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WD 2007/ 130647 PCT/ US2007/ 010959 Actuati on of
Parallel Mcrofluidic Arrays 5 Rel ated Applications

wab@7ps@dent i nvention clains priority to U S.PCT/US2007/010959

Provi sional Patent Application Serial Nunmber

60/ 798, 154, filed May 5, 2006, and entitled "Actuation

of Parallel Mcrofluidic Arrays", the contents of

whi ch are herein incorporated by reference. 10 Field

of the Invention The present invention relates to an

actuator for use in a mcrofluidic particle

processi ng system or device. In_particular, the

present inventi dyftration égP?fP'Eh“E'Gfﬂé‘E'GFC. Arxays yse

with a parallel array microfluidic sorting device for

sorting particles in a plurality of parallel

channel s. 15 Background of the Invention Mcrofluidic

Renvices tiBgs used in a variety of applications to

me‘rfggg%é;mmber of m crofluidic processes on

par t | Thepresgot inventhm daigisdwiasity i bt Fiovisioggl Patet Application
[ [ Ja y

SR T hooh XA SRREVRL 7 208 S0 lupd EREGmibFofParaie

Miamfiuelic dfrrayal,tthe t@aetth af whédnare derehoirconratee by reference.

various types of cells, such as blood platelets, white

bl ood cells, tunorous «cells, enbryonic cells and the

Fiek®of thedaeempmt i cl es are especially of interest in

the field of cytology, Other particles are (macyrQ). .
nol ec lﬁ'ﬁrpr %‘ﬁ%ﬁ:‘i“}élgmé‘ﬁ’c)lélaégs BragAsREer tanYspiRe 'é’@r dic particle

PRc¥ssUC R BR8eviddli i faiitdiyr, e Raddnk GlvRAL biS redites to an actuator
E}?rt|cu ar interest inth screenin

! nthe field of dru , ,
s QWE%P%@U@%@mmﬁwd\@\ﬁoamg%e.quﬁh mnamamc?es in a plurality

aPpALAdILREesndior particle sorting are known, and the
majority described in the prior art work in the

condition where the particles are suspended iin a 30
#hggrgwq Qy\éhg%m;é%%gh a channel network having at

ea a pbranch pornt downstream and are operated

accor dfintpfhhidicdeviecs mdp biedesed af 4 vaictp of applplat onsTtoeperform any

j &l.a i i.[st ed for a specific

TR A% B Flfic dhores il on AUV 2L cor bt fon,
fluorescent intensity, size, or another suitable
characteristic..Dependi.ng on .the ouytco of thi,s .

ot oot 017 S QEbTOfRERO gy AP POl HASIBRY £ FEfefgening, there
e hdedifbehighandughiput Boaimpusfnirtcled. Bxhmpisaifphafities that require

sorting are various types of cells, such as blood platelets, white blood cells, tumorous

cells, embryonic cells and the like. These particles are especially of interest in the field
of cytology. Other particles are (macro) molecular species such as proteins, enzymes
and poly-nucleotides. This family of particles is of particular interest in the field of drug

screening during the development of new drugs.

Methods and app.aratuses for particle sorting are known, and the majority
described in the prior art work in the condition where the particles are suspended in a
liquid flowing through a channel network having at least a branch point downstream and
are operated according the detect-decide-deflect principle. The moving particle is first
analyzed for a specific characteristic, such as optical absorption, fluorescent intensity,
size, or another suitable characteristic. Depending on the outcome of this detection

phase, it is decided how the particle will be further handled. The outcome of the decision
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1 WO 2007/ 130647 PCT/ US2007/ 010959 1is then applied to
deflect the direction of specific particle towards a

w@e@dasweni ned branch of the channel network.PC¥/US2007/010959

i nportance is the throughput of the sorting apparatus,

i.e. how many particles 5 can be sorted per unit of

time. Typical sorting rates for sorters enpl oyi ng

flows of particle suspension in closed channels are

in the range froma few hundred particles per second

{sQndpp1RAGS defledidhid HiFtROnRATsp&BRE Pasti lDlowardd BeBetermined

sorting unit. In certain mcrofluidic processes, such

b%mﬁbpgﬂ@ﬁéa%%¥PFW§¥kcertain actuators used 10 to

actuate a process, such as separation of particles

havi ng a predeterm ned characteristic fromparticles

t hat 64 importireds thetheolmhpunofitbed settiagappariust i.€ homagany particles
e r . F > I A t uat.ors

PR B LRSS iy e T TR 5 v QBRI s of

paraclefshispetisiondhicpysell icharreigart e thefrhings fronya fidvt Buntdied particles per

t b d t.h i fluidic.chip,
Eirep St Man S5 OF PRI e STHoRG: Ty 2GIalY FrEnemBy of
packi ng of an array 15 of parallel channels. Summary

of the Invention The present invention provides an
i nmpr OVIREETERR (OIS PIREESTER WChpg pPafticls thArting, ggrtain actuators used

R4l 8 pPsyebd, ROCIS ¥Sicpitation FPErtRIRAMH Y preliB@rmined characteristic
Eresent I nvent i on ﬁrOVIdeS a staggered _packing schene

rom parpeles that #9 net hayerapredeterpised cheyagierisies, imay present drawbacks.

Hef Leaipi@ RARN &heatbm ALY 1aRS 8P Gl Bl delS Wik Ath FRABNGace on a
froma stream of channel’s. | n anot her " enbodi ment, an

g@qrgﬂ.piglﬁc g&rigclkmitgngdhg@ﬂ@@qnqyo\pdth Bipighartaators can .be packaged on the
Qo ?fgﬁﬁ(f‘%l? nt@'ere@gra?s)é l%it%%BH@BQﬁs?w &%‘f’ﬁcieﬁ&n&; ;galéfcﬁ% of an array

to a h an actuation®port in”an associ’at

gbparabe cbhinelsont aining a 25 plurality of sorting
channel s. The actuator block may include a built-in
stressing neans to pre-stress each actuator housed by
the bl ock. In another enbodi nent, an actuator

0 ris% . Qiﬁgo-e!ectric stack may enpl oy
g%ﬁﬁ?@%rﬁﬁ%@ﬁ¢%¥é%%rlcal connection rather than
sol derad pydsessSint entl oipprovieiep ag kinp@vee AStubior fdrusens a microfluidic
' ext ernal, act.uator.

emhodi nent, the tuator, i s an i
RYTGElesgringyy Sf?ﬂ-:f’h%ﬂe %{E‘?Yng‘GP" e REgPeAt fmyfentign prRyides a staggered
padiiid f&hemeeFord pliffalither adfhators biddGoGBRBIMNAIS dafiéct a particle in an

f or ned. Accorg%gﬂﬂ%o one aspect of the invention, a

gs)ygfxéﬁdfsspl% fﬁ?lai stiea@ of channels. In another embodiment, an

actuator block is provided for housing a two-dimensional array of actuators, each
configured to align with an actuation port in an associated sorting chip containing a
plurality of sorting channels. The actuator block may include a built-in stressing means
to pre-stress each actuator housed by the block. In another embodiment, an actuator
comprising a piezo-electric stack may employ contact-based electrical connection rather
than soldered wires to improve packing density. In one embodiment, the actuator is an
external actuator. That is, the external actuator is external to the substrate in which the

sorting channels are formed.

According to one aspect of the invention, a system for sorting particles,

comprises a microfluidic chip containing a plurality of microsorters, each microsorter
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conprises a mcrofluidic chip containing a plurality
of mcrosorters, each mcrosorter 2 WO 2007/130647

wEONUSBO07/ 010959 havi ng an actuation port fBCT/US2007/010959

interfacing with a displacenent actuator for
selectively actuating the mcrosorter to deflect a
particle having a predeterm ned characteristic froma
stream of particles, wherein at | east one of the
actuation ports of a first mcrosorter is |ocated in

Bavihg bhe bembhti G0p6E ﬁﬁﬂh@rﬁbﬁ@gwi&lhﬁ dedplaRemeMBcaihtor for selectively
actuation port of a second m crosorter and a bl ock

MSvatinggthy rwpmsaqt?rtfy dsfleet; aslgﬂfae‘é eI EAcRTadsteaingd, eharacteristic from
b B@barh BEpariR AL Wﬂ&eﬁlf at98h oA E%E%Etdaﬂoﬁ ggrtp bPg Kirst mlcrosorter is
corr esponds to | ocation of an associ act uat or
lospted in g diffierent m@oa@@ﬂortgwﬁhp chipefitomiae ashuatien @t oflai second
ol f
ﬁh\g'o%r\%%ﬂi onb(fgcg(t }gﬁémg%ﬁ?lgfa%ygf di gPlgg%ens gﬁg{?ﬁ‘g budh thay the
locatiprs pf eashmshiatcxdn the bpek c@nqzapos&toahblcmakomsﬁ mr’méspclated
alor i viel acti.vat i

Ao Bt MO0 Gred i ShEF s ot AR SRR PPuB sguether
| ayer in the block assenmbl 'y whi ch conpr esses each
act uat,or n i ndepepdent fl.exin rreasto
orovi 88° %‘l%g"gs raé‘§ eéﬁipeﬁ BF&"&\WW"& 2 Sy APIoRropiding dense arrays
Gi)diﬁﬂeﬁbrhéhttahﬁlatﬂr@ e&npﬁ&sﬁmaﬂdasﬁ,lmb@ thiat hdldaR@hiieFs for selectively

ect of the invention, I acengnt actuator

Gl RE e Se arior I Ebsoaieh 10 GePLBY T GRYee) SER. dubterin e block

sBmb B wERRIREIpri¥stdleRhSehfatsi@ghMsPsh 1nqlel§@'ld§ﬁteﬂ’ex1n means to
conpected to a first end of the piezoelectric stac a

PRSWHIS RiG=SHiers sk Myralitn g a¢tnatiqpoRins meynteddn the block.
di spl acenent actuator device coupled to a second end
of the piezoelectric stack and a conductive coati ng
di spodegorsing torshid another iaprpcpphithgriavertionxa disgdlangment actuator device
Y [
R B Al R U B EARERRTHE Liadbity b Btage e
@nsal@ked anmcteﬂ)ets@ﬂrmandmf dlie plheoem:cguc e&clﬁagmbenﬂng., pin for holding
.| rticle rt in
{gc Crrg(?ﬁ g%ﬁ §1s aggrggr!ntuq ?orp Jevice o ?c d%is elnﬁeof the
pmm&ﬂldzqmn staEk gmd e cﬁndt&tﬂe atemmg d!idpolsle&ernf tha nlicﬁ,gitl(ﬁg poh and

|d|c partl e sor em of Fl e.l
EitEnPe lenil rerfab it i peelels Sk Svatide anhica
mrmecﬁdmtdihepim&lleedne ssekt i ng system according to one
enbodi nent of the invention.

Brief Description of the Figures

Figure 1 illustrates a microfluidic particle sorting system according to an
illustrative embodiment of the invention.

Figure 2 is a detailed view of a region of the microfluidic particle sorting system
of Figure 1.

Figure 3 illustrate a particle sorting module in the microfluidic particle sorting
system according to one embodiment of the invention.

Figure 4 illustrates another embodiment of a particle sorting module suitable for
use in the particle sorting system of the invention.

Figures 5a-5d illustrate another embodiment of the particle sorting module

during sorting of a stream of particles based on a predetermined characteristic.
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30 Figure 4 illustrates another enbodi nent of a
particle sorting nodule suitable for wuse in the

w@200vi1alee7 sorting system of the invention. Fi geeEES2007/010959

5a-5d illustrate another enbodi mrent of the particle

sorting nodule during sorting of a stream of

particles based on a predeterm ned characteristic. 3

WO 2007/ 130647 PCT/ US2007/ 010959 Figure 6 illustrates

an enbodi nent of an actuator block for housing a

pl ur aFiguye 6fillesxiacdshal enftsdditab @ of ansRehatbrilodihor Patdihg b Plurality of
sortlpg S sten18f_F| ure | 1in a two-di nensional, . .
SRR, AGEarSaised With e patticle sonbRHhEYSIEMBs iRt 1B tyRedimensional
agiypator block, 5 Figure 8 illustrates an enbodi nent

of "an_actuator used to selectively actuate a sorting

swi t cFigure ¥ ildustratesianpthes embpaignesy o dim asfuaprghlpek. 1.
Fi gur g{9rd %lilgégt{a?éfga%i ﬁ\ﬁﬁdﬁﬁﬁﬁn%?lcgcﬂﬁ%r REdtd geflec'j_,ilvglgraectuate a

actuator. Figure ustrates the actuator
sorting bwitcmin thempadtide sptinggystem of fogurdd. an el ectri cal
connegt | t ctuyat or 0 Fi es [l A1 1D
1T s Pl Do i dfs BRPHR roptindis % usdiatpt g

Descr Figurre h0 dlustraess [thy sastbatonofThigue ® frhidinglv@ithétGprings to provide
ﬁéoyides an ingroveg actuation systemfor use in a

Elegifichl cRnRepion 1odPe 38WPF P ng system that sorts

par ti plgsesuspandeitiubiiata the dithdor gl Particl e
sorting system provides high-throughput, |ow error
sorting of particles based on a predetern ned
DRAKIaE DREESH &b ofihe TRVaseRt | nvention will be
described below relative to illustrative enbodi nents.
Those TERPresedt NKeRtnR RiPYidGs pp impigved Agtiati 9 sisteny gor use in a
RI&SABic pAMERILATHIRN e tHalRL BB s SubpRn iR liRfid. The
different applications and enbodi nents, and is not
ByHelefsoE g Sy stenhpravidashigh-thrayglinue dowonrar gorting of particles based on
R ?retd'e&%ﬂ{edectm&%eﬁ‘ﬁﬂ:.sl" e Gdr %veﬁgoy iff'ol 'deE&rﬁ)léB %eljow relative to
II'Tustrates a mcrofluidic particle processing system
lysaattor ethipedimentsn Thosé slgtlediin the astmydbappeediatofthatlge present
ln[\]/\égtrl]ér{ %ﬁy byllx% lelnln lﬁ?é(f ﬁte{ Xtﬁnlpgrotfld?ilfgr Rl gpc ?l%?t!lgr% %Sémq)rgdiments'
conprises’a paP "C1e S or ing systen1For Jor i Ng
padt tsinok esechficy gnitddt muighapplipdtioredol thy pefticilar pabalinednts depicted
ﬁhannel s based on one or nore predeterm ned

H& acteristics. The illustrative

Figure 1 illustrates a microfluidic particle processing system 10 according to an
illustrative embodiment of the invention. The illustrative particle processing system
comprises a particle sorting system for sorting particles flowing through a plurality of
parallel channels based on one or more predetermined characteristics. The illustrative
particle processing system 10 is formed on a substrate 12 and includes a number of
processing channels, illustrated as sorting channels 160, for processing streams of an
input sample in parallel. The processing system 10 includes a plurality of sample inlets
130 for inputting a sample to the system. In the illustrative embodiment, the sample
inlets 130 intersect inlet channels 132, which flow a processing fluid, such as sheath
fluid through the system., The sample inlets 130 and inlet channels 132 create a sheath
flow carrying particles to be processed by the system through the parallel processing
channels 160,
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particle processing system10 is fornmed on a substrate
12 and includes a nunber of processing channels,

WO bdonssawat ed as sorting channels 160, for procEGEUSZH07/010959

streans of an input sanple in parallel. The

processing system 10 includes a plurality of sanple

inlets 130 for inputting a sanple to the system 1In

the illustrative enbodi ment, the sanple 30 inlets 130
intersect inlet channels 132, which flow a processing

fluid, such as sheath fluid through the system The

sanple inlets 130 and inlet channels 132 create a . i
sheat A suitablg sheath Jlomgsystane isdessribes! ind) 5r Bateatapplisptiop Serial
Rumbem 6670848 41BE NRREALEL] RACHRToRtntsCAFOMIBH Srelitfein
4 WD 2007/ 130647 PCT/ US2007/ 010959 A suitabl e sheath
mresposared bynr¢fsredes chlpwyeder thelingentatienet lipped txtichr manner of
. lo fi \Y; . 4. .
il LHERAE P bali oy B U0 gy anl Uty suitable
medsrmac be ubsvever, the invention is not limted to

such a manner of 5 inputting a sanple and/ or sheath
flowto a particle processing system and any suitable
meansAndeggedvionusgidn 120 dededwdsitonsireath How ka0tairdng thegmrtidies to be
sheat h. f.l ow cont ai,ning t he parti.cl tqQq b rpcesse
TSRy PRI R b e alleLaohelt 1 1P ehd p6ur R ERJ s 1n the
itlnstrazivel érad @Bmeht) thehdeteclidni sk btetit shakives tiahedileetd idehti® particles
detecti on syste gbserves tﬁﬁ parthIes,to,identi;% )
BAYIK & PEReIRRIT AAREISHEr i EoEHl el nslides onjer a plurality
Sedetsdibi8 Tof QEIsPB al 16dEIaFineM EhRhctn ftlinal thigét p&tticle flowing
detectors for sensing a predeterm ned characteristic :
throughithe 6Banneky 160¢) e f1 owi ng  t hrough the channel s

160. 15 A suitable detection systemfor analyzing

particles is described in U S. Patent Application

Ser i af* Nifablerdetagtion sysyars for analyzing partislesiis de¢scohedinel.S. Patent
RBbIRLaBioh NOBPRUAER 1 81 5 085 SHE B fen( AP wHEH hiBhetdhn tSrporated by
art wi 'l recognize that ’any suitable neans o
miabys ne galed inl the arrewillrecagngzd, th2anyrsutaple ouems iofignal yzing

' 4 he processing system 10 perforns' a

%@ﬁgg?géygr6%8§s on the particles flow ng through the
channels 110. In the illustrative enbodi nent, the

processing region contajns a series 150 Sw t ches

Por <BEAPhERa e Ret| 2L Mputab ey fhp@bigius felpeted process
dérntheattbdés Howingghngh 20: tirnhaldd 10N En e iMTOSEative embodiment, the
€rede1ern1ned . , . . . )
rocessing region contains a series 150 of switches for separating particles determined
by detectors in the detection region 120 to have one or more predetermined

characteristics from particles not having the predetermined characteristic.

Figure 2 is a detailed view of the region D in the particle processing system 10 of

Figure 1.

Figure 3 illustrates a suitable switch 151 employed in the processing region of an
illustrative embodiment of the invention. Each sorting channel 160 is associated with a
dedicated switch 151 to perform sorting of particles within that channel. As shown, the
sorting channel 160 conveys the particles suspended in the carrier liquid through the

switching region. In the sorting region, the sorting channel 160 branches into a first
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characteristics fromparticles not having the
predeterm ned characteristic. 25 Figure 2 is a

wa@ledoaiibwa? vi ew of the region D in the particl ePCT/US2007/010959

processing system 10 of Figure 1. Figure 3

illustrates a suitable switch 151 enployed in the
processing region of an 30 illustrative enbodi nent of

the invention. Each sorting channel 160 is associ ated

with a dedicated switch 151 to perform sorting of

DARLA 828500 &oRd bRA{chORBR G brardh pORVY. 'tmlluwtwersgmch 151

channel 160 conveys the particles suspended in th
mafamrpqmﬂm; By seleesinghy ey ing i RIEBHFGPH e} footel ectad Raicles 18b in

hhﬁ}%n rl@@'l@é?l’tlﬁteh SRE Héte&l&hr%gnﬁ' 12658 d%n@&%'%ﬁclbm&mg the
e B by G L S s ey P ol

mdetarrs@s_d wuar@pfun@hc o a firstpuebZéhoipbe shamel, wikte partl cles 18a not
ﬁi\)ﬂﬁ%ﬂéﬁ%%&%%g& thrgéten.?tM\gglﬁa a%%%ﬂc% et @ﬁb 8f the channel 160.
sel I'vel'y applyl ng

a pressure pulse to se
7|b'h¢ tétettm Fgon 120 itShbﬁmbthmrthb sQiBDgi chamel ﬁlp&tdeakmy of the switching

det ecti on re Iect nti,c Vi t .
EAGTEpd 300 RR A & it 5 e R b B SRR s feterminea
eilarhdieristlveoeirsiclediinl the getettion @gich820.not 5 haVI ng the

predeterm ned characteristic flowinto a second outl et
22b of the channel 160. The detection region 120 is

def i nedcbRidd D elilisietichambelintdsdaeRBwath ibe mcludes a side
switching region, and is associated with a detecto

shangek b3 '@é?js%'@ﬁéhe ssting pRanng! HoQtcthe spitebigs region. A fluid, such
Qshﬁﬁ%"%ﬁ&ﬁﬁ IpRid Cbaﬂjalﬁﬁﬁﬁé Rk 8Rle! Rahfld 189846 EdrhPR MRRCRE153 therein.

Accord to the illustrative enbodi nent, each
’s%' tsl@'h channel ﬁé?- @u@QdatcsarmleterrmhaWﬁ@v a sepled phambesdpfnghich is

H@?ergﬁ’lrytﬂl &Rﬁ"& id, 106n tbﬂal?’lhﬁ %‘%Eﬁ: mer@leftﬁgf}tﬂ{i' T‘ﬁ‘e memscus 153

SUC as the shea arti al
iiteféaceh ang éormisspbarger betyeen ﬂ‘@rﬁhs@tbélum and ﬂ@rS@Nﬁ‘d chamber 154,

Sh50 BRI o) A 8 PSS OB ] PF S s

sumboved invards, ardates ztmmnreakeemahe.ﬁufe ihl the dealdchehamgyer §64s The
3 15 terfaces and bet ween t he
SRR 1sPsply o8 R e RSl S B3 B A T-E g SORE Bailmerys formed on
fHedsupstedite math ah extednadesuact, hededtibedbelmovabl e wal |,
whi ch, when deflected or noved i nwards, creates an
increase in pressure in the seal ed chanber 154. The

C hanbarn ddatSE1 IR ald Rovidel fat dcAmtipgrthe EWittl ) 8T R the detector
% sorting conp onen%s formed on, the substrate with
the deiecran region iegifiena perdisterhaying peredgiermined Characteristic. Tn

some embodiments, the actuator 158 is external to the switch 151. The actuator, when
actuated, momentarily causes a flow disturbance in the sorting channel 160 to deflect the
flow therein. The actuator 158 selectively increases the pressure in the chamber 154,
causing the flow in the sorting channel near the side channel 152 to be displaced
inwards, substantially perpendicular to the normal flow in the sorting channel 160. This
transient liquid displacement, having a component perpendicular to the normal flow in
the sorting, can be applied in deflecting particles having predetermined characteristics to

separate them from the remaining particles in the mixture.

The actuator 158 is preferably a displacement actuator, as described below.
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20 An actuator 158 is also provided for actuating the
switch 151 when the detector in the detection region

WO c@ntisdferes a particle having a predetern ned PCT/US2007/010959

characteristic. In sone enbodi nents, the actuator 158
is external to the switch 151. The actuator, when
actuated, nonentarily causes a flow disturbance in the
sorting channel 160 to deflect the 25 flow therein.
The actuator 158 selectively increases the pressure in

the chapiredr MBAoptidiall§bepréviged fo?\Wbbdtbingahs prdshutg pulse created by
channel near the side channel 1'52 to be displaced

he\RSFALT. subst ant i al | y perpendicular to the nornal

flowin the sorting channel 160. This transient

l'iquid displacenent, having a conponent perpendicul ar

to the&ref , thfe anfuater 138his extorndl ig thechstpate Ampihichcthe forting

gﬁ%)lrngg l'e r6|ga§€ ?JrHeﬁl 8'1@%(1'65‘ ghﬁﬂ@%eltﬁrrg}})g ﬁl]g? Re formed extera al to the

ICS Separate them e renal
paistratel es in the n1xture The actuator 158 is
preferably a displacenent actuator, as descri bed
bel ow. 6 WD 2007/130647 PCT/ US2007/ 010959 A buffer
may opig. mﬂhkt)fatéeearmtl@atidﬁﬁﬂ)dﬁrﬁént&b‘&cz;‘lvb'tdhg;uttblﬂe m&eﬁﬁuhﬁg a pressure

t t Pr ef er ahl vy,
Rillee 5 Eiparmig Pard¥les b PHAR S RO oh s PRSI R e @partigles and/or
sarrtg L) tﬁlmdiabﬂaisﬁrblﬁ@ a@f@ssﬁl@rpmé acEﬁz@ln%e@btﬁé t<0RINRE bf the present
or al e Su trate
ignta . Re 38owathe sWrich 1o e heiacadidcent A Siif pisiage 152" formed

Fd E\ﬁﬁkrﬁtef 2 whicBaéddiado %d@ﬁﬁ%ﬁlﬁmn@ﬂﬁﬁ Tie §8@§£S§£@ 152’ includes
part|C|eS of interest from ot articles in a str

pfluphingsréacepopnly) formed gy a%etapﬁ@urggn dhotide walligfthe passage A sealed
é‘&ﬁ?fe@hBS cRab&SBMF 6 M@&ea%a%egmg thOsi kb Sa§s§§@ hsmil%g

resent invention he swtch
fs@flmwatﬁsa’@élhthetsai%pww thepugh glee gizt infesfape gorti Ahg illustrative

tSQ ilszfowm:&: 9%5"3@&157 1t tehﬁ’evﬁﬁ’lr trﬁé}gb ?F}Qel'fh%ggrnr er fluid in

e passagée I nclu erface
e Sﬁd‘x‘r mselagwl an faqua uHeBistus t&$é asthéentmffabe bétvtche the side passage

S

BRERR S uheRarae BB Ef 3o R R L T Ramb g (pinorense the
panmra iirc etfeachamibet) vittieh deftiectprhs segiscubnodighusel @ pidssing pulse in the
interface port. The illustrative chanber 154' is
PEHYEHUSY a seal 71 and a flexible menbrane 72. The
carrier quid in the side passage 152' forns a

ni the interface between the.s
ggsszgus res ?a- 3tlllustrate tge swfltc ing opel\'g%on o sw1tci1 1?1 in the particle
sorting system 10 of Figures 1-4. In the embodiment of Figures 5a-5d, the switch 151
includes a buffer for absorbing pressure pulses created when the actuator 158 increases
the pressure in the chamber 154, The buffer includes a second side passage terminating
in a sealed chamber 154’ formed opposite the switch side passage 154. In Figure 5A, a
detector in the detection region 120 senses the predetermined characteristic in a particlé
and raises a signal to activate the actuator 158. Upon activation of the actuator, the
pressure within the reservoir 154 of the switch 151 is increased, deflecting the meniscus
153 and causing a transient discharge of liquid from the first side passage 152, as
indicated by the arrow in Figure SB. The sudden pressure increase caused at this point
in the sorting channel causes liquid to flow into the second side passage forming the

buffer, because of the resilient properties of the second reservoir buffer. This movement
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and the chanber. The actuator 158" depresses the
flexi ble nmenbrane to increase the pressure in the

w@bamhaned7 whi ch defl ects the neni scus and causPGI/EHS2007/010959

pressure pulse in the 20 carrier fluid. Figures 5a-5d
illustrate the switching operation of swtch 151 in

the particle sorting system 10 of Figures 1-4. In the

enbodi ment of Figures 5a-5d, the switch 151 includes

a buffer for absorbing pressure pul ses created when

bhiequdd intatths bﬂﬂ‘& sinﬂl@p%ﬁ@&s Andiched pithasuwrew. M4 Heesult, as can be
chanber 15 e buf f er cl udes secan I de, passag

FesPAT mrﬁ‘éc flow dhyueh theaae chaanelip ARttt 584 the selected

pdre cRWftifterest USH RASEAIR IR the firdtistié RsSube 134 ABYRCEHHFer side
In the detection region 120 senses the predetern ned

passrasctodie shifted paspendiaien tolits floyn diregtionda the spigma]|siagyy The
acidoyeat Sartie R e iALL ishPRed i«trzmnﬁw th\éaares%areoéuiw %hen flows into the

actuator, the pressure wthin the reservoir
firss oythettahann® 22pswhite eselested petiles tinafeetpe bmlm gr@wre pulse,

e .
i, B0 Socc R Eharn B Hor by B Bardd i ding the
predetgrmmelichamaetebiBtic Tioen partidies npt lrssng eheipnedeg¢arsgned characteristic,

%saéﬁ%%\ga ?tm%']l’q‘]eg Sgo%rg%%i n the sorting channel causes

e second side passage form ng
the buffer, because of the resilient properties of

the segond,reservoi.r. buffe h ,
D007 O e BERARIG8 ) drikyhaRe PRI Myidethegeservoirs 154, 154
bagirine ko tedRrmabpRefire Salioddhe tiradmbl MoRdF PaFRIEs iA® the second

re , n be seen in Figure 5C, the flow through
W%n§ WPFiazghannel is deflected, causing the selected

particle of interest 18b | ocated between the first
si de passage 154 and the buffer side passage to be
shi f t d81sRaPpesa @f detesting and seleqtiveWeteeting ofgrertigles may be repeated

H)‘%%l’ne%tp@rf Seconfl ?orssd}ﬁﬁ% patietds Bas hig r%teotkd' Eﬁﬁé Prfetﬂwd switching

di spl aced radi al | e pressure pul se,
prdescribrd, swﬂicbmgmraétone e rhesl expouted whitd erqulné sbevtlgfousand

Wﬁéﬁl %Sﬁeraﬂ oﬁ&%ie{?&c? %ﬁﬁ(ﬂﬁ P&g ?g %.t@% o e ?rderfclf %W%lron sorted

Into the second out ann separati ng

pattitles peshdvavi ng the predetermined characteristic
fromparticles not having the predeterm ned :
characteristic, as shown in Figures 5A and 5D. 10

W‘Ien Ahei@bletsati hirgh®ecitanibed it degaditedl, intlh S, paeasNumbers 6,877,528,

bR T 518 SRR 757 and U P ARl SE T Rber

1 h’e95,6833t11:é contents of which are herein incorporated by reference.

According to an illustrative embodiment of the invention, as shown in Figures 1
and 2 the actuators 158 for the array of sorting channels 160 are staggered on the
microfluidic substrate 12 to allow dense packing of the channels on the substrate 12.
For example, in the illustrative embodiment, the switching regions of the switches,
where the side channels 152 intersect the sorting channels 160 in each switch, may be
spaced substantially equally in region 140. The side channels 152 of the switches may
have varying lengths to allow the location of the actuators 158 at the end of the side
channels 152 to be staggered. Nevertheless in other embodiments of the present

invention, the switches in the switching region can be staggered. Staggering the
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outl et channel 22b. 15 This process of detecting and
sel ective deflecting of particles nmay be repeated

woraovy/18G6wes per second for sorting particles apCHUKI0gT010959

rate. Adopting the fluid swtching as described,

swi tching operations nmay be executed up to around

several thousand sw tching operations per second,

yielding sorting rates in the order of mllion sorted
particles per hour. 20 A suitable swtching nechani sm

switdes esquied compthsatioPdbvrediffeidnintieres fiton8 ddte&tdd to actuation (for each

6, 808, 075, §,,976,590 and .7 5727 and U S. Patent

IRt and Pos g FPLPeRITIRE £t Aa sctads rlsPing P afipk foy the fact that
ineiredistan thh@SdhddIWﬂrLﬂﬁbﬂécEd]dﬁMel&Qﬂﬁrﬁﬂﬁ‘aﬁ‘melg@ost switching joint)
Accordin to an jl]ustrative enbodi nent of the

VAYISHat 8H bedatrgs) Ym?t‘gleﬂures 1 and 2 the actuators

158 for the array of -sorting channels 160 are

staggered on the mcrofluidic substrate 12 to all ow

dens elipthelillngirasive erbodimerieths agiatane 158 prststagesrerioat different

E(R{l‘dl ﬁégmo%g th@sﬁ&%}a{é EQ%F@\“ ieth%go%%'uggé]ﬂ fnhﬁ'l term

sw tching régions o eSWIC ere
‘teandiebts” Iﬁzrswmadpngdmah @ositiph iofign €learemé bkmg@(:substrate For

h |y
S5 54 e Bl TR LB R R e
pav frowad yowm g>f lswrtghdssozt anashdrovwtgaeal leb cai front Ghputhend or back
h 152
G Siortn® sl n B Bu€omhSGriaf e DR RIS B tfgered on
¢hip H@Nising a3y winidtdo actiblr puittaedengths tvhﬁe $eatvingthe Qocation of the
DA B T eSS Gl <5t9850 AR LETFad SF Gy b gogsered by

seapeBRaddtain®thedidd daqnéls bF ﬂﬁﬁsv&xma% telot ik itadt@ator port and

ctyatiogn (for eac¢ | engt h) and possi bly conpensati on
ehgrmter dat @ég%%%ﬁ% glsr?aﬁ%frﬁ@l the SWItPRHRE FeFion-h EOF grample, 1n the

ﬁlﬂ@&atnté\%nlﬁ&ﬁin%ﬁ@%@vd iR Hib@re§ 22h8 2, BLhRRAS El%dgroups in subsets of
channel s C% channel s post sw tching joint) uld
p

hetesa | ﬁfﬁé s1d|¢t wrsl daRa of qﬁgq{cﬁy@tch 35014 1rt #eeries of'three switches has a
filsh i g[ﬁa}\' fé?mgﬁ?i?g il REaled Bfa érbi%t!lgrf E ﬁragtuator port at line X,

stagger ed’ rent coor nates al ong-t
sighghatdhe comesppnding akwatsir is hnce@d aksxgjgedi‘(hér ggicand side channel

gfibg&nf aé{egﬁé%%voﬁig}g }]59 fbgﬂ SSL setcgré(?lengﬂ'pﬁt éé ma inB 9 iatséa%]d chamber
154b forming an actuator port at line Y, such that the corresponding actuator is located
along line Y. A third side channel 152¢ of a third switch 151¢ has a third length C,
terminating in a sealed chamber 154¢ forming an actuator port at line Z, such that the
corresponding actuator is located along line Z, which is furthest from the switching
regions, which are aligned along line S. Thus, every third actuator and associated
chamber aligns along the same coordinate of the substrate (i.e., the same row). In this
manner, one third of the actuators for the series of sorting channels and switches are
located along line X, closest to switching line S, a second third of the actuators are
located along line Y, farther from the switching line S, and the last third of the actuators

are located along line Z, farthest from the switching line S.

The illustrative packing scheme thus enables dense packing of the sorting

channels. In one embodiment, the sorting channels may be packed with a spacing
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exanpl e, the termcoordinate may refer to the distance
of an actuator and/or actuator 10 port froma row of

W@ MoUabes7 or another row parallel to a front BCTIpsiop7/010959

end or back (output) end of the substrate. In this
enbodi nent the actuation ports are staggered on chip
by using asymmetric actuator port armlengths while

| eaving the location of the switching joints in a
line S. For exanple, the actuators 158 may be

Bétagee ERghnRls at a8 lield avEIYymRX6RN dh RGnirhe, Wedahe beinetso align
of the switches to |ocate the actuator port and 15

dRag s samsqling, marg §RRGCYPH OF AFRRBEY r om t he swi t chi ng

region. For exanple, in the illustrative enbodi nment
shown_in Figures | and 2, the channels are groups in
subseBy wing 1pgaseing astuprips Pogs HeevsmaHHE] chagdels die Hustrative
pbEinfeh bEfhe fierlichlbob BEbRAn bl HER B B ERGEABRrictive or
tthentypg ofdisplacasicot agiaator that drergendtally saachargdtatpach tinearly.
correspondi ng actuator is located along line X A

second side channel 20 152b of a second switch 15l b

has aAdtoopll theeargtyhofBictiagomyiand thengprienpendigah@vatodnapryesrof the
154b.f or m n n_actuator port i Y... such that the

e Pl o g B B s Aol fep G stheied s, those
sllledlinsthd artohdinayglrecliotd ehad fthearkdyi 6fthctwitdfand BHe corfedpomding
third I engt .termpating, in a sealed ch er 154c .
OO ol S TPTDPY oSl eSS ing g ot hE pessent invention

6 KRR RV EdileXadipld, Swb 6wt aft mbreNBar ihigd éws\Miir @Rample, four
is furthest fromthe switching 25 regions, which are

EIWY A raVSrX Foeans SorPflys, every third actuator and

associ ated chanber aligns along the sanme coordinate

of the substrate (i.e., the same row). In this i
nmanneAltesprsively, the priteies peintsdn aegion dA0 My alsg preajtegatively be

gg&g%#@& LIRSS ?@ﬂ{aﬁéﬂstsﬁéﬂeerélss"i‘!x%eré saled along line

osest to sw I'T ne second third of the
actuators are located along line Y, farther fromthe

SW t chj ' - hj of ..t 0 .
5oL P et MGl 5bd B 5 AR %S esgned o
suidhcdpacigg landeedsh alisy nlihinstm attercbapeat kpavingschene t hus
enabl es dense packing of the sorting channels. In one
enbodi ment, the sorting channels may be packed with a

spaci AgcofiMOio2AHbit el b dirREnt/IRZOMT LRI B pvtitiepedtessing
LR TR N T M 1
sRaa0rsHhetubeng 8 QUirhles of ByitdBés i@ thé paigiclel jiEcadbingalitem. Figure
g?lﬁlgs%ralteg 'c&lveengbyodtirrrlIerrltdofcahs:rjlerl}'r—]ael%gsflirggha?c‘nlmltto}'I getlcrk?ggl lylgck 400 suitable for
actuating switches when a detection system 120 detects a predetermined characteristic in
a particle in a sorting channel 160. When coupled to the substrate 12, each actuator 158
in the block aligns with a sealed chamber at the termination of a switching side channel
to associate the actuator with a selected switch and sorting channel 160. A controller
selectively actuates the appropriate actuator .158 in the block when signaled by the
detection system 120 to increase pressure in an associated switching chamber, causing
deflecting of a meniscus in an associated switching side channel to deflect a targeted
particle in the associated sorting channel. The actuator block 400 may actuate one, a

plurality or all of the actuators at once, if appropriate.
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5 enbodi nent of the invention enables conventiona
pi ezo stacks or electroconstrictive or other type of

waele®phswsenent actuator that are generally too PEr/Ys200D010959

pack linearly. Al though the array of actuators and
the correspondi ng actuation ports of the mcrofluidic
particle processing systemare illustrated with three
staggered rows, those 10 skilled in the art wll
appreciate that the array of actuators and the
corresponding actuation ports of the mcrofluidic
particle processing systemof the present invention

can habe ifusiative @%amfsdpcl@glghml'@m ertr,em SPHPEfdiexures or other
Lhssid ﬁé}ﬁ@lerd@\’)ﬁes Feali Qé'ﬂ}ln%r siBNbs Fdr@4sh adth¥er pRvVS,

six rows and so on. 15 Alternatively, the swtching
points in region 140 nay also or alternatively be

St agggl ﬁlqz 1aﬁratt1e nboéioﬁfm&tc? ﬁﬁfr' it?%f SENEHHN 154 %%gﬁ'hﬁéiy packed in

I Nes. ment uator array an
autm-aiuruenqmmaﬂ agny afaelr éluciafsm‘g?rmmuattm 1 5feinchidspa piargelapidic stack

h%re\é\\'g b'i]e g“ﬁéﬁa'{;élneﬁt %ﬁﬂ@ or thgt e@t%hﬁ]c% %r%'gtr&cc? Wh?h 'glgpplled with

E ano nvent
ppageskr Bignals yﬁltaﬁhﬁme]y,l the piteclacisiel sEacalmgncmgpn se an

t uat ki.ng, bl ock cont
SetiSiegr ety RplagaP e U B S derdeiap ing 562 or

pitlet bGitBIPISLES $4 MPu B RBLgIrbg Eifitable inkinssbrihé ﬁ‘énﬁsﬁde of the
enbodi nent of a self-alignin actu tor packi 21%:1 bl o
BisBoERtiA 5176k £ She SSuABRREN [ 2y b B uRlrdrio fhe piezostectric stack

91%@@{ ér%nsﬁﬁéﬁfeerﬂéa}%oln@ﬁfd%‘é ug, RRAebELINeNBShding means. A

C aracterlstlc I n article |n a sortlng channel
rEontipgen BSips @quée oretheask pheachipezosteciqetetkat ¥il. The

cjté:gaudrp?thhl%@ll@&&f@u'r&pﬁ) Mis ﬁoﬁecﬁé Sfti)cﬁ haghgl cBhiabiemovable

termn i on of sWwtch I Ng sl de channel to associ ate
wall ofatsgaled switiching shembetwhen i RiedpetastiaHpek ergpands to create the

ol
SEA05) oA DRy SENES kGBIt S5 Mot soring
blydrinkb Bogafletretbeistcked aetaatidrepint1o 82 nprzasecipl @&b@ndempnntmg pin

?ng%rg{gla&t %120 A &l;ytng chanber, causing deflecting
dUE n an dssoci at ed smntchlng si de channel

to deflect a targeted particle in the associ ated
sorti gﬁ) &rl] The actuator. bl ock 400

one. Br byite B 1B Shpie R A ek Dok e 1585, into
amwmnenpaéze piddm¥¥Ob 2 G4 1 BREE éz4°pihs R PRI BI) FX2d td ke back plate
gaﬁu %éé}?tfﬁvgggdgt@gna%}%r%{x% ggéBUed)ger?cV {hlrct)ugh ap%nr’tgresst 5%? sf'g"rcrined in the
back plate. The mounting pins 1583 may conduct electricity from a source to actuate the
actuator. After fixing the piezo pins, the back plate is then mounted into a front block
1584 so that the piezo pins are compressed against flexures 1586 located in the top 1587
of the front block 1584. Any suitable device may be used to provide compression of the
piezo pins and the invention is not limited to the illustrative flexures 1586. The top 1587
of the front block 1584 faces the substrate 12 of the sorting system when the block is
coupled to the substrate. The tips of the piezo pins, formed by the actuation pins 1582,
protrude through apertures 1588 in the front block so that they may contact the actuation

ports of the microsorter system without mechanical interference between the substrate

12 and the actuator block system 400.
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suitable flexible devices for each actuator, such as
for each actuator pin. 5 1n the illustrative

wepndodswsent, a plurality of actuators 158 are PEnEs1097/010959

packed in a two-di nensional array. Each illustrative

actuator 158 includes a piezoelectric stack 1581, or

ot her suitable displacenent actuator that expands or

retracts when supplied with a particular signal.

Alternatively, the piezoelectric stack may conprise an

el ect [19ﬂ&flﬂﬁittatﬁvb\eﬂalﬂidﬁﬁéracﬁnmma&ﬁ*tbﬂmmh odqnewﬂe khreé R®vs of piezo

art. An actuati.o n, 1582, or 10, ot her

BB oW adong, Bt @d%%haawompmstt%m%o ﬂg'ef & dfgnd Z along

WhivAlthe kéePEhdniters B 188 @@ IREdtTInCofTh@Sile clAYheRClodBhdHONWitch in the

pirn 1582 nmay be nounted to the piezoelectric stack

RO olFikehes sniteasibstraeane formed] Ui 3gh gewiethe @etwaters e spaced

%n &hmﬂg@g?ﬁ%%ma&r d &0 ran.g %\Eﬁﬁeag H@Eﬁﬂnber in the
ac

each piezoelectric s
atbtsgtartf smntqbpmdmm@dlaéomﬂw iagpocited neXt ¥t Z.r dhhilcdre illustrative

§$B§&\Hﬁ=@x9 ﬁcﬁgs n%&%%% r%aeft nﬁ‘é%ﬁs of]lﬁre\éalnLe ﬁ{fl llzl%ﬁg Slq “gll recognize

I'ng cha I'ezoel ectr
that theasatuatdriside cﬂmmnsls any ame&mﬂz&umb:send;obsah@gﬁed/al any suitable
art icle in an _associ [

def | SClpd JLar ortin
foferilc o s REPRL S RIS sfredind pASTRG ot Tl roud be formed
o] tﬁE tbl(ﬂ:kaCNlelxﬁﬁﬂbeakbﬂ réWpaiit the gobtor bldokZoleEpands to fliedmber of

" E é TQ@gbl ck for housing the array of piezo
Bithers o etirg ek e SHEECTIEESSATRy o whi ch t he pi 620
pins may be fixed. The piezo pins are preferably fixed
to the back plate 1585, such.that the nounting pins

1583 ke distiative agMatepblack A9 implemenss ippfement méenssaé‘r&mg array

RJ @&nBervERBadOUN] R GIHNHAR v 888 oifYerf %@H%tuﬁio?qté Igikdd/pin, or other
froma source to actuate the actuator. After fiXxing

syitablsi displagament aphiatasalslBpasedtat lass thanaaborbtmmespacimgdesveen
[
SaObr ORGSRk G 20 Bh ARy Ui than 2 mm
g8 vals @forlg”tbeﬂwmdeobﬁ)tdﬂk bids8and/Argfesabily Hish dladehmme may
be used to provide conpression of the piezo pins and
the invention is not limted to the illustrative
f | exulretheliB88ratiVeentbapirh&8 /thedfextihess 1586 mte bﬂo@ﬁied]tS&ﬂamtam the

faces t.he substrate 2 of th n tem wh
TGRS 8 ° HBUPr e c% 1ol PP e oL BFok pgration over
pjngzmegi dndl, mAgr Tq'ﬁﬁesb)lnttﬂf@reaﬁﬁglﬁbs@ﬂn H@eﬂ?v&%bﬁpﬁﬂid in one

rotr.ude .t hrou apertures 1588 in the fro ock so
ErBodisay Hag B AR U SERISE FBHC D eI Gopression. When a
VidleIge SO hp e d¥ ShEMovhiin® pin, IRGHGMItER pih 583 trah8RkSthe voltage to
€§tmeen the substrate 12 and the actuator bl ock

Piezrelestyic sfack 1581 to expand the actuator against the compressive pressure,

thereby actuating the associated switch 151,

According to another embodiment of the invention, shown in Figure 7, an
actuator block 400’ for a particle processing system may employ helical springs 1596 to
compress the displacement actuation device, such as a piezo pin, in a resting position to
provide built-in pre-stress. A helical spring 1596 may be placed over each piezo pin 158
or other actuation device. The spring loaded piezo pins may then be compressed all

together against a rigid surface 1597, which is located in the top of the actuator block
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WO 2007/ 130647 PCT/ US2007/ 010959 In the illustrative
enbodi nent, the actuator block 400 i nclude three rows

wo@Roopiiawae? pins, shown al ong axis R Each row PCT/US2007/010959

corresponds to one of the lines X, Y and Z al ong

whi ch the seal ed chanbers at the term nation of the

si de channels for each switch in the array of
switches on the substrate are fornmed. In each row, the
actuators are spaced 5 along the length L of the

64 UaLRE iIRlseskv SEnBsdiinenal T i gidtshrfees 5 sEmh P Ue thvardaah any
in the subset of switches di sposed along the

gitobl lgeationine X, Y or Z. Wile the illustrative
enbodi ment shows a staggering at intervals of three,
one skilled in the art will recognize that the )
act uaRefersingéo Etganerel-3 1 dribe peesensitaventioaanayaalep or shgrnigavely

e YR iezd=8in £XAR Sith
B FRREE S0 Alertiblety BroutdIbg 1ier LB KA Fith pBbntact based
élecimedl ddhniectiam eathérgbhn eMpbymgrirdderefl or ommped wites, thereby further
act uat or bl ock, ¢ esponds to the nunber of subsets
Br?prswr%c%agls(m%nde\?\k%%h t he staggering occurs. The
illustrative actuator block 400 inplenments inplenment a

dense_packing array. to.cpnserve space. In the .
1w PRt ks Robwenaly BT E: TR ¢ e efirodgs,on opposite
pides ogﬂle&td&m In 38y aeﬂstg@*ablﬁng iiﬁpleﬁ%@ﬂig th6deliirey woirld have to be

ac at | ess than about 4mm spacj ng between actuator .
EE%*@EP aft ayfe SopRand REPMECHSIANCGHH 2 iRSLOAPE Prega g ver electronics. In
tHeaasativdleldBDRid AAN 58, hdsided be A Suifgint1Be3 kg back of the
side of the block and preferably less than 1mm In the

Piezawin srpefareap sentpb it a ¢rating dX8F bar megllizgd er have conductors
BRI RNted§ diltOc iR SR Rafelil, s8th AChERI GbSetdhfle copper, which is
pre-stressed state to pronote reliable piezoelectric
sxigadedopenr shd Bdesovfedhe plegngtack e8] daelf tenliove fhd designento use

[ 0
EBRIGReL St 10 Ak EFor (IS TR ARG IR0 AR Iai o make
gleetrivel coringcitampy ssition, sivfilen taa integratedeciicsitapip indihetpmckage pin
ggﬁq&e{munti ng pin, the mounting pin 1583 transnmits the
Vo

dge to the piezoelectric stack 1581 to expand the
actuat or agai nst the conpressive pressure, 25 thereby

actuatid,ng the associated switch 15 ccording t .

ot n e dnis RGP RCT Rt SR e rus R PR s dlupased pins
(pieanpin3y énblogledatioalkcoA@Eitidneto Be pavde ivging dondeaBeispgngs—
system.may .enpl oy heli.cal i ngs 1596 to conpress

B BBt S Esest arnr 67T BERAICEed0Eh as a pr evo

pin, in a resting position to 30 provide built-in

pre-stress. A helical spring 1596 be pl aced pve )

each Arschgopiin Figye %o_rhecﬁc Lof BER 13 HRoH BG meintag g the piezo stack
$981 D8lnk Q376U PHE SR tH Bask RBY of RRMARHGATM B8 BGreddiled by a recess
1598 in the front end of the piezo stack 1581. Any suitable mo%nting means may be

used.

The present invention has been described relative to an illustrative embodiment.
Since certain changes may be made in the above constructions without departing from
the scope of the invention, it is intended that all matter contained in the above
description or shown in the accompanying drawings be interpreted as illustrative and not

in a limiting sense.

13



together against a rigid surface 1597, which is

| ocated in the top of the actuator block 12 WO
wWQo@7n38@647 PCT/ US2007/ 010959 400' in the  PCT/US2007/010959

illustrative enbodiment. The rigid surface 1597 may be

| ocated in any suitable location. Referring to

Fi gures 8-11d, the present invention may al so or

alternatively 5 provide enhanced performance by

provi ding the piezo-pin actuator with a contact based

el ectrical connection, rather than enploying sol dered

or crinped wires, thereby further  1inproving packing X

densi s aispdo be spdeRiood i i ﬁtoém‘?%/clﬁav%awqp gguer all generic and

SRLAR et dfMBe RIVRAEI6WHERIBE] RERAS bh & all LRit&h&RS oPthe scope of the
the stack. In any dense packing inplenentation those

wivertiionwbic, aed matter pelangagagmisht be said tofell Hiesehetyern.
connected one at a tine to the piezo driver

el ectronics. In the illustrative electronic pin 158,

t he sHagmgodesciizedntbe mventoni whatigglaimed #endyaeid protedtesd by
Eg%go-gkgt%tructure are coated with a coating 1593 (or
HETd Plzed or have conductors nounted) with
conducting material, such as netal, for exanple
copper, which is 15 extended over the sides of the

pi ezo stack 1581 itself to allow the designer to use
conductive springs 1594 nounted in or bel ow the
acutator block back plate to nake electrica
connection by insertion, simlar to a integrated
circuit chip in-line package pin socket. 20 The

i ntegrated conductor surfaces on the illustrative

pi ezo stack based pins (piezo-pins) enable electrica
connections to be nmade using conductive springs-

enabl ing insertion connections instead of sol dered
ones. As shown in Figure 8, the actuation pin 1582 nay
be nmounted to the piezo stack 25 1581 using a .
protrusion on the back end of the actuation pin that
is received by a recess 1598 in the front end of the
pi ezo stack 1581. Any suitabl e nounting neans nmay be
used. The present invention has been descri bed
relative to an illustrative enbodinment. 30 Since
certain changes nay be made in the above constructions
wi t hout departing from the scope of the invention, it
is intended that all matter contained in the above
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description or shown in the acconpanyi ng draw ngs be
interpreted as illustrative and not in a limting

W@ 2w3a30648 WO 2007/ 130647 PCT/ US2007/ 010959 | t P HUSI08T010959

to be understood that the following clains are to
cover all generic and specific features of the

i nvention described herein, and all statenents of the
scope of the invention which, as a matter of

| anguage, might be said to fall therebetween. 5 Having

geaanvided the invention, what is clainmed as new and

protected by Letters Patent is: 14 WD 2007/130647
PCT/ US2007/ 010959 CLAIM5 1. A systemfor sorting

par ti & @&tent SoroHEigSkrti deslicobisitigti ¢ chi p cont al ni ng
a plurality of mcrosorters, each mcrosorter

havi ng mifrofbidis chiprreapiripingsrplpralisy phgicrgsatiers each microsorter
AiARE 86 SERRG o fY ?&q Bteﬁﬁ&n%%ﬁ?% 'dYsﬁHéem@ﬁf M dtBOfok B8ectively

mcrosorter to deflect a partic avin
mtedatgaﬂmmnme@semgrtacieﬂpctsﬂ wartltllcdmvmg aemrpé%tmrmmed characteristic from

Q g{réeir? lo?é%m\éﬁ%r\%hgre { at lge?ﬁ BPQ QP %h% cM%?xgﬁl%%ﬁ?é#’ g ﬁ{& %&%sorter 18

m Ct osor
boatediin atdeffahomdrdmam atmng‘ theingicofluidip chipofdmran actuation port of a
actu second microsorter; and 10 a

b6 “H%P&gﬁeg’ % ur ality of displ acement actuators

such thddck Hddingagiluniityobf diegiatensait aatuators sudhhhatttheixk:ation of
corresponds .to the | ocatiqn of ssoci at ed act

A ARV IR e Wt spREAPGS g TOHRC R ohan BRBEI i yatign ports i
theGhietdliidichihivBeR kiR H16E0IGHRS theagietdTRITdicZhipl4re bSyifihe Bgether.

of claim1l, wherein the bl ock provides pre-conpression

of each 15 displacenent actuator in an unexcited

5t at e Thd syshb@ sHckigm, Qfhdiaithe ﬂboc%%\ﬁﬂ& pré&ompression of each
di sgl acement act uat or's each include a pi ezo- electric

disglaremeny agtuaigranpamersitsd statei m 3 wher ei n each
di spl acenent actuator includes an electric connector

nounted to the piezo-electric stack.
3. The system of claim 1, wherein the displacement actuators each include a piezo-

electric stack.

4, The system of claim 3, wherein each displacement actuator includes an electric

connector mounted to the piezo-electric stack.

5. The system of claim 1, wherein the displacement actuators each include an

electroconstrictive displacement actuator,

6. The system of claim 1, wherein the actuation ports and displacement actuators

are formed in an array having at least two rows.

7. The system of claim 5, wherein the actuation ports and displacement actuators

are formed in an array having three rows.

8. The system of claim 1, wherein each microsorter comprises a branching

switching region including a main sorting channel and two outlet channels, and an

15
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5. The systemof claim 1, wherein the displacenent
actuators each include an electroconstrictive
waele@phawenent actuator. 25 6. The system of clBECTUI2007/010959
wherein the actuation ports and di spl acenent actuators
are formed in an array having at |least two rows. 7.
The system of claim5, wherein the actuation ports and
di spl acenent actuators 30 are forned in an array
having three rows. 8. The system of claim1l, wherein
Rasdlompdit SFPEkRdiag fm SRsmainoaiphdhagnelsindtteiminging in the
region including a main sorting channel and two outl et
LHEARAYE. and an 15 WO 2007/ 130647 PCT/ US2007/ 010959
actuator port armextending fromthe main sorting

channel and terninatigﬁ@ln the actuator port. 9. The
By st ekhosystgraiofckim g aberain a krr@ﬁ'gpﬁth@facwrmm?f the first

a%ésoa{em soélﬂfel%t fidn$h 1ehgt 6 B8 QE&Sfor panddnfnf&ftﬁasec%ﬁ@ Ricrosorter,
 ength of the actuator port arm of the second
n1crosorter 10. The systemof claim8, wherein the
anc [ r
an'cr oggg %S\lfé:s&%?g gﬁn Sggde na{e%on zoﬁWChg&r %ions gf the plurality of
mheosutesy matabgnacomlalhorﬁwtfé yisreetmorobn theasubstigte wher ei n
each actuator port conprises a sealed chanber. 12. A
system for providing dense arrays of displ acenent
Bct uaThe sy tanqifickiimgl, avhel o kadssudbiypdrh admpoted s sealed chamber.
actuators for selectively activating an associ ated
sorter in a fixed two-dinensional array; 15 a layer in
the bAO@kteasﬁcﬁgi@b%degi&hs@ﬂﬂ@s&ﬁﬁe@l@aﬁl@na@&wabtwomprising
agai nst _an e nt flexing _neaps to praqvi
pr e- st Plask;as xtﬂqﬁlp S.alcwa&?rs£<artﬁﬁﬂqcrlz§ﬂymcﬁgatrﬂﬁﬁﬂaéaomated
ddttel iea Bk kwo HimeddiGn8¥ghem of claim 12, wherein the
di spl acenent actuators each .include a 20

pi ezod &VEE 1 the bledcassemblyt Waich 6PRIGSHH g9Ch gctpier against an
1%%%%“@3)&#@ i RE Ry ,ﬁJo@fate Cﬂr@ s@lRCkss 14. The system

claim 12, wherein each | acenent act uat or
| ncI udlplurakityeifectaiion pmsnn@mt@ﬁ imibamlasl. t o t he
pi ezo-el ectric stack. 25 15. The system of claim 12,
wherei n the di splacenent actuators are fornmed in an
13. The system of claim 12, wherein the displacement actuators each include a

piezo-electric stack and the actuation pins are mounted to the piezo-electric stacks.

14. The system of claim 12, wherein each displacement actuator includes an electric

connector mounted to the piezo-electric stack.

15. The system of claim 12, wherein the displacement actuators are formed in an

array having at least two rows.

16. The system of claim 12, wherein the displacement actuators are formed in an

array having three rows.
17.  The system of claim 12, wherein the flexing means comprises a helical spring,

18.  The system of claim 12, wherein the flexing means comprises a flexure.

16
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array having at least two rows. 16. The system of
claim 12, wherein the displacenent actuators are

w0 ooomesbe#n an  array having three rows. 30 17.Pdmnes2007/010959

system of claim 12, wherein the flexing neans

conprises a helical spring. 18. The system of claim

12, wherein the flexing neans conprises a flexure. 16

WO 2007/ 130647 PCT/ US2007/ 010959 19. A di spl acenent

actuator device conprising: a piezoelectric stack; an

actuating pin for contact wwth a surface to be

di spl aced connected to a first end 5 of the

B-ez 08 Esplpgemeant getatos dgpighPMBUBNE: f or hol ding t he

nmount 5ﬁ%zbggcg;csspgcﬁcenent actuator device coupled to

a second end of the piezoelectric stack; and a

condua awatermmrfgr evnpwSdth oserfacerte baginplaceg cpnrectaskto a first end
partially over the piezoelectric

@?%gEﬂ%%g%?%VS? an el ectrical connection to the 10

pi ezoelmemtnting-pst ferkhol diog t%modnts'srpg thealmpldceresntiattoator device

devi of ¢ furthe sing a socket

S s s FRALS e Mool R R A Cacr et o

whi ¢ hafcbﬁdlmﬁlvetcbﬁtgng fiisposetl @O Kr the imsiiniting-ph Bnd exiehdielg at least
deV|ie can be.insert.ed SKCh that its |nsert|on into

pHEally oxerthe picgpelesiaastas é%PFCrVé anglgetHce! qopnpeien to the

PiedNediAc tiable stack. 17

20. The displacement actuator device of claim 19, further comprising
a socket containing conductive spring-loaded contacts into which the mounting-
pin-stack-actuating-pin coupled device can be inserted such that its insertion into the

socket provides electrical contact to the piezoelectric stack.
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