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

WQer@3asie4T nvention clains priority to U S. ProRCEUSINAT/010959

Pat ent Application Serial Nunber 60/798,154, filed My
5, 2006, and entitled "Actuation of Parallel
Mcrofluidic Arrays", the contents of which are herein
i ncorporated by reference. 10Field of the Invention
The present invention relates to an actuator for use
in a mcrofluidic particle processing system or

device. In particular, the present invention relates
to an actuator fAftupden W?H’%‘%M‘&W‘H'd&‘r‘ﬁﬁvys

m crofluidic sorting device for sorting particles in a
plurality of parallel channels. 15 Background of the

I nventi on M crofl uidic devices may be used in a

NahiQt Ao@fca@BRl i cations to performany number of
‘ﬂ‘“ﬁﬁ%ﬁﬁg—‘m cr I'C processes on particles. 20In the fields
of bi a'hém‘memdgyentml‘@m@l(wwyo b\&. dirogigioanldPatentgipplication

$65 830k QPRI (6 o 950040 o L OVIRBHE SPEH bl

E(ﬁmtoiﬂngiiaﬁera\ya’r‘,itbmsorttmesf ofhicedrk hgrwunhoqmrettbcb byl reference.
platelets, white blood cells, tunorous cells,

enbryonic cells and the like. These particles are

Prepneef thkllyvafionnt erest in the field of cytology. Oher

part| es are (nmacro | ecul ar species such as

Dot e Prah Sy hEBT il sp b G P EP et 1h D Er i particle
plocBaidd $lsBen bf déﬂic@ At paelibi Ay, H SERSE idvBntiberdiated & A actuator,
drug screéening during the devel opment of new dr ugs.

fastuse 4 thahprra ?Je?ﬂ&b’d%'@éoﬂ%?lcﬁafttq&:‘ieé"@cfpf porgngparticles in a plurality

5@&;@@“3@@%,{4}@ majority described in the prior art
in the condition where the particles are

suspended ina 30liquid flow ng through a channel
g&g@g&,&gfv%ggn@etnu:gﬁast a branch poi nt downst r eam and

are operated according the detect-decide-defl ect

pri ncMikcefluitie dnnmpmgl_apdmetusedi & @ garfidty of appladagipestof parfam any

FRGELIA G PR Sbab Lot il OPI cal absorption.

uor escen

In the fields of biotechnology, and especially cytology and drug screening, there
is a need for high throughput sorting of particles. Examples of particles 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



10

15

20

25

30

si ze, or another suitable characteristic. Depending on
the outcone of this detection phase, it is decided how

wao bw7p3eeicle will be further handl ed. The out RORES2907/010959

the decision WD 2007/ 130647PCT/ US2007/ 010959 is then
applied to deflect the direction of specific particle
towards a predeterm ned branch of the channel network.
O inmportance is the throughput of the sorting
apparatus, i.e. how many particles 5can be sorted per
ié'lhén Aplict 18 defl¥dR ik dir&@idh JTGpeatie paftRle ®Nak® Spredetermined
enpl oying flows of particle suspension in closed
ereasthef dieghanpel neteorkange from a few hundred particl es
per second to thousands of particles per second, for a
single sorting unit. In certain mcrofluidic
pr oc e§¥ eémpogamie laghqo@rwghlpgt sighe sergingoppeaus, a@thwa\t wagy particles
t I t
f‘l?el C 9{68 %gblhlﬂ of tlﬂleo '@é}t?éa? ﬁ]oﬁgx%qaﬁg rﬂz Cz?)g{e% Atnqlgl oym gl flows of
pﬁﬂbﬁe@hq&rﬁhﬁtm thbsadt:hhm&s ae [ geehegatfromca few hundred particles per
characteristic resent drawbacks. For. exanpl e ’
Epp e Mo b oF FaialFeunis scoapaly 2 eiiae SRy APUe
amount of space on a microfluidic chip, limting the

efficiency with which actuators can be packaged on the
i cr oft G migfofluidif BFRSsSes) Weh pp ﬁﬁtﬁc}fgsq%g’&éﬁélwwators used

f actldté & pPheYs, AhciPACidpamtidh AAPasidadhal iR a ptdlelfined characteristic
ﬁhannels Summary of the I nvention The present

ATeRATiERS HabdP 6‘8‘51‘% 3 prsAeicERingd Ph%f%‘te“ﬂb“r MAYePTR§pN drawbacks.

A& pié, HefiahORANA:bi& IngayS@AKE | hPQ réMﬁbay‘laﬂg@ afHaint of space on a
enbodi nent, the present “invention provides a staggered

E‘é‘éfkﬂw@h%@ﬁén’émft@’{g the sligianqyryith Whagh apeasprs ogs bg paekaged on the
6 6AhiYEENp HBEIBG ald BRItHEGhE dbikibr efficiency of packing of an array

of parallel channels.

Summary of the Invention

The present invention provides an improved actuator for use in a microfluidic
particle sorting system. In one embodiment, the present invention provides a staggered
packing scheme for a plurality of actuators used to selectively deflect a particle in an
associated sorting channel from a stream 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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associ ated sorting channel froma stream of channels.
I n anot her enbodi nent, an actuator bl ock is provided

wo 2007hanes? ng a two-di nensional array of actuatRPCEHUSHaATN0959

configured to align with an actuation port in an

associ ated sorting chip containing a 25plurality of
sorting channels. The actuator block may include a
built-in stressing means to pre-stress each actuator
housed by the bl ock. In another enbodi nent, an

RSN L boRBIPH hSik RS tﬁteﬁﬁaeﬁlgwﬂkﬁﬁHIdehc&ﬁl@ﬁtkadﬁPe)toﬁﬂaip k&l¥ctively

cont act - based el ectr connection rather than
el ipRAsORtY tPrdﬁ?lS\‘fealE?éE Rie hgY ierispregetenmngd gharacteristic from

@B‘@@éjﬁ BB Phuticlel! ewﬁ&%HﬁétQéas‘t 8nébf ﬁ’n’éta‘%ﬁﬁﬁbn ﬁSH&‘ 8f QBrst -Elﬁ@;osorter is

the external actuator i's external to the substrat
quamﬁ iig B diffieregOenerdinglg aloneihe |cblpaﬂr@nfaormtlom@mqfuansgcond
ltn?cregﬁfe‘?saﬂﬁ Catblgék Itnchgmgré rﬁﬁmdh @ @X§e&ﬁ£ﬂt atfuantit Edcrﬂgchat the

npri ses cro [ contal ni ng
&C&m@ﬂ of 9a0bfacmatmos thetoek C@wpondszmheldaanow an assoc:ated
PCT/ 0 h W uat |

%%A?Jt ?&?sf 121(:&%— ﬁ@%?%?ég c(]]:ulg)]g gzl%g Cghrrelﬂ?d( a c}{ B A gnl?)ugﬁt together.
sel ectively actuating the nmicrosorter to deflect a

i Gl [ d d ch f
e P PPl SR PE S LB s ot Ao ara
Gﬁdlﬂﬂbc&ﬂemabhﬁtdﬁi camprisssta blbek aSembBl thabhdl@s aét@stotrsfod selectively

fferent coordipate alo éhe ch| froman actuation
ISORGTBE 5 ASBEBIRT BiFr B §E0PY BroSHALHR GIAGER A By eignhe block

Mseisly %Mlcﬂfcoﬂiﬁ@dséé?%ﬁ%tlﬁ%r Eﬁn@ﬁarﬁiﬁ@@péd’c‘l@ﬁt fi8i8ng means to
| ocation of each actuator in t corresponds to

PR degrgestisss Hid aplusdidy ef aqt%rloawaamﬂun&érm shq Blogke

m crosorter chip when the block and chip are brought

together. According to another aspect of the

i nventiceprding wystilernother appest pfiihegndemtion, adisalpsernoufactuator device

{

S Q€ SIPBocAREHALRGS of gﬁ&@gﬁ@g}g@? cs.g'kct%ﬁﬁ TRldadd e

displocidatandesiod ten first eadfaf texlpiewos] ditrie ﬂ&clo,rraxln oantirgypinefor holding
resses

e B o R B BRIt AR SRS R or e

pamal@henpsmelsances soaddtize pbw@ dfsyo@ﬂ oqeit matmamuﬂgqﬁn and

5Accor to . still

SRBHTE f Rosrari S ieo ¥ B telssh e et micy e reonica

demectorcnhe pikesclacicarae| ectric stack, an actuating

pin for contact wwth a surface to be displ aced

connected to a first end of the piezoelectric stack, a

BREMDERGmEA of e Fielfisng t he nounting the di spl acenent
act uag or del ce coupled to. a second end of the

pi ezoBIBYES | ilustietes | misEOfldGriRagRele verting Ay SRR aFcTsiRGIP an
iU S atiRE BBk ROsh & i AfRHt on.

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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20extending at |least partially over the piezoelectric
stack to provide an electrical connection to the

wWper@zosleettri c stack. Brief Description of thePEi/gsa0e%010959

Figure 1 illustrates a mcrofluidic particle sorting
system according to an 25illustrative enbodi nent of
the invention. Figure 2 is a detailed view of a
region of the mcrofluidic particle sorting system of
Figure 1. Figure 3 illustrate a particle sorting

nmodul Bigufe b figustiatds il dattidem ey dfiagl s ns@srttl 8¢k ﬁiﬁ‘%lglﬁzimg a plurality of
on I gure

according to on di ment of .the inventl|

PR AP B S e GABOLR TS SFE GAREES & 180 primensional
| e suitable for use |n t he partlcle sorting system

of the invention. i gures 5a-5d |Ilustrate

anot hEigugedh didpsvsins agpthen émbaﬁweént ef Swractyateriach e
duri ng; S0 § ifgkiQlesAnSdhifRineht &ﬂarntdcﬁla?ér RRF e sk tRely actuate a

predet erm ned characteristic.
SO a\aaamm/puanszc@@scpromggﬁmm of Figedure 6

H usﬁg@%\g@ ikt E'%% a%' od1 en"il%%Hl%ta%Eual% ock for

housi ["ur a ex erna Uatore Used with
t he pﬁrgweﬂ@ﬂmmtasghsyauam of Figugf mcludiimg eontact springs to provide

di .mensi on arr ure 7 illustrates another
%Sﬁtf'ﬁﬁmoné‘?%‘f%még%ﬁ%'ﬁ bl ock. 5Figure 8
i | | usFigrires 1em-1eDbiddstia@e thedicnatonet Righers. used to
selectively actuate a sorting switch in the particle

sorting systemof Figure 1. Figure 9 illustrates
DPaEL1BE DeesiRtin B the BhvdnfiBn act uat or. Figure 10
ilTustrates the actuator. of Figure 9 including caontact

spri nd4e PEFSERIGDV IR Praridet pn HRPTOVEH ACHRI hSYSEPT FRY use in 2
A%dreAhidic particle sorting system that sorts particles suspended in a liquid. The

particle sorting system provides high-throughput, low error sorting of particles based on
a predetermined characteristic. The present invention will be described below relative to
illustrative embodiments. Those skilled in the art will appreciate that the present
invention may be implemented in a number of different applications and embodiments’
and is not specifically limited in its application to the particular embodiments depicted

herein.

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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10Fi gures 11A-11D illustrate the actuator of Figure 8.
Detail ed Description of the Invention The present

W0 popenstedh provi des an inproved actuati on systRET/U82007/010959

use in a mcrofluidic particle sorting systemthat
sorts particles suspended in a liquid. The 15particle
sorting system provides high-throughput, |ow error
sorting of particles based on a predetermn ned

characteristic. The present invention will be
descri bed below relative to i [lustrative enbodi rrents
Those skilled in the art will appreci ate_that

pr esefitsuitableshrash fioas sygtem F&ﬁeéﬁ‘é‘?ﬁde’& V- gatﬁg%gph@pon Serial

Wirfber Wb?@l@ﬂk | 188 NREmBBH1 S50 dingRBh end ¥k Wﬁicﬁ' @e herein
specifically limted inits application to the

igeerPPElthby sefbsarsretowederpthstinvertidp aphlimited to sychgumanner of
t I

thpbin S GRRZ R Siegl #h07 pRAHACH DRSS 3leR and any suitable

mpansimaeheivegd. The illustrative particle processing

system conprises a particle sorting systemfor sorting

particles flowing through a plurality of 25parall el

channdl detéravadegion dRe rareivesitiee greathefl @wrdonething the particles to be

. il
GRHaR Sowite FnadPeheatEl Db YR 4T85 RSy R i aa s, im he
mﬁndaarvlecﬁni%xgﬁmeﬁe t}fegdeeébmnebstertnl ddsusies ?’ceephrﬁsl eS o iidefify particles
annel s rocessi ng, streans oOf . an, I
B SPTST{5 i R aR O o dbE SF G2y e g PR P plurality

& dRhdbt s itby séhfsmg ARb&térd iRES cHa?betE@dtid il RUhideN Parficle flowing
sanple to th es‘ystem In the illustrative enbodi nent, :

hFUZhAAP CRaEINI6% s 130 intersect inlet channels 132,

whi ch flow a processing fluid, such as sheath fluid

t hrough the scéstem The sanple inlets 130 and inl et

channd| siitable detestior systemdar snalyzng particles igdesaribedingd.S. Patent
Pplp&tlBB%%ﬁﬁﬁﬁgm%?é i%bﬁ)ﬁ%ﬂe Egr(tgﬁltg I?)f %?ckpglre%el'e% incorporated by

ocessi ng channe ;
@ﬁﬁé’ﬂi% By A T¢AUB2DO 7t Bl 9B gnize thattaryuiuitableanesine af hnalyzing
[Sqdescribed in U S. Patent Application

e Ry 40750, 848, 1ileq Novenber 1 2004, the

contents of which are herein incorporated by

gﬁzﬁr é’n%ghoﬁ’g?ﬁ"&ﬁ regiont Pfo thevperggesglr;lg s%stre]%t 16 {)erzrr]fcgrms ‘a selected process

on the particles flowing through the channels 110, In the illustrative embodiment, the

processing 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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S5inputting a sanple and/or sheath flowto a particle
processi ng system and any suitable neans nay be used.

wo@ensesi on regi on 120 receives the sheath flB@I/US2007/010959

containing the particles to be processed fl ow ng

t hrough the parallel channels 110 and anal yzes the
particles. In the 10illustrative enbodi nent, the
detecti on system observes the particles to identify
particles having a predeterm ned characteristic. The

Beh&rsiPind £96RAd 'b‘ﬂéﬁdcﬁ@@% a0 raichdodtw1al THeillQstrative switch 151
detectors for sensing predeterm ned characteristic

sapagtesnagaciephy SHEHIHY R NGS HTBITYFE RS inlriadeparieles 18b in

aé%hérmetn q@b ¢dé§ﬁmetuyq9e austdsn lfe?fonafw menecwﬁaeé ﬁaﬁ/mg the
I's describ In S” Pat ent ication Serial Nunbe

m@ﬂ@tmsnme chmetee@m arie @ figst stﬁzwféhﬁ channgl, Whlle partl cles 18a not

h ecrg%ﬁl% Zﬂ&?&ﬂeMmE(? f:f?;{rg%}gxg?t Cﬁ‘@w%‘tb | s%goﬁ«fo&tm? 23bbr ‘Mel éhannel 160.

I
at any sul nmeans of ana
ﬁhqs détedtem wgyoﬂolézms elgfin@Dinrthe sprtiogebeinr UPetgwm of @, switching

rocessin m % e -
T RLREOR BAA I A0 SRR ShEh O LG g
blheadtéﬂlstﬁidf‘qjalrwﬁefmhhd dasecrion tegiorpZ®dcessi ng regi on

contains a series 150 of switches for separating
particles determ ned by detectors in the detection

regi oA ck3Rlih@td iRy &l hsHati8 eﬂﬁb@mﬂ&necabﬁrsmmﬁdsl includes a side
characterjistics fromparticles not. having

haogek K 2nniEe g ae KPS hanneb BSO in the swfgb&né rogipg. 4 fluid, such

gef@ishedn ey [ﬁf’tje{li}eﬁlﬁselﬂb QfielPhhfindl 182 RGEShFh freniscus 153 therein.
rocessi ng system gure 1. Figure 3 illustrates

ghg side ghpened USZ eltends tasans tswaaieﬁ in psegiedeleamhard 54, which is
Fx%@ér%‘lyo HuAny 20! duie tLak | b %redm&q}l%me Sathtfiid. The merx]uscus 153

nvent Each sort’i ng annel 160 I's associ at ed

mteféaties and forsvi a bmmsb.etwcelpérefsdwwhébmd pndythefseplgd chember 154.
the Qﬁﬂng%}ﬁ]§4g;§{%?%l% a0 & RRALORGANAY ’}p% R defleoted

conveys S suspen e carri ér
thmouedhintweeds wirdatds anginceegseoim. préssutehia the s¢al¢1gchwgleoﬂ54 The
¢ ha?nbse(r) rltS!’-l rggrv%g 3005 lact{'lgt(l)onblggrrt] t 1en§er¥anctec%hea sofrkiagtcomponents formed on

the substrate with an external actuator, as described below.

An actuator 158 is also provided for actuating the switch 151 when the detector
in the detection region identifies a particle having a predetermined characteristic. In
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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WO 2007/ 130647PCT/ US2007/ 010959 branch 22a and a
second branch 22b at a branch point 21. The

WO Rdoagsmwat i ve switch 151 separates particl es bRCT/US2007/010959

sel ectively applying a pressure pulse to selected
particles 18b in the channel 160 identified by the
detection region 120 to deflect particles having the
predeterm ned characteristic into a first outlet 22a
of the channel, while particles 18a not 5having the
pr edelekurttatacHRIcALISbePrivdéd PN abBiing theprshre pulsetcreated by
ééb of the channel 160. The detection region 120 is
fACREEPT n t he sorting channel upstream of the
switching region, and is associated with a detector,
as descri bed above, to sense a predeterm ned
char aBrefefably, theictynier | 18 sexiannal jie theetubetratein whighohe sorting
0 sAsh
QIR YO ithe? FHRScul Ui 198 867 RS BE 2hm @Eltenal 1o the
substratert i ng channel 160 in the sw t chi ng region. A
fluid, such as the sheath fluid, partially fills the
si de channel 152 to form a neniscus 153 therein. The
si de Figamnlﬂbstieﬁé’s mmmuamraad dfersm’riwatse&alble far sealraga pressure

154, whi bl lled with fluid,
SRR Lenhite pRRRE of RSt EOS e pary ity ashisamLef Retides and/or
dtﬁﬁlgleﬁl ﬁt&fér&‘ﬁﬁ?)saﬂﬁné ammsarehﬁxnsrel &bci?gtg/\e;etmne tiaehmgs of the present
eat ul an t e.c anb
ot 68 sBe g e PHHEE 137 e SOPHCABA AL PGS Ragupss 152" formed

whd &bbstrahers GiBichaeddagdo te JBNRL chdnner D, 'Plfeeﬁﬂ@ﬁas@{t‘ge 152’ includes
increase in pressure in the seal ed chanber 154.

8 Baitbwterfaps Rog Utormed by 28 apgriedn thiotide palli ofths paéé%ge A sealed

E&Pﬁpﬁa@ilbh RAaRO&PCAe I ﬁosﬁﬁ%ﬂé@%d%eﬁth@ tﬁé‘gaé b@ésﬁgé""l 0 A8
external actuator, as describ

ERMIANIAteETEith thealdepassans tb@@rgh élpe ﬂenduaterf@ge Ph. é”\hp fliystrative
é‘%ﬂnl%’%??@ 4t I}efoﬂﬁ&? 8{7 seﬂnntih% adﬁ&ggg r?&n\gteagé 35 The carrier fluid in

ies a partic avi n erm n
‘dhasudﬁcpassagt i 5(2 fd>mnssa3mnmnd1mh53mantfs intehfacabétmato thelb8e passage

t t 51. T tor, .when .
% iR R g vy LE0 B hss i AGHER Pty ngrgase the
saeiuragp dieauhaedbeﬂ,@ﬂntlodeﬂaefdtmb nidigsc2bhhdvaises s pressurtipalse in the
act.ua’é 0 158 sel ectively increases the pressure in the
HEbEP 154, causing the flow in the sorting channel
near the S|de channel 152 to be displ aced inmards

subst ntlal ular to the normal flow.in the
sorti %%35 e‘i Féwwémg.oeﬁiaﬂpw syitch {51 fn the particle
shrEpk apﬁaiamta off MR 1 24, C/¥RO esmbdmr@@nmgwés%a-w th@8witch 151

nor mal in the sorting, can be ap in
’d‘él‘qdééf‘lbh‘gfef) gqrtqbé@rggmm\%wge B‘Pléﬁﬁe‘fré?tﬁg Wé\an the actuator 158 increases

HRYrEGLAS inShe Qﬁarﬁ@erqgae Pealutrel IRMdeS APt BRI i 80PARASterminating

particles in the m xture. The actuator 158 is
wréew@}ee‘dmfynﬁ)ea il 33| fpempd appesitelbe swvitchside pawspepbeft. In Figure 5A, a

BELQY in the detection region 120 senses the predetermined characteristic in a particle
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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WD 2007/ 130647PCT/ US2007/ 010959 A buffer may
optionally be provided for absorbing the pressure

wpeiosedwerat ed by the actuator. Preferably, theCT/US2007/010959

actuator 158 is external to the substrate in which the
sorting 5channels 160 are forned. The seal ed chanber

154 may al so be forned external to the substrate.

Fig. 4 illustrates another enbodi nent of a switch

suitable for creating a pressure pulse to separate

plliduia ies thé bbﬁﬁ‘élemeespaéagms mdimtecpazﬂﬂ]ianl BOW. M Ba Sdstilead¥ can be

of patlcl 10 agti as ,a

S0 B115° SCp PEdLeh e BreORtech g d° EHACEh SAFigs the selected

rtitROFIALRARDL 8H Meafd RBveadths fiewRide zﬂ%@sa‘Tg\éﬂ 158hnd FHe bifPer side
ormed adj acent to a_side passage. 15 formed in a

ea&%&ertatl@ shifteghperpendiaiar tpdtStf}@N dueetiangnthapprenal siee. The

J&Fec%d%r@@%%@%eﬁe@? ‘didphickd ?e{%ﬁalﬁl ﬁ}L tHerréﬁh?é' ﬁl.ﬁg@ 1IN flows into the
formed by an aperture in thesid

ﬁ@é sudet. chAn@@ éﬂzéd”btiﬁ’pfi@é@i@rpaéh%l%éma@é%ed bs the pressure pulse,

B9%/ihicARE de @ S Hg»as% é

com’}ur?lo(cg?%s Wl%%ﬁl%{ ea%g%?zbbg{s%gea ?E& %a{the ﬁaﬁﬁ%the
pretetefmimed pbatacteTilstic Fioupartialies net ledvarghe pr&ikterivgned characteristic,
o]lrggg . I\ 7 d a flexi ble menbrane 72. The

%:Sa{rl erlgyﬁlg?%glgﬁ %']]wdeﬁgl de passage 152' forns a

meni scus 153' at the interface between the side

passa t he t.ua e ,
Phe" 1 Gie Rt A8 1 deachoy BolSpRsR dnu i irs 154, 154
fﬂ&&ﬂb&i thewhjrmhl pirthee Sl chigy PRrRosRNIST GRGF paHRES idto the second
g eE? e in the 20carrier fluid. Fi gures

?’P’} £Pate the switching operation of switch 151
in the particle sorting system 10 of Figures 1-4. In
t he enbodi nent of Figures 5a-5d, the switch 151
i ncl udBis RIOBRSs P& Aeteshing pachsabratiye ﬁﬁﬂg@tmgeofmm@gs may be repeated
B SN o BeP N AR harppRe LR RASEE. AR RIRIRl Sicching
padesagecd; spptiching apgrations magdl eeezzreemtam:;e to aswind fspyeraldthousand

Ei .

SORGTA Bpafo Rt b SBe L SIcRATE Ain] Jghos [T MG e HMIch sorted
partidles pemiiqved characteristic in a particle and raises
a signal to activate the actuator 158. Upon activation
of the actuator, the pressure within the reservoir 154
of tha swmiablehswiitchingsmiecitanésas esdlesciédddeiatlV SgPhateat Numbers 6,877,528,

PRk PaSTe 2l oA AR 703 S A dnaL s e Rehorlcd OR SP R mber

biy295) @8 teosuntentSofwhizhSe hdibin inveigerated Be fafei@nce.
i ncrease caused at this point in the sorting channel
causes liquid to flowinto the second side passage

f or m Agcéddenowf FnalusteaB AU A mEMSIBS ilvieRén, as shown in Figures 1
mﬁ@%ﬁusatgrfs ltSQ%orS &%%ggy %?‘igﬁn\ég'cﬁm?églg ?éo ar-gr]slte?ggered 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



10

15

20

25

30

WD 2007/ 130647PCT/ US2007/ 010959 of liquid into the
buffer side passage is indicated wwth an arrow, As a

WO e®aliso64as can be seen in Figure 5C, the fl ow@hDsegr010959

the sorting channel is deflected, causing the selected

particle of interest 18b | ocated between the first

si de passage 154 and the buffer side passage to be

shifted perpendicular to its flow direction in the

normal state. The 5defl ected particle of interest,

siinscpieacaﬂureadbmbhlysatiyn tﬂmediﬁ’eems times ;ﬁumlrm detetﬁm‘ntofdcmm'on (for each
I outl et

i nt te

lofi BiCeosstiy FPEpp Rt R PohEow s edunt® miichRE T REGF dar the fact thar
thBeesiaapitinaié atedomdnigbriethanhbie (e -slepacBtposgswitching joint)
particl es havi ng, tae redet erm ned characteristic from
yaridinat @l bedptringigp b"[%ﬁ‘g‘egr edet ermi ned characteristic,

as shown in Figures 5A and 5D. 10 - When t he

actuator 158 is deactivated, the pressure inside the

r eser othedllygemtive smboﬂgmntn@etaéwms het Al stapeseed at different
?Adrﬁ%&g af&{% tFQ gﬁz%ltra{é iRh @A thide® é:@&d)hérjaﬁl %QQH—Q
et chanfve et

out SThi's process 0 ecting and
‘Gwioedinited refefslte atl pngjtudiing) positioh @f anayentmat riopgat subistredenyF or

e}&l&“g}%e Qﬁé %ehecc?q%gdlagtre rf?%y ‘t,]elfglgto Qﬂae El sgangéc' Bfa %’1 Qctuétgp ﬁl{cﬁ&e actuator
pge frand amsw rmﬁywhehasxenaﬁoelmbrupmlxareﬁlred) unwl fisavénmit) end or back
nd t. el di
(HPHRRE L SN 58 s SBPoRfienT B 200k Both Bl.sramgered on
%lﬂp bholgmdg a’&@mmetrlc aé’tustlm:” bﬁbla&nﬂtmgtbhwhge T@&h@ﬁgs gm)d(;t?a (5)n of the
ed in u S
SGHh L Bt e S T Fxami s ccBitern SR L gtpgared by
&édtﬂblﬁ%ﬂmﬂimgl&ie%%bclﬁﬁnélh of Mvﬁgiéxis & lo‘gﬁve Qllibt &dt@ator port and
n_incor pora reference ccor.di n 0 an
ﬁthamﬁ%e( 256 i eages gﬁé%ﬁ%éromée Sirehipg 6?%*0%39 ShEAnRle in the

iusi4t8% dnmBetimént dRvACHUALGES 1438 of &e dHARnAL LAY, %rQ{\ps in subsets of
sorting channels 160 are Staggered on the mcro

digsst Fafiest srlercharndl d0Relieha dravpkichd Sbe in heerttat lare swrtches has a
ﬁﬁ?leﬁ%ﬁﬁkr @rﬁhrga@:nﬁﬁ'ﬁﬁ sgﬁimheﬁnbérq 5t4? ??rlﬁllghg $h'a éﬁ'ayo(? port at line X,

mbodiment tching regions of f
wo;értbattthe ceireipontianetustar 52l dcated abegt lirteHs. §qsqcpn@] side channel

F n‘?e n{’ec&%? s»kzﬂc}?"flf {by | nt ér:elegarllégﬁéﬁ%ﬁgBBOSrglanc ?18% i% ger:]arl]ee %hamber
Ilﬁtb ﬁ(»fmtrimarsmtmamlelsommme 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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have varying lengths to allow the |ocation of the
actuators 158 at the end of' the side channels 152 to

wheoostidigger ed. Nevert hel ess in ot her enbodi meneGI/U820011€10959

present invention, the switches in the swtching

region can be staggered. Staggering the WO

2007/ 130647PCT/ US2007/ 010959 swi tches requires
conpensation for different tines fromdetection to
actuation (for each I ength) and possi bly conpensation
bertveth oMannRR A aaliate #PI0NhIgordsO Ialcbattastowerehie hatitors to align
that the resistance in th orted nd unsorted

dRaniha wme ipe, w%ﬁamfépgmgéivs e ) ng joint) woul d

not all be intrinsically matched. In the
illustrative enbodi nent, the actuators 158 ar

st aggByetsing stegger BEasuat g PaTth it @\@rtarlbfﬁgchanéelg thesillpgiragive

LAbbdhRnY 8 ﬁle% érmo%eenalﬁéf g%g\fétnﬁ gﬁﬁ :Enezo slﬂfckg OF Hle tr%cnonstnctlve or

coordi nate Yers to a position o
ethentypt oéldmpgacamubmeaoetham genrerally €00 large tograpk linearly.
coordinate may refer to the distance of an actuator
and/ or actuator 10port froma row of swtches, or
anot hédthoogh pfwatdyedf aotuagors nod the( ¢anpapndimgl agnathscports of the

o]
é‘@% Ld)xchparg F)?z ré?e%s%:é gé%trgr‘;ﬁte%?rc 61Lus&rﬁgg%%l%mrg%geggeré$$ows those
sidN et thie araeil Lgdpeeci g that alieak 8N dtsuaniislaad tleasorig pdiding

| ocat i on of e _SW nts in.ali For . .
Rireort e e it Bl i Bed gy Bty Present invention
&8l BleifeRbyToNg Enchxachpld) éwsiré@s,cdranmeltBardfhréd®ws, for example, four
switches to lLocate the actuator port and 15chanmber 154

BV {1X§ GRVEFTHIQYSAEE $1om the switching region. For
exanple, in the illustrative enbodi nent shown in

Figures 1 and 2, the channels are rougs i n subsets of

t hr eedltemativelst, ths sheiteinegprintsis zegion 140 mayslsosey aliematively be

r %ﬁ‘ first length
Jigé%é%(?hsﬁa{tﬁi&rpn%lssneémé %a%/yhlténi%? e§f or m ng ang
actuator port at line X such that the correspondi ng

act uathl{[) hﬂ%%@bg& e%g tﬂL g&ggdo'r QS?{ﬁnq‘gnselea% or ﬂoq{‘a'arr W age designed to

chann a secon as a sec
matuhtdpading tagd meavhtd wayy miniange altedhaivehsprcidd4b f or mi ng

an actuator port at line Y, such that the

correspondi ng actuator is located along line Y. A

thir dmicdﬁhﬁ:@ﬁimﬁithe]:?e&ﬂ)oﬂfmalttdf ithietli nS @hti 1) t%ﬁ&lﬂ&%t@cessmg
third I engt rmnating in a sealed chamber

POIT AR HEE Bt BT BORE At T BB SR S plurality of
SQNABRIONAE NG AL S pﬁiraﬁtylcﬁ‘smﬂéseid the Mcielmscezsmgﬁ@ygbm Figure
|sfurthest fromthe s chi ng 25re I ons, . which

& tivsHates andep qdi"ﬁén@f sahé’é%& W PF PRcking blpsk 4%amab'e for

AR figAdEEches 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 channeli
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.

10



10

15

20

.25

30

chanber aligns along the sane coordi nate of the
substrate (i.e., the sane row). In this nmanner, one

W@ biord3mwh7 t he actuators for the series of sortPEQUS2007/010959

channel s and switches are |ocated along line X

closest to switching line S, a second third of the

actuators are located along line Y, farther fromthe
switching line S, and the last third of the actuators

30are located along Iine Z, farthest fromthe

switching line S. The illustrative packing schene thus
enabl es dense packing of the sorting channels. In one
enbodithe h‘é“Stff‘H‘ée g@\a%tpfﬁgmewaﬁ BRIl RIG-SHessse SRERSiTleKuses or other

aﬁ%léWemM@d%OQZé fot QadH BéehaddRZABH 202 %adh R&LABE Pin.

channels at as little as 900 mcrons. In contrast,
were the actuators to align along the same line, nore

space lﬁuaﬁaub@%&ﬂé{oa oY gmrﬂ by UragQEHr 95 P&l R LM packed in

ports in ever hi'r anne illustrative
5mddnm0nacbfarmheEadvémstr@weeamkﬂtesliﬁ)mv@dw apigzoelectric stack

P% &7 r 3hs ﬁltﬁ%ﬁ? gns?l%%lﬁ%ﬁrﬁwak&tth?{t e gfrni\c?st %tr%&? €vh9{. supplied with

displracemne at are gener ar ge
paeikichiansinbly . Alternatively tthe pg&zoblbetrmrstm}c rmdy annpnaﬂeoans

nd the cor.respo d|n actuatlo ort
AP RERaI e PO RFEPEn O PIIPL e fta A scruation pin 1582, or
bitlet! wlfameeaiev\ma s inblsed Shdggle bed suitibie mefns®e thOflshi dieelof the

in t e art appreci ate that the array ,of actuat
Ao g e awﬁks%ﬁ a?ﬁkr@tl%ma}%@rfn@b% moyftegiig the piezosieciric stack

HAreh e 4l Qhﬁbl%afﬁ&drﬁ RcRIdAEESSE) r&nseﬁsbfemhef bén’ﬁﬁn@ hfé‘éﬁﬁtA
| nventl on can have Tevver I OWS, for exa

BYOURtS Pirh BB 3tiR mayngesd,en thpdwacléseﬁﬂ%ﬂhémeaosmctrf%%ck %We The
B&Hﬁlorﬁﬁ% 158985 88 RPePfd extertd fr&MNAL bi\b%ic %00%h& contact a movable

swtching points I n regl on 140 may al so or
wlall of nseiled sy itcking chgmberewher ﬁletmaaoelqcrrec Sagkorriendety create the

ﬁgéé%a% p%s@lglg%?s% tt) lsEYeBtively deflect a targeted particle in an associated sorting
channel. Together, the stacked actuation pin 1582, piezo stack 1581 and mounting pin

1583 forms a “piezo pin” unit.

The block for housing the array of piezo pins includes a back plate 1585, into
which the piezo pins may be fixed. The piezo pins are preferably fixed to the back plate
1585, such that the mounting pins 1583 extend through apertures 1591 formed 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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In this enbodi nent, the actuator array and the
actuator port array are designed to match spaci ng and

WO gach3@4hew m ni mum i nt er channel spaci ng. 20 PCTUSW0TION0959

to anot her enbodi nent of the invention, the particle
processing system may include a self-aligning actuator

packi ng bl ock containing a plurality of actuators for
actuating a plurality of switches in the particle

processi ng system Figure 6 illustrates an enbodi nent

of a $etHe-ihitgative@nibolditaémy theaecttany bbdked004B0lugs khradk®@wvs of piezo

for 25actuyatin wi.t ches when a detectiop. system 120
alefe%f)gmaelfm% 3 rﬁ%gdowm&%\fﬁsg? pee Pﬂﬂ‘&)‘wgﬁ v | @hd Z along
Which thOkédIODCIENSht the CormKRIdNCTURE Side CRardrR® for each switch in the
substrate 12, each actuator 158 in the block aligns

Hrphobsvadeies an dhrisrbstratgrare frsmedr ninraeh g9 othe gotuators are spaced
s A 1882 19167 HIAAARr AR Blafich RIAGLHALAL Yhdber in the
a selected switch and sorting channel 160. A . . '
gihsetr o] swdtchseflispesedall gngatbe astosiatechibneaBpX oprZ . afWhile the illustrative

%g%g@ ! ht gt?cﬁv% % %taggﬁh{ggaﬁ 1 t%& @tg{ggl grge %Xllléndqglnthg Qrt will recognize

on sys ncrease pressur
et teiaatuatbrsndd dianng s ehd atreciatabacsiatorsahedyl ecitaggpraf ataany suitable

. . : d svitohi de ch |
T EE T N T R —
mhbhabiick. e metheatodrovwd Gicthe 40 atoa @kt doddesp arde to the number of

lurality.or all aof the actuat t ,if
ShpoP 0 5f shiEhown 208sh INSCRERSCRE G63007/ 010959 The

illustrative actuators include built-in pre-stressed
flexures or other suitable flexible devices

springs, [ .
for edbh ilRsaive petuator Rlogk 408imgleapenitimplewenin denss packing array

i GnisbivEShaR | HEHE NN PO bmbBdhd# Aakh ¥c@htRGL Ui 84 Spin, or other
158 are densely packed in a two-di nensional array.

Eﬁ@hlq ‘Fiﬁﬂgﬁ?@‘fqt\?émétﬁfuiétsmceﬂ%lqsﬁ éhﬁ@o@@uh“mm spacing between
th@&tpﬁ&&ﬁérg,l ﬁlcﬁtﬂ%iﬁhelé tito‘?nr xig%e\ lforid fi@@irg' at less than 2 mm

di spl acenent actuator tha pands or retracts when

wtpphls etbng thh lengpade oTtthe blocki agpdaireferdbi e fesathiandlnym. t he

pi ezoel ectric stack nay conprise an

el ectroconstrictive di spl acenent actuator known in the

art. hnthedtlusttdtion epbodirb&2, therflekOodsHEB6 aue piallided to maintain the

device,. i t h h j tabl tq the .

P g BRUHEY plebe BUTBEE 0 6b s dpe-os re iyt fRgfption over

Rinp tihtdZndayamiecyrobesntie ghd @stile pddiRE0 Clees {bliapeHpplikd in one
cement or

t hyough any suitabl e nmeans, includin | ye, , ¢
SR SORAN A BTSRRI or/RthE MEEAGD BPHCSEEs held iamugsstay. When a
vélegeas kppifedaacie RioaA@Rd Fi@l fHetm Shmilg piR8383 s mits the voltage to

actuation pin 1582 is confjgured to extend fromthe
Be guseontsstritado HSIdP AP, IBRE Nt AER Gt thy comTRsave pressure,

oG RicRBLIRB D REoVRRA sWihAis§zoel ectric stack expands
to cireate the

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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necessary pressure pulse to selectively deflect a
targeted particle in an associ ated sorting channel.

waoyeusmes] the stacked actuation pin 1582, pi BZDUS108TK 0959

1581 and nounting pin 1583 forns a "piezo pin" unit.
20The bl ock for housing the array of piezo pins

i ncl udes a back plate 1585, into which the piezo pins
may be fixed. The piezo pins are preferably fixed to

the back plate 1585, such that the nounting pins 1583
£04°aRdhd Nheusivaqastddimest. THRlrigiarsifdcd N59710aP86 kocated in any
pl.ate. The mounting pins 1583 may conduct electricity
sHitblelosdtiftee to actuate the actuator. After fixi ng

the piezo pins, the back plate is then nounted into a
front bl ock 251584 so that the piezo pins are

conpr &gwmgaﬂgwesﬁ ekdirthe preSe® invRMtoadnhalsper algpnatively

0 I
b
a'lhetricnlvmmectmn, $athc.xtthhm minpbyyingsalthered loF ogmpad iwees, thereby further
%ﬁ&%g[ z&é%% top 1587 of the front bl ock 1584

su

aces rate 12 of the sorting system when the
bl ock is coupled to the substrate. The tips of the

i ezo ns e, act uat o
D onr Pz sebapie hEE YRGS aBeRE Feihiougigren oposite
Sides bfhetshek. TRYyng déﬁs&ﬁ;taclhhg n&ﬁleht&inkeftfbnﬂﬁbie?wﬁés wheld have to be
crosorter. system w t hout nechanica terference
BrattaBe it Hhe ek Aad sonmscindPrere a sk BF Plseg ey degpgnics. In
ﬂQQIIuM@t&QQYéo%%QQS;? RGER Ueﬁ@@ﬂiys Q@@f%@ountmg plhrl 5831 @t the back of the

lustrative enb nment, the actuator
PISEPUNIR SFRTHRIE A aRated Witherepaingd 593 ﬁv\metallaﬁ@ oam\se qenductors
Eﬁ)‘&hterd‘j"()(llﬁlo&fn@ﬁ&médl%a{egap @@clpgs +BRI |fbpg)§mﬁvle Yo, Fhich is
al ong which the seal ed nmbers at the term nati on of
£xen ctj@vqm}aaﬁmé%sofftbie p@a@ hta§w1t5§h itpelf tchallqwy thepydegigner to use
SHAKEHEE P BT AL i RO IR GG PR blab 6 make
eletwimabeoryieoicdn bjolrasrttoo, almllgn tor\mmegamld drsaitedipcihdimsarackage pin
gg tpe subset of swi tches di sposed al ong the
aSSOC|ated line X, Yor Z Wile the illustrative
enbodlnent shoms a staggering at intervals of three,
one s w Il recognize that .t he .
et uaddp St SieBlr Brtrost SEAREYEGRAlEEY warispsgd pins
giiaggpineYletibl ¢lyctsidhlt cwhhectionk @6 Yamadeakingxanphaivelsprings—

alternate sta ng, two ro f actuators woul d be
EToE e Eahebh i oL S S dBh o ot he

actuator bl ock corresponds to the nunber of subsets of
switches in which the sta erin

e .
U1 usArahoye B EEAE & 1 BHRNADE ﬁ%%?ewembg I‘?‘i‘l—bﬁ‘%‘ﬂ@ﬁbe Riezo stack

USEE 8siRR G Hrogu e Bl tHeDbaCRRAE LY %é&éﬁfa@ion'ﬁ"n iheis recewed by a recess
illustrative enbodi nent, each actuator, €., pie

ﬂ)ﬁ?ﬁ ingfhe §qné end of thipieasl wacki ls§§|1ae°eWe~°rwtahk9traawrng mgans may be

sRaced at less than about 4mm spacing between actuator
centers, such that the actuation pins are found
Ilnearly at less than 2 mmintervals along the | ong

si de qfhelePgsem 26K %hdhegrb%feﬁ rd@%r%eh (?ecﬁtl\tngg)gan%ygktdtﬂetéﬂ%odiment.

il lustrative enbo I ment exur es
Bimgeicdaaintabangdsmai e tiade 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.
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20actuators in a pre-stressed state to pronote

reliable piezoelectric stack operation over long tines
w7y’ cycles. In the resting position (zerBCTOB20aye10959

applied in one enbodi nent) the piezo pins or other

actuation devices are held in conpression. \Wen a

voltage is applied to the nounting pin, the nounting

pin 1583 transmts the voltage to the piezoelectric

stack 1581 to expand the actuator against the

conpressi ve pressure 25t her eby actuating the

associ ated switch cor. di t o anot her

embodltieatso e be Hed?rﬁveﬁt%ﬁhe éi‘&ws g‘%ﬁ’f‘bﬁfﬁéo povegpll generic and
ﬁﬁbmtfeampés%hémenmf dé&cABEd hédem, aﬁ@an%ﬁamﬂexﬁysf @@scope of the
may enpl oy helical springs 1596 to conpress t

iaveptiercwhisht ase matter ohlapgiaseemighbg said tg fpfl élz%eq@f\ﬁeern n
a resting position to 30provide built-in pre-stress. A
helical spring 1596 may be placed over each piezo pin
158 oHawinigeteserthadathe dnvedtion.cuhatThelabped agndve aeiepropeatedbby
en be conpressed all together against a
Baﬂ%ﬁggﬁpfgce 1597, which is located in the top of the
actuator block WD 2007/130647PCT/US2007/010959 400
in the illustrative enbodinment. The rigid surface 1597
may be located in any suitable location. Referring to
Fi gures 8-11d, the present invention nay al so or
alternatively 5 provide enhanced performance by
providing the piezo-pin actuator with a contact based
el ectrical connection, rather than enpl oying sol dered
or crinped wires, thereby further inproving packing
density. Piezo-stacks conventionally have wires
sol dered to the el ectrodes on opposite 10si des of the
stack. In any dense packing inplenmentation those wres
woul d have to be brought out of the block and
connected one at a tinme to the piezo driver ,
el ectronics. In the illustrative electronic pin 158,
the sides of the nounting pin 1583 at the back of the
pi ezo-pin structure are coated with a coaling 1593 (or
nmetal i zed or have conductors nounted) w th conducting
material, such as netal, for exanple copper, which is
15ext ended over the sides of the piezo stack 1581
itself to allow the designer to use conductive springs
1594 nounted in or below the acutator bl ock back plate
to make el ectrical connection by insertion, simlar to
a integrated circuit chip in-line package pin socket.

14



20The integrated conductor surfaces on the
illustrative piezo stack based pins (piezo-pins)
enabl e el ectrical connections to be nade using
conductive springs-enabling insertion connections

i nstead of sol dered ones. As shown in Figure 8, the
actuation pin 1582 nay be nounted to the piezo stack
251581 using a protrusion on the back end of the
actuation pin that is received by a recess 1598 in the
front end of the piezo stack 1581. Any suitable
nmounti ng neans nmay be used. The present invention has
b escribed relative to an illustrative enbodi nent.
3 certain changes nay be nade in the above
constructions w thout departing fromthe scope of the

I pvent4d QRierd tbr éoﬁmb gggagﬁgo,ﬁmmgal | matter contained in
t he above e _acconpan

i oy AR CEATTR P bt aBURY ol hRot: S TBbeEr hgving
| i mahiactgat®e msi for interfacing With 4 dispdcsment@cletouiedeniestihhctuating
t haty,d rﬁl@roff?&{el' RSkt i lpaat.&& &R at&e&&vlﬁ{ne@tﬁa;&%?@ﬁa o d

speci f eatures o he 1 nvention descri bed herein,
and SHFIM SPafleiRB e T atﬂﬁﬁ‘ét WespEae grugine pP'ﬁg\R—f} Aifirshfpicrosorter is
Whi ¢dtatesh a‘:\dlfmtaﬂt ebortihatk aayitgehip tig b abieatbaipert bica deabdd
themﬁggg Havi ng descri bed the invention,

IS C élned as new and protected by Letters Patent
| s L @naxigsel qotugior speingiiack PoIdig @ PG &F disrigcegent aciuators
CONRAd §ipMgklity of act@atith pinO§UcH it Bie RlbtRnGOEdcAIaBiUBENIN in the

pl ur %lc& E&/rregggongg ? tReS BE%@%E ?1‘ anea%g&ﬁ@dﬁarcgégp é&{ in lﬂ%vnll E‘rgsoi?t@r

act uat I on acenent

act @b@@ihemﬁlﬁbéﬁkémqwfﬁb@éﬁf&@g?th@ the nmicrosorter to

def | ecinesiPadchiofing phidiyRgdighifepdrizetubiorasiormed by a plurality of
characteristic

stream.of particle rein at
" easrerEedt SPReM SRR S EReB Epd e op LRGSR
mi cribplerdnesnt fdudiae stoedplédio a refivkftive eng of drarwilitaei@cikiisng
the ghip froman actuation port of a second
n1crosorter and an external actuator packing
bl ock holdlng a plurality of displacenent actuators
and Tae pystamabi dajm of wizecdinitie ibork phyidessuetentiiession eeach

'ocmp@eenoéntsaga?o@&w@{e&a@d Biafd. i N the bl ock

corresponds to the location of an associ ated act uat or
port in the mcrosorter chip when the bl ock and chip
aBe The ey oftdEge t hferther comprising an electric connector mounted to each

stack of piezo-electric elements.

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

electroconstrictive disptacement actuator.

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

formed in an array having at least two rows.

6. The system of ciaim 1, wherein the actuation ports and displacement actuaiors are

formed in an array having three rows.
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wherein each of the plurality of displacenent
actuators is forned by a plurality of piezo-electric
el enents in a stacked relationship and each of the
plurality of displacenent actuators is coupled to a
respective one of the plurality of actuation pins. 2.
The system of claim 1, wherein the block provides
pre-conpressi on of each di splacenment actuator in an
unexcited state. 3. The systemof claim1l, further
conprising an electric connector nmounted to each stack
of piezo- electric elenents 4. The system of claiml,
uherel Dok BLiP| IRERUAGLHALEL SohED: L BShUAR Bhching
Iectr dconst ric |ve acenen
systegien griuging P mat soiine Fgﬁ“ﬁe'taﬁ@f‘“&‘c‘t“éi%ttcf‘@iﬁ‘ebo?rlc@néﬁ'éator port
di Sphas@BIY frad ENah A Sorfigehbitien®d términAbngih frd)achiatet pigt.
at least two rows. 6. The systemof claim1l, wherein
the actuation ports and di spl acenent actuators are
f&r hieecsystamanh claim aywhergin algndithefdee actwator porfamii ghedivadt em
of  glcAsBitekis dﬁ‘ﬁh@ér% FrBim @AGHR B e QRQEDHEForCRRY ih8 88cofd
branchi ng swtching region including a main sorting
chalfE%°%d two outl et channels, and an actuator port
arn1extending fromthe main sorting channel and

Et'eﬁ]lg)f kil @\Jh?&‘n‘{ﬁ%ﬁrﬁ?&ﬂgﬁgwﬂcﬁmg Hfns Mﬁﬁ@bﬂl@ﬁw of

c a|m wher el n e actuator o arm of
t heMfoqseRerfiERBdSH s h‘?@”&?' Aresiahen e synsyat Pengt h of
the actuator port arm of the second mcrosorter. 9.
TRETRYSLEM P hiafil £4kibin BB I ARENE oM chGitb A0
reglon urallty o osorters are allgned
in a horizontal d| rection on the substrate. 10. The
S‘VIS Tl@g@y@ﬁemﬁf akbifm 1, whalaerted fcteatdsatiuit Diiv4rosd associated

ses er The system of claiml,
wheraler R RSB iR et et y "act T vate an

assoc irdavedin §eriek apserRlyfdoxe@sianeae anisior apranst af indgpendent

andfiexingdndafy Rlprdvitietpi@stRlsock assenbly conpresses each
actuator agai nst an independent flexing neans to

provide pmstress. 12. The systemof claim 11, wherein
t 1Re Tl sypleacé nteint 1 lawherain dresdisptactment ettualers gach include a piezo-

pi eél@&h@ﬁédk'aﬁd %%{&a%%s% RAsinRtb BB pRizp8leafi€staddnt ed
to the piezo-electric stacks. 13. The systemof claim

11, further conprising an electric connector nounted
t 18. Elacdysipimed daigl € further cotnpiding ab4lecih eoswestbenvupteddd aaam
11, p|meél%&$£ﬁ di spl acenent actuators are forned in
an array having at |east two rows.

14. The system of claim 11, wherein the displacement actuators are formed in an array
having at ieast fwo rows.

15. The system of claim 11, wherein the displacement actuators are formed in an array

having three rows.
18. The system of claim 11, wherein the flexing means comprises a helical spring.

17. The system of claim 11, wherein the flexing means comprises a flexure.
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15. The systemof claim 11, wherein the displacenent
actuators are forned in an array having three rows.
16. The system of claim 11, wherein the flexing neans
conprises a helical spring. 17. The system of claim
11, wherein the flexing nmeans conprises a flexure.

18. The system of claim1l, wherein each displacenent
actuator includes: a piezo-electric stack; an
actuating pin for contact with a surface to be

di spl aced connected to a first end of the

pi ezo-el ectric stack; a nounti ng- pin for hol di ng

t he_di spl acenent , a tuator levi ce coupl ed to. a second
LK SR R TER, 1 St e SEs el AR B bR o o T
coat i rypidp2@ogedaduer t he nounting-pin and extendi ng

at | e%ﬁtactgﬁfnP o th¥coRME with RS URA L EOp E4i§HAEH Bortb@EKtolaGirst
provi de an electrjcal connection to the piezoelectric

st a8 offfig PiegReeleclic SR of claim 1, further conprising
a Socketountnt@in far hgdicpthe d;splamwmciuagx Headedudattd actsond

i nt gné%}'tl%ﬂziﬁeelémﬁg{ac@%ﬂé n- st ack- actuati ng-pi n coupl ed

device ca ed such that its insertion into
t he s@ckeducherppiinegisppeegioverdle MeEHAgeR apheteqding at least

pl ezaifly acérrthecp;&toaacré@tnc%&ck Abratk b eREriB 06k e e @k Yiezo-
nﬁﬁa' ~ a plurality of displacenent actuators
ac

OF P %‘ by a plurality of piezo-electric elenents
|n a stacked relati onship, a plurality of actuation

pa?%f@a@hﬁ&#ﬁk@n § gimﬁér &mpaaﬁgmnt act u?t ors; and an

act uat or CKlL N 0 cua OI‘S

act uat SBHP%FW?"%W"%?@V%?{'a%@séedmeﬁs Ge gpunting-

cI a'p'ms%@k -avihaingipim dohgechdrvisa tar bepaskieherich It?mt:ks lnmﬂtqndrés the
Gkt s eW@tﬁEa? bohtddh® tﬁ&ﬁlé&%té’}gcﬁ;céfa%kf i xed to the

back plate. 22. The actuator bl ock assenbly of claim
21, wherein the actuator packl ng bl ock further
i 2 Ao detsater Hiookmtsdalbtycdompisingt ed t o t he back pl ate.

a plurality of displacement actuators each formed by a plurality of piezo-electric
elements in a stacked relationship,

a plurality of actuation pins coupled to the displacement actuators; and

an actuator packing block holding the actuators and actuation pins.

21. The actuator block assembly of claim 20, wherein the actuator packing block
includes a back plate, wherein the actuators are fixed to the back plate.

22. The actuator block assembly of claim 21, wherein the actuator packing block further
includes a front block mounted to the back plate.

23. The actuator block assembly of claim 22, wherein the mounting of the front block to
the back plate compresses the actuators.

24. The actuator block assembly of claim 23, wherein each actuator is compressed
against a flexible member.
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23. The actuator block assenbly of claim 22, wherein
the nmounting of the front block to the back plate
conpresses the actuators. 24. The actuator bl ock
assenbly of claim 23, wherein each actuator is
conpressed agai nst a flexible nenber. 25. The
actuator bl ock assenbly of claim20, wherein each
actuator is further coupled to a nmounting pin. 26. The
actuator block assenbly of claim25, wherein each
nmounting pin extends through an aperture forned in a
back plate of the actuator packing block 27. The
k_asse wher ei
et R Rt AREEPY ool Bl en A SRR Agdapmer o
t o actuating pithe stack of piezo- electrlc el enents. 28.
The actuator bl ock assenbly of claim 20, wherein each

tor rotrudes. thrao an aperture in a front
rb LR Sl OB Siay SRR ST h U @M AHETER or
bl od'kowb se epriyregbriedan arb&28 platsrd e actuaimep@kmg abckt y of
actuators are arraigned in a staggered rel ationship.

27. The actuator block assembly of claim 25, wherein each mounting pin conducts

electricity from a power source to actuate the stack of piezo-eleciric elements.

28. The actuator block assembly of claim 20, wherein each actuator pin protrudes
through an aperture in a front block of the actuator packing block.

29. The actuator block assembiy of claim 20, wherein the plurality of actuators are
arraigned in a staggered relationship.
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