor khas a
eristal_t| u | east three val ves. arranged in succession are normally
Ir[:ecessars3t‘\7‘%n(£j,&%corz[i}r%1 g ?%leso%%r?r%djrh%m‘g, tﬁo%\?ers,e%?@t\}ﬁr\/é?@ ahd/ 5f 11
each cofrpiissewdyn pavet i calaes Gonsirgfedf int eua@dyesor kBRGEdinNa way
successi R4 1LR Ehe e casi%%al aid val ves are operated in conbination wth-
the val vea 16 abd/ &r P£2 rk BY™R-peristaltic punp. These enbodi nents
present sone advantages : they do not require integration of cunbersone
pressure_ _squrces; .and th nabl e in very precjise way regulation o f the
armount g]t %ﬁﬁiug%t R&: 1ok ed_“?}a e Y& raagti%rpecﬁﬁﬁt%l’?%/‘? rplg‘EQo‘i“Ha%%%SWth
t he enbotireenvaillvesstrabadeidn ihi gueceesdsiohharsysbemal 1§0MRLESRS 1§ .

di el ectrophoresis system The separation unit 3 conprises at |east one part
of the dielectrophoresis system According to sonme enbodi nents, the

separ at Roroufi hg3 too Bpimes esnkdddd ndintlse C Hah e Sithsywdrred 19 adg/eptitety)
. In particul ar, t.he system 1l (specifically the _dielectrophoresis system
corrpr!osgécgln CSPPTEEE s o?a]i%%cgﬁ%rCoﬁf’?ﬁ%{s’ésQégrbltwozé’q]sv%n%@é%%ﬂe@o the

opti cal imensurcels o t ant hehsepacakbies) Whid3valldwani dgeepsttddein
i I r. 4 I i ra 48.. In he caontrol
ggg;ﬁglggﬁgigatlgncoagthse%h% V%% %e%am%daag%/or f§*%t£ work as a

peristaltic pump.

These embodiments present some advantages: they do not regquire
integration of cumbersome pressure sources; and they enable in
a very precise way regulation of the amount of fluid that is

fed to the separation unit 3.

In accordance with the embodiment illustrated in Figure 3, the
system 1 comprises a dielectrophoresis system. The separation
unit 3 comprises at least one part of the dielectrophoresis
system. According to some embodiments, the separation unit 3

comprises the dielectrophoresis system (in its entirety).

In particular, the system 1 (specifically the
dielectrophoresis system) comprises an optical sensor 47. The
control assembly 23 is connected to the optical sensor 47 and
to the separation unit 3. Advantageously, the optical sensor
46 comprises a video camera 48. In use, the control assembly
23 actuates different active components of the chambers 4 and

5 as a function of what is detected by the optical sensor 47.

According to some embodiments, the separation unit 3 further
comprises an operator interface 49 (human/machine interface).

Advantageously, the operator interface 49 comprises a personal



23 actuates different active conponents of the chanbers 4 and 5 as a
function of what is detected by the optical sensor 47. According to sone

enbodi meng§.aofdRessgparation unit 3 further conprises anpepr8BaiOHookiy er f ace
49 (human/ machi ne interface) . Advantmgeously, the operator interface 49

conprises a personal conputer . According to sone enbodi nents, the

di el ectrophoresis systemand/or its operation are/is as described in at

| east one of the patent applications Nos . W0069565, WO2007010367 |,
WO20070491p0Bterhe contents of which are integrally recalled herein for

conpl eteness of description (and incorporated herein for reference)
According to sone enbodi nents, the system1 (Figure 2 ) conprises a cooling
assenbl #c§0rdwhgch 9 s show gﬂe}dod'nn@mtrk attHecadiiepactrophdhessepaswdtian unit

: I d th er.5 The
cool:zgggég%ﬁ;fyskoggaccor Q?Z soﬁgpen%%grrec verygﬁ:agg F1 T ePTEs sl y
and conbhesespatantoolanglp¢ateoﬂa hanng ammﬁﬂ@ﬂ&ﬁ%urfmm@dﬂﬁoxnﬁﬂpned to
absor b §i6eobeRkoto8T L%, SeBALBLLEN il Lndoy A A diseharging suface S3

for yielding heat.  Advant ageou rve
ext ensilbarenan thea dcgm@éegengssurbﬁcedﬁﬁcn&pnmum ng dn@l s are-cargindh et s,

set bet ggl hgogc£é¥grgﬂ5g?ce 52 and the separation unit 3 is a mat (in
itself nomm§ a héat-conductive polyneric material. The cooling

assenbly 50 further conprises a heat-transfer plate 54 connected to a

condi ti cu 5 i functions as.heat-exchanger vice. The

C|rCU|t£§g8g%%%§lsgé ?ﬁgggugpb ééﬁgngFadl £ SYSS ci i & §é{zﬁ%tﬁ£%n t he

two ductemBBbisaeas phucaldltiygofasfsamd158 For wiobdth nis adeshdhedoribngddiqui

whi | st. iéaé%ogﬁf@té%nthgeseparatlon unit 3, in particular the main
chamber 4 and the recovery chamber 5.

The cooling assembly 50, according to some embodiments, is a
Peltier assembly and comprises: a cooling plate 51 having an
active surface 52, designed to absorb the heat from the
separation unit 3; and a discharging surface 53 for yielding
heat. Advantageously, the active surface 52 has a smaller

extension than the discharging surface 53.

According to some embodiments, set between the active surface
52 and the separation unit 3 is a mat (in itself known) made

of a heat-conductive polymeric material.

The cooling assembly 50 further comprises a heat-transfer
plate 54 connected to a conditioning circuit 55, which

functions as heat-exchanger device.

The circuit 55 comprises: two ducts 56; a radiator 57, which
is set between the two ducts 56; a plurality of fans 58 for
cooling a conditioning ligquid whilst it flows within the
radiator 57; and a pump 59 to cause the conditioning liquid to
flow along the ducts 56 and through the radiator 57.

According to the embodiment illustrated in Figure 3, the



radi ator 57; and a punp 59 to cause the conditioning liquid to flow al ong
the ducts 56 and through the radiator 57. According to the enbodi nent

i1l ustratwe 2oty fokgyre 3 , thesystem 1 conprises at | eastpceigdib/ookiye case

in point, four) nechanical pressure elienent 60 (in particular,

a

spring)

for pushing the cooling assenbly 50 towards the main chanber 4 and the

recovery chanber 5 . Wth particular reference to Figures 16, 18, 13, and 3
the system 1 further conprises two pressure-supply nozzles 61 and 6la

arr angedybeéwean domprSitdesd C&@Sl@ést henductinl 6radnd-gfet hg Hiptn 26, four)

respective pressure nozzle 61 conprises a holl ow
whi ch |§egg%ﬁé Hﬁ?§§uﬁﬁé§§ﬁ$@¥ﬂ

body

evPBe (68, paTFicasar presseranglppiar hol e

62

63 set ptsANngpPRBsi teoeNdgWakBehBIPEED LRWhhRasPHeSS Wal rIHL8E4 1 TRy

pressure. device 64 co ses a pressure unit 65, which, in turn,
t he pre5BGr ESSBUPEY Eggﬂh

conpri ses

8T a>duct (in particular, a first stretch of the

duct 16) , Which connects the pressure source 15 to the pressure-supply

nozzl e Set het ween thaﬁééessure supply hole 63 and a second stretch of
1G¢ | Gt Fatdasn H gut8s 73, 18)dcénprihs ng

t he duc E% RS TE 1SR T,

(i n pargissgear 1 Cleliﬁ:Ih%txi rtgnnﬁfﬁls?é§U@/$c§ aﬁiré@édlyeﬁé@ﬁﬁly HBtz‘%'ileé' 61 and

2bove WA A

enbodi neat 8, 26hersepbctingl$6 i s substantially circular and has :
substantially central hole 67; an internal portion that delinmts the hole
67; and a peripheral portion having a |l arger thickness than an internal

por t i onThécanrel Ngr&-05 Py erdRUIRENES, dRMoSYSELMal HBNLBRT KOSP! IGLS

which is connected to a pressure device 64, and has a

ubstantially elastic materi al defi ned as descri bed

f Fﬁ%@Pgﬁ e Wﬂﬁ?(ﬁ%%l%@F%ﬁ%ﬂ%%t°§Othﬁt63KﬂihbGténéomé the

a

pressure-supply hole 63 set at an opposite end with respect to

the pressure device 64.

The pressure device 64 comprises a pressure unit 65, which, in .

turn, comprises the pressure source 15 and a duct

(in

particular, a first stretch of the duct 16), which connects

the pressure source 15 to the pressure-supply nozzle 61.

Set  between the pressure-supply hole 63 and a second stretch

of the duct 16 is a seal ring 66 (illustrated in Figures 7,

16) comprising (in particular, consisting of) a substantially

elastic material.

Advantageously, the substantially elastic material is defined

as described above with reference to the closing element 30.

According to some embodiments, the seal ring

66

is

substantially circular and has: a substantially central hole

67; an internal portion that delimits the hole 67;

and a

peripheral portion having a larger thickness than an internal

portion.

According to some embodiments, the system 1 further comprises

at least one mechanical pressure element 68 (in particular, a

°



at | east one nechanical pressure elenent 68 (in particular, aspring) ,
which is set so as to push the pressure-supply nozzle 63 towards (in
parti cul avp 2agaionsts) the seal ring 66. In this way, a swralrhBroidompes si on of
the pressure (i.e., a better seal) is20btained between the pressure-supply
nozzle 63, the seal ring 66 and the second stretch of the duct 6 . The
mechani cal pressure el enent 68 has the inportant function of conpensating
for any possible lack of planarity of the device and regulating the forces
of contse¥irgb! iedicictor dehgsboaadranpageoihee mredistRri-Supdl® nozzle
ressurgss o] e : he sane structure t he pressure-supply
Eozzle %% Epgg%g%nééﬁegg%glpﬁza%re§%¥ﬁ%§%}'vﬂ§536%e%.drfggpéghe&ntéiﬁﬁgs a

respectwd¥, se@al smahfes6aligpear <ioon esfiondhag pmeiacal( 1peessus e ritarant

68a. T t fur.t h conprises,a seat 69 (partially ilJustrated in

Fi gur e%%?i:/?m%?ch]oqt;élélgg Fred T8 hbliS e PX SSSRETPds] I%‘H € (Pdr le,

a test semk) riglg a6bypandn tHesekbckhndwnsandcont 4 | gsler agedt: aiwl. | grget  at
Qggg\een tlie du‘ctt 7 and the seat 69 is %éseal_ ring 70,

t he out t
whi ch irlé&lE e%rllig%a:g Po=guar antes ™S Sl efeli & stRPY Rt | TUnGEL PBr Oeal )
bet weercameenisreti®y fod thg peatible Theksest plagarOcgospr kses ddvi ce
partic , i sts_of substantially elastic, material. Advantageously,
t he su%ﬁn?fg%?%/éler?%s%@%afr’%ﬁ%?si a?g icsorb'%af?the?:P%Jsl?rEscri bed above with
reference to the closing el enent 30. According to sone enbodi nents, the
seal ri js substantially circula d has: a substantially centra
hol e 71: agnloclﬂnr?%r;{:a? p?oc{r"falrbtr%qer? S d(?l“_i%rﬁa(flé“etrﬁeg'holtzlﬁlPrﬁﬁéu&eﬁéPipﬁﬁé(r al
porti omdmmieg Gld ahger thecksass td@ruauiat efdaltheor bireRsudeceigpny t o
sone e iyents, the system. 1 conprises twoseparable portions: a.
subst aﬁc?%%% i)(edlgpp%?%%cst ?:En 'ghe pressure device 64 and is
pushed towards a respective seal ring 66a by a corresponding

mechanical pressure element 68a.

The system 1 further comprises a seat 69 (partially
illustrated in Figure 13), which is designed to house a
removable collector (for example, a test tube), of a type in

itself known and not illustrated, and is set at the outlet 8.

Set between the duct 27 and the seat 69 is a seal ring 70,
which is designed to guarantee a smaller dispersion (i.e., a
better seal) between the duct 27 and the seat 69. The seal
ring 70 comprises (in particular, consists of).a substantially

elastic material.

Advantageously, the substantially elastic material is defined

as described above with reference to the closing element 30.

According to some embodiments, the seal riﬁg 70 is
substantially circular and has: a substantially central hole
71; an internal .portion that delimits the hole 71; and a
peripheral portion having a larger thickness than an internal

portion.

According to some embodiments, the system 1 comprises two



enbodi ment of the apparatus 72 is partially illustrated in Figures 10 and
11) and a device 73 (an enbodi nent of the device 73 is illustrated in top

plan vi ewybnofo/@eiz¢ 21 and in exploded view in Figure 4pryapo166eisdi ng to
a particular aspect of the present imgention, a mcrof luidic systemis

provided for isolation of particles C of at |east one given type froma
sanple, the system 1l conprising: a first inlet 2 , through which, in use,
the sanple is introduced into the system1l ; a separation unit 3 , which
conpri separafpia pharienst aad subsouveral phafieeds apdatrstdesitnedano

transfe | rt t.he particl Gl of _the given type fromthe main
chanberénﬁ%mf%gé rggovgr?% SRBEUS iﬁfalssubg?ggfﬁghyy Lgscti]?%er%vaflnw th
respectFigudest A€r apar t it) esaf®@ af Adeisanpl®; (anfiesbodithéet bf Qh@neﬁt ed
to the LS had 4.; econd outlet 8 . which is conpected to the
r ecover%/@{:%ae?mer §£ ', ;g’%}lgggﬁ%\?ﬁi ch, %PR FIET A T ast Ja?‘fr%fgfh@ngaF‘Pi cles
d of téwlgdesh tieye oolFExmiws 4)n. the recovery chanber 5 exit fromthe
system1l ; the system 1 being characterized in that it conprises: a first

valve 9 , set upstreamof the main chanber 4 ; a second valve 10, set
bet weerrddmerdimian thaabgrarkiand drheadpest o6t ltdle Dreserdthi tfvaet venlla set

oty SR e SN SR e d (UL Bagtelceater e
the sysifematonpeases one ogiveate tofoet h€rohar act eamslécs wascishiedmbave in
oo, t RO & L L RS i (S RESh Rbrh of Bt ReSashRE: S0P Phe |
i nvent iien ietrodededo imtavedhé ssusedmadgorali Bgphoathenmeidiad 3esehi bad
her ei naéotm%{rig\éeé hgd main chamber 4 and a recovery chamber 5 and is
designed to transfer at least part of the particles Cl of the
given type from the main chamber 4 to the recovery chamber 5
in a substantially selective way with respect to further
particles C2 of the sample; a first outlet 7, connected to the
main chamber 4; and a second outlet 8, which is connected to
the recovery chamber 5, through which, in use, at least part
of the particles Cl of the given type collected in the
recovery chamber 5 exit from the system 1; the system 1 being
characterized in that it comprises: a first wvalve 9, set
upstream of the main chamber 4; a second valve 10, set between
the main chamber 4 and the first outlet 7; a third valve 11,
set upstream of the recovery chamber 5; and a fourth valve 12,

set between the recovery chamber 5 and the second outlet 8.

According to some embodiments, the system comprises one or
more of the characteristics described above in accordance with

the first and second aspects of the present invention.

In use, the system 1 (in accordance with one or more of the
aspects of the invention referred to above) is used according

to the method described hereinafter.

Method

Provided according to a third aspect of the present invention



Provi ded according to a third aspect of the present inventionis a nethod
for isolation of particles O of at |east one given type froma sanple by
nmeans of wormowwédsyi di c system The m crofl uidi c syst empcs/iBhrosywsiem 1 or
a mcrofluidic systemsimlar to the ®ystem 1 . Advantageously, the
mcrofluidic systemis the system1 as descri bed above in accordance with
one of the precedi ng aspects of the present invention. In any case, for
reasons of sinplicity in the ensuing description of the nmethod the

m crof | i diec mgsheth drat | iSOfoathsnwidﬂ bercdebesficid wEt lat heeneferense

nunbers [ he s ste 1 and simlar .or identical
parts, gg%%c??’g) yEP(%IP]eg ?(;L grﬁ}f) 5 & t%pméf:rpﬁﬂ‘légﬂl& i B O™ t he
sanpl e Tieo ra eystlamdid¢ hswaghmanls; nltete 2sgfstéine bystena 1 mi@sEpaidid on
st ep, G Whi t_ ] ea p of th artlcles of the ven type are
separ at @ % ?ron1f§??qéfipa?%|c?%éecz qﬁ%% alsepd Y?%Ea%ﬁ?? Y of tﬁg
systemniicrafinidicsupternst ép, t/\’maacl’s;yzﬂtelneaﬂ;t gar deaklry bptecadeset hin e
separ at ri ch.at | east .part of t is fed to the
separ at%gﬁoﬁﬁlglﬁcg ?’l 3 f%t gu%p y %f%ﬁeiigngcﬁéﬁf t@al?%}p}:F‘Fuﬁﬁe&?eerbtl n
Fi guresin@entidon.; Tndaawvr ecasery Soep,redvais | ofat siepstcpayt i fhl %ft:he
subsequgnt on (st du whi.ch L east part of the
particles %%8% B8ﬁ§§9?§g%ht§6et§£para1“55 Eﬁg @ﬁﬁg?ghP?aﬁFysgﬁFé?{FVEymay
f 1 ow awalys f pemtsheviddpdrat idantnfied w:utcbugth@nreﬂéi:emcé thblé@*ssgﬁet@in) 1
(ther y ep LTy illust 6]r%pln Fi qur es 20c, an
Accord:a%gg‘t?% sf(%%e Jé#%?)%l%}g% Eﬁﬁe P& e r§35“é]sl & 94l \i’éi%}“‘tsje‘faqj

bet weerpahes i ntesp@chindeife separation unit 3 ; and a valve 12 set between
the outlet 8 and the separation unit 3 . During the separation step, the

valves 9 and 12 are kept
The method comprises: a step of introduction of the sample

into a system 1 through an inlet 2 of the system 1; a
separation step, during which at least part of the particles
Cl of the given type are separated from further particles C2
within a separation unit 3 of the system 1; a first supply
step, which at least partially precedes the separation step
and during which at least part of the sample is fed to the
separation unit 3 (the first supply step is schematically
illustrated in Figures 19e-19i); and a recovery step, which is
at least partially subsequent to the separation step and
during which at least part of the particles Cl of the given
type separated in a Substantially selective way flow away from
the separation unit 3 through an outlet 8 of the system 1 (the
recovery step is schematically illustrated in Figures 20c and
204) .

According to some embodiments, the system 1 comprises: a valve
9 set between the inlet 2 and the separation unit 3; and a
valve 12 set between the outlet 8 and the separation unit 3.
During the separation step, the valves 9 and 12 are kept

closed.

In particular, the system 1 comprises a valve set between each

opening (for example, inlets and/or outlets) of the system 1



closed. In particular, the system 1l conprises a valve set between each
opening (for exanple, inlets and/or outlets) of the system 1towards the

out si de ag@ bhoggRaration unit 3 . During the separati ¢gribaieomassh of
t hese valves is kept closed. According to sonme enbodi nents, the recovery

step is conpl etel ysubsequent to the separation step. According to sone
enbodi nents, the separation step is conpletely subsequent to the first
supply step. According to sonme enbodi nments, during the separation step, the
particl egw@€def the guvehdeypendr eHe assperaedohr amic Mai.n phamhgr hd o a

recover er 5 of the separatjion unit 3 in substantially selective
way Wit eﬁgg%g%?ntﬁg?ﬂrtﬁ%?hpgftF%?%§ Yﬁig?sthﬁ %ﬂﬁl%??%ﬁg'end of the
separation step is illustrated in Figure 20a) . According to sone ,
enbodi ngy duri the separation ste using a system as described in
Fﬁguren§g§8¥ﬁ%n%aggi§P@§ Eﬁ38$lﬂeﬁﬁﬁbeghﬁfr&| Eﬁr?¥6§§paﬁ§t99ﬂﬂﬁ%ﬁ§¥m from
a mai n shagbguedtt voatparsepatatianescah.t he recovery chanber 5 isol ated
via fluid resistance fromthe rest of the recovery chanber. An outlet 7 and

an outlet 8 of the system1 are connected to the nmain chanber 4 and to the
recoverjcchadbey Sto respect | ymbydinddvant ageeus! yepd e xSt eBrdpconyy i ses:

t he valgg%sl twgich iseset upstrtanl f the naif chanber 4 ; a valve 10, set
downst re@M of CThe WEPRCAREMberO 4°0C AL 158G eSYHP X ¥ E e st r eam of t he recovery
chanmber 5 ; the valve 12, set downstream of the recovery chanber 5 . During
t he sep Lon step, the Vﬁ%v s 9 10,, 11, 12 are closed, in particular so
as to i%%?%fgl?%egﬁa?ﬂmghg 8§l%eﬁﬁﬁ'tﬂBrF8805QFy5893ﬁﬁ§FQ?\ﬁqu'régﬁ%ct to
t he outpadeicles Cl of the given type are transferred from a main

chamber 4 to a recovery chamber 5 of the separation unit 3 in

a substantially selective way with respect to further

particles C2 of the sample (the end of the separation step is

illustrated in Figure 20a).

According to some embodiments, during the separation step,
using a system as'described in Figure 2, the particles C1l of a
number of given types are transferred from a main chamber 4 to
a particular area of the recovery chamber 5 isolated via fluid

resistance from the rest of the recovery chamber.

An outlet 7 and an outlet 8 of the system 1 are connected to
the main chamber 4 and to the recovery chamber 5,

respectively.

Advantageously, the system 1 comprises: the valve 9, which is
set upstream of the main chamber 4; a valve 10, set downstream
of the main chamber 4; a valve 11, set upstream of the
recovery chamber 5; the wvalve 12, set downstream of the
recovery chamber 5. During the separation step, the valves 9,
10, 11, 12 are closed, in particular so as to isolate the main
chamber 4 and the recovery chamber 5 with respect to the

outside.

The method further comprises: the first supply step, which at



The nethod further conprises: the first supply step, which atl east
partially precedes the separation step and during which at |east part of

t he sanplwois1df@eusynt o the mai n chanmber 4 (the first supphissii&hoosss
schematically illustrated in Figures 359e-19i) ; and a second supply step,

whi ch at |east partially precedes the separation step and during which the
carrier liquid is fed to the recovery chanber 5 (the second supply step is
illustrated in Figures 19a-19d) . The nethod further conprises the recovery

step, dleasy pb‘rthalhp paetiedes| itqw‘ ct;e;iazgeailtmf stéh ahdl gastinpakdhieh t he
particl e the ow away, omt he ecover er 5
through C‘Flegfi-’t | &2 ﬁe tFrhc?p RISt LH | ‘icjrfé‘f'r%tl &l I”ﬁiﬂrl{l ng‘ﬁ[‘{g?’éd‘li n
Fi gur es(20e ﬁnﬂstZCkil)ppl;Acsoeﬁl hg tohemaeiealodi ARNLSrdiedngnt e gairey of
|l e is introduced into a reserv0|r 13

i ntrod o] at | east part of _the sanmp

of theug%/%tg%t 17,2 g Bnt>Syesit ?/‘,lp?ﬂ% SEFRr atoif st beREFs PRy tially

di el ectpophedesi she ABebaﬁatldﬂl’ I gerd h%rﬁfpdﬁ@tthgn whegh (e sepakdleron
unit 3 Ls cool ed. ﬁ&i % to _sone e fgl n | east one or both of
the firstTahd tfe &¥LoRd SUBpI §SSPEREY a agrgt?ﬁ ef’el 05 i opceRdt FaPPLlY
separ at$@e§psi$pil]Ama:heEtg 110 BgEredvhiogh megd)s, t he second supply step at

| east partially precedes the first supply step. Advantageously, the second
supply step is conpletely prior to the first supply step. According to sone
egbggi rrﬂmésmeahf)&ir iﬁlr}n:h@?cswfcﬁnﬂnfs:.ssﬁ tie s teploy etriye §t@éﬁ)h| edtlgaulh@e%,ambh ]

cha er4. art i artelrtresseus S the sanple fromthe
reser vorre 13c“? (?ds%‘tlh% Uitk n & ‘?%%ngerrp oragﬁ ngqaétsoﬁérg?gb(?(fl mehs, the
first prassickes sCexeft echat gieaat tPpiegr fDoxandwdyrlﬂgmt hehéi krslosery Y
step. chamber 5 through the outlet 8 (the recovery step is

schematically illustrated in Figures 20c and 20d4d).

According to some embodiments, during the step of introduction
at least part of the sample is introduced into a reservoir 13

of the system 1.

Advantageously, the separation step occurs by
dielectrophoresis. At least during the separation step, the

separation unit 3 is cooled.

According to some embodiments, at least one or both of the
first and the second supply steps are completely prior to the
separation step.

According to some embodiments, the second supply step at least
partially precedes the first supply step. Advantageously, the
second supply step is completely prior to the first supply
step.

According to some embodiments, a first pressure is set to

supply the sample to the main chamber 4.

In particular, the first pressure pushes the sample from the

reservoir 13 towards the main chamber 4.



Advant ageously, during the recovery step, at least part of the particles C
of the given type are subjected to vibration; in particular, they are

subj ect edwb@onypssssure that varies in an oscillating wagt(Biaobhreguency of
vibration is between 2 Hz and 80 Hz, Z\dvantageously from5 Hz to 40 Hz)
Advant ageously, during the first supply step a valve 9 of the system1
said valve 9 being set upstream of the main chanber 4 , and a val ve 10 of
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particular, during the first supply step, the sample passes

through the valve 9.

According to some embodiments, during the firét supply step,
the sample is subjected to vibration; in particular, it is
subjected to a pressure that varies in an oscillating way (the
frequency of vibration is between 2 Hz and 80 Hz,

advantageously from 5 Hz to 40 Hz).

According to particular embodiments, the system 1 comprises: a
duct 16 for connecting the inlet 2 to the main chamber 4; and
a duct 20, which is set between the main chamber 4 and the
outlet 7 and has a cross section smaller, in particular by at
least 100 pm, than the cross section of the duct 16; during
the first supply step, the pressure of the sample being
detected; supply of the sample being blocked according to the
pressure detected, in particular when a pressure higher than a

given value is detected.

According to further embodiments, in addition .or as an
alternative to the detection of pressure one or more of the
following detections is made: optical detection of the passage-
of the sample between the chamber 4 and the duct 20; detection

of the variation of the electrical conductivity in an area of



start of the passage of the sanple; detection of the variation of the
electrical permttivity in an area of connection between the chanber 4 and
t he duct WO 20106434t he start of the passage of the sanplper/Bati@cdlistmn . of
the variation of the thermal resistamse in an area of connection between
the chanber 4 and the duct 20 due to the start of the passage of the

sanpl e; and detection of the variation of the thermal capacity in an area
of connection between the chanber 4 and the duct 20 due to the start of the
passagecofnehéisanptetwden athet htaabeve £asad, dghef | @veof 20hausamy ecdd is

bl ocked it g f that sanpl e starts to enter the duct 20.
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ressur S .carrier Liquid froma reservoir 14 of the system1
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particles C2 of the sanple are nade to flow away fromthe main chanber 4

hrough the-qutlel 7.: the discharge.step s schematicallyillustrated i
(ProuShohNS U LBL LD Shehenge sienels aehemtlcal byl LLustyated, 1o

subsequenént dtt he Sepadathat shepsample starts to enter the duct 20.

According to some embodiments, during the second supply step,
a valve 11 of the system 1, said valve 11 being set upstream
of the recovery chamber 5, and a valve 12, said valve 12 being

set between the recovery chamber 5 and the outlet 8, are open.

Advantageously, a second pressure is set to supply the carrier
liquid to the recovery chamber 5. In particular, the second
pressure pushes the carrier ligquid from a reservoir 14 of the
system 1 towards the recovery chamber 5. During the second

supply step, the carrier liquid passes through the valve 11.

According to some embodiments, the second pressure is exerted

at least before and during the second supply step.
During the recovery step the valves 11 and 12 are open.

According to some embodiments, the method comprises a step of
discharge, which is at 1least paftially subsequent to the
separation step and at least partially prior to the recovery
step and during which at least part of the further particles
C2 of the sample are made to flow away from the main chamber 4

through the outlet 7; the discharge step is schematically



and/ or conpletely prior to the recovery step. > During the discharge step,
the valves 10 and 11 are open so as to supply the carrier liquid to the
mai n chamweror/ioed3ar ryi ng- out of the di scharge step enakteaBrrdomsion of
the risks of part of the further partiscles C2 that are recalled fromthe
mai n chanber 4 by the flow of the carrier liquid through the recovery
chanber 5 from passing, during the recovery step, through the outlet 8 . In
practice, according to sone enbodi nents, the valves 11 and 12 are opened so

as to fillusheatecoverny ehamiers 5 WY h dde CaiE | eradi- Qo dyebisiPi s paint,
t he val ves %'and 10 are opened, in such a way that the sanple wn[l fill the
mai n ch&EMaF9e FER Ay EOMPLletaly PURSRAUG G tiRnseRABRBHON afBSPhe

parti cl aadlorofeoipe e@el9npkYpe @be theoughisvitassehst antial Iy sel ective way
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recoveggocﬁgﬁﬁ ¥ 5hencagEpey haguiRatl dhe Agirhehamberadge step, they
remain at least in part inside the recovery chanber 5 itself. In
particular, the particles G of the given type are arranged laterally wth
r espect CRETYARE OUot0F ntReostissiatgenahfel Badescoradeet banbeatfivethet he

mai n chetbes 4 mngatheoreaqeryushaaben & riGRecidj cahby, dhe P@ééif%&s C2
are arr Qged et ween t he channel and a duct 26 for connection to the
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7 (or a further outlet not
recovery step, through the outlet 8.

In practice, according to some embodiments, the valves 11 and
12 are opened so as to fill the recovery chamber 5 with the
carrier liquid. At this point, the valves 9 and 10 are opened,
in such a way that the sample will fill the main chamber 4.
The wvalves 9, 10, 11 and 12 are, then, closed, and the
particles Cl of the given type are brought in a substantially
selective way from the main chamber 4 to the recovery chamber
5. At this point, the valves 11 and 10 are opened so as to
cause at least part of the further particles C2 to flow away
from the chamber 4.

According to some embodiments, the particles Cl of the given
type are arranged within the recovery chamber 5 in such a way
that, during the discharge step, they remain at least in part
inside the recovery chamber 5 itself. In particular, the
particles Cl of the given type are arranged laterally mdth
respect to (i.e., not in front of) a channel 6 for connection
between the main chamber 4 and the recovery chamber 5.
Specifically, the particles C2 are arranged between the

channel 6 and a duct 26 for connection to the outlet 8.

According to some embodiments, the system 1 comprises a valve

29 (Figures 2 and 27), which is set between the recovery



illustrated). The chanber 5 conprises: a first area 5 ' which is

hydraul ically connected to the duct 27 (and hence to the valve 12); a
second ang@ 2910/m0643ydraulically connected to the duct 28pcgigdienserd 0 t he
valve 29); and' a further 'area, whicds defines a terminal stretch of the
duct 26 (and is hence connected to the valve 11) . During the second
filling step, the valves 12 and 11 are open so as to fill the first area 5
" of the recovery chanber 5, which connects the valves 12 and 11; the

val ves dHamvelr 29 aade ogiea f outflieltl | My t hersecand fanemdy ' ohtibe reeavery

chanber at copnec the valves 11 and. 29. According to specifig
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whi ch atonesstedard e tvelpariix) es C of the gi ven type is brought |n a
substantially selective way into the first area 5 ' (Figure 28d) and,

subsequently, at |east part of the particles C of the given type is nade
to fl ovumiayg f tisen sbeohdr €ti1a6ag étepthrtmghratlhﬁesauii edn8@ by supplopeng to

t he recover ha er carrier liq ure 28 The recovery
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that connects the valves ll and 29.

According to specific embodiments, the valves 12, 11 and 29
are opened so as to fill the first area 5°' (Figures 27b ard
27c); at this point, the wvalve 12 is closed and the second
area 5'’ is filled (Figure 274).

During the separation step, at least part of the particles C1
of the given type and at least part of the particles C3 of at
least one second given type are transferred into the recovery
chamber 5 (Figures 28a and 28b) (in particular, into the
second area 5’’). The recovery step comprises a first recovery
substep, during which at least part of the particles Cl of the
given type is brought in a substantially selective way into
the first area 5’ (Figure 28d) and, subsequently, at least
part of the particles Cl of the given typevis made to flow
away from the first area 5’ through the outlet 8 by supplying

to the recovery chamber 5 further carrier liquid'(Figure 28e) .

The recovery step comprises a second recovery substep, during
which at least part of the particles C3 is made to exit from
the recovery chamber 5 through the outlet 8 by supplying to

the recovery chamber 5 further carrier liquid.



part of the particles C3 is brought into the first area 5 ' (Figures 28e
and 28f) and, subsequently, at |east part of the particles C3 is made to

fl ow awaywbneilobgsfirst area 5 ' through the outlet 8 eCirg@BiRod6dls
According to sone enbodi nents, the nejithod conprises a flushing step, during

which further particles C2 present in the main chanber 4 are renoved from
the channel 6. During the flushing step, the valves 11 and 10 are opened
(Figure 28c) . Advantageously, during the flushing step, the valve 29 is

cl osed B@daﬁt@g@@ﬁélﬁl egudingNttHS 3E€0AHT RURTry télﬁosS@é@ndaer Q%azt -
Advant age ously, %&ﬁr the_flushing step, the vaI ve 12 is cl osed
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conpl ete bsequent to the recovery step and at |east partially (i
parti cu?%%gl‘c‘:f) gt:’ | v§ gl 6 t%%o"f’eé‘d‘(?éfr yEgpmp. the cdidshg @Ee%o(r?\a

enbodlnemf§ugﬁuth@goﬁbpetegovpigu§ée®8gyhe first drop of carrier liquid
that exits fromthe outlet 8 is detected; when the first drop is detected,

outflow fromthe recovery chamber 5 is bl ocked. Accor di ng to sone

enbodi neaESrdanuEbesoré éﬁﬁ@&@ﬁxénﬁéep&hé“ﬁ%@ﬁ@doaémé?@%@%r Ghag i the
cont ai ners arranged in the proximty of the outlet 8 mhenever at | east one

drop i sSHRR ecfEIINE: WHtidithgfvEtE8He PeFbddilaontS2 PEPB6RTIIIGK BRei &afed int o

the systigamber 4natbi sevRired T daf agRNCanHinOKYygenplpshge thie fAYsiamgl is
reduced or eli mBnat ed._ The presence_ of oxygen inside the systemcan lead to
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al t er naAdvan eabosth s By} s ddtirFarheer t1lhgMifly step, the valve 29 is

closed and -the particles Cl and C3 are arranged in the second
area 5’'’. Advantageously, during the flushing step, thervalve
12 is closed. Advantageously, during the flushing step, the
valve 9 is closed.

Advantageously, the flushing step is at least partially (in
particular, completely) subsequent to the recovery step and at
least partially (in particular, completely) prior to the

recovery step.

According to some embodiments, during the recovery step, the
first drop of carrier liquid that exits from the outlet 8 1is
detected; when the first drop is detected, outflow from the

recovery chamber 5 is blocked.

According to some embodiments, a number of recovery steps
succeed one another, changing the containers arranged in the
proximity of the outlet 8 whenever at least one drop is
detected. -

According to some embodiments, carbon dioxide is fed into the
system 1. In this way, the presence of oxygen inside the
system 1 is reduced or eliminated. The presence of oxygen
inside the system can lead to formation of bubbles during the

various steps of the method.



(and/ or possibly the sanple) is degassed by neans of ultrasound before
introduction into the system1 (or into the separation unit 3 )

Advant agewobw/10643¢ sanpl e and the carrier |liquid are uged/nBio1vodoersper at ur e
hi gher than 200 C, in particular higizer than 250C . Also this reduces the
risk of formati on of bubbles. According to sone enbodinents, the nethod is
applied using a system 1 defined in accordance with the first aspect of the
present invention. According to sone enbodi nents, the system 1 conprises

two sepacablréipgrtitonsalaesubstiant i anbpdimeed sappamat UsahZ-(an erigdi gent
of the gures 10 and 11) and a

ratus _72 artlaIIy illustrated in Fi
devi ce g‘%q?éﬂ en‘é’(?&sﬂ';th% ofti%he ﬁ%‘%’i% 7318 i999Ag5ed edP¥n ©&OS arPVi ew
in Fi guiktPdsandddi begvpoded rodawtidnFidit® vhd sydbemdevies 4his the
advant ageousl y.di s osab#ﬁEand designed to be connected to the apparatus 72.
Accor di hgPEH? gb RbbdP trent's, only part of the sanple is brought into the
mai n chanmber 4 . In practice, the sanple is subjected to a plurality of

succesa&ge 5€rt|al iepargtlons M crof | ui di ¢ devi ce_Provi ded according to a
fourth RBE2BFOLALY pr E8ENSARYENENGh FRe t RRTHEST cé1981ifopTiesisRd cit o f

parti cI&s t@mp’ér@ttuﬂ'@aﬂlg(h@ gtMen typecfram apsamhgla}hehﬂgﬂéfe tan
conpris hr ough whi ch, 1 n use, the sanple is introduced

|
into th€§dQV|%%ggsgﬁaﬁdr?a%c§%p%?%t?bﬁkuﬂftfgrmaRhPEhoﬁoﬁEbb%@§ a main

chanber 4 and a recovery chanber 5 . The separation chanber 3 (|n
particu] ar he main chanber, 4.) is connected to the inlet 2 .

parti cuffaror ﬁ%gséﬁaﬁﬂW?nﬁTFﬁql@?%EﬁprF ésﬂ&%ﬁQQﬁl%h@PElé?@cﬁﬁmﬂiw%S|s

syst em ¢vis e, Iwhget 1ded dexi e cb3dacebUR €4l ﬁhbmﬂlﬂéﬁfé§5@éét6%'@%ethe

separatlon unjt,3 is designed to transfer at |east part of
present invention.

According to some embodiments, the system 1 comprises two
separable portions: a substantially fixed apparatus 72 (an
embodiment of the apparatus 72 is partially illustrated in
Figures 10 and 11) and a device 73 (an embodiment of the
device 73 is illustrated ih top plan view in Figure 21 and in
exploded view in Figure 4). The device 73 is advantageously

disposable and designed to be connected .to the apparatus 72.
According to some embodiments, only part of the sample is
brought into the main chamber 4. In practice, the sample is

subjected to a plurality of successive partial separations.

Microfluidic device

Provided according to a fourth aspect of the present invention
is the device 73 for isolation of particles Cl of at least one
given type from a sample. The device 73 comprises: the inlet
2, through which, in use, the sample is introduced into the
device 73; and the separation unit 3, which comprises a main
chamber 4 and a recovery chamber 5. The separation chamber 3
(in particular, the main chamber 4) is connected to the inlet
2. In particular, the separation unit 3 comprises part of the

dielectrophoresis system.



the particles C of the given type fromthe main chanber 4 to the recovery
chanber 5 in a substantially selective way with respect to further

parti cl eswB2onf10643¢ sanpl e. According to sone enbodi nenter/1Blaod@éixe 73
conprises the outlet 7 connected to tie main chanber 4 ; the outlet 8 is
connected to the recovery chanber 5 . Through the outlet 8 , in use, at

| east part of the particles O of the given type collected in the recovery
chanber 5 exit fromthe device 73 . The outlet 7 is designed to enable the
sanpl e In eater wheaekjiewdehiinet g AR Mothdideividhid s fApLianid o AS
breathe%P The de%%ce 73 %grﬁher %%nprises; a valve portion 74, which is set
upst r eam'of “tRe i R chBhber 45 AFSpaPerciratrapstidedt Heasd watarler 4

and t hethal ear2iylesand afvalhe @ordrn oy, FibhchnbSmaeh Relweerr thedmin.
chanber ﬁ and the outlet .7 he val ve portion 74 is designed to form part

of the VAPvESECYSFe RTRED 0T t £Bn 375 1HS (Lt ighek t 8L BE R B&r e YWiHE val ve

10. Therdspece absbucohpripsestialual @2 porthensdhp1shich is connected to
t he recgveré chamhe %fjvesportion 77, which is set between the

r 5 ; and . a
recover Yy CRAADEY 5-UntoPRe TRIGHTENLS | nthEr t3RUHER , 7PheCPBREYERS dHitthber 5
i's set betleen 7t heonheateharder the Omadhe EhafbaAd 4:hechbi rdiand f guridh
val ve portion éG 77. on the other  side; the main chanber 4 is set between
t he rec%@%??cﬁﬁ nb@r tBE TCCRRSEY deD AR he- first and second val ve portions
74 and 75 on the other side. The valve portion 75 is designed to form part
of the ¥§Ive %1t The va%yeiggrtion 76 is designed to formpart of the valve
12. Accot af 398 o LBEnE eSS diSrent? | USE: | Bstl PFaitheobalthe mattisHesr4,
75, 76 @hdof7thenpiiivees thiee Wdisid &l erenthsOre¥bi ey shdadegned 4,8 pass

bet ween_a bl ocKi osition, in which the closing elenent 30 is set so as
to sepaf 508 ?Q% d8,£88' 13

The outlet 7 is designed to enable the sample to enter freely
within the main chamber 4, thus functioning as breather.

The device 73 further comprises; a valve portion 74, which is
set upstream of the main chamber 4 (in particular, between the
main chamber 4 and the inlet 2); and a valve portion 75, which

is set between the main chamber 4 and the outlet 7.

The valve portion 74 is designed to form part of the valve 9.

The valve portion 75 is designed to form part of the valve 10.

The device also comprises: a valve portion 76, which is
connected to the recovery chamber 5; and a valve portion 77,

which is set between the recovery chamber 5 and the outlet 8.

In particular, the recovery chamber 5 is set between the main
chamber 4.on one side and the third and fourth valve portions
76, 77 on the other side; the main chamber 4 is set between
the recovery chamber 5 on one side and the first and second

valve portions 74 and 75 on the other side.

The valve portion 75 is designed to form part of the valve 11.

The valve portion 76 is designed to form part of the valve 12.



"stretches of a respective channel of the device 73, and an opening
position, in which the closing elenent 30 is set in such a way that the two

stret chesywgngit@pgct ed to one anot her. Advant ageously, peggBM@boogiPorti on
74, 75, 76 and 77 conprises a respectigve closing el enment 30.

Advant ageously, the closing elenent 30 is defined as described above in
relation to the system1l . In particular, the closing elenent 30 has a
menbrane part, which conprises, in particular is made of, a substantially

el asti cagabeding. ¢ CHRYdehBodRRneshods pent s; 5@t olneeasbfon@ue' Rralve
particul ar _each, _of the v g}Ela/grtlons 74, 75, 76 and 77, conprises the
b
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devi ce WBichn idedbkogkieAd POSiddsan bBewekasi N9 lemBRly 30okstisncontact
with the diaphrag inthe o genln p05|t|on the closing element 30 is

set at WPHFRt it Fi‘aﬁf?ﬁe i fagrl33s. 2¢t| £&s13¥n&0 i ASPAFRFEuUItNO each,

of the yal¥ecpest icgnsy 7%esf>'éctl@ear@'1&71?n§9mrf' s@se aliekeast pne hghke 4.n a
channel of the device 73. |n partjcular, each closing elenent 30 is set in

a p0|nt088?+%%pgﬁﬁﬂﬁéopo tifo PBipBctinfe REPEENST ed cBGHtesHONEE n§ethannel

sai d hoseshbei ngusepanatied theomegae ge%h@hegy aréew&%éa@e&' aphr agia 33.
Each o f these holes has a dianeter ranging fromO.1 to 0.7 nm According

to spec?fPElehbobiHeRtageuehYhorechay Wﬁzﬂﬁﬁ%ﬂoﬁﬁ7%pp75X|ﬁﬁt@@@-@?Srnn

Accor di @gmp i S€8Ea EAEOFEFBIN S, cP@§f‘n% Yen@RELBON 74, 75, 76 and 77
corresponds to a part o f the valve descri bed above W t hout the

fluid-dynam c actuator 35.At |east one of the closing el ements 30 can be

act uat eslabynesgest By Or tat @wghngoeq BReHeVEee 1 £3:3dfA nRAN tHsC W or ity
external actuator forns part of the apparatus 72 . Mre specifically, each

of the %P%%?nbneF§H€HP§HSGQxﬁhQM§¥ﬁ§%%I%d In particular, the closing

element 30 has a membrane part, which comprises, in particular

is made of, a substantially elastic material.

According to some embodiments, at least one, in particular
each, of the valve portions 74, 75, 76 and 77, comprises the
diaphragm 33, which is set between the two stretches of the
duct of the device 73. In the blocking pdsition the closing
element 30 is in contact with the diaphragm 33; in the opening
position the closing element 30 is set at a distance from the

diaphragm 33.

At least one, in particular each, of the valve portions 74,
75, 76 and 77 comprises at least one hole in a channel of the
device 73. In particular, each closing element 30 is set in a
point corresponding to two respective holes of a corresponding
channel, said holes being separated from one another by a
respective diaphragm 33. Each of these holes has a diameter
ranging from 0.1 to 0.7 mm. According to specific embodiments,

each hole has a diameter of approximately 0.5 mm.

According to some embodiments, each valve portion 74, 75, 76
and 77 corresponds to a part of the valve V described above

without the fluid-dynamic actuator 35.



by a respective actuator external to the device 73; in particular, the
external actuators formpart of the apparatus 72. At |east one, in

parti cul avoeamnoessft the closing elenents 30 is at | east ppanBrab/bysesxposed
and set facing outwards. In this way,3sthe possibility of coupling of the
closing elenent 30 wth the respective external actuator and an interaction
thereof is rendered nore convenient. According to sone enbodi nents, the
device 73 further conprises: the reservoir 13, which is set between the

inl et Atanbeagle onbveipdme arloAdnanctlienatess gh@dcdam bel hettatbé dbanpire

i ntroduged, 4iyHou iplet 2 ;4,andsa . ehannek 78, which, connects the
reservolir 13 to t eﬁﬁ?‘gﬁfchgﬂb&hg -a%%vg{ggnggémi c%nt hgg\]7§ \8/39%5(“ tg%em IS
set. | rexp@tiall aactedeorhahoehs 78 &onst ofut ebea paptretushe7duct Mbge

Advant w b C el 7 h .CI OS ion,of equjval ent di ameter
rangi ng tr om%‘?agi% t%ggg .r?r% .t%lenacgé)r%tll élé%?ﬁ%%%soc gn%ae 8 RESY %\ﬁ%dt h
rangi n@¥ r ém Eesnactolve nacink tome Extt aranegi ngd r amel . @@vtiaed. T3 ;nmin

Accor di ific. e ' t annel 78 has i dt h_of

ppr oxi e e BRE rhfien YR, Ao sk e At ek o) DRSsepgaratus
approxitdtely 0.5 nmm The particul ar paths of the channel 78 contribute to
reduction of the risk of the air entering the device 73. Advantageously,
the reservoir 13 has a volunme of fromb5nlL to 100 nL , in particular a width

rangi nchtf r @RS tt 0oWe, 8 imm madtacdéprh eariyi nepif r ohel. .G dsiry 2BlemeAtsor di ng
to specid G egpodi t €. €S EL. V0l 3.has a.volunme of approximtely 35
mn , a vm'.dlt h %? alg'g'rE gxispr%%%ei/ll? n%n’yﬁ)%ér’]e aagépts%toféaacplpﬁ%x?‘ﬁg‘?aeﬁfés0.,gr?mn
Advant ddecusvgy , t keevaloss idorltiiton 98 ceupdtinpetofeerhd helosing element

30 with the respective external actuator and an interaction

thereof is rendered more convenient.

According to some embodiments, the - deviée 73 further
comprises: the reservoir 13, which is set between the inlet 2
and the valve portion 74 and is designed to collect the sample
introduced through the inlet 2; and a channel 78, which
connects the reservoir 13 to the main chamber 4 and along
‘which the valve portion 74 is set. In particular, the channel

78 constitutes a part of the duct 16.

Advantageously, the <channel 78 has a cross section of
equivalent diameter ranging from 0.9 mm to 50 um. In
particular, the channel 78 has a width ranging from 0.7 to
0.1 mm and a depth ranging from 1.00 to 0.15 mm. According to
specific embodiments, the channel 78 has a width of
approximately 0.5 mm and a depth of from approximately 0.25 to
approximately 0.5 mm. The particular paths of the channel 78
cdntribute to reduction of the risk of the air entering the

device 73.

Advantageously, the reservoir 13 has a volume of from 5uL to
100 pL, in particular a width ranging from 3 to 0.8 mm and a

depth ranging from 1.5 to 0.25 mm.



reservoir 13 and the main chanber 4 . According to sone enbodi nents, the
device 73 conprises a supply hole 79. In particular, the supply hole 79 is

set at thgoilelossd4- The reservoir 13 is set between thecsipfhoedels 79 and
the main chanber 4 . The channel 78 cgnnects the supply hole 79 to the main

chanber 4 . According to sone enbodi nents, the device 73 conprises the seal
ring 66, which surrounds the supply hole 79 outwards. Advantageously, the
seal ring 66 is defined as described above in relation to the system 1 and,

in partheeb2Binys €esiggned fix cepBbaipkhitsa erReCtd e RS &sSYRe- fYRP!
nozzle 61, According to some _enbodi ments, the device 73 conprises a channel

80 (corY@%H@ﬁmQQ;QH?ﬁﬁ%%m%He%Wuﬁﬁhk%r2®)Wlﬂﬁhc@f|§n§ﬁ04ﬂmaﬁﬁﬁvthemnaln

chanberaﬂdaaddgpehogtlgF FoRDHaERNPr hSESmhe stretch 20°. The stretch 20
has a cross section sma F in particular by at least 100 nmm, than the

cross section of the channel 78 (the stretch 20" is nore clearly -
i 11 ustragedntagEbAyNe, 9 ihe Agé@%a?ﬁ Ewn “ﬂ@ s{getely 20, .has.a wigth of

|l ess than 150 nm, a de ept | ess , and a engt greater t han
2 mm AH@%ﬁFH@éBu%ﬁyanﬂhEhgtmé%@hcbembﬁés4a mndth greater than 100 mm, a
depth greater than 30 nmm, and, in particular, a length of less than 6 mm
According to _sone enbodlnents the device 73 conprises the reservoir 14,
whi ch i &CHeEAGREd €9 cIte ededismntser Itheui derdeant 3geousnyriste a

reservokhppdyhaniad VA Umenr 2aginguhiaem 0 1
from5 top% § mm and_a dg h ranuigg froﬁ?&sgﬁ?ig hghehﬁﬁaAcco%E ng o
4

speci f i ERenBodietrert s, Tl?%er?%géﬁfvbrr 134 Irasset vorteenf thppsowniat digla50 nl
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hole 79 to the main chamber 4.

According to some embodiments, the device 73 comprises the

seal ring 66, which surrounds the supply hole 79 outwards.

Advantageously, the seal ring 66 is defined as described above
in relation to the system 1 and, in particular, is designed to

couple with a respective pressure-supply nozzle 61.

According to some embodiments, the devicer 73 comprises a
channel 80 (corresponding to part of the duct 20), which is
set between the main chamber 4 and the outlet 7 and comprises
the stretch 20’. The -stretch 20’ has a cross section smaller,
in particular by at least 100 um, than the cross section of
the channel 78 (the stretch 20’ is more clearly illustrated in

Figure 9).

Advantageously, the stretch 20’ has a width of 1less than
150 um, a depth of less than 110 um, and a length greater than
2 mm. Advantageously, the stretch 20’ has a width greater than
100 um, a depth greater than 30 um, and, in particular, a
length of less than 6 mm.

According to some embodiments, the device 73 comprises the

reservoir 14, which is designed to contain the carrier liquid.



The device 73 conprises a channel 81, which connects the reservoir 14 to
the recovery chanber 5 and al ong which the valve portion 76 is set. In

parti cul ago sbheiogdsgnnel 81 constitutes a part of the duetridB010/000615
Advant ageousl y, the channel 81 has a gross section of equival ent dianeter

ranging fromO .9 nmto 200 nm. In particular, the channel 81 has a width
ranging fromO0.7 to 0.25 mmand a depth ranging from0.7 to 0.15 mm
Accordi ng to specific enbodi nents, the channel 81 has a w dth of

appr oxi x@ &h yafeSusy And ha de@s brei APANOXHAB! &l YVgl&ﬁemTfaﬁ_@.@n§arﬁ ol ar
81 contribute to reduction of the risk air

th h |
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76 is sedndrhigesrohhe. s eseryas o and the recovery chanber 5 . According
to sonme enbodi nents, the device 73 conprises a supply hole 82 . The

reservoir 14 is set between the supply -hole 82 and the recovery chanber 5,

t he chmr@ﬂn@orﬁaﬁcépagltm@ S Yidoh€s 82 i { BesEeGBY e Y1ghaher o
According to sone enbodj ments, the device 73 conprises the seal ring 66a

whi ch s{FYgRd_E tﬂ%p‘é%b‘??;t%]oﬂ’e %@ bkt war W dthdeinergsendmpteflve Is@al, ring

66a isﬁﬂléledie@:@h@ﬁ dp V78 afhon to the system1 and, in
particular, is designed:to couple mnth a respectlve pressur e- supply nozzl e

6la. The device 73 conprises electrical connectors '83 (illustrated in

Fi gure the fauvielectpi cabmspnaest ion ahnhhe dgyi ceupScht s&dfnda d hene
apparatus 72 ., Advantageously, the electrical connectors 83 conprise (in

parti cHISFSToMsi 4¢ di9 &he| gaqovery eferbeEal5 car@uiplonon waiehciher a
connectyivel wetfigal 7eridtad circuit (PCB)

In particular, the channel 81 constitutes a part of the duct
26.

Advantageously, the channel 81 has a cross section of
equivalent diameter ranging from 0.9 mm to 200 pm. In
particular, the channel 81 has a width ranging from 0.7 to
0.25 mm and a depth ranging from 0.7 to 0.15 mm. According to
specific embodiments, the channel 81 has a width of
approximately 0.5 mm and a depth of approximately 0.25 mm.

The particular paths of the channel 81 contribute to reduction

of the risk of the air entering the device 73.

According to some embodiments, the valve portion 76 is set
between the reservoir 14 and the recovery chamber 5.

According to some embodiments, the device 73 compfises a
suppiy hole 82. The reservoir 14 is set between the supply
hole 82 and the recovery chamber 5, the channel 81 conne.cting

the supply hole 82 to the recovery chamber 5.

According to some embodiments, the device 73 comprises the

seal ring 66a, which surrounds the supply hole 82 outwards.

Advantageously, the seal ring 66a is defined as described



According to the enbodinment illustrated in Figure 31, the device 73
conprises a further valve portion 29' designed to forma part of the valve
29. I n thwvewrs®s43the val ve portion 29' is set between PoeBEav@sls chanber
5 and an outlet of the device 73 (i.e8, of the system1l). Said outlet can
be a further outlet with respect to the outlets 7 and 8 descri bed above or
can coincide with the outlet 7 or the outlet 8 (in the enbodi nent
illustrated in Figure 31, said outlet corresponds with the outlet 7 )
Consequapove, iax:cneéi'angono sonehenbeds remt s} tdnel, devhc epdBe COMHT SeS A
furtherd #ﬁ a kge ﬁfe ghk!on 29 i s set between the rec very chanber 5
and the out | e 0Dt oAl 1§, TERES Irtifer PHTEF R S corPRED t he
out | et Gla The device 73 further conprises the duct 28, mhlch hydraulically
connects the chanber 5 (in particular, the second area 5 ') to the further
outlet. The valve portion 29' is set in a position corresponding to the
duct 28The¢ ndehiese aasesmmnhseﬁunﬁnntﬁi¢Hﬂ¢mbﬁﬂeCtbh§'BBrShl&h@%ﬂébedwﬂCh

i s hydraul n t the duct 27 e to t he valve partion
S e PR € e R B 0 LB ncoreds: SO HEhE 58
(and heteetho 2ppavatue bartAdnaﬁaaQeoaedythehéueubetrabaa,cwhh@&t@Q%IneS a
tenﬂru%§tr85§€r9£eth channel 81 e., of the dugé 2%% and i s hence
connect@d t o the val ve por t9onYa}t ar”ThecaﬂﬁfS§8 T 0s$S8%8Et i BRof
eqU|vaI%&ECEMEnﬁﬁeﬂcrnnqptu)fﬂﬂﬂhﬂhﬁ&ﬂ@ﬁﬂa&~2QD Bonnddt ipar t egwlarickhe duct

28 haﬁﬂ$r§¥ 0.7 to 0.25 mmand a depth ranging fromO0.7 to
0. 15 ccor eC| lc enbodi nents, the duct 28 has a w dth of

approxi mat el y 0 5 nn1and a depth of apprOX|nater 0.25 mm The device 73 of
Fi gurelg’étérsdﬂié (%nedtko fé’rﬁb”?) flnrlént?f 11F1ustrated in Figure 31, the
device 73 comprises a further valve portion 29’ designed to
form a part of the valve 29. In this case, the valve portion
29" is set between the recovery chamber 5 and an outlet of the
device 73 (i.e., of the system 1). Said outlet can be a
further outlet with respect to the outlets 7 and 8 described
above or can coincide with the outlet 7 or thé outlet 8 (in
the embodiment illustrated in Figure 31, said outlet

corresponds with the outlet 7).

Consequently, according to some embodiments, the device 73
comprises a further outlet; the valve portion 29’ 1is set
between the recovery chamber 5 and the further outlet;
optionally, the further outlet corresponds to the outlet 7.

The device 73 further comprises the duct 28, which
hydraulically connects the chamber 5 (in particular, the
second area 5’’) to the further outlet. The valve portion 29°’

is set in a position corresponding to the duet 28..

In these cases, the chamber 5 comprises: the first area 5',
which is hydraulically connected to the duct 27 (and hence to
the valve portion 77); the second area 5’’, which is
hydraulically connected to the duct 28 (and hence to the valve

portion 297); and the further area, which defines a terminal



system 1l illustrated in Figure 2 and to function according to what is
illustrated in Figures 27 and 28. Apparatus According to a fifth aspect of

t he preseRbmityRBds4ON, an apparatus 72 for isolation of ppgibikheRects2 of at
| east one given type froma sanple isgprovided. The apparatus 72 conpri ses:

a seat 84 (illustrated open in Figure 11 and closed in Figure 10) for
housing a mcrofluidic device (in particular, the device 73) for isolation
of the particles O of the given type fromthe sanple; electrical

connect @k$ [ 1eths 1gures. 3 electrical .copnection
of the g’gpae%%thfjsdﬂlq:t%oé taéhe m'e(r:lr cFﬁ‘]] u(lrld"lsec' ’dgﬁcéﬁ%aé\‘%é% hﬁeggogf%u%gl l%sggﬁ‘%ley 23,
connect £ dlcedihg dallveomeedtions 783.. According to some enbodi ments,
the apparatus 72 conprises part of the dielectrophoresis system According
to some enbodi ments, the apparatus 72 conprises a hatch 86, which is

i |1 ustrabed Gueta 2&ibas] Hosiasoreect Rimuet eduiavalémt adiameted pasgihgn in

Figure ¥QomlThe ot omp f ot s ihlustrat i.n Figure_ 12. The
appar at usOI7n2_ conpr i ses:@g?a ﬁasﬁf%ﬁ%EFfﬁgaﬁyﬁg}% C%Jacgt e&%t oﬂr]asS 3 ,Wég%ﬁ of
whi ch i ¥2883gnetice® Por mt® pard5 ofm apedpectdertlvareegind Cowpr i a0

respect pve saghilal e qerdle G Lseeicld B%B;l%g}ﬁ%ﬂ&s FLaur eubd) o G0 Das a

respective actuator hole ; and a east t ressure-supply hozz Bs961
and 6laWififsiic hobadPriyard matedspelt b viemprand upe- &epiph y offol @pBoanta68ay Each
f1 ui d- dgnagri gractuator 35 is designed to nove a respective closing el enent
30 external to the apparatus 72, in particular belonging to said m crof
luidic device 73 . In particular, each fluid-dynamc actuator 35 is

desi gnedneO SAMPEE §5OMINIr] HlPe CONt AG) qUEE Praar §SPOES Y epsLesi Y gl gment
system 1 illustrated in Figure 2 and to function according to
what is illustrated in Figures 27 and 28.

Apparatus
According to a fifth aspect of the present invention, an
apparatus 72 for isolation of particles C2 of at least one

given type from a sample is provided.

The apparatus 72 comprises: a seat 84 (illustrated open in
Figure 11 and closed in Figure 10) for housing a microfiuidic
device (in particular, the device 73) for isolation of the
particles Cl1 of the given type from the sample; electrical
connectors 85 (illustrated in Figures 3 and 13) for electrical
connection_of'the apparatus 1 to the microfluidic device; and
the control assembly 23, connected to the electrical
connectors 85. According to some embodiments, the apparatus 72

comprises part of the dielectrophoresis system.

According to some embodiments, the apparatus 72 comprises a
hatch 86, which is illustrated in a raised position in Figure
11 and in a lowered position in Figure 10. The bottom face of
the hatch 86 is illustrated in Figure 12.

The apparatus 72 comprises: at least four fluid-dynamic

actuators 35, each of which is designed to form a part of a



30. The apparatus conprises: at |east the pressure device 64, connected to
the pressure-supply nozzles 61 to determne a pressure at the

pressur e-woRMviobRes 63 and 63a; and at | east one pressgrABHRVIGRIB,
which is connected to the actuator nogzles 36 (Figure 3 ) and is designed

to cause suction in a region corresponding to at |east one of the actuator
hol es (Figures 14 and 15) . Wen the hatch 86 is in a raised position, the
seat 84 is open and accessible fromoutside (Figure 11); in particular,

when t heehiaécbiBé vvalva anBacefgrpeskt hoRestle tiiver aldtiadids dRM L& [
particu the device, 73) can be inserted underneath the hatch 86 itself.

ar
I n use,k%ﬂ%e the PRF oI FutdF ¢ dEVEEE® hasd beerhifder thap urtlerrasredaineh 86,
the hatgtr8stds hewer ed;(Rirgurs: dasndelibe %gquleugdg%weﬂo%ﬂe% bypught
into the egi 84. This is_done by turning t_ﬁe handl es , which have at one
end t he?®0f °¢8m porch &880 haMpy 2 ahePeFFLES BYSSBYTeaFHPREY Hede th
hat ch S&ndogesvar ds, overconi ng the resistance of springs (which are in
t hensel ves known and are not illustrated) , which tend to keep the hatch 86
in a raised position. According to what is illustrated in Figure 12, the

hat ch &GaclRnPElses-aghani86a dndddspecis ngikhe a@livged . +d0, mbleand, 12and
an openi ng 86b. for Lenderi ng t he chanbers 4 and 5 visible. According to
sone enbORTeht¥S FheSLIBPaPaeNeny 23 RoRpErERalatpr E5supPPragadmsl v 200 (Fi gur e

3), compuisiaglihe peessyifgdevbcesatd andr8%1uTREcPr aesyie assenbly, 90
conprises aj |east onc_rengU . ,According to sone enbodi nents, the pressure
devi ce %qlrEbﬁ‘bf?Ees & pgé%ﬂ“éiwl‘:%a&ﬁb‘aéfrl edlt bhe FEFRR i t
65a, eastuplie Wt6hihg cABBeebadato) t NecheaPeekbue thKRS SUIRIHIPIM disa! e 61
and 61630The pressure units 65 and 65a can be

The apparatus comprises: at least the pressure device 64,
connected to the pressure-supply nozzles 61 to determine a
bressure at the pressure-supply holes 63 and 63a; and at least

- one pressure device 87, which is connected to the actuator
nozzles 36 (Figure 3f and is designed to cause suction in a
region corresponding to at least one of the actuator holes
(Figures 14 and 15).

When the hatch 86 is in a raised position, the seat 84 is open
and accessible from outside (Figure 11); in particular, when
the hatch 86 is in a raised position, the microfluidic device
(in particular, the device 73) can be inserted underneath the
hatch 86 itself. In use, once the microfluidic device has been
inserted under the hatch 86, the hatch 86 is lowered (Figure
10) and the miérofluidic device 1is brought into the seat 84.
This is done by turning the handles 88, which have at one end
thereof cam profilés 89. The cam profiles 89, by turning, push
the hatch 86 downwards, overcoming the resistance of springs
(which are in themselves known and are not illustrated), which

tend to keep the hatch 86 in a raised position.

‘According to what is illustrated in Figure 12, the hatch 86

comprises holes 86a for inspecting the valves 9, 10, 11 and 12



operated separately and are each designed to define a pressure at (in
particular, a jet of air through) the correspondi ng pressure-supply hole 63
and 63a. wocorudiongst o some enbodi nents, the pressure devceaBtidoomerm i ses at
| east one pressure source 15 (and/or 45) (Figures 1, 2 and 3 ) . At |east
one between the pressure unit 65 and the pressure unit 65a conprises a
correspondi ng duct (in particular, for the pressure unit 65, a first
stretch of the duct 16; for the pressure unit 65a, a first stretch of the
duct 263nd ahi cheximmegtls fbe perdsuirgsohecehdiband/ 0rard tovibeble.
respective pressure-supply nozzle 61 and/or 6la. The apparatus 72
conprises: the pressure sensor 21 for detecting the pressure along the

aLor esaAdcdndingam?b t dxeméd| embbdgmﬁﬁ\tisce e wbpahatkssdesi gﬂéflﬂpt:QsieQ]f &f rupt
the transmi.ssion o ressure.to_the respective pressure-supply nozzle 61
and/ora%ﬁgsg?ﬁs c%ﬁ?g%?f%ssgﬂbﬁ§1§§r?s 3gnne89 Ti510Re 65@%5@%?%&%@%r 21
and to déeibksckingnde8iceTB2 perssatvabissemble bloockmpaidew ca 22a% a
functiognof t he pressure detected. According to sonme enbodi nents, the
pressur € 5eRe0P 21 is set in a position corresponding to the pressure

devi ce 64. Advant ageously, the bl ocking device 22 conprises a relief valve,
whi ch ii arti%ular set alonﬁ the aforesaid duct (a first stretch of

t he ductciéggﬁﬂgor 8 £i5%e st PEPRALBI ERe dGCE 28T ST dPRYLES t 10é

embodi neosriséssthat pespuFegungs ksanth® at t heabt oskengrdeviuee Aiits set

along a éirst %%{epfh gf %he duct 16, qu t he pressure sensor 21 is
desi gned”To FEECt®t NE pFBs T e“WERTHEE h&Od Jdte 16SFPSEFFVeARESGSHFH G T o
sorme endopphenhszihot 611 andt 6asedrhe phesappar ahtiss725CoREr i658S cRArpRSSUr e

sensor [ tecting th ressure at
éﬁ%rggeg sepgratgiy and are each designed to define a pressure
at (in particular, a jet of air through) the corresponding

pressure-supply hole 63 and 63a.

According to some embodiments, the pressure device 64
comprises at least one pressure source 15 (and/or 25) (Figures
1, 2 and 3). At least one between the pressure unit 65 and the
pressure unit 65a comprises a corresponding duct (in
particular, for the pressure unit 65, a first stretch of the
duct 16; for the pressure unit 65a, a first stretch of the
duct 26), which connects the pressure source 15 and/or 25 to

the respective pressure-supply nozzle 61 and/or 6la.

The apparatus 72 comprises: the pressure sensor 21 for
detecting the pressure along the aforesaid duct; and the
blocking device 22, which is designed to interrupt the
trahsmission of pressure to the respective pressure-supply
nozzle 61 and/or 6la. The control assembly 23 is connected to
the pressure sensor 21 and to the blocking device 22 for
actuating the blocking device 22 as a function of the pressﬁre
detected.

According to some embodiments, the pressure sensor 21 is set

in a position corresponding to the pressure device 64.



the duct 26 and a bl ocki ng device. The pressure sensor and the bl ocking
device are defined and arranged in a way simlar to what has been descri bed
above wi tWworefeemesae to the pressure sensor 21 and to tlreThBmakbogidevi ce
22. According to sonme enbodi nents, the apparatus 72 conprises at |east one
vi bration device 17 and/or 17a, which is set along the aforesaid duct (a
first stretch of the duct 16 and/or a first stretch of the duct 26) and is
designed to cause variation in an oscillating way of the pressure defined

by the paeasusrgesQdl e lBhandbicidngt dhe despect E&ﬁpEEEééwg'Sf@Pi%J; hol e
63 and/or_63a (Figure 3).. Advantageously, the vibration device 17 and/or

17a conpfi¥8s ¥diCHphrsgniBuRBr tABVAAE agEfis| §londie thppataresaid «ompti ses
two Vi brat fersdeweetch/ ANdH aaudhi £h ahg /arr anged <l g add 'st stLetch
of the duct %g and a first stretch of the duct 26, respectively. The

vi brati 9HCHedPées 17 and 17a are designed to cause variation in an
oscillating way of the pressure defined by the correspondi ng_pressure

sources_15 and 25 at the pressure-supplﬁ hol es 63 and 63a,
respect PGEPYIRRE 0 e o"ERABI BABETI AR ALS trenedprisssiieures | teagr 2,

conpri segeabllRAGId OdEv sEET DN 1M k84l KRFN CHINRG ed LO- &, T B§PEGId Ve
actuator, nozzle 36.. The suction units 41 can be operated separately from

one anotheF aRd &P€ & RIGSYHA 19 rylods gesionsd 6oe dp@ct i Bre of

sucti onpabsgueer weERPAILNE actHaigripober39. Advantageously, the pressure
device 87 conprises at | east one suction source 43 . At |east one of the

suction units 41 conprises: a respective duct 42, which connects the

suct i onageyrEend3tbosbhie ERASBASHEKE sAGARL qulfﬁ%mzt#aec@?, angd aHackig
| C IS

device (in itself known and not illustrated) ,
2 comprises a pressure sensor for detecting the pressure at

the duct 26 and a blocking device. The pressure sensor and the
blocking device are defined and arranged in a way similar to
what has been described above with reference to the pressure

sensor 21 and to the blocking device 22.

According to some embodiments, the apparatus 72 comprises at
least one vibration device 17 énd/or 17a, which is set along
the aforesaid duct (a first stretch of the duct 16 and/or a
first stretch of the duct 26) and is designed to cause
variation in an oscillating way of the pressure defined by the
pressure source 15 and/or 25 at the respective pressure-supply
hole 63 and/or 63a (Figure 3).

Advantageously, the vibration device 17 and/or 17a comprises a

diaphragm pump.

Advantageously, the apparatus 72 comprises two vibration
devices 17 and 1l7a, which are arranged along a first stretch
of the duct 16 and a first stretch of the duct 26,
respectively. The vibration devices 17 and 17a are designed to
cause variation in an oscillating way of the pressure defined
by the corresponding pressure sources 15 and 25 at the

pressure-supply holes 63 and 63a, respectively.



designed to interrupt the transm ssion of the suction to said respective
actuator nozzle 36. Advantageously, the aforesaid bl ocking device conprises
an el enenvocbog®m3isn a group consisting of: a val ve set peraBpid/b@educt 42,
and an actuation of the pressure sourgse 43, said actuation being designed
to activate or deactivate the pressure source 43 itself. According to sone
enbodi nents, at |east one of the actuator nozzles 36 conprises (Figures 14
and 15) a correspondi ng nmechani cal pressure el enent 34, which is designed

to exerhcaopdessured hrougd tkebbespestitve agidiat grebohLe 39 deuaids ¢he
mechani cal pressure el enent 34 conprises a

out si de, Advant agequsly, th

spri ng, “8FPHASERL n§f¥§ﬂﬂ éhuWWﬁQﬁF%qﬁe%%éF?néleléﬁﬁﬁtQ@@Wé§@%§.to a
Advant agespstyiveneacfuase abzkhe ad.uatrpe nozzdasm 3Gn¢esprisesaa hedl ow
el enent 37 fﬁédhousin ressure element 34 and for

t he chanicaIIE
connect PRG" ¢ régﬁéggit\? ysdr%ﬂ“brf’rtﬁﬂ"11 iheh eAE BEFr £8FENdard Fadidtdr
hol e 39cafhg bakl aw alergniond’ opere@uopPed Widtione ANG haw gEddiing
correspongingactﬁaior3gole 39. According to sone enbodi ments, the apparatus
72 conp?PTse3-8f 1'8aSt °dne mechanical pressure el ement 46 for pushing one or
nore of the actuator nozzles 36 towards the mcrofluidic device.
Advantaggous#%ggthe nmechani cal pressure el enent 46 conprises (in

parti cufaras BHELY r D RS UESy i9RY19R1VBNt GeBBEEFGS Bhe loRSdr Ans 72

conpri sescai phurebitye of¢IEchani cahspr essar el @Rt §udbiogackhnies pushi ng
a respective,actuator nozzle, 36 towards_the mcrofluidic device. In

parti cut @ ACH néChARPREFEHYBsSHCE et eneMPi46 |OnnaGighedheo pihien
respect sgeraet 4at @b mbhezhespewride Ga8akRsl) ndzzle 36; and a blocking

device (in itself known and not illustrated), which is
designed to interrupt the transmission of the suction to said

respective actuator nozzle 36.

Advantageously, the aforesaid blocking device comprises an
element chosen in a group consisting of: a valve set along the
duct 42, and an actuation of the pressure source 43, said
actuation Dbeing designed to activate or deactivate the

pressure source 43 itself.

According to some embodiments, at least one of the actuator
nozzles 36 comprises (Figures 14 and 15) a corresponding
mechanical pressure element 34, which is designed to exert a
pressure through the respective actuator hole 39 towards the

outside.

Advantageously, the mechanical pressure element 34 comprises a
spring, at an external end of which the sealing element 40 is

set.

Advantageously, one or more of the actuator nozzles 36
comprises a hollow element 37 for housing the mechanical
pressure element 34 and for connecting the respective suction
unit 41 to the corresponding actuator hole 39. The holiow

element 37 is equipped with one end having the corresponding



correspondi ng cl osing el enent 30. According to sone enbodi nents, one or
nore (in particular, all) of the fluid-dynam c actuators 35 is defined as
descri bedygbompiobsz4r el ation to the system 1 . Accordi ngpr@1B88018000615
enbodi ments, the apparatus 72 conprisqQs at |east one mechanical pressure
el ement 68 and/or 68a for pushing at | east one respective pressure-supply
nozzl e 61 and/or 6la towards (in particular, against) the mcrofluidic
device . According to sonme enbodi nents, the apparatus 72 conprises the
cool i ngaassely H2Qe Bhi.ch is designed to cool at |east part of the

m crofluidic device. In particular, the part of the mcrofluidic device
fromwhich heat is absorbed is the separation unit 3. Advantageously, the
cool i ngaassedhny 5 | Sofef bABEJLA Or dafic ey t 7ha cLibed
inrelation tolnl?he system 1 . In ngtgfcul ar,a%éel%c%%?i Zlg chog‘g’%%e%oét
conpri se§25% <F | HEPParecast RIFESKEren QkemeRt sdpf far spugbingnetha oombsor b

heat fragreheor ctnél Wdtatdayi 6RzAd asdi seBabglly suef ace.P3TQlgic
yi el ding heat. The active surface 52 is of dinensions snaller t%an the
di schar gﬁ?{@C?ur f AE¥ABRATCQYT ANt adebus Echand cadol PrgsassenbeyeBontomdsi ses
a Pel ti eemprdsasheab- gzﬁghaag%rtﬁeygC@o{aislailea%%iicﬂb?ra E??iﬁ ndi tioning
circuit 55) connected to the Peltier. Advantageously, the apparatus 72
conprises at |east one nechanical pressure elenment 60 (in particular,

plural i Agvhheagebhshigr pesdi ngpddesaol ing %’%ﬁ@ﬁ?‘i%)ésmat %931“3? of
m crof | ui d%lc device. According to one enbodinent (not illustrated) , t
appar at USCPINGRpr PSESSHIS| 84SMeBRE fart kaChadoratmshiswr | B pedt vne

actuator nozzle 36 towards the microfluidic device. In

a
he

particular, each mechanical pressure element 46 is designed to
push a respective actuator nozzle towards (against) a

corresponding closing element 30.

According to some embodiments, one or more (in particular, .
all) of the fluid-dynamic actuators 35 is defined as described
above in relation to the system 1.

According to some embodiments, the apparatus 72 comprises at:
least one mechanical pressure element 68 and/or 68a for
pushing at least one respective pressure-supply nozzle 61
and/or 6la towards (in particular, against) the microfluidic

device.

According to some embodiments, the apparatus 72 comprises the
cooling assembly 50, which is designed to cool at least part
of the microfluidic device. In particular, the part of the.
microfluidic device from which heat 1is absorbed is the

separation unit 3.
Advantageously, the cooling assembly 50 is defined 1in
accordance with what has been described in relation to the

system 1.

In particular, the cooling assembly 50 comprises: a cooling



further corresponding suction unit 41. According to sone enbodi nents, the
control assenbly 23 is connected to the pressure devices 64 and 87 for

regul ati ngot20R/MEL3sure and/ or the suction at each act ugt9hreRAFdlie136
and/ or each pressure-supply nozzl e 61si ndependently of one anot her.

Accordi ng to sone enbodi nents, the apparatus 72 conprises a collection unit
for collecting a carrier liquid containing at | east part of the particles
Cl of the given type. In particular, the collection unit conprises a seat

69 (Fi goretd3pl Wavihd wrdestened tarbause sa resmmivade e8! besbeb MLt
exanple, a test tube% 1 of . a tgge initself known and not illustrated, and
i s set afPhERYultetOBluiAiGant yeBustyd rheissharating FRrEaes iFed oF
det ect opi éI@ingxnaRt €, TAeViadeQ veARNFdde id5el§ KROWA rand ikelk idddistdrat ed)
for detecting wh nsqggrop of said carrier liquid enters the collection

uni t . SaF P YetBet TR CTREERCL the- control assenbly 23. In use, when
the detector notices the passage of a drop, the control assently interrupts
the outflow of the carrier liquid fromthe recovery chanber 5 . According

to sone YRR IRMSLY patt’® ofCPhelndeASeMms vindLocoBpPriResappaalfser? are

def i nedan@van Mty 3 HL LRI SISP B A3RAC tsa A k&N Separabelbfdiendigy
others, as the simlar parts of the system 1l and/or vice versa.

M cr of I‘E&,’a?lé“ae%’)cec‘?i?rb PR BRI TR EV R furt her aspect of the present
invention is a device 73 for substantial isolation of particles C of at

| east on iven tg e froma sanple. The device 73 conprises: the inlet 2,
t hr ougH® FRIe 3 tﬁ%esaﬂgg%r?§u$nt?%du@@ﬂthﬁésthétde#ﬁ@ét73pn§

separ athethami¢aB pre¥isird s edesicamreds o ($APAFAEL: &M & SUBST LAl y
sel ective wa .
thereof) for pushing the cooling assembly 50 towards the

microfluidic device.

According to one embodiment (not illustrated), the apparatus
72 comprises at least one further actuator nozzle 36 and one

further corresponding suction unit 41.

According to some embodiments, the control assembly 23 is
connected to the pressure devices 64 and 87 for regulating the
pressure and/or the suction at each actuator nozzle 36 and/or

each pressure-supply nozzle 61 independently of one another.

According to some embodiments, the apparatus 72 comprises a
collection unit for collecting a carrier liquid containing at
least part of the particles Cl1 of the given type. 1In
particular, the collection unit comprises a seat 69 (Figure
13), which is designed to house a removable collector (for
example, a test tube), of a type in itself known and not

illustrated, and is set at the outlet 8.

Advantageously, +the apparatus 72 comprises a detector (for
example, a video camera in itself known and not illustrated)
for detecting when a drop of said carrier ligquid enters the

collection unit.



at least a part of the particles O of the given type fromfurther
particles C2 of the sanple; and an outlet 8 , which is connected to the
separ at i omounigios43and t hrough which, in use, at |east pactiBioib/b@emarticles
Cl of the given type separated in a sasbstantially selective way exit from
the device 73 . The device 73 conprises: a valve portion 74, set between
the inlet 2 and the separation unit 3 ; and a valve portion 77, set between
the outlet 8 and the separation unit 3 . In particular, the device 73
conprisgsia dateetporikoronabchetivnvesn t8aCkPReRING Rfer§ daVi 6§ 734 owar ds
t he outs%de %gd the separation unit 3 . According to_somé enbodi ments, the
devi ce 713%'s 8H4%&fc e ot §eRsthegRRES 28Me lasp e SPt alkls smdinstlel y
from t hesobhiel ¢, iAserAupesoLHaneat Wbl bire cheurhasheat; pf & he-J a3aNt

i nvention. Advantages It _shoul d be enphasized that the present i1nvention
has varf%ﬁggﬁﬁﬁn?ggﬁg?riﬁ’addition'to the ones referred to above, as
conpared to the state of the art. Anpngst these we nention the foll ow ng.

The par%iclgi.d f the given type can be brought into_the recovery chanber
5 whi | sSECTREAERPaF gt iSGFUNFTPRAIBER 5D aPBHELEr & tHee odevige (Bhandlores

9-10 aref clrbged@ppatdtidi §2nayre e¥apehall, on-RA hoffiyt Nes PaELal59uid, the
sanple and of the carrier liquid_ is substantially prevented. By avol di ng

evapor atRBRCEE heFKSoSRBRTBEELY £EPUr RDEUPEBRES | REMtEIRe Siaddwear packsnber 5

to the oRi the heydesm 4l (hdYbECyVEE SPdrsal hus reducing the risk of the
particles O and/or C2 noving in a non-controlled way (specifically,
particles C brought into the recovery chanber 5 do not return into the

mai n chahdesfBuidid keawrse€e further cells C2 are not recalled into the

recover . .
gfov1ded according to a further aspect of the present

invention 1is a device 73 for substantial isolation of
particles Cl of at least one given type from a sample. The
device 73 comprises: the inlet 2, through which, in use, the
'sample is introduced into the device 73; a separation unit 3,
which is designed to separate in a substantially selective way
at least a part of the particles Cl1 of the given type from
further particles C2 of the sample; and an outlet 8, which is
connected to the separation unit 3 and through which, in use,
at least part of the particles Cl of the given type separated

in a substantially selective way exit from the device 73.

The device 73 comprises: a valve portion 74, set between the
inlet 2 and the separation unit 3; and a valve portion 77, set
between the outlet 8 and the separation unit 3. In particular,
the device 73 comprises a valve portion set between each
opening of the device 73 towards the outside and the

separation unit 3.

A;cording to some embodiments, the device 73 is defined, even
only as regards some aspects taken separately from the others,
as in accordance with the fourth aspect of the present
invention.

Advahtages

It should be emphasized that the present invention has various



chanber 5 ) . Furthernore, by avoiding evaporation, there does not occur an
increase in the concentration of the salts in the separation unit 3 . The

i ncrease Wb bhogpecentrati ons of the salts can cause | perBBERG000915
conductivity and | ocal power dissipatgson with correspondi ng probl ens
(damage to possible electrodes present in the chanbers 4 and 5 ) . The
various steps are controlled by the control assenbly 23. This determ nes a
hi gher degree of reproducibility (according to the prior art, an operator

had to a@vandagest heisanplde tapd tHe NeLOVEhKs! | Gk &-hyy means, g pipette)
The presence of carbon dioxide within the device 73 before loading The

sanpl e TEHREESAt he 18k SERtLoPHalPEN 35T -bEBWINES b 1diege e meTnimt stie and 5
The bebblesingduce the volunme of the sanple analysed and can prevent

recovery of the particles C of the given type above all if they occupy a

region corresponding to the channel 6. The sanple comes into contact only

With thﬂqgewaQQlaes\/MPho'fs @@/aﬁiégﬁoﬁbé dbéﬂ%%b'&odghé haﬁt\%ﬁyt ét ' S
(0]

not necessaryto wash the various parts he system 1 , 55 T8
cont ani TREPBRE Be e8P LUcT eWai VBt AHe eSCRABABEABT UBAItl 3 r eauclaplamec{i h| s

regard, fiémShow do@dspabe eHEhaﬁdE,% t§a ot hee My1QLIY Of 14 henget iy,

conponents, which are nDre conpl ex and costly, are set in the apparatus 72,

whi ch | VHRPTIFSPBsRBILE. OFhdhs oot 11preddnicd ohe emmylenand odussue
vol umescihanks taifhe d actgt h@hb%'ﬂﬁn%i‘ﬁﬂ'l? i Spé%’«% ﬂeﬂithe es%booﬁ r%t_g very

close to the separation unit . The reservoirs 1 and 14 form rt of
the deVFE&PIRt1iqRe phlrEt déht@@tt appli&at reauEhai eerreet rifrony tdfe t wo

|t al | an-@adeaty apRhkBat | 9n§o(§H§Cm5hﬁahh)§mb@gzﬁo%ﬁ}o%%% ~eBE2J09AY( 53) !

the contents, of which are integrally recalled herein. "I'n particdl ar,
|ta“;yFﬁﬁﬁgﬁﬁga§Bﬁ|&mﬁ&W@fapge particles Cl1 and/or C2 moving in a

non-controlled way (specifically, particles C1 brought into
the recovery chamber 5 do not return into the main chamber 4;
likewise, further cells C2 are not recalled into the recovery
chamber 5). Furthermore, by avoiding evaporation, there does
not occur an increase in the concentration of the salts in the
separation unit 3. The increaée of the concentrations of the
salts can cause increases in conductivity and local power
dissipation with corresponding problems (damage to possible

electrodes present in the chambers 4 and 5).

The various steps are controlled by the control assembly 23.
This determines a higher degree of reproducibility (according
to the prior art, an operator had to introduce the sample and

the recovery liquid by means of a pipette).

The presence of carbon .dioxide within the device 73 before
loading the sample reduces the risk of formation of bubbles
inside the chambers 4 and 5. The bubbles reduce the volume of
the sample analysed and can prevent recovery of the particles
Cl of the given type above all if they occupy a region

corresponding to the channel 6.

The sample comes into contact only with the device 73, which

is advantageously disposable. In this way, it is not necessary



i ncorporated herein by reference. Further characteristics of the present
invention will energe fromthe ensuing description of sonme nerely

i Il ustratwoeorndessen-1imting exanpl es of enbodi nent of pchaBzevib@el1s’3 and
of operation of the system 1l . Exanpl4 1 This exanpl e describes production
of a silicon-based chip 91 of the separation unit 3 . The chip is nore
clearly represented in Figure 9 and in exploded viewin Figure 8 . The chip
has a wwdth of 19.9 nm a length of 24.5 mm and a thickness of 1.2 nm and
conpri ses: washi Itheonvarthsis aberf2 Eifthitddesgst&6001Mand Ehépaeskselogment
93, V\:hig(l;l Q%ix%tls t he cteanbers 4 and 5 and the channel 6 (thickness: 90 nm
): and TFAREPAFENT | PEETED n SHGSSSSHVA i S bofbSi | KEASE 168 idvar t 7
(500 nmreducddie smbshiatee§2rdpsiobthoutd HIEB0bEMSRMpheeipkan®m-ar he

met al oxj de sem copductor) standard technol ogies. Lam nated at 90on the
substral?ae]%%l%sog I‘u"éﬁela)ctgflvﬁocio&p&é‘l%' "%rlﬁaés?g? reye ﬁoﬂQi@ixc@inéir

O dyl Y3901y El gee Bseope) (hdi appesstuD07 MMyhicH his liyerd déped@b De pol yner
was then partially protected by a photo-lithographic mask (a transparent
slide printed with a resolution of 24000 DPI) and subjected to UV radiation
(150 W7hé osydbemsetoptdsssntasekorgnbyyesinaelt hauaeaasoohimbhe thayess el

phot o- r. exposed (i.e., not covered by.,the dark parts of the mask) .
Once s%%%??@g%po& r%‘&ti%ﬂ“&%"s EEmIFRRed 10t P RoFESERYRER 288 PAFY was
r enovedcbysé noer shagsebarbatibnated tsghstmad erddemysevel opeanlBYR dewal oper
- m xtuyre .of X%| en ,t}ée-ibc%tox ethyl acetate, mxture o f isoners) . At this

poi nt, A KBt rat ¢ YH-% he’ correspondi ng spacer el enent 93 thus
obtai ned was put in an oven at 500C for one hour to obtain drying.

The present patent application claims the priority of. two
Italian patent applications (specifically, B0O2009A000152,
BO2009A000153), the contents of which are integrally recalled
herein. In particular, the Italian patent applications are

incorporated herein by reference.

Further characteristics of the present invention will emerge
from the ensuing description of some merely illustrative and
non-limiting examples of embodiment of the device 73 and of

operation of the system 1.

Example 1
This example describes production of a silicon-based chip 91
of the separation unit 3. The chip is more clearly represented

in Figure 9 and in exploded view in Figure 8.

The chip has a width of 19.9 mm, a length of 24.5 mm, and a
thickness of 1.2 mm and comprises: a silicon substrate 92
(thickness: 600 pm) ; a spacer element 93, which delimits the
chambers 4 and 5 and the channel 6 (thickness: 90 um); and a
transparent 1id 94, in particular made of borosilicate or

quartz (500 pm).

The substrate 92 was obtained using CMOS (complementary metal-

oxide semiconductor) standard technologies. Laminated at 90°



The Iid 94 (made of glass and having a thickness of 500 nm) was obt ai ned
by mlling. The holes of the lid 94 presented a frusto-conical shape with
t he bott owoparwioksyi ng a di aneter of 700 nmm and t he topppganB2hevices a

di aneter of 1200 mm . The lid 94 was 4ressed agai nst the spacer el enent 8
for 80 mnutes at a tenperature of 9 50C to obtain a thermal bond. Exanple
2 This exanple describes a PCB (printed circuit board) 95 partially
illustrated in perspective in Figure 4 . The PCB 95 conprised four |ayers
of coppen priepaseBstsang Photwad i 4hagkaphisr t ' a 1 gpe
(see, far exanpl t he previous exarr%?g) .&Thlgﬁ%%%q%§§ﬂ§%ra (?n??’\r%%g{l)régcture

e,
made of 1CorddEr+ e R ePEAY lof SEPRyY FoB@meRureRe Y| dsdriidkness :Tha0skape of

the PCBT9% ildyst rat eghbBoFbsULRet YRS ODL& nggréyam/" dle BRI, o
structure. The _copper ﬁ!p?%ers wer e enbedded i n the main structure and were

exposedPoRRartdS BRIt Gr TREEr @ patRnopested slilfer putetad) wWigharas

(i.e., trewdsioheoghizpodb) pand aangsstddomy undned ad st hg, a
i ndi cat %j) by the arrow 96 and, two hundred, in the are% i%d?‘grét gg ywzt he

arrow 9 ror?'Sop?)?_J%c?rt 3P des Sr RPlopenins gthefarpespeB Ik tewrdr Jhese
pads wepBoelepbilymal! wxpomrert ed & o Talt hesvieus Byndned pads puianted (in
Figure 4.) do V\sards; two hundred of the further pads were arranged at one
edge of tfe 1%: n PRECarTRl $MEH Cat Belpericasiony WBS CRIleteded oiet he

fur t her npadponginerazeangssrd Nywa sPOsihdRdd C oK eSRROAL Yy t @ rane; gdge. ofyt he
PCB 95 in_the areg indicated by the arrow 100. The pads arranged In t(liwe

areas 98UBRFETFCnEre ToAPEELAPER JOMR RRVYIRRET o- cHAKSEE celait¥yEaney t he

PCB 95 Robultexglithydlacharpadmiatiaried kBokBesgreas 9 8 and 99 were
coated with gold

At this point, the substrate 91 with the corresponding spacer
element 93 thus obtained was put in an oven at 50°C for one

hour to obtain drying.

The 1id 94 (made of glass and having a thickness of 500 Um)
was obtained by milling. The holes of the 1id 94 presented a
frusto-conical shape with the bottom part having a diameter of

700 um and the top part having a diameter of 1200 Um.

The 1id 94 was pressed against the spacer element 8 for

80 minutes at a temperature of 95°C to obtain a thermal bond.

Example 2
This example describes a PCB (printed circuit board) 95

partially illustrated in perspective in Figure 4.

The PCB 95 comprised four layers of copper prepared using
photo-lithographic techniques of a known type (see, for

example, the previous example).

The PCB 95 had a main structure made of composite material of
epoxy polymer and glass fibre. The shape of the PCB 95
illustrated in Figure 4 was obtained by milling the main

structure.



and functioned as electrical connectors for electrical connection of the
device 73 to the apparatus 72 and, in particular, to the control assenbly

23. The RgB9f/teesd4a thickness of approximately 1.6 mm pEfagRi6odeisi S
exanpl e descri bes the connection betwwen the chip 91 and the PCB 95. The

chip 91 was aligned to the centre of the PCB 95 using a "pick & place”
device and glued on the PCB 95 itself with an adhesive. The four hundred
pads of the PCB 95 arranged in the areas 96 and 97 were connected to the

cpi \% 91Th}iney oeppsr ol akaownweireebapdiagdt Qﬁhlﬂh@gﬁ&i\ﬂi st ralci el Eﬂd#vie&ﬁe Sach
o] ich connected a respectiiye pad tQ one side 1Q1 or 10la of the chi p95.
The wi rg®Were ¢h Wa£8§t§6t§1¥Hu§ng853§§3r8§ﬁﬁ PRAETKES rfade FEGYES yeri ze
so as twpwaodec(itée, webrartbegrel ¥asp Al)t Bing pQirdhgedn @MRUMurfrdail of
pai nt cont

i ning_silver s introduced intg each of four chanbers 102
(Fi gure*™® ?h?h%?eﬁe?ggéFggﬁﬁegyaFgFh@rEBanﬁsa@@*tﬁ&ocﬁPﬁdgfdthﬂéhdﬂ“?our
of the dwodas iofdidwrdd d 84 hai dahiedwes Fme desi gppbedrin. FigesesoB and 9 by
t he nunber_103) TPeE%ainé mgg use {or creating an electrical connection
bet weerPRHEAT | T8 oAt St FaBe? 92t &R i he 1id 94. Figures 29 and 30
illustrate a variant of the chip 91. Said variant can be produced and
assenbled so as_to obtaiT the,deigce 73 illustrated in Figure 31 in a way

si mi | ar' Y9 WHATIha¥ShEef G558 FBELY | AORREAPFEs t fHTEheTEigng) dundnads

exanpl epadies oriikes g oqtat i Pigwie an)i nderiRgdrat ¢ rhidl endldreade pf RAMVA, a

;ngPgﬁé%ﬂ%%%é5&%§io%e§geé&%g%§édag% %ﬁ%”ﬁggé'gg gégtgcéognn%%% %&ea
indicated by the arrow 99; two hundred of the further pads
were arranged in a position corresponding to one edge of the

PCB 95 in the area indicated by the arrow 100.

The pads arranged in the areas 96 and 97 were coated with gold
designed to connect electrically the PCB 95 to the chip 91.

The pads arranged in the areas 98 and 99 were coated with gold
and functioned as electrical connectors for electrical
connection of the device 73 to the apparatus 72 and, in

particular, to the control assembly 23.
The PCB 95 had a thickness of approximately 1.6 mm.

Example 3
This example describes the connection between the chip 91 and
the PCB 95.

The chip 91 was aligned to the centre of the PCB 95 using a
"pick & place” device and glued on the PCB 95 itself with an
adhesive.

The four hundred pads of the PCB 95 arranged in the areas 96
and 97 were connected to the chip 91 by means of known wire-
bonding techniques with aluminium wires, each of which

connected a respective pad to one side 101 or 10la of the chip



The plates 104, 105 and 106 had a thickness of approximately 1 nm and were
obtained by mlling. After mlling, a satin finish was carried out for
renovi ng wbeotmssg4deriving frommlling. The plates 10#cTABM1en@ei06 were
t hen washed with ultrasound bath. Thesiplate 104 is illustrated in top plan
viewin Figure 5 and in plan view frombeneath in Figure 6 . As may be
readily noted, on the top surface of the plate 104 (Figure 5 ) part of the
channel s (for exanple, 78, 80, 81) , the reservoirs (for exanple, 13, 7'

and 14)9andThee Whintes weoe examPl@atdl ®2thl@h Ay #084in amdtl0@)s of

t he dev&cg 7ﬁ merg obt ai ned. The_hol es 107 were through hol es that traverse
the entT78%t h? cRRe¥ESHt 2EnECpfat B° 184 BRE wWeke VhTBai FRSEBRPYRENt el enent s
of the valve portions 74, 75, 76 and 77 (Figure 21) .The hole 108 was set
at the gtkgt 8 ; .through the hole 108, in use, the carrier liquid flows
away tdg t RBFSwPPAT heagaPPPBP§s° LILTRE PSS FeRtadad nen P ilwate wWaH ough

hol es fibntecodueeti dntboetbl olii Podt. cHAmbRe sbalRonFsYRface oftHdte wiat e 104
around each paiir of the holes 107 and around the hole 108 a respective

cavi ty 1b8PHaSIs&t EaRh COARFEY SReafiiiPar OS5 h&beoygd nernm afardt@r of

appr oxihalesy o wen and 34depidi df hapds OxirEatRl Y dhaA%dM n The gphesence of
the cavit %0 redquced the arﬁg that the closing elenents 30 and the seal
ring 70°RAd t &Ypress TYehaifi n FP6i @Aighiwaorieed £as Cegatdaq o

cl osi ngekterentsal 308ohnecel 68i BacivBenhehes s107kon Theskrates 9b04n4dds,and
106 had rﬁsggctive t hrough hol es 109. During assenbly of the device 75, the

pl at es ﬁb 05 and 106 were arranged in such a way that fixed |inear rods
ext ended t hrough the holes 110; in this way, it was possible to align the

| ates 104, 105.and 106_precisely. The plates 104, 105 and
P ﬂlgﬁres 2@ an 38 ?fiust ate al%ariant of the chip 91. said

variant can be produced and assembled so as to obtain the
device 73 illustrated in Figure 31 in a way similar to what

has been described in Examples 1 to 3.

Example 4

This example- describes production of an intermediate plate 104
made of PMMA; a top plate 105 made of Plexiglas, and a
supporting plate 106 made of Plexiglas (Figure 4).

The plates 104, 105 and 106 had a thickness of approximately
1 mm and were obtained by milling. After milling, a satin
finish was carried out for removing the burrs deriving from
milling. The plates 104, 105 and 106 were then washed with
ultrasound bath. »

The plate 104 is illustrated in top plan view in Figure 5 and
in plan view from beneath in Figure 6. As may be readily
noted, on the top surface of the plate 104 (Figure 5) part of
the channels (for example, 78, 80, 81), the reservoirs (for
example, 13, 7' and 14) and the holes (for example, 79, 82,
107, 107’, 107'’ and 108) of the device 73 were obtained. The
holes 107 were through holes that traverse the entire
thickness of the plate 104 and were in pairs cémponent

elements of the valve portions 74, 75, 76 and 77 (Figure 21).



106 had respective central openings through which, once the device 73 was

assenbled, it was possible to observe the contents of the chanbers 4 and 5
The pl ave 2010bd openi ngs 111, which, once the devi cecTdBrago@ssenbl ed,

enabl ed the closing el enents 30 and tie seal rings 66 and 70 to be exposed

outwards. Set around each opening 111 was a respective annul ar cavity,

whi ch enabled a better positioning and a better seal o f the closing

el enents 30 and of the seal rings 66 and 70. In practice, said cavities

functi onad aslkoussngasfeett be ehesicig 1Ritem@NtthrIhddHhenSRAl1¢8 NSy 66
and 70. Al so the aforene tlongq ihannels reservoirs,, cavities, openings

and hol B§Swer-&CoFRaTAEY S1emE PGy Iﬁ%‘ﬁ"%’@%?’% 3 i PEEIFRe a

vari ant cof trhe mbabg 104 kALY 7CaS GrerRAGhrAH YholQS hasr achehdaetdsl
channel 119, whj in particular, substantially circular. For each

val ve pbPtEBR ¢ lp? -76 and 77, a hole 107 is set in a position
corresponding to the channel 119 and a hole 107 is set in the cavity 109
outside_the_channel 119. This ' particular configuration enables reduction

of the PBrthFHROLSRR éPﬁfﬁsﬁt PEulEE, PraFeEmet 2reuyed @rch gfaky Wwil)thRiri ng

openi nghef ekhe ovalavd Wrdtindurese o Bed1 38) a Geepeh8iob A&\ Y iss
relatlvel¥ graduyal and, hence, the negative pressure that is created at the
S

val ve \°F elﬁa%r?%‘gl%e]ﬁ?‘ﬂgaps FEI Nk W efharswangy disl eaS dipaediedsi ol

el enent spgRoxtifareed! orsnes 883and GERcrARE JpEGH QN 2l ety l 12myer e
obt ai ned bégneans of |nject|onnDuId|n techni ques in thénsel ves knowmn. The"

mat er | aPTGSEHCRaOIEI G 0V YY) 1PP e&CBYCES dd'a AoRR aFhal dg eelafing
har dneselemhef@ssBY exddr thde sdaQsi Agn@! emenkS 3G apdea@ shor ech@hint he, seal

fluid-tight contact (as regards the closing elements 30 for
closing the holes 107).

The plates 104, 105 and 106 had respective through holes 109.
During assembly of the device 75, the plates 104, 105 and 106
were arranged in such a way that fixed linear rods extended
through the holes 110; in this way, it was possible to align
the plates 104, 105 and 106 pfecisely. The plates 104, 105 and
106 had respective central openings through which, once the
"device 73 was assembled, it was ‘possible to observe the
contents of the chambers. 4 and 5.

The plate 106 had openings 111, which, once the device 73 was
assembled, enabled the closing elements 30 and the seal rings
66 and 70 to be exposed outwards. Set around each opening 111
was a respective annular cavity, which enabled a better
positioning and a better seal of the closing elements 30 and
of the seal rings 66 and 70. In practice, said cavities
functioned as housings for the closing elements 30 and the

seal rings 66 and 70.

Also the aforementioned channels, reservoirs, cavities,

openings and holes were obtained by micro-milling.

Figures 32 and 33 illustrate a variant of the plate 104. In



rings 66 and 70 and the connection el enent 112. The connection el enment 112
had a central opening 113 and through holes 114, which, once the device 73

had been we38ioess connected the chip 91 to the plate pe4asioiopdsis cul ar
the hol es 114 connected the holes 10733 with holes 115 of the substrate 92

and the holes 107'' with holes 116 of the substrate 92. Exanple 6 This
exanpl e descri bes assenbly of the various conponents described above to
obtain the device 73. As has already been nentioned, to align the various

conponegl 5s f txed, | éaeRr caodsyWene Hs8da Fheirkatas 194naed 185 Vere ch
connected with ethanol _bond.” A bi - adhesive l‘ayer 117 (Dupl obond (r)

manuf actSir ed-Tby PAF&I MUy | )§Ub5taflﬁil€p<|1f¥ss‘31€c'3§5rrm)F%s B[P | F@LIE t he

top fagsoptidie phat esl0676 Theabizadheshved ayer 147 adequat gl yoshaned (in
particular, with_a central opening_and hol es correspondlng to the hol es
110) WeROTFSFPIRERT et0obhgi FBENPFAMLA%cEMS RudRLe ap@7 Whi ERtwAR &l by

means ofaVvaser arng dbkkhdenacthdie. chigne10si mgoel empits’ 3Qartheseal
rings 66 Ed 70, and the connectiogn elenment 111 were nounted on the plate

106. AtSYHh %gfﬁﬁ?&onaﬂe%?ﬁéﬁ%5|F%ﬁ%CF%9%r fhs 8BBosPEEFUSRatRENSOL t(dM

sur f acep@ft 1hel £t at RoFBheand Vas damved el eatiive) yd@hﬁ%aaﬁeﬁing &¥ma to
forma bond only where necessary (a nethod for selectiv ondi n et ween

the silFRon¥2éVBmeht SEAFHTPRMVAL 31 vhel hy ORREimsL r 9 athe- W%ﬂ%ﬁsﬁfﬂﬁ%d in
t he paiﬁéﬁa@ﬁ&%lfaétaauHQ dﬂE.Bq%QQi9009§§8m. %f@@“ﬁ%ﬂé&&gem@hﬁg alse

conpletely recalled herein for conp | et eness description) .

parti cuf=Fatedhe adr g%%smaéﬁg WAsS 1rt§i%‘§edd‘é)¥1%s oRsiaspl +od rlerlaérlé@éy
corresposdi ng to the supply holes 79 and 82 and the holes 107, 107" and
107" ' . The closing elements 30, the seal

Example 5

The closing elements 30, the seal rings 66 ahd 70, and a
connection element 112 were obtained by means of injection-
moulding techniques in themselves known. The material used was
Elastosil® treated so as to obtain a degree of hardness of
60 shore for the closing elements 30 and 50 shore fdr the seal

rings 66 and 70 and the connection element 112.

The connection element 112 had a central opening 113 and
through holes 114, which, once the device 73 had been
assembled, connected the <chip 91 to ~the plate 104. 1In
particular, the holes 114 connected the holes 107’ with holes
115 of the substrate 92 and the holes 107’’ with holes 116 of
the substrate 92.

Example 6

This example describes assembly of the various components
described above to obtain the device 73. As has already been
mentioned, to align the various components fixed linear rods

were used.

The plates 104 and 105 were connected with ethanol bond.
A bi-adhesive layer 117 (Duplobond® manufactured by Elcom
S.p.A. - thickness: 0.325 mm) was applied on the top face of



rings 66 and 70, and the connection elenent 111 were activated by neans of
pl asma. The plates 104 and 106 were brought into contact and pressed

agai nst owmezammfbsn. At this point, a further bi-adhesiyethayao/odis

(Dupl obond (r) manufactured by Lohmami# S .p .A . - thickness: 0.325 nm was
applied on the bottomface of the plate 106. The plate 106 was then pressed
agai nst the top face of the PCB 95, the chip 91 having al ready been nounted
on said face. Exanple 7 This exanpl e describes tests conducted for

opti m zilng phetat 106.oThehbispshemite. l1dhersédi7medicaibarlef shhgedar(tirc| es

a  and/ resen ne, of the causes of_ adhesion of the rticles in
the re %{/%?ﬁg%an %iﬁi fQ’ln e TGt ORI AT ,QBZ?&SOFHSSES 89 $°
i ntroduckeel hpflest Hel @hawber, £qr tdreamsiy) eobtaehkdr eiminnsai Ronte nu@sey vVoi r
13 for ite a lan i in particul ar, approxinmately. half an. hour) .
Duri ng és’ p@?ll%a%”%%gg%ér?Ych%%nﬁo njaaépg%ﬁo%i‘{mg%”?%é“%(gtﬁrb% of the
reservoir. To 'detach the particles fromthe bottoma strong force is
usual |y, c ry. Furthernore, t articles. d a C2 displace_general ly
nor e sl%@?ygiégﬁ}é?heg{?%%?ﬁs pgrot’ gi‘en hﬁeg‘;npqlep% tﬁgnat“r‘f]g ‘Z(ﬁan‘?)%‘# ?Pl_e
Consequesnihgctide phenentedld wemed @duentest drhecledhapbete 410benathendlzanber
4 has y en at | east, in part occupied.b the%i uid part_ of . the
sanpl eaéeélﬁ?gn‘angagle tooItg BOEERUHE gﬁVﬁri nw?‘ﬁe %%%??h?e ar noftl%t e PO & Ber 4
and notsumfdoz nd§ (heeplddendiOdrenahevd® remched heepect phiel @l boomaanspart s
of the a 4 ) . may he ted th there is also the ked risk of
not al Igfhgygérniai c}:loesk%fma%d%&“ et na-h?ﬁg (0T 111 g § .}al'h%gﬁ%ﬂgurfiofrorm
di stri beelertofe t bongartg cbeswébnantheC2si i bonet hel arfeardier aAdr epgiex s -mor e
prom(mg%i§ﬁgtﬁffar%%f%%é¥§fg¥% - 1s described in the patent

application No. IT B02007A000588, the contents of which are

completely recalled herein for completeness of description).

In particular, the organosilane was removed or was not applied

in areas corresponding to the supply holes 79 and 82 and the

holes 107, 107’ and 107’’. The closing elements 30, the seal

rings 66 and 70, and the connection element 111 were activated

by means of plasma. The plates 104 and 106 were brought into

contact and pressed against one another.

At this point, a further bi-adhesive layer 118 (Duplobond®
manufactured by Lohmann S.p.A. - thickness: 0.325 mm) was
applied on the bottom face of the plate 106.

The plate 106 was then pressed against the top face of the PCB

95, the chip 91 having already been mounted on said face.

Example 7
This example describes tests conducted for optimizing

operation of the system 1.

The sedimentation of the particles Cl and/or C2 represents one
of the causes of adhesion of the particles in the reservoir 13

and/or in the duct 78.



particles O fromthe particles C2 and transfer of the particles d

thensel ves into the chanber 5 . Two tests of charging of the chanber 4

wer e, conwequantobyss conduct ed keepi ng the vibration deviecengii/eme i sing a
m cropunp Thi nxxs (r) NMDP2205 short-cisrcuited) turned off during the first
test and operated (at a frequency of 30 Hz) during the second test. The
sanpl es used were prepared using a K562 cell culture (the concentration of
the sanpl es was of approximately 1250 particles/ nL ) |abelled with DAPI.
The resUstuglol,t freficast sthe t datuhke viibr atritorodmad eidfo dehet iolrmneié:ﬁre

illustr d e g f .the. | efthand cal f Fi The
resul ts@ﬁ? hﬂp@@ tllgg\%&?h&%ﬁgi\r}lgbrlgt ﬁgﬁ devide °1F ggn f\%zft (H‘%;‘}ee F11U¥rated
in the pbhoeodriaphsmfiddian,i gﬁppﬁr&mdnamélymhemif Feguheu2?.. Thaphat oghibphs
were t d| ferent, .optic 1 con on may_ be readily noted, when
the vi Elég?l éﬁ de% c %V@S fac %?‘gd b eﬁ?é"r]ﬁ C%/I?est E &téﬁ‘ étq’}f‘%ut ed
in a noreshomogeneds desgychl shevmpémtmd:m coromr S hef bdﬂt&t@:halaabenitﬁongt hus
| eadi ng i.gn nt reduction o e unused v CLA
ni cr of F%?ﬁg 1 e\}lls{:ue A r|£escg =t o o%ujf)g]?ﬁlﬁ?lﬁ (Eﬁ? Bfir§ Ilgést&on%n%l ven
type fr@m dlsaﬂqalce gtdner@é\llyca\o(rZeB)smm tiesi ghedlﬁ@bdepamtn&ﬂﬁ ethé o an
appar at s he rof _| |d|c de orrprlsm trlc
connect%rs}gi corﬁllenctg}ﬁ% tC%‘e &0i ¢ ()%’)“ e&%’&)ﬂfﬁ%’o £ HE gfﬁ? c‘?in rst
inlet (2pd CE\r engerwiheh chambased whensaia ehasibeit r4odw:gechlln’éaui3t heeath Cr of
|UIdIC % 7 epar.at i ni 3),. which is c cted to the first
ot C(55 Le8at T oA BRLALL AR Y bl b M et B A G s

deS| gnetdaltl@_QEr ansﬂestaﬁbhEasbnﬁbar tinofthbhe:epmrfailcbe&t( Glf) un‘e tdteargbeend t ype
fron1th§ngahgtcgﬁy%gfﬁﬁp Eéhth%k§%%9¥ergnggg 5 % tn' Tre peripheral

corner parts of the chamber 4). It may be noted that there is

also the marked risk of not all the particles Cl1 and C2

reaching the chamber 4.

The non-uniform distribution of the particles Cl and C2 within
the chamber 4 renders more problematical separation of the
particles Cl from the particles €2 and transfer of the

particles Cl themselves into the chamber 5.

Two tests of charging of the chamber 4 were, consequently,
conducted keeping the wvibration device 17 (comprising a
micropump Thinxxs® MDP2205 short-circuited) turned off during
the first test and operated (at a frequency of 30 Hz) during
the second test.

The samples used were prepared using a K562 cell culture (the
concentration of the samples was of approximately
1250 particles/uL) labelled with DAPI.

The results of the tests with the vibration device 17
deactivated are illustrated in the photographs of the left-
hand column of Figure 22. The results of the tests with the
vibration device 17 activated are illustrated in the

photographs of the right-hand column of Figure 22. The



substantially selective way with respect to further particles (C2) of the
sanple; a first outlet (7), connected to the main chanber (4); and a second
out |l et (8yo20tv/@bu3iss connected to the recovery chanber @&)x/1B20@000061
particul ar, through which, in use, atseél east part of the particles (O) of
the given type collected in the recovery chanber (5) exit fromthe

m crofluidic device (73); the mcrof luidic device (73) being characterized
inthat it conprises: a first valve portion (74) designed to formpart of a
first vehoeog®gphsaierd itsiternalnwedipbfdr et (Gidel ngose@ic igsd I eam of the
mai n chanber (4) , nanely between the first inlet (2) and the mai n chanber
(4); a second valve portion (75), designed to formpart of a second val ve

(18) : h%i dm@cohdl \tﬂda\(d;illgorﬁwﬁd(g@hdl@ﬁi agesa;im%wmnm 'éi@@_i@f&i gwhaﬁatgef r(4)
and the first, out ..a third_val ve portian , designed to form
par t ofa%tlt‘ﬁ?tf’%‘ijvmet\t/hee (%}j?jf:clgélﬁﬁ tht r ARAI e pGFFrgSﬁ%’P’?G)i be? nd? cHRFECt ed

t o t he hetoyeigowhambderald) ; whtlhim £0ar tbrial¥ecpoehborhbhber desicaned to
forn1p§ft f a fourth, valve Q%Z), aid fourth valve portion (77) being set
bet weert THEFE OV et e %)r%fﬁﬂ:ttlr%’ OE JHRYRRA (YL ute: recovery
chanmber (5) is set between the main chanber (4) on one side and the third
and fourth valve portions (76, 77) on the other side,- the main chanber (4)
is set between the recovery chanber (5) on one side and the firstand second
val ve portions (74, 75) on the other side; at |east one, in particular
each, of said valve portions (74, 75, 76, 77) conprises a closing el enent
(30), which is designed to pass between a bl ocking position, in which the
closing elenment (30) is set so as to separate two stretches (31, 32) of a
respective channel of the mcrof luidic device (73), and an opening
position, in which the closing elenment (30) is set in such a way that the
two stretches (31, 32) are connected to



one another; at |east one, in particular each, of the closing elenents (30)
bei ng operable by a respective actuator external to the mcrof luidic

devi ce (7ABD.,20iomopsati cul ar bel ongi ng to said apparatus @€2)B201&0606Ene
device according to Claim1 , whereim7the closing elenments (30) are at

| east partially exposed and set facing the outside of the device; the
separation unit (3) conprises at |least part of a dielectrophoresis system
3.- The device according to Claiml1l or laim2 , wherein the closing
element (3 0 ) conprises a substantteAiysel astic material . 4.- The device
according to one of the preceding clains, wherein the closing el enent (30)
has a nenbrane portion (44), which conprises, in particular is nade of, a
subst ant i-al Aymérastiloiddterdeatice. fodhesdbattonaedorgimng d eOnecdf blife

d s gL elLn at | east one, in art | ar eac d val ve
por 1 o (AR feonde i Ryms TEaT o ur RN R R o eh (72) S BE1B8: ween
two straesimsed 31£032)bef gotin@uteld of té he am craf)pa'rdtqsdevqm) {73xhei n

ti b k It t | t (30
Bont act it TR Qe (351 CPRPEHELBBEnPRECRELPeE oROnCRELET Bs
el errentcc(rﬁﬂecmmgsethat d&vdJcﬁ arrc:e f tepgellie b a@héa@@p(a&%)tusé -a THerdevi ce

accordin lo t he g clains, wherein at Ieast Qne, i.n
part i cu]IIglr eagz? oft}éracf EOrt]IrbnES?M the sagDle7)I5oABEregucst | east

one holimtm ahehamnefoﬁiuiheCn1dé«ﬂcélﬂ (di39 dEMIC§e§£f%tlah utie degihce

oScording i, 90° QL LNG Y ScedLhg LA A OO SO B ISt ghsser v

(74) amharrﬂoeiESI (ghechridd aolderuiverie Sesmber i NBNQdused tiler auedy drhed f ikest
transfer at least part of the particles (Cl) of the given type
from the main chamber (4) to the recovery chamber (5) in a
substantially selective way with respect to further particles
(C2) of the sample; a first outlet (7), connected to the main
chamber (4); and a second outlet (8), which is connected to
the recovery chamber (5), and, in particular, through which,
in use, at least part of the particles (Cl) of the given type
collected in the recovery chamber (5) exit from the
microfluidic device (73); the microfluidic device (73) being
characterized in that it comprises: a first valve portion (74)
designed to form part of a first valve (9), said first valve
portion (74) being set upstream of the main chamber (4),
namely between the first inlet (2) and the main chamber (4); a
second valve portion (75), designed to form part of a second
valve (10), said second valve portion (75) being set between
the main chamber (4) and the first outlet (7); a third valve
portion (76), designed to form part of a third valve (11),
said third valve portion (76) being connected to the recovery
chamber (5); and a fourth valve portion (77), designed to form
part of a fourth valve (12), said fourth valve portion (77)
being set between the recovery chamber (5) and the second
outlet (8); the recovery chamber (5) is set between the main
chamber (4) on one side and the third and fourth valve
portions (76, 77) on the other side; the main chamber (4) is

set between the recovery chamber (5) on one side and the first



inlet (2); and a first channel (78), which connects the first reservoir

(13) to the main chanber (4) and along which the first valve portion (74)

is set. 8we20hweiodsyi ce according to Claim?7 , and conpriperng2@obioest supply
hole (79); the first reservoir (13) bwing set between the first supply hole
(79) and the main chanber (4); the first channel (78) connecting the first
supply hole (79) to the main chanber (4). 9.- The device according to C aim
7 or Claim8 , and conprising a first seal ring (66) conprising, in

parti c@rgt secndfvalkvaspécthener(?ad, 32 dosedher phhet66)dsur rouidiasg

out war he; f i le (7 bei des| to upke with a
respecgﬁv% p%%s?%%g?ggg%¥yQﬁg§3lé§%6§€9§ %éggeTﬁg; g%ﬁ%% g@%brzshg7kd any
one of @lai AsmPriises ,a andosonprisiamerat sdé0nd oftairiel 1680Jesidmed it® set
bet wee i anbe ) .first_oufl :

secti onrb%séngglti%v?e% par%?éﬁ%%?n%(?/ég?l%%ésgnl %H(rgr%ln ?K%hgggfggacr%%%@%%zcti on
of the (30)st ighaaiel s¢78)s . tal sepiratgevive adowtdiheg t 6310 aB@)109f waer ei n
the finsto chan S Ac CLAQSS j .equj val ent dianmet.er - rangi ng
fromO 1%5 mm tgﬁéso(c%%}l&?he@gegg%d Iﬁﬁ%%%gpu%b? lt%flae\é]{:}Lacee\r/]\/i éi?%?()f %%s an
150 mmopeniduptpreitiers thawhidh mire, cArdiamd evigiergr e@@@r iHame? dm 12. -
The dew C i i 1, | . the,se d n h a
wath Sraat o TRan TR nend Bvhe s Grathr (thano20 ke aaapefped t

parti cyng ,arptleegt habf 1kgasts than dnmparit3iculkhe eksh ceofictbhedicigstiagany
one of ey I rising; can rvoir.(14),. which
is desie;l@c?q{tgsccgjn@gi%%@B%%%J?%gg{? u?d?giﬁgcg?Ygi rgﬁl’cg‘%gﬁﬁeﬁxf&f _?a’lmi ch
connectt® t hbesatigimb flasistimi deyide t(@3t)he iecpaeticuiarbdrel&)gamg &loong

whi ch the 4 'Hﬂ&f’ﬂd’se pr)t.i on (76) is set.

2.- The device according to Claim 1, wherein the closing
elements (30) are at least partially exposed and set facing
the outside of the device; the separatioﬁ unit (3) comprises

at least part of a dielectrophoresis system.

3.~ The device according to Claim 1 or Claim 2, wherein the
closing element (30) comprises a substantially elastic
material.

4.- The device according to one of the preceding claims,

wherein the closing element (30) has a membrane portion (44),
which comprises, in particular is made of, a substantially

elastic material.

5.- The device according to one of the preceding claims,
wherein at least one, in particular each, of said wvalve
portions (74, 75, 76, 77) comprises a diaphragm (33), which is
set Dbetween two stretches (31, 32) of a channel of the
microfluidic device (73); 1in particular, in the blocking
position, the closing element (30) is in contact with the
diaphrégm (33); in the opening position, the closing element

(30) is set at a distance from the diaphragm (33).



14 .- The device according to Caim113 , and conprising a second supply
hole (82); the second reservoir (14) being set between the second supply
hol e (82)wendidinessnecovery chanber (5); the third channetT(Bino/cmerecti ng

t he second supply hole (82) to the rew®overy chanber (5) . 15.- The device
according to either Caim13 or Caim114, and conprising a second seal ring
(66a), which conprises, in particular is made of, an elastic material and
surrounds outwards the second supply hole (82) and is designed to couple
with a@urt liére rd;epel«:tei vecpoedsng e- tsmppnln;e nofzl eh¢ 6kmecedithg Hieideyi ce

accordi on of th recedln and conprising:., a third
out | et "ﬂ%dé)a fi% helva ve §8fgf| of (nganl: g?%ﬁede?% for s%‘ir‘f (yfalval fth
val ve (@®)tias d ( \74I velpor 76on 7(729' gonget hges etatbetesen dbhe tedaveiy chanber

(5) an I |o aII the d outl et corresponding to the
i gcrﬁ%}gr%%fl 8#‘%1 Iﬁ%Jltew ce rfg ?o a i i

first accor “one of the preceding clains,
and conpri sing eIectrlcaI connectors (83), in particular havi ng an -

el ectrigcal C Uy for_elec r|c | 1y connect.i t he crofl idic deV| e
(73) |t7§el fﬂtl% ?r?valﬁﬁaraa Cuosrci c%rr%rr}?y tal cont 1ot Jefé%eﬁ‘gﬁzm C23f nd

desi gnerbrinx goivey n &hd iseparmdsenvain t (13) . whech A aermtarbéuweénr the

i sol ati eII ( )of tIeast .0negi ve p om a he

appar at%sr}%Z) coersrtprlqszl ng § sea (f813f)s or aﬁgﬁglﬁarglﬁflcrgﬂ? éorrci dévi ce
(73) fotesspiedi oo ofollericethe (s@mplef fhergdueadt yhe ohugbim t:]hle Fdmpite;

el ectri onpect or 89), f | ectric nn t|n the a s.(72)
to the %ﬁcr%f ngﬂlg e\%ll %el & %75?1 T3S é‘onﬁr%’y a01§ | GOEB3Y S ﬁléfc]"tto t he
el ect rimz=derominect(dBs (185) that dedast chambet| ui4)- dymanmiad caet Urahi)d‘:B 3

iiCh offlv@éé; éfvgeﬁézg{'legntﬁl)ori@ aséqca_rt of a respective valve (V;, 9, 10,

8.- The device according to Claim 7, and comprising a first
supply hole (79); the first reservoir (13) being set between
the first supply hole (79) and the main chamber (4); the first
channel (78) connecting the first supply hole (79) to the main
chamber (4).

9.- The device according to Claim 7 or Claim 8, and comprising
a first seal ring (66) comprising, in particular made of,
elastic material, said seal ring (66) surrounding outwards the
first supply hole (79) and being designed to couple with a

respective pressure-supply nozzle (61).

10.- The device according to any one of Claims 7 to 9, and
comprising a second channel (80), which is set between the
main chamber (4) and the first outlet (7) and has a cross
section smaller, in particular by at least 100 pm, than the

cross section of the first channel (78).

11.- The device according to Claim 10, wherein the first
channel (78) has a cross section of equivalent diameter
ranging from 0.9 mm to 50 um; the second channel (80) has a
width of less than 150 um, a depth of less than 110 pm, and a
length greater than 2 mm.



12) and conprises a respective actuator nozzle (36), which has a respective
actuator hole (39) ; at least two pressure-supply nozzles (61, 6la), which

each haveyg R%0ERLI ve pressuresupply hole (63, 63a); abpchgdstioosers i rst
pressure device (64) connected to thespressure-supply nozzles (61, 6la) to

determ ne a pressure at the pressure-supply holes (63, 63a); and at |east
one second pressure device (87), which is connected to the actuator nozzles
(36) and is at |east designed to bring about a suction at the actuator

hol es (139): &%ech dévide dararimiiag uaborCi8ty ild,deshgnednt cchveeagond

respect i Si e t (3,0 ) ter to para 72), i

parti cu(%ﬁz;%lrg% ohglé])nghggﬁgaiwé%nrﬁ%crgéﬁ‘eﬁ)él}%d{?hoaerbiic(g(?('%g') 5 ?gitﬁT eegp%%gr at us
accor ditipn o3 T i a8}, dnd monprdwsliary a pressilr e faslsssdh| th{r90) mmonpri si ng

the first and second pressure devices (64, 87); the pressure assenbly (90)
conprising at |east one punp. 20.- The apparatus according to either Caim
18 or AXAim e dbeereeénatherflingt tpr essurenalevi cehé¢ 6pyecendpnpsed aambi,r st

pressur nj . and pressure _unit,.(65a). ., each .connected to a
Fespeotiih srEREERLREt ) SEGE0E BERRYRr vt i "R aaERuaRE  Fescur e
units (@&Htéba) thei mproperabl eqsiefpar ahdl ya ahdibéi mipadesilgnedl] ) eaedicho

defi ne r t. (] articular, a jet._of_air_through) corre ndi ng
pr essur%%%%?% ‘%?)‘?aes%éé%}&@%%gg\f%rmle& gptp%r 5 ﬁsr3883?gyn§%?8gﬁrai§§320,
wher ei renidhea fongtwipras sire dewd erd164 monpirdarsel’ Gt 1easdét one pressure
source (15; 25) ; at |east one between the first and second pressure units

(65, 65a) conprising: a corresponding first duct, which connects the
pressurlel . sdlireed¢vilde @5jordindetoeChatni V8, pardsuorpsipphy Rozzicenttl;

613);‘%&B§?§“£8186?§95;(€%€ % lcond reservoir (14) being set between
the second supply hole (82) and the recovery chamber (5); the
third channel (81) connecting the second supply hole (82) to

the recovery chamber (5).

15.- The device according to either Claim 13 or Claim 14, and
comprising a second seal ring (66a), which comprises, in
particular is made of, an elastic material and surrounds
outwards the second supply hole (82) and is designed to couple

with a further respective pressure-supply nozzle (6la).

16.- The device according to any one of the preceding claims,
and comprising: a third outlet; and a fifth vélve portion
(29’) designed to form a part of a fifth valve (29), said
valve portion (29’) being set between the recovery chamber (5)
and the third outlet; optionally, the third outlet

corresponding to the first outlet.

17.- The device according to any one of the preceding claims,
and comprising electrical connectors (83), in particular
having an electridal,circuit, for electrically connecting the
microfluidic device (73) itself to an apparatus (72)
comprising a control assembly (23) designed to govern the
separation unit (3). '

18.- An apparatus for isolation of cells (Cl) of at least one



detecting the pressure along the first duct; and a first bl ocking device
(22), which is designed to interrupt the transm ssion of pressure to said
respect i wwopoesmes3e- supply nozzle (61; 61a); the controlpczasantybos(23)
bei ng connected to the pressure sensodt (21) and to the first bl ocking
device (22) for operating the first blocking device (22) as a function of
the pressure detected. 22.- The apparatus according to Caim2l, wherein
the first blocking device (22) conprises a relief valve (22'), whichis, in
parti cuyivren setypal ofigort he fsampleuctthandapsadesigndd2)wheomppes ahed, a 0 set

f t th h t de wor sQ as.to-bri.ng the
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accor diggy tbhanycehbsof (CLai nef£18the 23iveher eypet héxrbinr stther esaumpd edevi ce
64) c st qne. pr re.sourc 15; 2 st _one. bet ween
ghe)flré? dl(f?'ne sé%l&ln ;?rresgsf]§§l)l F? ?6%139% 3‘3%]2%%”%‘?%6& tnd
corres@@r@;dsrs(ﬂwuctp whihe h nciameedtisl die  gleedser e Eﬁ)ufcea(b'bht%)l to
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5. 25 t t tive pr.essur su 6 63a
D TSRS £ 508D & i O afnr SSbemtar: HAE v16t af ofCdewikro (17
17a) com))rlasma@ aoxdpﬁp@eagm pagpec%ve dbeuappar abuslacq%dl nghtiehamasone of
Clainms 18 to wher e % ond:ﬁ{essure deV|c§ g F) conpri ses
flrstsuctl%ﬁp%ﬁFfve a§588 a*s (it 2% LREFH SUBt PHESTHMTE  ShRR

| east (mezibest HGSLuct baRa)uniwhi{dd) eao&ﬁcha@@nnectﬁbp@cﬁhﬁermﬁmee

actuator zIe % : $§ LIFS secondh ?lrdt and fourt suctlo%4gn|ts

(41) bel e g%pa ? ﬁ?ﬁﬁeo e first pressure device
connected to the pressure-supply nozzles (61, 6la) to
determine a pressure at the pressure-supply holes (63, 63a);
and at least one second pressure device (87), which is
connected to the actuator nozzles (36) and 1is at least
designed to bring about a suction at the actuator holes (39);
each fluid-dynamic actuator (35) is designed to move a

respective closing element (30) external to the apparatus

(72), 1in particular belonging to said microfluidic device
(73).

19.- The apparatus according to Claim 18, and comprising a
pressure assembly (90) comprising the first and second
pressure devices (64, 87) ; the pressure assembly (90)

comprising at least one pump.

20.- The apparatus according to either Claim 18 or Claim 19,
wherein the first pressure device (64) comprises a first
pressure unit (65) and a second pressure unit (65a), each
connected to a respective pressure-supply nozzle (61; 61la);
the first and second pressure units (65, 65a) being operable
separately and being designed, each, to define a pressure at
(in particular, a Jjet of air through) a corresponding

pressure-supply hole (63{ 63a) .



anot her and bei ng desi gned, each, to define at |east one suction at a
correspondi ng actuator hole (39) . 26.- The apparatus according to C aim
25, wher ewvo 20tveroe8eond pressure device (87) conprises arClraBsio/ome1sucti on
source (43); at |east one from anong d2i rst, second, third, and fourth
suction units (41) conprising: a second duct (42), which connects the
suction source (43) to the respective actuator nozzle (36); and a second
bl ocki ng device, which is designed to interrupt the transm ssion of the
suct i oRlt.0c SHie epppeatinge artardiorg nbezI|Cd ai36)20, zwherEhB dppar dtust
accord a el on n e r

el enenlrpr}%ﬁtgglg% |§g€'§g§%t Mc%gnsé?lé}e é"?& a v?[%/)%&setgngl se%%ﬁg %uct
(42), dAd;arkct uatodeast naflqorl@@tsm@ sbhecdif43) amshi @mcﬂlapuesbemg

d h : 43 8.
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el ement,s (3.4 1) g CUD. iles (223 §Pring; gpd. légdi)easf e‘Ha eallng el egent

(40) set at an end o t he 'Spring para&us acc rdlng to
Claim Z&a@rsn@l%amrQQvavrmmsuztme thi rsaléctnmcmml prés8sireenpppdes a
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Corres@@yﬁégkfg%fﬁgOéhgok?rgggklbcking device (22) as a function of

the pressure detected.

22 .- The apparatus according to Claim 21, wherein the first
blocking device (22) comprises a relief valve (22’), which is,
in particular, set along the first duct and is designed, when
operated, to set in communication the first duct with the
outside world so as to bring the pressure within the first

duct to the external pressure.

23.- The apparatus according to any one of Claims 18 to 22,
wherein the first pressure device (64) comprises at least one
pressure source (15; 25); at least one between the first and
the second pressure unit (65, 65a) comprising: a corresponding
first duct, which connects the pressure source (15; 25) to the
respective pressure-supply nozzle (61; 6la); and at least one
vibration device (17; 17a), which is set along the first duct
and i1s designed to cause a variation in an oscillating way of
the pressure defined by the pressure source (15; 25) at the

respective pressure-supply hole (63; 63a).

24.- The apparatus according to Claim 23, wherein the
vibration device (17; 17a) comprises a diaphragm pump.
25.- The apparatus according to any one of Claims 18 to 24,

wherein the second pressure device (87) comprises a first



31.- The apparatus according to any one of Clains 18 to 30, and conpri sing
at | east one second nechani cal pressure elenent (46) for pushing a

respect i wwoaotumtan nozzle (36) towards said mcrofl ui diecTdBMi16e006¥53) . 32. -
The apparatus according to any one of63Cl ains 18 to 31, and conprising at

| east one third nechanical pressure elenent (68) for pushing a respective
pressure-supply nozzle towards said mcrofluidic device (73). 33.- The
apparatus according to any one of Clains 18 to 32, and conprising a cooling
assenblsuqts®n ,umhi cha | secdesd gaedtion caoit atal ehstdaspattioonf unhe, and

m crof |_yi dj Vi (e73)...,34. - . The appayr at according to al 3.wherein
t he coglqzr n%g%ggeﬁg‘f%yf )thcosr}lp(:rt?lsogls:grgl%o H?L%g ﬁaggxe e%?&rl]mzciﬁ z‘a:cel ve
sur f acegsE®ctdiesd gedud torhsozrdl diebi 6 f r ovhat fieast aepant, othtilkd, and

m croflyi di.g device (73);. .and di.scharging_surface (53). for yielding heat;
The. actibm e, ik Foh Phi a0 A0 SEIR SRRe-BHIL Cera it HFERNERE: g
surfacerd3ler 3Rd Phéngppdesigsedccaading to Clafim&4, awhdresigt t bae

coolin .edq)l (50) .comprises a Peltier and a t -exchanger device (55)
connec%&g:scflo haYet Pel $97%6rS 548! -ln%eacg%lﬁatroaﬁ 3}50 acCcor ing to any one of C ains
33 to 35, and conprising at |east one fourth nechanical pressure el enent.

(60) f pushi ng_the _cooling assenbly (5 towar.ds the mcrpofluidic Vi ce
COTIE R e LR e e R e
conpri sinepsatre edevicee {87} heomactiveboranoZdas tandnenefunt @t source
corresp ing.suction unit. 38.- The aratus accgording.to_any one of
d ai ns (%33‘%,[,09%1-7""13%%? ePH= t e oAt 7P ggg‘?—)hbl §ef"9§§’i gh&gﬁlne@fl 4 Fee T
first pressiore dsdiwce (@4) andmpeithegsecandsgr@ssurdudatevi@e)(,87whiah
regu'a%d%%égg%p%ﬁ%s%ﬁzégggOéoaggesqﬁgfwkglt%%ﬂ}espective actuator
nozzle (36); and a second blocking device, which is designed
to interrupt the transmission of the suction to said

respective actuator nozzle (36).

27.- The apparatus according to Claim 26, wherein the second
blocking device comprises an element <chosen in a set
consisting of: a valve set along the second duct (42), and an
actuator of the pressure source (43), said actuator being
designed to activate or deactivate the pressure source (43)
itself.

28.~- The apparatus according to any one of Claims 18 to 27,
wherein at least one first actuator nozzle (36) of the
actuator nozzles comprises a corresponding first mechanical
pressure element (34), which is designed to exert a pressure

through the respective actuator hole (39) outwards.

29.- The apparatus according to Claim 28, wherein the first
mechanical pressure element (34) comprises a spring and, in
particular, a sealing element (40) set at an outer end of the

spring.

' 30.- The apparatus according to Claim 28 or Claim 29, wherein

the first actuator nozzle (36) comprises a hollow element (37)



actuator nozzle (36) and each pressure-supply nozzle (61; 6la)
| ndependently of one another. 39.- The apparatus according to any one of

C ai ms 18yborfroedd conprising a collection unit for cellggioin@esicarrier
liquid containing at least part of tha cells (O) of the given type. 40.-
The apparatus according to Caim39, and conprising a detector for
detecting when a drop of said carrier liquid enters the collection unit.
for housing the first mechanical pressure element (34) and for
connecting the respective suction unit (41) to the
corresponding actuator hole (39); the hollow element (37)
having one end that has the corresponding actuator hole (39).
31.- The apparatus according to any one of Claims 18 to 30,
and comprising at least one second mechanical pressure element
(46) for pushing a respective actuator nozzle (36) towards

said microfluidic device (73).

32.- The apparatus according to any one of Claims 18 to 31,
and comprising at least one third mechanical pressure element
(68) for pushing a respective pressure-supply nozzle towards

said microfluidic device (73).

33.- The apparatus according to any one of Claims 18 to 32,
and comprising a cooling assembly (50), which is designed to

cool at léast a part of the microfluidic device (73).

34.- The apparatus according to Claim 33, wherein the cooling
assembly (50) comprises: a cooling plate (51) with an active
surface (52) designed to absorb heat from at least a part of
the microfluidic device (73); and a discharging surface (53)
for yielding heat; the active surface (52) being of dimensions

smaller than the discharging surface (53).

35.- The apparatus according to Claim 34, wherein the cooling
assembly (50) comprises a Peltier and a heat-exchanger device
(55) connected to the Peltier.

36.- The apparatus according to any one of Claims 33 to 35,
and comprising at least one fourth mechanical pressure element
(60) for pushing the cooling assembly (50) towards the
microfluidic device (73).

37.- The apparatus according to any one of Claims 18 to 36,

and comprising at least one further actuator nozzle and one
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further corresponding suction unit.

.38.~- The apparatus according to any one of Claims 18 to 37,
wherein the control assembly (23) is connected to the first
pressure device (64) and to the second preséure_devicev(87)
for regulating the pressure and/or the suction at each
actuator nozzle (36) and each pressure-supply nozzle (61; 6la)

independently of one another.

39.- The apparatus according to any one of Claims 18 to 38,
and comprising a collection unit for collecting a carrier
ligquid containing at least part of the cells (Cl) of the given
type.

40.- The apparatus according to Claim 39, and comprising a
detector for detecting when a drop of said carrier liquid

enters the collection unit.



