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[0003] The ipeenti on geRehadblsy dBRVE g.?ﬁc)?ﬁ%@fchﬁé ndtOBYEYIthn DY 8H LS and

rel ated nethods for accurately conveying se€lected quantities of material to
and/ or fr om dippigsercicantaigs matstial BAGKGROUEY lOFopYEht pIaENm. (Rie[comdight Rot ar y
peristaltic pynp ebibidnit Qs i L i ety 20 of
applications I ncPFilJSaiernthL'iE ndnt.ﬁggprﬁlggg?%g%ugcg%g)kg@%cgﬁ? Ig\Aatl g{,i(yc 8% cal s,

f oods, and ¢reaeniadiectosutepsat appsiscia kherPotentrapd Predémark Offics ppienifilsgst em a seri es

of rollers O{GC&QQ§&0@[{6%55gg&;egﬁgkwgﬁkgﬁgwmg h into contact with one or

nore material conduits, e.qg., es or hoses, such that the
conduits are conpressed agai nst a conpression surface, such as a curved

wal | . Thig gener at eSCROSSHEFEENCES 70 RODRTES APPLIGATIONS | ength of 25 the

condui t, whighonul | mMahRbhcatidd s tﬁ@ﬂéﬁﬂﬁttoﬁ]@‘l’rdv?sidﬁﬁﬁﬁ%ﬁ@dﬂoﬁ @M t he moving
regions and pushes material in the conduit that is downstreamfromthe

novi ng regi o?f¥27%1g5 diledlecepbenseyiRe e disclesye ohiphish isapcarprraedty t he conduit .

One advant agRseddncPRrilsShklyitsr allRPesesi S the ability to convey materi al
t hrough conduits in the absence of contact between internal punp conponents

and the material being conveyed. For exanple, this 30 tends to reduce the
ri sk of contaninating._the co_n@%%ﬁéq}@ NTON\» 2005/ 057344
PCT/ us2082/ oW8%le [ odbsinvesdien sdheeally Bioyvides il GPNFHENSYSIFTS 3% of materi al

conveyed by ajaetndidods RS hécttaddly édmvalilEReI8HS duitineabl Mahs &y Med: akd can | ead

to i naccurately conveyed quantities
material sites.

BACKGROUND OF THE INVENTION
[0004] Rotary peristaltic pumps are utilized to convey material in a wide variety

20  of applications including in the production of pharmaceuticals, chemicals, foods, and
beverages. In a typical rotary peristaltic pump system, a series of rollers or shoes are
rotated in a circular path into contact with one or more material conduits, e.g., flexible
tubes or hoses, such that the conduits are compressed against a compression surface,
such as a curved wall. This generates moving regions of compression along a length of

25  the conduit, which pull material in the conduit that is upstream from the moving
regions and pushes material in the conduit that is downstream from the moving regions
to effect conveyance of the material through the conduit. One advantage of peristaltic
pumps is the ability to convey material through conduits in the absence of contact
between internal pump components and the material being conveyed. For example, this

30  tends to reduce the risk of contaminating the conveyed material.



of material, especially when nmultiple uniformquantities are sought to be
conveyed. More specifically, there is generally a substantially |inear

rel ati onshi p between angular 5 displacenent and the quantity of nmaterial
conveyed dur MWeRogs/odtsspl acenent cycl e when the | ead rolBavusbissiosist he roll er
whose contact with a material conduit is furthest advanced in a particular
di spl acenent[og0s3! €) aPRlbilie Fa@tElA Me ULRES b Batéhih] thE RS airghrycondui t .
However, this rel.ati onshiﬁ&ct nds to. becone Cgon-l inear as the lead roller

under goes a PeHFtalEnBHERHE ebeeryert 40 GaRdRRcHYR TRagertpply SeReRed@BItieY by t he

l ead roller @matdual, ddpediBlyQie@nuRipRcithifortl 6mBAGSe Jolgtt @ Bb cohldyed,pr oduces a
repeat abl e aberration or periodic variation in the function rel ating

di spl aced qu¥feisperishllinthered gerergi hssgially lingy SRtediRbrtv R a8 punp, whi ch
when unacytoundperhétt afBife Akt bOmhRAACHERYRI diringlh 3RAAGBRANOYBRIHA €S Of
material. [0006] Accordi nglﬁ, it is ap{)a_rent t hat scé.st,errs that account for
periodic 1509 wilerdhts, theyolleravhgsmenntact with ymatgral epnduit ixushesy advarsgdr ot ar y

peristal tic jRdpRSickiispH8hdnBRkR) aplieS@n@i presdRd bty mferidddhddional features
of the present "invention will ~ become evident upon conplete review of the
fol | owi ng di eyt his relgigumimiendyto brpomengEimeaRs e dad rollpnandergpesh i on

general ly relighgsehéht BRhEidiak whith WY irE\Wurs ¥5igi By @B %ad 2q1cTEE figds t hat
reliably convey selected quantities of material” using peristaltic punps,

i ncl udi n¥P miteaterial eanduiy dicepases togerck | Thitdpreduses aepeatablopheratipp popasiodis to

repr oduct bl Yoot it BhoSbAS AR biARnOf niRANH adRer | Ded herel n
readi |y account for periodic Vvariations that are comorily observed in
quantiti es ofispiegeraent af the prme yaish wihen ungsequinted foricee lepditpgsaccemidlyar e typical |y

| ess conpl exydRnd SHBR s @R Ny pre-existing 25 conveyance techni ques.
According to gcperrlteg?‘%\ g%od#rrent's, for exanple, the systenms of the invention

are configur o eff [ﬁ%gﬁs I | i ks gagenent
events for elgﬁé]quantligf{?ro r’rgte rbg%ﬁﬂégd;g%%@?ﬁ(ga%%{rﬁt%& eh§(§IQI er

di sengagbhentarigi#ong in thoqrastities pf matetialcpwisyedhyngfaceissidereopsd ties. In

cer tal n embogh Rl ok By SY SR s @ichaRAGRES: BF pllie indUgBh AR ur ther
provi de for the syncﬁronous a accurate convgyance of nmultiple
quantities ofecomg evideat upop campistereaion efvlz fodowing disdowfe. t hr oughput .

Enbodi ments of the invention also include nethods to m nimze the carryover
of material between material sites, such as between wells disposed in a

mul ti-well 2 WD 2005/ 057,3445%2’@ WNW& ner, to reduce, e.g.,
the risk of @P¥Hs- contleineatiomggnernbyelatss togatgrial coneuye pyemssBdcur at e anount s

of mater@l . ndiiSdsicty RNALPENHN B RIRES YhBfes ot hlAt GRFTREERIEPFHRETAM

including microliter volumes of fluidic material. The approaches to reproducibly

conveying desired quantities of material described herein readily account for periodic
variations that are commeonly observed in quantities of material conveyed with
peristaltic pumps, and are typically less complex to implement than many pre-existing

25  conveyance techniques. According to certain embodiments, for example, the systems
of the invention are configured to efféct substantiaily identical roller disengagement
events for each quantity of material conveyed to minimize roller disengagement as a
source of variation among conveyed quantities. In certain embodiments, the systems
and methods of the invention further provide for the synchronous and accurate

30  conveyance of multiple quantities of material to achieve elevated levels of throughput.
Embodiments of the invention also include methods to minimize the carryover of

material between material sites, such as between wells disposed in a multi-well
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products that can be used to inplenent the nethods and systens descri bed
herein. [0008] In one aspect, the invention provides a material conveying
system The 5 systemincludes at |east one peristaltic punp having a
rot at abl e rnebbmsozs@port that supports at |east two pob/iehemngRig., fixed
rollers, rotatable rollers, or conmbinations thereof), and at |east one

not or that cbaiggeioasiuye, 6 @) BRGEO drosstddfaBRbiif! thbse isBest Bbnvefing F Ot at e t he
roll er support. The S)[/stem al}gtr)rhi ncl udes_at | east one controller that is

oper abl y cdhNeERte gl afrgfl rhe yiyentiogasp grovises jelatedsompyler RQSEY of f ect

rotation ofprcifuctd fhal R85E udeh & iplenfi HibBRALEs dnd sptends@RSHbEMEr&iRL at | onal
i ncrement that substantially corresponds to an integral multiple of an

angul ar di qemsre di Spesedpheinapnio) AR A BdtrRl SonveHRPQLlRd TAY the rol ler
support such that when one or nore material conduits are operably connected

to the per iy oeludssapisash Ao Refdalye prwp Bpvine pitplecalies syrpordl®r i al - t hr ough

the materi Qh%ﬁﬁQQQéa%ﬁwo WIRAL(b.E, BRebliR kbRt rdBAL aCRfdbERRGRD tOo the
rotational 15 increment are conveyed to or frogmat |east one material site

(e.g., a ndbsiodapndapleest Prropotopthatds pRargblt onagger fe e pesistaltic pymdat i cal

rotational rheie HRFEME: SufSReTIR dydtef QRY B1uasS Iafiohebdntronsinthdt @ m quanti ties of
material to or fromthe material site. Myreover, the rotational i ncr ement

i s typical IopeTaie enppesiese Sy mater. e gpntaer inspafiguediojedfertgataign efiie system In

sone ey diigBinhSmolléEprovth Attt Behtdnathate8sn: tlat LDeGh6MY SodBbGHak @l condui t
that is 20 operably connected to the peristaltic punp. Typically, the

control | er % 3 istsaml gulkipl of & angpladiptanca Bispesad baiwveap adinesnt rllars rol | er
di sengagemgptsfd B/thd &ﬁeﬂm%;im sth RN bnd Y mB@HerGUR G dreduant i ty of

material to mnim'ze periodic variation anong the conveyed quantities of
mat eri al . QperRldnegnngcted th lepgrstalis purapandiily nedeaialtip pump genveneateied ect or

aper abl v CoRR Atk RN ALk S of nEGaR €6labol fp SRAbLAILP Lo det ot

detectabl e 25 'signals produce one or nore material sites. [0009] In

cer t ai nl¥entieurshars convhied syenfeom dtdeastoe matecipliife fo- @i 2 efasal comainerposi ti oni ng
component it 3uARELAY! YachRANSALBH: tdrefis SORLAR ey sTMEmPAR! L1 ONi NG
conponent is structured’to noveably position-at ast one material conduit
and/ or one unifermprrtitiTaoianaterial & ar éony the melenid site Mnwowmoghhmtatiole positi oni ng

conmponent t.ypi J i ﬁ@g I | der that is
structured 1%{%@33%)C{J’P?cgylﬁlgmnléb%??ﬂ%ﬁ%h?‘g%&e n C%%ﬁeggéﬁgaﬁ n@glr‘\tlg, the system
furt her i nebmeesbddimeentsathe system foghehindludep@edsi one natenabanddt thet is he positi oni ng

pCT) U4 P e Sl BBt AR RS RR el ot ' O Gnent
oper abl y ccifaeetstintdlytdvaticat miitrdidehgagemdthefliah denhaigriad conploit émeadhs st ruct ur ed
to clean t anvré?éde qruian"%{ty &2 Iqufl}JI‘iﬂI tovr\énngﬂmyzehl?eﬂodic variation among the conveyed

quantities of material. Optionally, the system also includes at least one detector

operably connected to the controller. The detector is configured to detect detsctable

25  signals produced at one or more material sites.

[0009] In certain embodiments, the system further includes at teast one
positioning component that is operably connected to the controller. The positioning
component is structured to moveably position at least one material conduit and/or one
or more material sites relative to one another. The positioning component typically

30 comprises at least one object bolder that is structured to support the material sites. In
some embodiments, the system further includes the material conduit operably

connected to the positioning component and to the peristaltic pump. Optionally, the

3



material conduit is operably connected at |east to the positioning
conponent, and the positioning conponent noves the material conduit at
| east proxinmal to the cleaning 5 conponent. In certain enbodi nents, the
system furt ha200smstaugdes at | east one nounting conponertrish@iodmignt s at
| east the peristaltic punp, the notor, and the positioning conponent

relative t osyaRe famek eluded £ @4bnd dkaaamgb&ﬁgon&&n@sﬁablytch&ebﬂaa%e on provides a
mat eri al conveying system that includes at |east one material conduit and

at |east onenfaisrsTag ‘El?aéﬂﬁﬁlﬁﬂﬁp‘?lﬁ%ftls siactyisd frdeamshe matsHplcendt whsnthee mat eri al
condui t. ThgaRaslicsidltid speRbRoAREEIH ERst30 m@baha&hﬁg cdnon&it, SHRROrt t hat

supports at least two rollers. The materi al conveyg@g éstemls typically
aut omat ed.  MOFEIOSIE CORPUIPEANGVAL the Material ponduil alleass Brox el BnfiR cleég@onent that i s

oper abl ys5copngeh&s. fncbeﬁﬂﬁclﬁﬁéduﬁér@s' Eh'e gys@ﬁfmnh&hﬁcﬁa%@ma&koﬁmﬁﬁ@t conpri ses
at least one notor that rotates the roller support. In addition, the system

al so i ncl udeumpgpent gat waants %#@Sté]éﬁﬂeﬁﬁq‘m‘”el?u@hﬁ%eIP%“%B@@BP?“WN ed to the
feedback coppaRaet: reldt fdone@RREdOl I er is configured to effect rotation of at
| east the roller support in at |east one rotational increnent that

substanti al [go1610r r €S pORhet &Fé&\ tlie@ﬁx%gt'itﬁ'préﬁﬂets'a%ﬁerﬁi c@RefPWkRfM di stance
di sposed between adj acent | ers supported by the roller Support such that

quantities B#tingudes PfdPasbml oRdBLAA at lppst pRerredptaltic pamathat st o or from at

| east ong ZQpeﬁ%ﬁfJohﬁécteﬁ'té ﬁcﬁﬁfeﬁﬁ%@ﬁﬁﬁ Mﬂeﬂﬁ:aﬁﬁ?@ﬁ:p%dek Refgagnt . The
rotational increnent generally corresponds to east a 0.1 ttl materi al
vol unme. Fur fohler suppaiicthatiseppiorts aftlepst twﬁéﬂﬂﬂsi her BpsHelcog@ymEsyIgm onvey

subst ant | al bicly fuRRUIR Y ket HERed 18l cob SRBRR ol ke 51 ¢ ©-
Typical ly, the rotational |ncrerrent I S unconpensat ed f ow rate

char act er i sppasablypfonpagted &3/the peristajtis pywneThafirsbaekeeamponerti comeprises #tal  conveyi ng
system 25 f ekl mGOrRE:oERs Hh difARbod! & ARG Blo R 80 horagngct ed to the
controller. e detector 1s con I g Fed to detéct detectabl e signal s

pr oduced3at leasienegonirelies thatis epdraiily cogiected fo hofedbacKihempeneiis whichi ¢ punps t hat
are include I Lon include
vari ous enbgd{ tﬂallérl?seco %L%dt%eﬂgﬁgo\{agﬂrirg%t%ﬁ%?ﬁ %rOOSE @J}ﬂnlamégﬁe peristaltic
punp conpri mOaalmg:lramentﬂharsnmltanpélylcsnr@pmadstommptegfﬁypuhlalelOj an tgelaperi stal tic
punp i s conf S ial to or
fromthe ma g%{cgeﬁ%g B%%d E&}Qgéna%@ac Tyt%ﬂ%? %gwegrbwg Otl S%EB&{ u[JE‘E ?lg:al ly

gener at es sqﬁafxlunes@ﬁmateﬁal\omz@@%hmﬁgﬂhﬂmﬂéﬂ'aﬂ LSRDG40 04D Bt le%‘B.DI@I’I al flow

rates at,.l eas r t.h [i ef fect non-
cant act et Aot OF SRt SR FeRbet ST R R OB et 00T

typically corresponds to at least a 0.1 pl material volume. Further, identical rotational

increments generally convey substantially uniform material volumes to or from the
material site. Typicglly, the rotational increment is uncompensated for flow rate
characteristics of the system. In some embodiments, the material conveying system
25  further comprises at least one detector operably connected to the controller. The
detector is configured to detect detectable signals produced at one or more material

sites.

[0011] The peristaltic pumps that are included in the material conveying

systems of the invention include various embodiﬂlents. In some embodiments, for
30  example, the peristaltic pump comprises a multi-channel peristaltic pump. Typically,

the peristaltic pump is configured to reversibly convey the quantities of material to or

from the material site. In addition, the peristaltic pump typically generates sufficient
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supports, e.g., 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 20, 30, or nore
rollers. The nonment of inertia of the roller support is generally mnimzed
to prevent a quantity of 5 material from adhering to an external portion of
t he mat eri al woonews134avhen the peristaltic punp conveyssoraisedhiédosts hr ough t he
material conduit. Mreover, angular distances disposed between pairs of

adj acent r ol hgksal sum RAsd £Thadd Yrok{at fo0d thi@finu WP B rhatdHaf corld¥ip tdcdfeb dhon-

subst anti al l%’P ua ‘iﬂ"’f one anot her For exanpl e, adjacent rollers supported
by the roll tagtdﬁéﬁ digpepsingsfrom the|igrmipug JIwibEr Hie rales suPpgE tWAARY fr om one
another. In sﬁ@ﬁ@ts;lé)g,em,osjsnﬁlstss,1ot1heur@3 181153 BRBO! dr thére kdMeR! GA@Ngeabl e with

at |l east one other roller pport. In enbodi nents where the rollers are

rotatabl e, tRHEVHP]EeppPftRe f?gﬁ‘p*uﬂﬁﬁ ineFRpREYY MiNiRIZ6d Epravegedquapi¥ Rni sm t hat

effects rot ahhdih GbmiabBering tdndRlethal WhlidR'3 heheda 8orldal Qhen ot at €s the rol | er
support, e.g., to mnimze material conduit wear. [0012] In sone

embodi ment s, Pefipaltic pUER SR SiERERChpIAEESl carduite Adereqyss angulrdr  ve
mechani smthﬁ Acs ani sm
typically i nc%tﬁdeiggfgﬁeugﬁe&g%%@gﬂﬁ%cw rda Sgﬁlsedg{fd ;b ?-’;g}t% Ig éfry‘%tp S ?gy tion

f eedback contpigdlly seistanfallyegeabfo onpreothest Eﬁrf ezgewéﬁ Adjagenit pllesgurpogied Peast one
position encgdafe fﬁ% fpdt ard ?&@rtally a%s&%ﬁmﬁ‘i%&%ﬁﬂor RrofCSHRARGH:: f QX anpl e,

the notor typi ca conprfses a servo stepper notor. In certain
enmbodi nedl s, embvélme@edbamklewmememhamaem with atlessp piesaiber onler or more wei ght
scal es t hat %ﬂﬂg]&gg r I;}%m scal es
det ect wei ght&@ﬁor?%n%%gé(?{% S |spt§§1eél g%ﬁg%tgﬁgl% i g{sﬁ%t ri g\% |te§ [ 0013]
The control | iaeludes ageﬁereahwndbﬁﬁffwrewmmfélﬁletﬂtab&mg@rawmght yofodent i cal

ol 1ot SeIRRARIRAL S LERM e BRI Rhab Bl ihbud e CCh cOMVEYed quant] !y

of material to mnimz IC varration anon e conveyed quantities of
material. | noagz]enbodmﬁkgmM&tg e £ R SmMcent Bhfidlaicad B CONtrol | 1
is optionally further configured to effect atl on east one of the
rol | ers $¥ppdriveaepchapisaiibaticipewply csmpﬂeﬂotheirnotphe’% d@ﬂb@@?h@éﬂﬂs the rollers
typically folhy, Fﬁl@degbtrlgagttdng BortidPomdpBn APRANHcCts phieH ed%aa&%uran of
rotation of ero ort to mnimze nmater con UIt wear .
exanpl e, t heofrthﬁ inelos Emmomxeenemlllyemh@gmmst Onypr@mnlbytccrdot andat b@stvel OCI ties
that have @?&cﬁ:@ﬁdn% fnforit or 205, fe% bR Wikoall saals@ Jerbodi ment s,
t he control I er Peast “one |ve ess se at | east
proxi mal to motoeomd stapperafotdrhdn eeEbie Bmhd;dlmmlm Ehetfeed&aqlmomblﬁeetfurthg rotation of
the roll support. i ' [ 005/ 057344
pCTI U200/ o BETRLs fatie eisht dolPhec s SpE) ol 4G bonofer e 012 S0/ T00
of the mat er weightcodauletect weights afnateritls dispdsetbation@oxhore eatariol dites. support is
generally mnimzed to further prevent the

[0013] The controller is generally configured to effect substantially identical

(@]

roller disengagements from the material condvit for each conveyed quantity of material
to minimize periodic variation among the conveyed quantities of material. In

25  embodiments where the rollers are rotatable, the controller is optionally further
configured to effect rotation of at least one of the rollers supported by the roller
support, In these embodiments, the rollers typically rotate in a direction that is opposite
from a direction of rotation of the roller support to minimize material conduit wear.
For example, the rollers and the roller support typically rotate at velocities that have

30  substantially equal absolute values. In certain embodinients, the controller effects at '
least one negative pressure pulse at least proximal to a terminus of the material conduit

after effecting rotation of the roller support in the rotational increment to prevent a
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quantity of material from adhering to the external portion of the materi al
conduit. [0014] The material conduits included in the systens of the
invention also 5 include various enbodi nents. In sone enbodi nents, for
exanpl e, a cax¢ipsrmposed through the material conduipcruszbusdaaisa
cross-sectional dinension of between 1 nmand 105 m Typically, the

material conyemtify®f sietidRoxOMREARAs arfexBlrbl fdrtién/ofde MR&PLlIBhduiC aREUi tS 1N
which termni of a Ie.as% the materlal conduits are spaced at a

. t of
di st ance fr o8I Ai6HHE mﬁ\(ﬁa@pr%ﬁ@m&awn%% foduEhenfreRiidhs f er ent wel | s
di sposed 10 iinnély of @@StialGen alibhngt0vek kxiSQatpaite bf tht hasHiXEcHERedi nents, the
mat eri al conveying systemconprises a plurality of material conduits in
whi ch two or [(badle of Themameiigcomiuits @eadidiii the GREEYRF Gia iBvaptibhaleh f f er ent

material gources. [0015]. I.n sone enbodingnts, .at | east one termnus of the
mat eri al gon&ﬁ@ew&'@% @ggne&fsvﬁbsg e@héﬁwrﬁ?’fqrﬁmﬂ*@%é% FRRETft s, the tip
i s optionall yhrigh@@material dondiihiacluded a bekHetithal difersh bAbawesbDdindat s, a
cavity disposed through the tip conprises at |least two different
cr oss- sect i o8l He picailn e mafsrsl coqveRns syttt eosantises aphpalitypf gpierife tip is
tapered. |n 3oNBiSARNALL TBRIS of Aleaki®RS bf e ROEGA 0Shdbs £DSH4TBE 872l @l condui t
proximal to the termnus is substantially linear, The substantially Iinear
portion of t Histapgetfeom ene anethgydesimuitmagsly semmynipsio with differept wekedro8d mm I n
some enbagi ManfiSeast bREmbBLWEINbRtaREr. 30 sdriCeribBliflehidlmEaRdtcofinkhe tip are
connected by an insert, e.g., such that the conduit and tip cOnmunicate
Wi th one anos¥stsm copyprises gwluplity oferateriahgsodiihimnybich {Sorar mone obifie mtsriali nsert are
inserted int Qomlrtééoﬂﬁﬁnﬁﬁtemdﬁffe&éﬁlﬁ%ﬂéﬁ&lu%e@.e tip, whereas in other

{ t

enbodi ments, portions of the termnus an e tip are inserted into portions

of the insefjoasiThe | AS&Hle dnfbo@RIRAS Al ieXstB&qéﬂnﬁﬂfs%ﬂth%le%{Erfm taasiif | exible

material than at” least the 25 material conduit. [0016] In certain

enbodi ment s, cemprispent nstane dpnipdiesregubogdismentin thutip eptisnally intessal with tieeast one
posi L1 oniyag GARMANaRked Al R AR Al GARRRGHBIAR, 4 b Aoy - The
positioning conponent Is generally structured to novea position the

mat eri al  cotvudifferanigtass-sactienahgimensicas. Tipically.@f laast yportion ohide ipést her . For
exanpl e, the i tdQni . | I : st one

ob; et ol dor il RGhg G BnttE AIERLe joRlch 8P @ el L AT o BkPLPEY . 2051 ti o,
t he control | ¢r termiruy fsisgkstantialiydintirg Wheshbstantigilydidestpoetonsl yhe mitt@adt rot ati on of

the roller s kbl | [or 6 WO
2005/ 057944 PRCEIOAT AR oot R 68 bl h i Bl s B kBB 00 e
such t hat20t hehequaterinl donéwit apfl theetipears eonnezted by eminesyiedlg., sugh dnat theganduite mat er i al
site synchro Iy &p é’c\)nmtn?un}cgg uyit%l o%_% bohe T OM GEMR b tfPJse é]‘H[?OdHHéﬂ?g R 'p@l’tions of the

insert are inserted into portions of the terminus and the tip, whereas in other

embodiments, portions of the terminus and the tip are inserted into portions of the
insert. The insert is generally fabricated from a less flexible material than at least the

25  material conduit,

[0016] In certain embodiments, the material conveying system further includes
at least one positioning component that is operably connected to the controller. The
positioning component is generally structured to moveably position the material
conduit and/or the material site relative to one another. For example, the positioning
30  component optionally includes at least one object holder that is structured to support
the material site. In addition, the controller is typically configured to simultaneously

cffect rotation of the roller support and moveably position the material conduit and/or

6



conduit and/or the material site. [0017] In sone enbodi nents, the

posi tioning conponent conprises at least one 5 X/Y-axis linear notion table
operably connected to at | east one position feedback control drive that
control s novaensosfisd he X/ Y-axis |inear notion tabl e atangewod4i6axi s and a
Y-axis. Typically, the positioning conponent conprises at |east one object
hol der oper abikynacgial e tedalive @ drd@notheY sax ittt fb Q@&lﬁnémin%ﬂaﬁﬁb gonvéfdidCch obj ect
hol der is strutur dto%&)ort t he r@{tﬁri site. ﬁcrtaln enbodi nent s,
the positi on°n‘5 5Tl A PRCIORTESY e%‘ﬂ‘ée”f‘néﬁ emaigEa ot i on
conponent COB@fﬂuﬁhﬂ’dg)r&iclhaﬂa&ﬂmteone material conduit support head that
supports at least a portion of the material conduit and that noves along a
Z-axis. The Boaxjis |i memermtbb&meﬁ@rmmﬁbmwpahdny coifrips atdeSt aab | east one
sol enoi d. Th OSI hl oni n cotggone%E i S t%{l)' ca conf i gur e%b nove the

mat eri al éon tm§ BEOPPIGHEE PP 5%1?? Piedpadt adherent 15
ImStterl al thaﬁ%@gh@{ve%al&mﬁﬁls@ddv&hﬁﬂ:aﬂﬂ@m-m lﬁfeaﬂrﬁﬁldiﬁ?lﬁé la.lﬁhg ﬁpmdrlé [ 0018]
n certain enmbodi e [ateria Qonve system t her includes at

| east one cl é’&ﬁ?lﬁiga h&%‘ﬁﬂﬁa gECOP’tPnF?FeatEeGﬁt"%PWJ@iI whi ch

cl eani ng C0maa%géraﬁ1§c&méaﬁtumdamxﬁlhﬁmnfoﬂ@] e, S high olSjéb‘ﬂﬂMtlémé/men the
posi tioning corrg]ﬁqnent noves the material conduit at |east proximal to the

cl eani ng conpEiseERd to Fyprers e “&tewl?h@ﬁ”%l?ﬂd%??f%tmf%ﬁm%‘%‘%pl e, the

cl eani ng 100MBQARAENt GRATRES ﬁ%&st%nvz%ﬂﬂm&hﬁmfcon@éﬁmf bsrhpindlat legRst one
orifice into or proximal to which the positioning ngtgnent noves the

mat erial con@Wf Fatetin pondpih sUPRArt Bgsd thab sEPDUE GLiesst %PRW@E paverel ceadw i al  from
an external g hacRvefald 21%@rT}ﬁlz-ﬁ&nﬂwranotl&mc&lkgo%m%eﬁe%eﬁxysectI onal
dinmension of the material conduit is typically smaller than a

Cross- sect i oRARMPTHpIRS &P@?t@ne grrlenoidle The pesitioaing pungopent dy typigallysweligigsdi nents, the

mat eri al convgyi MY s hieBhdi sh HeREk PR RFicRht ve'ld%ﬁﬁo abg adfRpAt | ng conponent
that nmounts at |east the peristaltic punp, the feedback conponent, and the

posi ti onildg @@Wﬁ@ﬁbﬁﬁﬁdheéqséﬂ Wtqf@lmoﬁﬁgﬁﬁwﬂﬂﬂmd%untl ng conponent is
typically substanti aI I y ri gl d. 510020] I n anot her aspect, the invention
provi des a cHfddk er giehts, tronatesisheongeying SQSfé@rfb‘ig}eé?n"Wé&?dabl e

medi um havi ng 1951&:{3%1&1&15&&%%&1; bﬁe?&ﬂi%hﬁe%& 1d € confrBA&H, Whidd cRilfingr 0T e

i nput parameters selected fromthe group consisting of (1) rotational

i ncr errent tha@mmyb@tlwptareﬂyo @@ﬂnrﬂeﬂslp@ mémh‘ﬂhqnﬁlmm%onw|<:t>linmvénfof an
angul ar 4 t ween

adj acent roI B%Qé%ﬁ%énﬁ c@ﬁ;ﬁﬁ%@%ﬁﬁ/ Oﬂﬁ%&ﬁle cghﬁﬁé %@?@E?ﬁ%’ﬁ"‘?@ punmp; (i)
a cross- géct mﬁmﬁmmdmntsl f@ne@mpk thaplemnslcm@mmﬁ cpmpl(lisqsm)va@mmﬁﬁmb@ry of

mat eri al

comprising at least one orifice into or proximal to which the positioning component
moves the material conduit such that an applied vacuum removes adherent material
from an external surface of the material conduit. An outer cross-sectional dimension of

the material conduit is typically smaller than a cross-sectional dimension of the orifice.

25 [0019] In some embodiments, the material conveying system further includes at
least one mounting component that mounts at least the peristaltic pump, the feedback
component, and the positioning component relative to one another. The mounting

component is typically substantially rigid.

[0020] In another aspect, the invention provides a computer program product
30  comprising a computer readable medium having one or more logic instructions for
receiving one or more input parameters selected from the group consisting of: (i) a

rotational increment that substantially corresponds to an integral multiple of an angular
7



to be conveyed to or froma material site; and (iv) an angul ar di stance

di sposed between adjacent rollers supported by a roller support of a
peristaltic punp. The conmputer 5 program product al so includes one or nore
| ogi ¢ i nstrudMd200f05138+ rotating a roller support of a mAviAsbdoke punp in
rotational increnments that substantially correspond to integral nultiples
of an angul adistehice idspesed Hétspasadiicddetonee Buppetiea ey Atollep bippbs® ofdRAGERD by the
roll er support of..the eri'sltzaill .tic.é)uqr%p such t q?t__ \hen one or nore materi al
conduits ar ePSFaRBKosE SR diepsion @%@F‘Fﬁs‘l"% it é\ﬁl}ﬁﬂ%ﬂ‘&ﬁaf pHEeri stal tic
punp 10 conveys comvessditabr frdih @ ughriilkfe; BRd @)iad nguln didtahde digpoabitvees Of

mat eri al thatd.corr(ﬁ%Fond tg thenr ot ati (Iz)?al increments are conveyed to or
fromat | eastUSRY “HerHpRared by arollpr fupnor,of 2 peristalis rRe TP COMMIET conmput er

progr am p$ odprograipddieralsongdiumdesedt mbRacHic BRACHAB G rotilil 4 idi on for noving
an XJY-axis |inear, noti ?ln tabl e an Z-axi s notion conponent = synchronous

. . d C
with rotati ngPPHELAREHY U%B‘BBQ)W‘?WEQ‘?%( Eements) that syhsEp@Hly s898Bed 14 he i nventi on

relates to aintgiah@ditiples GOMEBYIEGstNES bl borhash AlchR dolicRGLpiasy Provi ding a
mat eri al conve% system conpr.ising at |east one controller that is

in i si ;
oper abl y conPeBt Blfersyppart ofdhegteriyplic pratnoiich haltwhes orgyaease pateidnnect ed to at
| east one pegdngtilatd dpeRbfiRontkbEd Rekd elidhitié Sunk 4R 1ERELIBE urﬁpr rotatabl e

pe

roll er sypport that supports at least two rollers and Is ably connected

to at | eddt eAREeYs matpspldntoyeh te malgrial conpiss, guastibenof mateyiplithaiconespoudomat ed. The

met hod al so {Jikd dEi@Snal FiRRURYE R cbil8yl® STHdR] at (Bstne ndtefflshe. SHSPENSI ON, 2
reagent, a buffer, a solid support "~ suspension, etc.) through the nmateri al

conduit in V\Fﬁrtéﬁeml?@dl@ﬁﬁﬁrﬂéﬁ GogIPuiEr Pregr8 Progducs furiber ipgludes pideasbemiedegig uppor t i n
at | east oneinkficAbl SPRbvinD &t RAERMs llatmatdR bhi 87l %GR eRARdSHi 0 an
integral nultiple of an anhgul ar di stance di sposed between adjacent rollers
support ed 258yBghreneas wih resating thegeller supperh t hat quantities of material conveyed
to or fromat |east one material site correspond to the rotational

i ncrementd THE2Hont r ol aptbesaspesh theynventioagelates tp gmethod et enveyiee rol | er support
such that sheabliNgTR HheRSinRdR Bl didla lefferl isihk ) Cconveyed
in the material are mni n‘ilg_ed.@'pi cnglal Y, thﬂgﬂﬁdgﬁyg&fm%ﬁggﬂﬁgg@ed to the
materi al si t Bashpicrenirolien thapip pparably coprpalgd forat tea¥i caempteythetieopreeblr i al site. The
30 quantiti egRdeiddRd 81kt o PR pinp OTRE petiStalit i he material.
In some embodi r?ents, the system f%l}n?her. féo.rrgri glérgagétjm géss%m%%gfef eedback
conmponent t hellersgppogidhat sipprted Aastdveplies andie opasably conngeiadiio ftdaeilvack conponent

effects Si LbOp a . - I j ! The controller
Cener o | 2ot PREM bERARATH: ofRR DBl sl e R S G T £0 0041 040416
rol | er di sengayesingthesmbpietah(tfea avlsespénaion,coeageitt 2 fulfer,azchd mpprreyed quantity
of material

suspension, etc.) through the material conduit in which the controller effects rotation of
the roller support in at least one rotational increment that substantially corresponds to
an integral multiple of an angular distance disposed between adjacent rollers supported
25 by the roller support such that quantities of material conveyed to or from at least one
material site correspond to the rotational increment. The controller typically effects
rotation of the roller support such that shearing effects on material {e.g., cells or the
like) conveyed in the material are minimized. Typically, the material is conveyed to
the material site without the material conduit contacting the material site. The
30  quantities of material generally cornprise at least 0.1 pl of the material. In some
embodiments, the system. further comprises at least one feedback component that is
operably connected to the motor, which feedback component effects position feedback

control of the peristaltic pump. The controller generally effects substantially identical
8



to mnimze periodic variation anong the conveyed quantities of material.
The rotational increnent is generally unconpensated for flow rate
characteristics of the system Identical rotational increnents typically
convey substantially uniformb5 quantities of material to or fromthe
materi al si MO0t ai n enbodi nents, the nethod f urRGTEws20medoudes
effecting at | east one negative pressure pulse at |east proxinmal to a

t er m nus of rollixelisTagagemeits foom the inatenilt donduiteforaacit convdyed quahtitg bf bttt i ng
rotation of_the. r. ) in.the rot t to prevent a

oller. support tional incre
quantity of tonnﬁlfuérl]’llzeaqen??l%%ar%g%ﬁ%é tl}eﬁoﬁvﬁyedgwlg}%ﬁﬁ?#rﬂ%ﬂ ‘orf“of the materi al
condui t. 1O0rofafi622 jnctemesiOsrgeneritip dicompdisated foefley sttedhafctetidies ofalpr i ses at
| east one osi tionj.n nent that.is operabl nected to the
control | er, 5 f“c;ﬂ‘%ﬁ %a’?’folgagiﬁf%gbucre%%g’ﬁgﬁﬁy‘io Veé’tsblﬂfgapﬁﬁg’d’"%%m}mveabl y position
t he mat ef i atjuaatitedof natand toor fidaetheahetidlaite. I8 cérenin e@h@tinedts] the MBRodnot her. The
positioning,c onent ically noves.the materi a onduit with sufficient
vel ocity tof"gﬁgg?d‘écgﬁg%%ﬁ?g %iﬁﬂ%/ff’fl%ﬁga‘f‘? PRy ?‘vﬁﬁtal lﬁ?f'g%‘ioélén ®%n 15 external
portion of theintaifeld mdtedubsodnit withshp candlollst aftbrefetitig haration e thedeller Nnovi ng t he
material conduit.,wth sufficient velocity to eLect.adherent. material, if
oyt hat © adhwevbin e gualipel inbieRtyes Boreal tobetf B BS BOraEReRI AT 1 h Some
enmbodi ment sextérhe ppish bf theinBigrialcomianent noves the material conduit such that

adherent material, if any, that adheres to an external portion of the

mat er i allg cofidedjt conkewht embodimass, therestan fetheraingfides htdea@bneenove t he
adherent materjal fromthe external portion_of the material.conduit. For
exampl o, { hESSUIoHIZE cBpaeH 5 BrANY sPepestisp B sourior PREPOHicERel | of a
mul ti-well coeidhéit tekructiiedBdIhoveiblEpdsitioh theeinieieli ssBMiSandlohge fRtegai al site
conprises at, least one nulti-_well container and ﬁhe nmet hod %g{a’rpri ses
conveyi ng afiteTglaiiye tg ofe angthety The posgtipnige copppanpnt fypicalympyps thedpatqridh gt 5 £ r st
wel I of thecdhdhit vithBittici&RREIBEITA6 ejedTBIHeRGt titeridIBE £1y] Bt a6iRAWd 4n and/ or the
material site relat] veiﬁlo one another, e.g., wth the positioning conmponent

such thd? FHem#aeEen of the PAGHICconpdyt; LyRi 1pefhedipcipdes mogine éast a second

wel | of themaiehilicoN®itlwithGamicRhiRocityP0 dicsiaNRtit Atedbl, i @RS thabads@eONd quantity
of material into the second well of tlhe mul ti-well container. The noving

step and at '9@&sEernghRorEw ) dgimaiprial copduit dn pamms; exbhefinents, the ROSKIGNES o) | v

si nul t aneougofichéht ARRestROhiBIial cdniBit Gith kidt adhBr@ntTRAEAY ifh( Rha€ QdNRkek S€S
positioning a portion of the material conduit above or In the second well. 9

WD 2005/ 057 s epiemel pspiirmaf Sieamriesial oodimtepntests atdeast WRPEET PSSt e, the system

i ncl udegpa Riiivate aiheRdnt ARG R thEXREM bStbd\GlthAhReRiPeimant yrgonnected to
the peristaltic punp and the nethod conprises )
example, the other object optionally comprises a portion of a well of a multi-well

container.

[0023] In certain embodiments, the material site comprises at least one multi-

well container and the method comprises conveying at least a first quantity of material
25  into at least a first well of the multi-well container, moving the material conduit and/or

the material site relative to one another, e.g., with the positioning component such that

the material conduit is in communication with at least a second well of the multi-well

container, and conveying at least a second quantity of material into the second well of

the multi-well container. The moving step and at least one conveying step are typically
30  substantially simultaneous with one another. Typically, the moving step comprises

positioning a portion of the material conduit above or in the second well.



conveying nultiple quantities of material to or fromthe material site
through the material conduits. In these enbodinents, two or nore of the
material conduits 5 generally materially comunicate with different nmateri al
sources. Typically, the nultiple quantities of material are conveyed

subst ant i al W2 28¢5¢8613¢aneousl y. I n sone enbodi nents, tRETASM @GSt e
conprises at |least one nulti-well container and termni of at |east two of
t he mat eri aip0Adndui tBl same empatieehtn theaysthnsnelngs a phuadlitcafimtadesjabnds to a

di stance between .at_ | east, .two |l s.dis ed int mul.ti-wel| container. In
these 10 entSoarant oo SPRib APneRe S PR o an e e Emrisetal y

conveyi ng tdrmwymrgemul@leqﬂahﬁﬁnsghmhthﬁaltmﬂmitﬁcmahnalemmfmghﬁhe or fromthe two

| Th t t I
Cont i ner et - 28 PRI Bt AR S nrE 2o 8 mHRER Rl “cont ai ner
typi cal |y cgnpasliysestedallyebhinuwiedid whindiétiend maioial @uney. Tyakblygthee. 9., 6, 12,

24, 48, 96, 384 5 substrat e surface
optionally ml]ilgglégmp liseog ngg‘eﬁglr%‘?%?ﬂeeyg‘iﬁ"ﬁ’%@glaﬁ}[ %’E}g]%“e?%ﬁ’aﬁfbioﬁjér aspect, the
i nvention peboitiiestsphebiaeaal shi conifiva gt otaingt-wall cbmmﬁermﬁd gfhial site. The
one. mat er | &t LG o tiigeial eedets HhEAR AR SHEES Pt GHERRBI S connact ed ¢ o
the materi adhstmeduw&en awlﬁaﬁhw@wm (ﬁspasea%ﬁthé ﬁelunwue:ronﬁineﬁ T edgh t he 20
mat eri al _condui t erial aﬁ% ve % BT&}ﬁstem al so i.ncludes at | east one

posi ti ohf ngemtE’Sﬂ’i‘EBWe ?mlf’ o sgngr LyCcEgeMhe@eeidlal conduit,

whi ch posi t fh@Rgige t\ﬁ@ﬂﬁﬂ@lﬁ'ﬁﬁbndﬁﬁyﬁ%r fr&ﬁ tHERE e, ThO Bilteiibl sith Qen@ﬂﬂyt ion, the
mat eri al conveyin stem a i ncl udes at | east, one c ntr |ler that is
B et

oper abl y coffH@eEss PREaRFAh conitiner pRe/or giesst ong SEbsgRIE § . The

control | er gib@gesntdife typitaly &mﬁ@m&wmﬁh@l ﬂﬁieﬁﬂlcahmhéh}ﬁﬂﬁ? e2g5 6t he materi al
conduit and the gom tionj n :r_)?onent to_nove the materi a duit. The

met hod al sol% Ak c@sl%ﬁ% Eﬁé On € THOSE é’P]ilsalT]{eéul&‘mteF}‘%cﬁpﬁmﬁﬁ erial, etc.)

t hr ough s hecon{lﬁgﬁrain@gm&&@qtﬁlfgce,such that a quantity of the material adheres
to a termnal portion of the material conduit, thereby form ng an adherent

material qumozsjty. | Ad@edds tﬁeﬂ@venﬁ‘@tﬂf@ﬁheahﬁ@thbdlﬁfdéﬂ@m@CCa erating at
| east the term nal portion of the material conduit 3Q towards the naterial

site with tHECHL 3 MRRINEIT s EEIRE Inolides RIRYdinge? BateHy C?Wéylfl%?ylsﬁﬁﬁal portion

of the nat egg n@nsﬁgﬁmﬂsi ondirhferfal @nRQE bild d@[bbﬂ@n&;ﬁxﬁﬁiﬁﬂﬁﬁﬁop‘&ﬂﬁl@ that the
adherent materia

&gantlnﬁ%%ols conveyed fromthe terafn | portion of the
mat eri al cofffctediothe mate Bt Which pap eqngeys e @patesial &y @@%neral ly
conpri se§ akRAssndale THEKhteRdl c@w@}ihé dysté@lalso IR 22 AR bADYoaHdning

PCTI US2004/ 040416 container. The decelerating step typically conprises

ej ecting t heomngpwy that is gagraly %gnnected to the material contduit, which positioning
component moves the material conduit. In addition, the material conveying system also

includes at least one controller that is operably connected to the pump and the
positioning component. The controller effects the pump to convey the material through
25  the material conduit and the positioning component to move the roaterial conduit. The
method also includes conveying the material (e.g., fluidic material, etc.) through the
material conduit such that a quantity of the material adheres to a terminal portion of the
material conduit, thereby forming an adherent material quantity., In addition, the
method also includes accelerating at least the texminal portion of the material conduit
30 towards the material site with the positioning component, and decelerating the terminal
portion of the material conduit with the positioning component such that the adherent
material quantity is conveyed from the terminal portion of the material conduit to the

material site. The material site generally comprises at least one well of a multi-well
10



quantity fromthe term nal portion of the material conduit. Typically, the
adherent material quantity is conveyed to the material site w thout
contacting the termnal portion of the material conduit and the nmateri al
site. In sonwoemsosiissents, the 5 material conprises a eelrlussuspensi on and
the met hod m nim zes shearing effects on conveyed cells. BRI EF DESCRI PTI ON

OF THE :DRAWcN@nérOQ‘lﬂiéhecab%;iﬂgﬁepkyﬁcmdmﬁnﬁsﬁﬁ&alhg' ﬁggﬁﬁ;&reinilz: hbtsddl at gAaC
peristaltic punp roller i sengag nt event. . [ i.gur es -

schemati cal | aqrg‘gl%%"flﬂ‘&tt P%ﬁ@’éﬁ%m‘%ﬁvo ﬁghMICﬂﬁﬁs h?é Bl [0028] Figure
3 schg_mati C ahdteriali@ah @tg& @nf@gf@iﬂ?m@m y@gmmaygﬁg?ghg E—@Iﬁrﬁinager sEecti ve ?/: ew
according to one odi ment of t i nventio i gur schematical ly
shows a det &1 °€§?§%€ 'W@é)‘\}ti a@@\ﬁﬁfna?ng‘éit?'grf’é&fl?ﬁm ofyn ®fromt he

mat eri al 5Cony@fHaN@ngyisds@rel kushéngidh endihe hOBSDhinrhiges sQeins SRk cal |y shows a

cross-sectional view through a roller support that supports passively
rotatabl e r SPFEYEgUs-the roller support rotates the rollers into contact

with a material conduit. [0031] Figure 6 schematically illustrates a
passively rotatable rol hﬁ £ i i §ondui t. [0032] Figure
7 schemati Cetg(iz%bdelo' Céigm&i%ﬂws Schg?lg)geﬁghsﬁaa%%% Ik Loat REDRor Lo
actively rottatabl e rol'fers Ao & 0 el evationar \}?%W.T) 33] Figure 8

schemat i cal |djsesdagesenbeenoss- secti onal view of a volume of fluid w cking or
adhering to the tip of a conduit. 25 [0034] Figure 9 is a graph that
schenat i dhal 1[Q027} | ust rEigwss 2A-Corlguaticafly plusteteoriivys expmplhiyleegwdercor di ng to one
enbodi nent od‘istt Q(% i nvention. [0035] Figure 10 schematically depicts a
cross-sectional "View of a volune of fluid being dispensed froma tip of a

conduit in tiﬁﬁfibsengﬁnﬁvﬁg3fs+l#%}19tliﬁﬁ11%§ﬁi[p{}96'an}a]fen\gf%o%ggfﬁl{ggﬁéﬂﬁogg _I US2004/ 040416

[ 0036] Fi gure sch Ica rates a deta perspective view of a
drive not orpehspactingviaw powidingin ossxrgdwdimenimd thydmventieduct i on from the materi al
conveying systemof Figure 3. [0037] Figure 12 schematically shows X- and
Y-axi s |inedf02¥bt i on Figt & schenhati@lipdiows h detaifed peibpectivectan eici pedetilies accor di ng

to one efd Od;ju%% HonPhhe EQEHM@X%S{&Q Yystem of Figure 3.

[0030] Figure 5 schematically shows a cross-sectional view through a roller
support that supports passively rotatable rollers as the roller support rotates the rollers

into contact with a material conduit.

[0031] Figure 6 schematically illustrates a passively rotatable roller contacting a

20  material conduit.

[0032] Figure 7 schematically depicts a portion of a roller support that supports

actively rotatable rollers from a front elevational view.

[0033] Figure 8 schematically shows a cross-sectional view of a volume of fluid

wicking or adhering to the tip of a conduit,

25 | [0034] Figure 9 is a graph that schematically illustrates a conduit tip velocity

profile according to one embodiment of the invention.

[0035] Figure 10 schematically depicts a cross-sectional view of a volume of

fluid being dispensed from a tip of a conduit in the absence of fluid wicking.

1



[0038] Figure 13 schematically depicts a detail ed perspective view of an
object holder fromthe material conveying systemof Figure 3. [0039] Figure
14A schematically shows a top view of a mcrotiter plate. [0040] Figure 14B
schemat i cal Mo 100305844 at es a bottom vi ew of the m crol ircwus2ddophat e shown in
Figure 14A. [0041] Figure 14C schematically depicts a cross-sectional view
of the m cri@d3dler pFate 14 hahamaticallFHllgitrars 3 ddailddPrdRdctitd dew of ddife

schematical ly shows a rtial t.ransparent. perspective view of a vacuum
chanber of 13&87 %aéﬁﬁgﬁé’og@%%’ﬁ%cl‘% a“&&&%f%ﬁ rbontfbogb{%%@r?%lcﬁ’%ﬁ?lg of the 15

i nvention. {yeOddfFigugdre 15B schematically illustrates a detail ed
cross-sectional viewof a material conduit tip disposed proximal to an
orifice of HWOPArti onFighretiBechemeatically showsBeand Bhxibligpar motdwiabld @@44] Fi gures

16A- D schenqt | Ly, illu te vari.ous material copduit tips 20 according
to cert a?nn%ﬁ%@g%eﬁé%afféc%n?&[ e ar?ﬁcg%?qg gono.ne B‘B%@‘f*eﬂii"g%‘w“’i“fm S a bl ock diagram
showing ar sent at.J I Vi I i vari gus. aspects of

t he pr esentﬁlﬁgn&\e;enti oir:lfg}{nlgfg%@%ﬂ%gﬁ%ggm[%%%ffﬁ%ﬁé;@e%@KO?H?Jﬁ% ates fluid
vol unes di sipédes &dmfthaomateria yetveyingdysem bhgure 8t at i onal 1 ncrenment was 12 per

vol unme di spensed. 25 [0047] Figure 1 8B illustrates fluid volunes di spensed
froma syst@f3%hen t Hgurerldtathicmntidally showe atptviowasf alBicpéter plateune di spensed.
[0048] Figure 18C illustrates fluid volunes dispensed froma system when the

rotational 0A¢Henent Figars 138 sehomaticgllyittusteifes p bottnonl view 2f hond@e8#057344

PCT/ 118;6)04@%\%5%EE%9§%91]4AH gure 18D illustrates fluid vol unmes di spensed
froma system when t rotational increnent was 42 per vol une di spensed.

DETALEED Db PT %igﬁrrei@é%&ﬂé%@t&cgﬂs ic&cﬁgg&k—gﬁgtgﬁﬂ SiclF Gl nfihdet NE present

i nvention tail, I't is to be understo thi's Tnvention is not
limted to paeshominfiggpsiténs or nethods, which naturally can vary. It is
al so to be understood that the term nology used herein is for the purpose of
descri bi ng 843l cul aFizaiedddischepaticalinshpws apartiplly trapsparant eestediive viewe | i m ti ng.

Further, up 8ssudeliamee @#t BEiie8mpaieht A8 RNk &Pdne @FoEGERBEhE i C terms used
herein T?ve_ th(;:i sane
mventon.

[0043] Figure 15B schematically illustrates a detailed cross-sectional view of a
material conduit tip disposed proximal to an orifice of a portion of the vacuum chamber
of Figure 15A.

[0044] Figures 16A-D schematically ilfustrate various matetial conduit tips

20  according to certain embodiments of the invention.

[0045] Figure 17 is a block diagram showing a representative example logic

device in which various aspects of the present invention may be embodied.

[00406] Figure 18A illustrates fluid volumes dispensed from a system when the

rotational increment was 12° per volume dispensed.

25 [0047] Figure 18B illustrates fluid volumes dispensed from a system when the

rotational increment was 18° per volume dispensed.

[0048] Figure 18C illustrates fluid volumes dispensed from a system when the

rotational increment was 30° per volume dispensed.
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10 meani ng as commonly understood by one of ordinary skill in the art to
which this invention pertains. In describing and claimng the present
invention, the following term nology and grammatical variants will be used
i n accor danceowshsBdae definitions set out bel ow [00%Ejrudieesdienn
"material" refers to matter in essentially any physical state. 15 For
exanpl e, mat[@edorl CankiBge i S0 RGAQTM oS AR penkd S sysieBireh kaui ds,
pastes, powders, and conbinations thereof. To further | | lustrate, nmaterial
conpri ses ce'*matl@mli’/n@fﬁmemé‘%éﬁPesmlpiém@m‘m@fll n certain enbodi nents of the
invention. [0052] The term "angul ar d| st ance" or "angul ar di spl acenent”
refers to an angle that a rotatin rotates through. In sone

enbodi ments of the present 20DEd; SCfRJPTEQ@an e, arotatable roller
support of pe”rufﬂé% Jm\&grrp r ot at es in rotational increnents that
substanti al ?&/ co pond integral multiples of angular distances

dih sposed Det0o50) adj ma&demhblﬁgmegmornm@obmdem it Bled B wrlefgRed t . [ 0053]
The term

nerti refers.to a measure. o e, resi tance of a
body. o anguREisBLeE M bR PG S bt Bkt Pk BYWED €8 the. sam of
the product Svmﬂﬁt@ﬁls@ﬁﬂd&uﬁ&l@ﬂ@iﬂth@fheﬁ&ﬁﬁudo% 0ha hber)s @Pthe phiRoe@par e of the
elenment's distance fromth axi 5@0054 %e term"reversibly convey"
refers to a %ﬁ%@@? E‘iﬁﬁ‘&’@ <Pl & not infendad; e pe ERiEing ok uifL|  or portions
thereof are @@d@a&éfﬁecp&hmisagmt@hﬂcal ahESPRMESE i@ As@ hefoht BivE Ble sirhd € af ter
bei ng di spensed_at the site, di s(i)ensed at, one_material sjite after being 30

removed 1Y onPEARIENRE FOmReNbY yridersiopd By ong of prdinagyskill if fhe art fwhigh i n enbodi nent s
of the inveR{dnfbn pefrﬁfns epmaRRtiBing bdddldntms MR REbRliSeAi, @8 Rillbded from
material sites (e. well's of 13 WD 2(%05/ 057344 PCT/ US2004/ 040416 a

ni cr o- wel | pqela%ole&y %8¢ arémn#apeﬁl wrentyRElbbs uipd Begrance ki e dEHOBY at ot her
sites (e.g.,set ¥RbEISWOf a mcro-well plate, surfaces of substrates, fluidic
mat erial waste containers, etc.). Reversible nmaterial conveyance is
typically effpgsted DY Tt ritodidIErcRed doShaab ih CsseidDParyPhlddal Support in a
direction that is opposite fromthe direction the roller support 5 is
rotated td cBmeEamplsmaleriploan by inths fompot gases; igyidarsemiliqidsapasistt e fr om whi ch
the material popfdars! SARYRBnatloORET NS ficPMindAR; ﬁth@ﬁﬁ% {E&E@ésll%d!&'ﬂ spensi ng"
refers toaprocess of material dispensing in which erial conduits of a
mat erial conigesPRIRYSESYsens i rgansmbodinmineithaiayeiphl sites or material

di sposed at material sites when the material is 10 dispensed fromthe
conduits. [0052] The term “angular distance” or “angular displacement” refers to an

angle that a rotating body rotates through. In some embodiments of the present
20  invention, for example, a rotatable roller support of a peristaltic pump rotates in
rotational increments that substantially correspond to integral multiples of angular

distances disposed between adjacent rollers supported by the roller support.

[0053] The term “moment of inertia” refers to a measure of the resistance of a

body to angular acceleration about a given axis that is equal to the sum of the products
25  of each element of mass in the body and the square of the element’s distance from the

axis.

[0054] The term “reversibly convey” refers to a process of conveying material

in which the material or portions thereof are capable of being, e.g., removed from a

material site after being dispensed at the site, dispensed at one material site after being
30 removed from another material site, and/or the like. In certain embodiments of the

invention, for example, fluidic materials are aspirated from material sites (e.g., wells of
13



[ 0056] The term "feedback conponent™” refers to a conponent of a systemthat
provi des i nformation about one or nore other conponents of the system 1In
certain enbodinments, for exanple, the material conveying systens of the

i nventi on | WOI20&8573#eedback conponents conpri si ng not ACE/USH@sMasate rol |l er
supports of peristaltic 15 punps. In these enbodi nents, the feedback
conponent s aysiesrwéll glatp poathat dpide matsrial omfee) amd dispansededt athengget @.gt,0l | er support
position t ] %‘tﬁ QL e typically

" operably cg‘rlleﬁllgg{ %lcgcﬁglﬁub%gt eséf(;sﬁ?{n%%gtg@gdﬁc%% g’ %]Conr ot4ti on of the
rol |l er suppts) Reiversiblenmterisldconvyatc isrtmlcaﬂlmﬁf@mmmtaﬂmg tiegesteltibodi nent s,

f eedback c t S terial

pr osent at TRk uBbAN] kMR PG JRR N Bl Bl PO
these typess Uﬁatefdeted@af@kthem@dﬁeﬂﬁ@aﬂmﬂwmtwbsﬁ@@omw the admptled for use in
the materi qk}e%ggcpyl ng systems of the invention, are defcri bed further in,
(I?/ETH’CDS N gge'?ENépPl i Cle;x:;lOH No. 10/350, 905, entitl Fd FLUI Dt HAlNDLI wﬁ; ]

: & y et al ., ic
is incor poﬁat e?i' by rTe e_et%encg %%g t&%%alﬁﬁgé}m ré}érg{% it onaﬁ i ncrement”
refers to anatetipgdispensiog mpyhichanaterial esnduits of imaterialcopysping syskeor domoanpl e,
controllers, t Q@ v, confi gured to
ef fect rot atoﬁ%%t @%ﬁﬁﬁtﬁ%ﬁrslﬁ%go@ olséana?{r}%ﬂteg{ilsg%g’fhte%(%g (rhgalrtrée € that
subst ant@ al digpensedfrpmdlipoedduits i ntegral nultiples of angul ar distances
di sposed between adjacent rollers supported by the roller supports, e.g.,
such that dO%¥fant i aTheyteliﬂﬁé'?ﬂdb%@ﬂCﬂmpn@ﬁ”@@rmpse@mwmﬁasymmh@ffect ed for
each quantity..af . oat el ﬁ&g:ﬂsﬂ or exanple, a
user di rectpfrywsg ectsﬁtlﬂéeboﬁgc{%gtg%/%ﬁlgo{}?rrl%r mem ro | er support
rotates, wharhodisepts, foxmmpbmb@mhmtcsnveanggyst@mmbbmmwmnbemclusle configured 14
WO 2005/ 057 r .rotational
i ncrenent, %éh%a&gg&gé%g%gé)rgﬁ%ﬁljg%%éggth%ﬁjgﬁgr?ﬁp Lﬁ)g&ﬁsgﬁg %ﬁ%ﬁﬁ{ hat a user
9e5| r esli o myeps.omikspeembdddass) the irsdback mrﬂpomﬂtsaeumlss@xgagte mgnat " or
L0 Senaag Bk 8 ik 8 80 bt ro BRGSO ol Aol o @ roller
01;1 a peri sttahlppmenpmqiyindﬁﬂ& Oﬁwréérlgmg@iJMrwchehﬁgmeCDI}tplllclaICthcf_fecbrrespondf t? a
change in | genen rom
appr oxi mat gllro g‘ﬁ%ﬂ%‘aﬁﬁgrﬁsﬁ%o %613 ot cpo} ﬁi;/na}zjlgr gﬁl&%gﬁé{?&%ﬁg%giﬁ%gsé "integral
mul tiple offeaibacécmgmparenmpsxvadnméomhasposwas theveigeo! mdieadentsentold ers" refers

L o B0, B850 0B 4RI ARABEA A b ehiggen ac) acent rol fers

support ed a roller suppor a peri tic
components, which are optionally adapted for use in the material conveying systems of

the invention, are described further in, e.g., U.S. Patent Application No. 10/350,905,
entitled “FLUID HANDLING METHODS AND SYSTEMS,” filed January 24, 2003
by Micklash II et al., which is incorporated by reference.

25 [0057] The term “rotational increment” refers to an angular displacement of a
rolter support. For example, controllers of the systems of the invention are typically
configured to effect rotation of roller supports in rotational increments that substantially
correspond to integral multiples of angular distances disposed between adjacent rollers
supportted by the roller supports, e.g., such that substantially identical roller

30 disengagements are effected for each quantity of material conveyed. In certain
embodiments, for example, a user directly selects the rotational increment in which a

roller support rotates, whereas in other embodiments, a systein controller is configured

14



integer, that is, any of the natural nunbers, the negatives of these
nunbers, or zero. The controllers of the systens described herein are
typically configured to effect rotation of roller supports in rotational
increnents that substantially correspond to integral nultiples of angul ar

di st ances d¥VQpWsed3Met ween adj acent roll ers support ed POV UIBIHHB1G o] | er
supports. To illustrate, if a roller support includes three rollers disposed
120 apart t pedaet aveeprentath mtatignd inctemestet.g.cbasell o egyinpui @lantlly of hen t he
rotatlonalIhﬂ&ﬁﬁﬁﬁn&maﬂ%%%bﬁﬂggbﬁn&ﬁsupport w |l be 240, whereas if the

selected integer 1s +4 e sa roller support, then the rotational

I ncrement  ghosghe ro'i‘}%rterﬁlu?ﬂﬁa'i'ﬂls déaheﬂ?ﬁxt"léﬁ‘dls@r@ﬂgéﬂeﬂtgﬁ}énl? refelRQ§ Lt 1 ve and
negative signs before the sel ected I'nteger general refer to the relative
20 direct i docsss ip whish pelensl arplder pyippidis r@tewgfrpm centgct withgrogieral or rever se.
0060 {GOSEAN " when materi al
E:an b!a :[%I’ gﬁgﬁlﬁtgﬂ?ﬁ?@%ﬂgﬁ%ﬁ’or fr%%gﬁ}ﬂ?%yg{rsi& egéﬁ%lgé‘{eﬁdtﬁ&aﬂ?t he conduit,
e.g., undercomefrongs it 4 dangsrie prese agplisd by Seaplier endsizeing tl[mocb@magam@tt erm
"periodi C VAR #&Hﬁatélgcfiﬁr%Mt@sﬁb@ﬁﬁaﬁﬁ%&:hange in output or 25 other

characteristic a gl evice or system To illustrate, there is
typically qoosder i odlfhe\fldihfhal ultidf of 47 Bhbhidt Altafi@idifgogla CONVEyed by a
rotary peristaltic punp, g., when a rol di sengages froma nmateri al
condui t durheﬂgeeaadiaswta@@ﬁﬁarwfe@mh@pwd%p@h@welﬁx diganceglispessére i s general ly
a substant iglleyn odi &%rroﬁc‘?és%gﬁd?@%wmﬁé‘rt Hﬁﬁ;& géﬁs@aﬂuc ement and the
quantity of materiral conveyed during a spl acenent cle en 30 the | ead
rol ler (i.dntegeriiatsotryef thamewel surircthe wigetives ohtesempabersondadt is furthest
advanced e BofiRiik Gtthkystlcs BLAREATReinGHA Ml RRBdfikgToRRLANt Pressure on
the materia However , |s rel at on5|ptensto econme non-linear
as the Ieadfmiﬁmnl Cé woll@nmpg@eg f@ﬁ@@Wﬁ@‘@%ﬁ@S%Mﬂ@@PWMMMG

di sengagengpt, lipi et g ats 6 Reck BEpREESRINCR a@RRb1 SlerbY, &%edl ad roller on
the materi al g@\gﬁﬂﬁt éaﬁg]easess teoa§%ro ThIeSa%I‘OdUCEBS au epeat abl e

aber r at1%on toe rofersigmite. To/idinstente, §ia roller supporf welgdes dnee wolters dmgasetl B6f aced
quantity of er | l. [ 0062] The
term"top" alpteig?%?% é \ﬁhhcp% Q%egggtﬁ%ﬁnggﬁa E@mllse(l%zr’ %%?IB&QBM% of a device
or system tberoﬂa\shp;mrtcmllSys40§nwlmmrprﬁ|dmrselactwmuagms Jechftoethefsmnexbuqm cal designed
or intended operational, use, suc

i,al a source to a
dest i nat i orfUPoR: thepihe F‘ﬁ@’c‘malt“FFée“Ee@Wﬁahach etra g”fﬂggf’sﬁ Oor Btnﬂéf’f st point,
level , surf@g@ive fId legdiive Q saeeﬂﬁé/th@mec@a itabet @ﬂ&ralwreféew B&reBkivesy St em

corrponent when oriented typi cal designed or 10 intended operational
use. 20  direction of rotation of thc roller support, e.g., forward or reverse.
[0060] A material conduit “communicates” with a material site when material

can be translocated to and/or from the material site through the conduit, e.g., under an

applied pressure a peristaltic pump.

[0061] The term “periodic variation” refers to a recurrent change in output or
25  other characteristic of a given device or system. To illustrate, there is typically a

periodic variation in the quantity of material conveyed by a rotary peristaltic pump,

e.g., when a roller disengages from a material conduit during a displacement cycle.

More specifically, there is generally a substantially linear relationship between angular

displacement and the quantity of material conveyed during a displacement cycle when
30 the lead roller (i.e., the roller whose contact with a material conduit is furthest advanced

in a particular displacement cycle) applies constant pressure on the material conduit.

However, this relationship tends to become non-linear as the lead roller undergoes a
15



1. 1 NTRODUCTI ON [ 0063] While the present invention will be described with
reference to a few specific enbodinents, the description is illustrative of
the invention and is not to be construed as Iimting the invention. Various
nodi fi cati ong 20805788 nade to the 15 enbodi nents of thect/oyveanikans descri bed
herein by those skilled in the art without departing fromthe true scope of

t he lnventl@@n@a@eﬂ@ﬁbﬂﬁﬂdﬂg%hﬁﬁ%aﬂﬁ@ap@hﬁmhelEéHrou&%ﬂ@R%' e, although the
conveyance of rafl atlvge%easmall gquantitjies or volumes of naterial (e.g., on

the scal e dra%faf pondpif sef e | ihisPeoduess @ ropeqtable Absratignas @etpdicei n primarily
for clari toffoniih thd Shnc@dd BRing dispiictd quaRitR BhREkAWRE ot the systens and
nmet hods of the 20 invention can be adapted to accurately convey essentially
any quant i t‘&’/sP&PP"’Wéwl%tPumHt is also noted here that for a better

under st gndi nng certain |like gonponents are deS|‘?nat ed by like reference

| etters “andPER! numer H1edemn tg grisa o ton Bishest poitste I@H\’f%"’r[l’é‘@eflﬁ The systens

and met hodsdeice 60593t ddevidl R Eis&hﬁcoﬁfpoﬁéﬂﬁ whELSRRted fortyRl dQngesneral |y
peristaltic punps with precisely regul ated 25

i ncl ude rotatldr;g
accel er at i JR&ndeg opeRiiqnplae, S‘gilid‘s E@’é’@l‘%&%‘ﬁ”@h@“?é se¥rPRlor dadtiptiont & angul ar

di spl acenendofitrast, M/ 188V DbitorhNRISYSHRTBWADSbifEERY, @ﬁrfﬁk%scﬁrpmb 8fh RIcei N typically
account for perlodlc vari ations produced rol |l er di sengagenent

e.
events sucHTEHREM &&é?yfca@ésyatﬁlawma?s@a% ﬂb?“@“@@fﬁ“g@%yﬁ@él dspighedEri al i s achi eved
usi ng rgs aryteR®iiopdradidnbiGs@UMTPS. I n certain enbodinents, for exanple,

mat eri al conveying systens are configured such that 30 substanti ally
identical roller disengagenent events occur for each conveyed quantity of

16 WO 2005/1]5734NTROUU!1W/ 040416 material, thereby mnimzing roller

di sengage of vari at.i on,.anmong ., conyve d uantities of

mat eri al . ma@é@g] To Pﬁfe@ 1y P’éwflgbedg%élpﬁqo‘fvigh%%é P&tV ally 1inear
rel ati ons?lq@m@@émmﬁmgﬂéwsc@tﬁ@lsammme obthe Snviehtig ah@islnertowpport and the
quantity

of materi al ed when | ead punp roller
begi ns and f@ﬁﬁ@%aﬁﬁglﬁ%%%wmﬁ%y PRPUS BIS é“%‘fi‘ﬁ%’f’ rﬂé?swr etoa
mat eri als C%ﬁdﬂéﬂﬁn&nﬁl&l}f ihb @fventRS déddSbdddadin' B thadé sHIBGH i) Thetaft wmﬂb@cengage fromthe
mat eri al co%dwt gq Wmle other rol%g d&)gﬂns toafaﬁ ethe condui't
(e.g., tubi Q“B'Pg‘??f@ |Uik‘85‘°°P‘? “"%n“?%/?ﬁ 1qdypy Zne append eF¥he conveyed
quantity b@c@ﬂﬁlasaltabuéh@&&bm@@irkb at delti v ORall (BarfifiePorTvdRigies Gmdriapngul ar
di spl acerrent as at ast material, in_the conduit is sucked backwards
to fill the®gapn Fh@fS‘fa By o LRSI éw)l%%?ﬁhﬁﬁze&&ﬁm@rpne@ﬁ%fa with the

condui t. Thigit) 8t ifiidal@Y, it will bSdppRtia@d it tié GBS add HetBHtE oBhe WhHi Ch

schemati cal | y show punp raller SUP port 100 supporting four rollers 102. In
20  inVention can be adapted to accurately convey essentially any quantity of material. It is

also noted here that for a better understanding, certain like components are designated

by like reference letters and/or numerals throughout the various figures.

[0064] The systems and methods of conveying materials of the present
invention generally include rotating peristaltic pumps with precisely regulated

25  accelerations, velocities, and decelerations to effect accurate angular displacements.
Moreover, the systems and methods described herein typically account for periodic
variations produced, e.g., by roller disengagement events such that accurate and
repeatable conveyance of material is achieved using rotary petistaltic pumps. In certain
embodiments, for example, material conveying systems are configured such that

30  substantially identical roller disengagement events occur for each conveyed quantity of

16



Figures 1 A and B, S2 and Q are the sanme nmagnitude. As shown, rollers 102
conpress conduit 104 agai nst conpression surface 106 to effect conveyance
of material through 15 conduit 104. Arrow 108 shows the direction of

rotati on of wokdgws7spport 100, while arrows 110 showectresadisroemid on

mat eri al conveyance through conduit 104. Figure IB shows the change in
state of comahirial, ﬂlﬁfbbﬁfﬂh&ﬂzﬁﬂgeolwﬂiaedga@nfeﬁﬁaaheduddﬂflvaﬁatﬁﬂm@ﬁgt 100 the

di spl acenent n.s ¢ %i{]g% e, | A The progression fromFigure IAto Figure
1B shows t If3t qlfa?ﬁlgs P98y or disengaging | ead roll er cones out of

cont act W|t cond 4 hat rol | || frrom conduit 104 causing
mat eri al q&gl flu tijlfo 111 ate, ere fsegeneé?l %sggsﬁmgl%}ﬁgﬁﬁr rfilﬁqutsclﬂp | east

monment ar i I y wmehea@uhkﬁsplanf gpompliolls su@aﬂmdthaqm@ntyc(é g.bizcﬁmaé)er ration or
periodic varl at n rel dis e uant i of materi al
with angdl ar fﬂﬁagﬁfqg%vﬁ% W]lﬁ“ H%a%;?HWB (ﬁtﬂ }P%}“ 5‘3%;51 ?glsﬂacef”@@(%‘il Accor di ngly,
aspects of tabﬁlymgvmﬁan@nesdusnimamahmnemn Fuethal B thedes)idll@pBgindoand

nmet hodol ogi es_t hat dily a nt for ¢ variatign such that
el oot ed qdtitee ot BF mapBF RN ebgwniq ol edn Bendies 8°) *ar o
accuratel y comiuityeg, ubinpgr meh]&l),)ther@ﬁllypwaﬂj/ § peiof) WS thel ddIn@HEd @iafititgbodi ment s,
for exanple, the inventi rovi des .a tro stem configured to convey
quantities GECHMES &y F@prﬂég gale"tﬁS&fW}?P sayg{llq@%/spltame,n&sp%ﬁeptt o an angul ar
pu Inrp r Iot a :c Qﬂrﬁé) hlafeﬁili’iﬁ ihe galduit IGh e Bzicld;vh[gﬁ tl;:ifﬂl ﬁﬂg@heaﬁ By @B 1e3&)rc:11|&t egral

mul tiple of the an ar di sed. bet ween adj cent ro Var i ous
exenpl ary ar?@E‘P’éro“g‘?L%P‘g?ﬁ’ié’ %Cg"f‘f %ﬁwscfme&ﬂuﬁtr%e&m %gé‘ffsllr%\ﬁﬁidares 2A-C
More speci fiial slch/emaﬁbﬂlslrsﬁ)ﬁﬁmﬁﬁﬂaﬂémﬁ ﬂ'lb()’s My fofd doBérs $empERr t 200
supporting two ral] edéaﬂ VWO 2005/ 057 P U820041040416 202 di sposed at
an angul ar di&redceands, (yand fé@r"'t@?ﬁﬁfiéﬂaﬁfﬂ EreTRevRAPYSs 12 9uPrEst es rol | er

support 200 cohdbRa0l bitehst Jbﬁ@eesﬁ@d étﬁfé& 106% afesmmga&a 6hmhtb@dl thowgual s 120,
and Figure 2C schematic cts rol support 200 s porting four

rol | ers 202 9rdigidd d"’“"f%‘ﬁfipr’i ‘Ekﬁgﬁ dEEfGéPE @tm‘!‘:“%@@}ﬂ PEPPY Lh it gul ar

di stance is @Rk eedhby metmﬂee%ﬁ%atdﬁ@rcoﬁv@mgnﬁ@gh aa)ﬂmhnum diigpense quantities
can be reduced by increasing the nunber rollers. The angle O is

gi ven by t hehewisae Fisnge ip Stat"’S,f pongpib 04 affes %‘e P‘H’é’ IH’F sqraierbolien sypryt &

ci rcunferengg, aépmtcbﬁexﬁm@w@fnmg&@m SROSESH06h MBATighh A @srofB rot ati on of
adj acent rollers 2 (i.e., the arc length subtendedg the angle 0) 10 and
r is the di ﬁia%@atmlﬁmhpﬁ@na&wl@ﬂgag@géﬁaﬂ sleromes Pyt Of C%ﬁﬁb\&ﬁt 200 to the

axi s of Pt alh@fk 104, th LIRF pid fa%weq} forh BBl BN Rhsing Reri® (O dhi B RS, SYSt ems
descri bed herein ensure % he sanme roller disengagenent events occur for
each di spensttaSfirinemgnit lqcﬁg,agggst momentarily to be sucked backwards. This causes

a repeatable aberration or periodic variation in the function relating displaced quantity

of material with angular displacement of the pump roller support.

[0066] Accordingly, aspects of the invention disclosed herein relate to systems

25 and methodologies that readily account for this petiodic variation such that selecied
quantities of material (e.g., fluidic material, etc.) are accurately conveyed using rotary
petistaltic pumps. In certain embodiments, for example, the invention provides a
control system configured to convey quantities of material (e.g., fluid volumes) that
correspond to an angular pump rotation or rotational increment that is equal to an

30 integral multiple of the angular distance disposed between adjacent rollers. Various
exemplary angular distances are schematically illustrated in Figures 2A-C. More

specificaily, Figure 2A schematically shows roller support 200 supporting two rollers
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elimnating the roller disengagenent as a source of variation in

di spense/ aspiration quantities between di spenses/aspirations. 15 [0067] To
further illustrate aspects of the invention, Figure 3 schematically depicts
a materi al wonsesyi’mg system accordi ng to one enbodi mnertrasoidmacditnvent i on.
The material conveying systens of the invention are generally highly

aut omat ed s22f@ispbdeatt sl irdlistH6d) 9L ABCCFRtE OB S8R Mati Ny AfisRRES or ned wi t h

hi gher throughput in addition to (Izjreater accuracy and si I|C|ty t han many
pre- exi st i rigllenpupner200 pupperiag Hreeyol eﬁ%’c“@@%ﬂ“‘%%ﬁb@?i%@ﬂ%slg&nﬁ@bo i ncl udes
peristaltic i tic punp)
nmount ed on H g??ﬁgglggﬁr%gng%ﬁﬁm e Su@%‘?{gﬁlpg&ﬁ%ﬁéw Il(5%7[&a9rrg &&;I\O/gétderl al
conveyi ng ss;agh@maswala% Esmtlﬂb'@gyeugﬂlee@ﬁmklsmmﬁenulimﬂaffor conpri ses
drive or 1 duction, and
whi ch |ms)§oper a% ]Wh"n’ {Eéeﬁy%@%n&}egg 611) e%gceﬁ%ﬁp]%% ﬁgg%egﬁlﬁé%tfpr eci sel Y.
controlled lﬁ&gmﬂml’ﬂfeaﬂgleﬂhegwmb@rtth&ubml | er support of peristaltic punp
302. The feedback conponent also includes a control systemfor drive notor
306 (not shown in Figure 3) that i g=<spable of position feedback control.
[ 00681 Material conduits 308 are di sposed between the conpression surfaces
and rol | er swidre &&rmadxﬁhﬁcb@loﬁglma cidéihferbite aftté ditcdny pamelspc&bd Bdtwée@r m ni of
material conduits_ 30 308 (gf hzevmththe sarTF %lfferen mat eri al
sour ces (no@’e%eﬁﬁfﬁ?ta@P’é%adJa\ﬁﬂ’ﬂtF epspl2 G e acdeneflysuptepded by theapele by ap) y
connect ggl t grat @e Hﬁlan&%&ﬂh& afib Biefation B aslicBskPpott 200 18 §he\Mds 2005/ 057344

PCT/ US2004/ 040416 tip Mat erial conduit support_head 310 is attached
to arm 318 wpfaioroiyeiler Zp? n@é‘f“s RBRer él??l%@??ﬁbﬂ@ﬁﬁm@lszdeé‘é"bﬁd hergin egfFact , hi gh
speed, Shor f,dihaugle rarea&g&gageme%veﬁ@&am&%cmspaﬁ/s%ia@mamf\me%}8 suspends
material conduit support head 310 above abject 314. A notor (not
shown), suctlimigating dhsirelies dhengagementas asprsce qf R@aﬁp%lnyl@?%@&ula?mbper abl y

connected tg, n%lbgtwgé nggygg Qnignenmponent 312 to effect Z-axis

translation"of materia ondwt support head 310 relative to material sites
(e.9., mltigpene! | Plrgkgher xﬁﬁéﬁafeaaﬁ?e%ts oﬁh@m):er&ibﬁﬂ*i’gﬁ@é% QReRRiaes hol der 314.
Obj ect hol der 314 is operably connected to -axis linear notion tables

320, which ¢apices ayppterial chypdeg systgmacqopdingtp gre womeéwféhw ipywlon-t support head
310 along tgg &fat,eﬁmon%rga@ ste&ié Xftﬁamen&& ) E&x@fall?ﬁ?hﬂ@u%ﬁ%@%cﬁzo are al so
nount ed on nounting c on . One or nore ors g., solenoid
notors, et cth)ltImt@a@mwamqpr@ﬂswmﬂwmmvéﬂl higher theoughpuéii al  conveyi ng
systems of 5&&9{ ryg@at L OBt %ﬁ& §ﬁl}maﬁgh{a99mf§ ORk8 12&&9@% BBwd Y- axi s

| i near noti or ex | enol tor effects notion of
obj ect ROl deaterial conveying system 300 mcludes peristaltic pump 302 (e.g., 2 multi-channel low

volume peristaltic pump) mounted on mounting component 304 (shown as a rigid
frame). Material conveying system 300 also includes a feedback component that
comprises drive motor 306, which includes a position encoder and gear reduction, and
which is operably connected to peristaltic pump 302 to effect precisely controlled

25  rotation of the rotatable roller support of peristalﬁc pump 302. The feedback
componcnt also includes a control system for drive motor 306 (not shown in Figure 3)

that is capable of position feedback control.

[0068] Material conduits 308 are disposed between the compression surfaces
and rollers of peristaliic pump 302. In addition, one set of termini of material conduits
30 308 communicate with the same or different material sources (not within view), while

the other set of termini are operably connected to material conduit support head 310 via
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314 in material conveying system 300. Although not within viewin Figure 3,
mat eri al 15 conveyi ng system 300 al so generally includes control drives,
e.g., for X' Y-axis linear notion tables 320 and position feedback for drive
not or 306. Exenplary control drives are schematically illustrated in Figure
12. The mat erWAPFB¥yi ng systens of the invention al BEUU§84044Ly | ncl ude
controllers (also not shown in Figure 3) that are configured to effect
rotation of pigs Sk MNaierial pendpit pupperehead dhis pitashqdrio ) 348 dalZrepis sindapnal 20

increments. Thgoh Bdiidn@Ral2 G p&c%, higﬁeg&a,'shafnﬁmm%hﬁ}ab correspond to

integral nultiples of angular distances di sposed between adjacent rollers
support ed by cempones ar gysteny)y ge 3 suspend aptersn) canduib snppodf bead3de pseie ¢ vari ati on
as descri bed j e t : [ ' are descri bed
in greater deatl:a %&sﬁ%@g %-1\%.' %???HBP%E%%B%IRL%?%%%U%%%&%ESIBF%SE%‘F Iiﬁ,&ér’n)(?snng t he

advant ages oftyritwlly sgesabdnepnagripdieasid inemetiqusempprentdl? tp stfect Farisi dent i cal
rotational i HGHEIRRLPmGRAN S Hgﬁﬁpamleafalswreidt-v@m ADDA Qi FBE Ghity 07 exact )
uniformquantities of material (e g., material volunes, etc.) to or fromthe
material sit evell plasewempranssotia disaged oh abiecs heldersi1dr @bjestiollat 3¢ iunconpensat ed
Fr Ly oW r at okl BEhENLALHGT- 2k thAF pRAGH LW 70 OS] ARl i vl 1 <@

certain pre-existing systens, suc e apparatus afleged in, e.g.,
U. S. Pat. No.316r393¢ 838atenial conduie shppaPaRATSnaNDE: X-CONTROes METHGD FOR

ACCURATE PERI v , Kemi t z,
i ch i s ThoargsrarbRbelsl st kMo Rty M 0r885mH8) 020416
Accor di ngl y, mdiers fys.tselrsoid mbtors eled ds gederdllly opgatdy eonnedteve titeinperiat e t ypical |y
easier or | | ex to.i exi sting methods
and syst ens. OFo3BrsElissh e TR oAb ot oMUt e hABBE RS 2L 0% e
t he systens dinearmtioptabkenForienanarit, sdenoidReeipsiigleffeats potqgusofohjpetbaldtyy use a
turni ng nmechayi,sm1.0./aQve 5 i h.a. e uit that is
conpressed a’?ﬁ glnnla%g%grfg%l}vc%ggﬁ{s %ﬁjisﬁb' %glﬁlot%ég?m%n%‘ﬁ%eev? {51.}%[?%%’ In%e%l?ﬁs%,gl shoes,

etc. of tie ponympeystdrh3fd ddogemptlyinchides oninadvidees, ¢.o1 ouFY-wtielitsabe wi t h each
rotating notion. [ | Ve ristalti S a nfigured to reversibly
convey quantir??qggr%’%s%g‘i %[ﬁpé)&%?%%%‘ﬁ’a?krfg%&?g% BE égﬁ'%ﬁmenlpl CO&P?I&QW?S& g.,
mcrotiter pladselemsioslfydthesrand isiifse tAtEs magrialtdosveyingeystenBarfitgt al ti c punps
Penst tup 1ol AL Gac o tghuck S leet Bl SR n HRROR B | 3UPRET 5
30, or nore rohfigiglio effév ceationiohpesintled puremtocr saphokte in seiupp ondtenaiay be

i nterchanged with one another,. e.qg.. roller_.su rts _having. different

number s r JPFRPES. &efcﬁ?tf%@rln‘iﬁflgﬁgsttw&agy S"}bﬁtﬁﬁg‘ﬁy %?ff)eﬁ%or“f%gltn%ﬁrl%al |y support

bet ween multiples of angular distances disposed between adjacent rollers supported by the roller

supports to thereby account for periodic variation as described herein, These and other

aspects of the invention are described in greater detail below.

. PERISTALTIC PUMPS

25 {00691 Among the advantages of the systems and methods described herein is
that identical rotational increments convey substantially (i.e., approximately or exactly)
uniform quantities of material (e.g., material volumes, etc.) to or from the material site.
Moreover, rotational increments are typically uncompensated for flow rate
characteristics of the particular system utilized unlike certain pre-existing systems, such

30  as the apparatus alleged in, e.g., U.S. Pat, No. 6,393,338, entitled “APPARATUS AND
CONTROL METHOD FOR ACCURATE ROTARY PERISTALTIC PUMP
FILLING,” issued May 12, 2002 to Kemnitz, which is incorporated by reference.
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about 2 and about 50 rollers, nore typically between about 3 and about 40
rollers, and 15 still nore typically between about 4 and about 30 rollers.
Generally, the greater the nunber of rollers supported on a given roller
support, thevanwbisr3sdhe quantity of mnaterial the perimtioomasp Wl be
capabl e of conveying, since the controllers of the invention are typlcally
confi gured t dcratiagle, thoblsems suppethtds of the petant inosmaion amcypmﬁmaslet drat

subst anti al | Sort rﬁ&pglqlggggedtrhag% %aﬂg&g#%le%ssnof é}ﬂ&#‘ C!)s?ytstgstances di sposed

bet ween 20 adj ace rs suppor & Forg & Sl [0071]

Adj acent rol 'gﬁﬁﬁ SUPPGiL &l gyaﬁl rét%&[staﬁidﬁ)%g afhe @il et i¥md %Peosed at

nost 1800 ap rom one an reove ces |sposed
bet ween pai r gresot inyeljtine Beristabtid s sappdbrrttsedtuluyngmbdhemsmtmrpwet s are

Lypi cal |y soulat At bl e Srner BARLOBLIRL Sk Bla SXAGHALbr Sfigly L0 one

anot her. or exanpl'e support are
optional | y posnitidt entbck. guoﬂlers,hmcs,rem ait theopvadp sudcmmmaenaéwmmtl al I y
correspond t fro alt&nds abou ,
correspondi n%’ra‘p&gg%atéad‘gﬁ% %ﬁ§ mggnc?ﬁg e@%’%ggc%e ng‘?ng ey égﬂf g
correspondi ngp Jtcmerﬁﬁlysuﬂu&yqummad:slcymnpuailtdvyrfsmam&:ttedmateaalss)t,es (algout 22 5 (e ,

corresponding .t0.16 ubst ti out 24 (e.qg.
30 corres pon%fl%rom?%pl ag?s cﬁf rzl% (ﬁﬂ%l lieﬁa%ﬁg%‘réap?%ﬁ’ﬁ %Per?l Y about 25.7
(e.g., doérr éshanditagble mlléﬂcas:wlasctraugpnad thyt segpoztlat iass paceters @ld., 8 4)5, about

27.7 (e.g., .corr d stantia q cedr Iers)
about 30 (e ? g’?)lﬂvg 23837%%%5)?}@[@(%% gff\i()oiﬁﬁ?%mye&ﬁjg eﬁg to 12
subst anti al | yumﬂ&hahyb&p’&ﬁﬁdng]&d)hﬁt&bﬂ@anoﬁhhoug ﬁﬂerkume:rtghawngszdsm ponding to
11 substanti al |l 11 ,g ﬁ‘ E fl lIIter Slii' abé)#ltt 36 l%e. oith 1:correspondl ng to
10 substanti &F r%g{]fﬁ "rr%// ‘g e IS epirelier suppori typier! 8‘.‘9%.0, eE€86%Y esponding to
9 substanti alabguteqnmhﬁoyt Spattes nicnd tygicdly beibaldbodtS {nd about 4emileesgpdndi ng 5 to
aced roll ers rrespondlng to

8 substanti al

7 subst ant | 4 o iraly SEREETaef Pk AEBHte Gt R e ona ng to 6
subst anti al | ymmquatdllyrsssnﬂmﬁdd o104 fieensdller adppoud:, th2snfaiergbe quaatity eBpondi ng to 5
substantially equally spaced . r ers out 90 (e.g., corresponding to 4
subst anti al | %’%‘g‘ﬁﬁ fPers @W&l{l gﬁl%%(bfﬁ?vey’fﬁ’(f’&‘tc‘é&ﬁ.c?&?@?rf8@%‘5nd| ng to 3
substanti al | yovefiital dr@/typlpﬁ@eﬂnﬂigmlrdd&di fotate BI@WHppbAOin(retagonal therements faspondi ng to
2 substantiall ed rollers), or the |ike. nal | angul ar

di st ances di §b‘§?§§5@ &@@E“aag it tggr@pu;lgﬂaaggmgu%qlptgchs %‘% %F@ﬁ’ %y a given
roll er slmporaajacsaf@,ua@gu@qnaiontt@e@.n@salsp@mher. [0072] Al though other fluidic

mat eri al vol unes may be conveyed using the
[0071] Adjacent rollers supported by a roller support are generally disposed at

most 180° apart from one another. Moreover, angular distances disposed between pairs
of adjacent rollers supported by roller supports are typically substantially (i.e.,
approximately or exactly) equal to one another. For example, adjacent rollers

25  supported by a roller support are optionally positioned such that rotational increments
substantially correspond to angular displacements selected from, e.g., about 12° (e.g.,
corresponding to 30 substantially equally spaced rollers), about 18° (e.g., |
corresponding to 20 substantially equally spaced rollers), about 22.5° (e.g.,
corresponding to 16 substantially equally spaced rollers), about 24° (e.g.,

30  corresponding to 15 substantially equally spaced rollers), about 25.7° (e.g.,
corresponding to 14 substantially equally spaced rollers), about 27.7° (e.g.,
corresponding to 13 substantially equally spaced rollers), about 30° (e.g.,
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systens described herein, rotational increments generally correspond to at

| east about a 15 0.1 ] volune of fluidic material. Mcroliter volunes are
generally desirable, e.g., when conveying fluidic materials to and/or from
hi gh- densi ty WOPWFHOREH| pl ates, such as 1536-wel | pl at eeT/hsevdsgostct al

vol une capacities that are typically between about 10 to about 15 I/ well,
with the syst ewmespihdingéo [ ebaattiallnegpally spuced kadlegl rbondBTMeE.cQf fluidic

material (e.g., mlLilit olumes, liter volunes, etc. ) are also optionally
conveyed uSi n&dl?ﬁpo(“ﬂlé‘gé‘g/ﬂsé%ﬁmlg‘gﬁfT@”b’r@%‘@ﬁf"n?ﬁbém‘ﬁt 6?1.(2’-&=user can typically
sel ect the desiressbndi@ns 10 dvSantiafly SRS dpiled (Bled), abdiPhtiTeg O al i quots of
fluidic material) conveyed with the systens of the invention by varying

such par anet ePETERONEIRE LY pubelantislly polalliorpsceduplison.tabent B§° (s.&, ebtrespondingppor t  of
the peristaltjg ﬁH%tngPgqurr:tﬁ)%ﬁ;aée(a@gﬂeré),rl%tﬁ?‘??ﬁ (%tgﬁ%tlzrr?e%t oencciﬂn i[ttp ‘Z OI nner cross-

secti onal di mensions Iraneter, et cC. € nat eri ndui ts
utilized, thesuepttiallpeq2by epebairvllaf), Homt6ae (o.ghebnaponding tb 6 ksbsanthklgat er i al

conduits when the roll.er onpr the material ondui.ts agai nst the
conpr essi on sﬁ‘i‘-‘ﬁ@é@aﬁi r?lieég)pag;fg}@?gfetg"&%ﬁ?ﬁdméﬁ‘agF‘ﬁ’éﬁ@?ﬁl@?q“aﬁbwgﬂd In some

enbodi ment's, foPErsE%BIRDE", (eoh BorRBHdnAIngkd 4 SORMIBIF QRN $pE%AdollchY labdw Channel
peristaltic pizrgg such that multiple quantities of material can be conveyed

si mul t aneousl To2-i savganopging to Iubiiemdlally sgoilbrenaced rillesy), sbamds08 (st ai | ed 30

perspectiyg Vi neLis ' for i ' st em 300.
In the e ods}%\g%@% gﬁg%ﬁ%ﬁtﬁtg@gp{@gﬁ%ﬁ r@%]f?%%ﬁrﬁ%rh? ée@%:ﬁ(%) %%g%el s 400.
Optional |y, didenach dinpdsedbravieralpairig@diasest atlkdesippated by ia giveh taller spppopt 302, or
one or nore of;, I 2005/ 057344 PCT/ US2004/ 040416 400 are
renoved from péﬁﬁgétag?tt?‘é“%éﬁtpmsoz. Typical ly, the nunber of channels is

bl i cati on. arA9 o el obdiRiee MR kol ycRlokd pl b LSl By BE G
correspond t osyatems desqri eein, pftationgdvimeramrents generaliy cofesprid|ts atileasabmutlat i - wel |
I A R A
passi vely or wbdn opeleyingdtuidiatnhiesialt toatd/or fodnabigh-tHeisay nvkei-wal plods @ch support s

are typicall iliz in th st ens_of. .t inventio non-r t abl e

f unct iygnal I yyé%étgi"v{’/%@%?s }@K%goﬁ%)r({f’@fmgfpgﬁu%?gﬁ%t W@uﬁ‘%’ p%?’genoaﬁmg%gos are also
optional |y usstbut Hoviewdll with teaystdadsef thelpkesns ingaitien al iryerpolichds6f flu@hs wear on
10 material condyits (e,q., flexible tijbi ng Qr the like) than non-rotatable
equi val ent s f@?tenﬂéﬁ%a?’gﬁm@r bRt Werelumes, i) g pptiongy Fonveyet Y al | y

i nitially20bsgeypenRiof MRipdsyntdivent®n. PAREr dal§picAGi soR& thY dekiidiquatitiepnt act

R RU K ORISR X
the invention by varying such parameters as the number of rollers supported by a roller
support of the peristaltic pump, the rotational increments selected, the inner cross-
sectional dimensions (e.g., diameter, etc.) of the material conduits utilized, the depth or
25  extent of contact between rollers and material conduits when the rollers compress the

materials conduits against the compression surface of the peristaltic pump, and the lIike.

[0073] In some embodiments, for example, the peristaltic pump comprises a
multi-channel peristaltic pump such that multiple quantities of material can be
conveyed simultaneously. To illustrate, Figure 4 schematically shows a detailed

30  perspective view of peristaltic pump 302 from material conveying system 300. In the
embodiment shown, peristaltic pump 302 comprises five channels 400. Optionally,

additional channels 400 are added to peristaltic pump 302, or one or more of channels
21



support or carrier 500 that supports passively rotatable rollers 502 as
roll er support 500 15 rotates rollers 502 into contact with nmaterial conduit
504. Arrow 506 represents the angular velocity of roller carrier 500, wc,
and arrow 508 represents the direction of material conveyance through

mat eri al condtf P0%EZB4 Wear region 510 is shown proxi maPCEBS2ME4HEgi on of
initial contact between rollers 502 and material conduit 504 for the
direction of H8areapmeyaddemm papplicorar B&h Tynishltathedumberof cheamgddie, if a roller
carrier 20 0rseEH@@%cBr&r% 19 Bic'}w&’lﬁzﬁa{emyl@ t9GHz¥a ; \%Jartf@‘ﬂﬁla:%ghéﬁﬂbﬁ/ Kptatable
roller supported by theroller upport enera ve a roller

vel ocity, VR cxegpiad the sumbar of ﬁ@@@l@a@w&ewdmomond:tomm nuvipeEnt t he rol | er

contacts the tﬁﬁggwoﬁumrfsrdf %llé)fﬂ a‘%l.hﬁ weit i féahhﬂergmtﬁer}ﬁllérgwgﬁg roller to
accelerate from VR = = - coS 6 I nst ant aneousl'y erivation of
VR = -Vc dos H?ﬂﬁtslﬁéégfép ﬁ%@efﬂtﬁi@ ﬁqliematbellWWﬂ'mlﬁgm@el eration is generally

too large to'25 achieve. Instead, the roller ti;fpl cally skids on the conduit
produci ng wedPVEd or né&ho%héo‘ia‘ﬁbiﬁ rollers (x@gtagsivebfor egiveligetatablocthatas wear

region 510 s %ﬁtf@ﬁ'&ﬁ@ th ¥?11 Bﬁsaér@t?mbzi?lg Tt Be systths 8881E Bfkndon! UStrate,

Figure 6 schemati cal at es rcarrier -arm supporting
passi vel y rot@Elaqua@bk(ﬁlﬂﬂcéﬁna@@qua‘@lqﬂb@@wamn& sush h&a’fhxeemlecﬁtmtsm gremat eri al

Sogure 6 s (AR opElRyLER. vBl Suhf:drels KendlS Poaplliefile 0 01 L6755 Vo
2005/ 057344 ROAisSTRnitO@Es fExibigmRubing opthedike) tb@mon-rox)itabxeaeqmvamts(fgu n 90 cos 0

- 90 8 1
when the condiPeab8 salluis bt B0, EaRadtlyc: BuoR R o e 00 O s
type of co ndmrmem@regipnﬂ dfdnitial gpatach petivermahd lyll@mand\p@h@nts oTlatlleet;&tbﬂa that they
have initial ?fﬁ/ee(ﬁ%'a ti‘s%hen@u%al@%ﬁéﬁsaa& gséo‘(ml%‘ﬂ%g tﬁr%g?ﬁ'h\sf&h%rn certain

enbodi nents o ent1 on. enbo or exanple, a
pl anet ary geaﬁﬂpmqusmm‘lssmmha’fpuﬂmnm@sslﬁfﬂ rotafableaoliconS03fas rdbler suppdrie¥08, whi ch

rotation i§ 'rgta?es ?dlfe CStﬂb?rﬂo 8&8‘% {;v}tﬁm];trelqemcgt{dm]tgﬂf é}v? g?éﬁ%@f‘é&ﬁts tl%t ation of

the roller suppor ticu a spur gear or attached
coaxi ally to mgdhr veﬁicityeof ro]l[éle:amerm O¢) lenvdbarcfw 5(]8ee1:gaamtsthed1rmubﬂ;bhnt| ally

| to the rad f th d th
ke surr ounci UGt B dh il coRuERP VR oo pBTEMO] R N e

rol | er supporgrotimalciaiie region ditinitial contact between rollers 502 and material conduit 504

for the direction of roller support 500 rotation indicated. For example, if a roller carrier
20  or support is spinning at velocity, V¢, a passively rotatable roller supported by the roller
support generally will have a roller velocity, Vg, equal to zero before contacting the
conduit. When the roller contacts the conduit, friction will typically cause the rotatable
roller to accelerate from Vg = 0 to Vg = -V cos 0 instantaneously. The derivation of
Vg =-Vc cos 0 is described further below. This acceleration is generally too large to
25  achieve. Instead, the roller typically skids on the conduit producing wear at or near the
initial region of contact, such as wear region 510 schematically illustrated in Figure 5.
To further illustrate, Figure 6 schematically illustrates roller carrier arm 600 supporting
passively rotatable roller 602 as rotatable roller 602 contacts material conduit 604. As
referred to above, Vg = -V cos 0, which with reference to Figure 6 is derived as

30 follows:
Vg =-Vcsin ¢

¢ = 180°-90°-8 or 90° - 8, s0
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illustrate, Figure 7 schematically depicts a portion of a roller support
that supports 15 actively rotatable rollers froma front el evational view
As shown, roller support 700 supports rollers 702. As al so shown, spur
gears 704 arwwaweniszdy attached to each roller 702 anetwisag4gsans 706
surround spur gears 704 such that when roller support 700 is rotated via
drive shaft 708, rollers 702 rotwgtevguhgb@nthal |y with -Vc by gear

transm ssion. 20 [0075] More gradual wear is also generally observed over
time at all points of contact aleny.tlGigowabts cedsdoe sRPYUIt. As described
further below, the rollers are typically accelerated and decel erated at
rates that arg sosffi &igeat oda-@chi eve cl ean conveyances of material from
material conduits, e.g., w thout significant adherence or carryover of
fluidic materials to material canpduii, s faces proxinmal to dispense termnni
25 (e.g., dispense tips, nozzles, etc.) of the material conduits. If the
force from t had cacsRlahhittohduith8aied brolftPle fBrs MbtdditIRlo lfé.ﬁﬁfaﬁe bet ween
the rollers and the conduit, the surfaces of the rollers and the conduit
will slide acthisdeegheondniswaay rollers gievgtiqnaldy aebvady josdted suendefitheythevanear . Thi s
nore gradual ; -1 1, 1\ Vv Qi : an initial
vel ocity t hatmg%{ﬁf&ﬂl-eg/gﬁ Ear@?ué:@ﬂsﬁﬂaﬂ}rﬁ@ﬂl tga\rfgitnrdgﬁg%kgg?dgﬁédﬁidg%fni sm descri bed
30 above. 23 vpEntignshesprsautheeEmbsiney. dor@aandle, pOERERryAegdaististoni ¢ punp
utiiized in 8l WiaddhorMGSR, whidk SR inbREGR bibARNRLALSS

suf fici ent erial conveyance or flow rates at least proxinmal to a

term nus ¥ natosnteso theontdtion ofithe wllérsuprorto in pagivukc e spetgeaioathe iksisensi ng from
t he term nus. ~COk i NG DL -
cross-cont am arﬁtg‘ltﬁ?ﬁag%n%lgﬁ %ﬁ% z‘-‘lﬁ%eima %ﬂ&g‘m (g&? %Q%ISP%E&?@KS%%mi n

mul ti-wel | plthe wgius bthe oallers; Imagilitionn fxet ring gear prthe bkesypuomidanige spirso t ypical |y
enhances syst t L I terial
conduits "on-%ﬁ}es'- lfct F%/)H%gﬁtgﬁﬂgss%rgw %Lr?ie}lgﬁkglt}gueg?@f’glﬁgg%ﬁeggiﬂ (gg mat eri al
condui t s and illnsitatsy Fighredi schesnaticadlyniepietsia patiat ¢fagollep suppert thabsupprts [ 0077] To

convey unid or nl. ' et er | ( un| mes 10 of
fluidic mia er@é%lf%&aﬁ%é%g%z& %%%ngqglgﬁg%g&%i ﬁ%w‘ag‘%%}dwfogp%%g&g&)%blcar ryover,
adherence, ouppurskoliegs WR2. databsp siadwnospuogaressr704 arefcavddlyaftached teeachl conduit s,
e.g., proxinmg [ ns 1.0 i - FEor I {gure 8
schemati cal | ymls%%gl\?/g mzdglgl?%ée g{stggé rqné’ﬁ%ﬂfﬁ%%vs\'f}g?sugﬁ\%o Wﬁreél Igﬁe%%&g%?@ mat eri al
800 wi cki ng ais ratatbxbyin dgve shaft 788, rallerso2 nedtesubsthntialpwithii- Yo B8QRar Such nat eri al
wi cking typi caa!nls%jsglcrcl:urs when the quantity of material 15 being conveyed
froma condui ToFEsEP ‘conveyance rates that are too low to prevent the

20 [0075] ‘More gradual wear is also generally observed over time at all points of
contact along the particular conduit. As described further below, the rollers are
typically accelerated and decelerated at rates that are sufficient to achieve clean
conveyances of material from material conduits, e.g., without significant adherence or
carryover of fluidic materials to material conduit surfaces proximal to dispense termini

25  (e.g., dispense tips, nozzles, etc.) of the material conduits. If the force from the
acceleration is greater than the frictional force between the rollers and the conduit, the
surfaces of the rollers and the conduit will slide across one ancther causing the material
conduit to wear. This more gradual wear can also be minimized by giving the rollers
an initial velocity that equals -V by, e.g., the gear transmission mechanism described

30 above.

23



material from adhering to outer surfaces of the conduit. Accordingly, the
peristaltic punps of the invention are optionally configured to decel erate
at rates that are sufficient to "throw off', expel, or eject the selected
quantity of WE20pSTHEuUl ar material being conveyed fr ormmEszesnakiscondui t
termni without the material w cking on the outer 20 surfaces of materi al

condui t ternipgze] To il IN@bﬂis‘@dl@pdfﬂpgiﬂﬂl@edgnh%ys&ngdf&liﬂbréseﬁtdh\l‘éﬁﬁ& is velocity,
V, and abscissa is tine at schematically ill ustgat es a conduit tip

velocity pr &V?lf%%%&%%ﬁ mteat Ia?fsﬂaé AT aYaRES ﬂaw IRt 1SS PEPRBH fo Abr e

speci fically, te:ﬁhguraeneﬂenadecﬂidﬁitfo difcgaRaaltic etictiypapaking fRenhéRaRhEr at i on 900
that is util |k1%ed to tecff al i uots of n?terl al from conduits w thout

material w ckiHgOMPE PiRg mf fquﬁ%stﬂ?ea’i‘sé‘ prORTRORHaBRe Belgral sifss i y depi ct s

a Cross-sect i il walls dispeed OhblEBYelplaidst Mbrdd8OnddionEctdhSRRN& R nsiAid OM a tip
of material condui.t 1002 wthout flujd wiclti n%& In certaln enbodi nents, for

exanpl e, t he AOmEElyeohaness sysiemy fhrorehnyy ppateral eghe cpyeyRd rﬁqlﬁl?%tamtlo prevent a

quantity of JyB&EsHad-theBM sath@Mvites nia@ridld aRdisgénied as RMkdriaPddndfitsandrat er i al
conduit when the peristaltic eéfngngflom materi al through the materi al

condui t. The THIRRA,pites AIe HYVEH Be aBBhGH ni i zed, for exanple, by
mnimzing t i ght f the rqll er support, addl system

control |l ers gﬁgyﬁypl ca 1’90“6’8%‘[“}1 P §ee 9‘3&%@58‘?]3?@”&@3 -oifPEl Py dri ve
motors  afo r adfemididthitbied @nthe E%@éﬁﬁ&ﬂb 1B asdut & mt@} thrR@verDidh¥8nd@pt Or s are
descri bed further  bel ow 24 2005/ 057344 PCT| US2004/°040416 [ 0078]
Peristal tic punpeingnimagail enovicy sytases of sratagiglcongiitg (feg. Pyastimphio difponsfe

i nvention ar %ﬁﬁﬁ'sh@tﬁﬁ Evcﬁ&e@”‘F@r %ﬁﬁe\ﬁ%d:«?ﬁ ¥ch9&1atf€:91'f9€%\% Q!:roscs%gﬁiorlﬁr S

including, e.g., ABO Industries

| nstruments Lew of a vsrigesnof fluidic mam&isﬁ%mgphejﬁmt@@e@mmem@ihheu m

Germany), Ba ment Conpany
(Vernon Hill rs% H&m%ﬁsgﬁ,q{rﬁ?tﬁﬂig%hng r ?Pﬁgﬂ%’]%m vﬁ%yos Eg

Gor man- Rubp I‘Wﬁlﬂﬂ)ﬂ f@B@BICQﬂthéi at cyveyagratey the ayetmmatppmmt the( Fair Lawn,

NJ, USA J.dnEl

I nstr urrzent S (ljgﬁerfa{f%ﬂm%%}ﬂ%éi 'ﬁ%?%{grﬁr%g%rﬁ e\(/ééy(gﬂtla Alcrgﬁaﬂggy&l %erfﬁﬁ " Um;,rA) ,

and t he |i ke.pusdiof the inyentivatags ngomaélm@nfmgreﬂ@ deplernty afmatep thatare described in,
.g., 10 K } ¢

(62800) andar @ﬁcﬁn? ﬁ{rcrmlvg)u ogH]%P:t ar E%Q%WJQS#XE%@ %?nhalten pant es

Appl i cat i ons, be@RCoPregerkiron m@g)ﬂ comltdnnamev%guthhelm@mabwme@nﬁpon@f erence.

V.. NOTI O COYRE of 0079) T RS ik, gt S Bl HRuaiyent | on

typical | y™i

velocity, V, and abscissa is time, t) that schematically illustrates a conduit tip velocity
profile according to one embodiment of the invention. More specifically, Figure 9
depicts a generalized type of steep deceleration 900 that is utilized to expel aliquots of
material from conduits without material wicking. To further illustrate, Figure 10

25  schematically depicts a cross-sectional view of volume of fluid 1000 being dispensed
from a tip of material conduit 1002 without fluid wicking, In certain embodiments, for
example, the moment of inertia of a roller support is minimized to prevent a quantity of
material from adhering to an external portion of a material conduit when the peristaltic
pump flows material thrmigh the material conduit. The moment of interia can be

30  minimized, for example, by minimizing the weight of the roller support. In addition,
system controllers are typically configured to decelerate peristaltic pump drive motors
at rates sufficient to prevent material wicking. Drive motors are described further

below.
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15 conponents such-as controllers, notor drives, notors, encoders and

resol vers, user interfaces and software. Controllers, user interfaces, and
software are described in greater detail below Peristaltic punp drive

not or s gener ¢ o$4icidlde at | east one position encoderpemusadsohrasst one
gear reduction conponent. Exenplary notors utilized in the systens of the

invention tygeora]ly i nBérstifric Rur@s thab&h'be adiBied Fér usSih BRASSeAPSARS, Or 20 the
like. In sone egBo i ments,. feedback co nents o{ the systens of the

i nvention i nEPOHY 4P ayailallp Irgmee Wirlp Vasiehet Aampetie WBPIl&F%‘“GB‘@P%\BIgy connect ed
to the not OL .ABTjﬂQ;duﬁthbs/Ec B PREG DA, yxgm,ﬁidamxmm?m&f%uﬁt(ﬂomtm Sogglnt rAgl
conmponent t ect itio ack control of the notor
referred to %ge—ghoni‘%i“dﬁﬂ?ﬁéﬁgﬁé} ngéer“i“s@%f’fnﬁ?ﬂ Bt o lParngomerts is 25
typi cal | y sef ftm;ed:ollawmmﬁmm@mmgwy (&@ﬂﬁﬂ@l@dﬂt USKP%IQ&'M%H:ﬁE@‘EGP' ary

ze he systens_of the invention

t t hat til
irrgclolrJZe 2 g. (‘%’ = 05*5[ 3@% §P§11&{“(I%41P@ mduﬁtﬁﬁ%@leléﬁge OFL Lisdv. Igpl Bisnar inses) , AC

Servonotors (EgLawi, DUUOS AR Mcller BRRHERARE GmbMRES), (Flﬁﬁ@@%ﬁﬁan tors, linear
notors, or tty% | i ke. Servonotors t%/é)l cal |y have an out put 1af t that can be

posi ti oned by SkEMEMsHmsryRas{ShelgpT. LS A keradingersal dge. l(fhléahpiﬁbﬁfﬁ to the 30

mot or change&xs&)hﬁuﬁﬁamkeamdaﬁﬁinmldamp[felahhgfe oq&h@%mﬁmé BestiiRR9ES. as well .
St epper nmptors general |l y use rragnetl C to nove a rotor. Stepping can

typi cal | y0be KgerspisehldEdn), PumpHagdiagl, %Mﬂ%@%ﬁlﬂ eompsnize 200Pkesdi onal st ep
increnents. YelikoOsuifeARRM Red: tpanig,gﬂr%ﬁda%&neé@vaﬁ&%ﬁéa?éﬂs4cﬁgﬁﬂr&§2004/ 040416

around the raqotor. The volta e cha@ges the polarity of each pole, and the
resul ting nébqrs?gt)ﬂvﬂ“?h"ﬁl%\“"ﬁ%iqc@‘?ﬁ’o’@ RE&ferege pol es and the rotor causes the
rotor to nove. To further |IIustrate Figure 11 schematically illustrates a
detail ed pergpect notor 306 that includes a position
encoder and g M@E&ﬁ%ﬂg he material 5 conveying system of Figure 3.
[0081] The sysu7ows of Tﬁmotmn%ﬁmrsysadnmfgﬁnefeﬁuidnyyﬁlmiy uﬂmdérﬁmheddri ves

(e. g , nDtor drive tor driye servo drives epper drives,

etc. V\ﬁl ch CgEpoRfyts SF%t aélcpndlﬁlgrsbré@%%rh Yot Gipfge Ppeoriers Q‘Hide ﬁgserl n certain
enbodl ment s, idtB¥aes ahd @& arel m@hwtde::sg necigfehas] aﬁ@&dmm@ads@ibea gatures. For

exanpl e, servo driyve i call prOV|de 10 electrjcal drive output to servo
notors in cl cggeé@rld'c’)té‘zbﬁ%‘% 8?1“5 RUmP deiye maipEs geﬁﬂ%l*yéml’ﬁ!?sait ler% A% eedback and

corrective sipgiiabs cRpldrhd & 190Cdnkigo r@ﬂ&oﬁ@&ﬁ?o@ﬁtc Wk By ary SRS utilbd VES W th
integrated mptjon control circuitry and/or software that accept feedback,

provi de conp@hgeyHsmsetdredaylen oisal [Brvress 2 afFE OSPRL HiSEERST JES: 0B N,
vel oci ty,20an6he 136G & SonR dnfiddinten@UeBdbhek ®EIpERTALsiof Ble|systetht @i heXnveditth Y- axi s

| i near notion table and
include at least one drive mechanism that is operably connected to the motor. The

drive mechanism typically includes at least one control component that effects position

feadback control of the motor.,

[0080] As referred to above, the movement of peristaltic pump roller supports is
25  typically effected by a motor operably connected to the pump. Exemplary motors that
are optionally utilized in the systems of the invention include, e.g., DC servomotors
(e.g., brushless or gear motor types), AC servomotors (e.g., induction or gearmotor
types), stepper motors, linear motors, or the like. Servomotors typically have an output
shaft that can be positioned by sending a coded signal to the motor. As the input to the
30 motor changes, the angular position of the output shaft changes as well. Stepper motors
generally use a magnetic field to move a rotor. Stepping can typically be performed in

full step, half step, or other fractional step increments, Voltage is applied to poles
25



15 position feedback control drives 1200 according to one enbodi ment of the
invention. X/ Y-axis linear notion tables are described in greater detail
bel ow. [0082] Suitable notors and notor drives are generally available from
many di ffer & 20es0smes ci al suppliers including, e.g., Yacskeseo4Edoestric
Anerica, Inc. (Waukegan, IL, USA), AWK Drives & Controls, Inc. (R chnond,
VA, USA), 20 iroprdahembor AThovahpthafes the @elrifyAnsachpble) and Me.resbfofly, Aer ot ech,

Inc. (Pittsburgh, . PA US icksilver Controls, Inc. (Covina, CA, USA),
NC Servo Tec hwgg%ﬁﬁlnt%gﬁﬂé(%%ﬁeaweﬁs the ggop cau %&@?Téﬂ&]ﬂﬁ&o ( Hauppauge,
NY, USA), | SLiuRhadilstiate, Bifdre t Deshemaihlly illhdhate DiaaisedipersPbbiivd ISy of &ivd t he

|l i ke. Additional il rejating.to tors and nptqr drives are described
e g ot ator ffi Brindie® ppordict usclt 4 B uB R A BP0t et al
Desi gn of Br ushiess HaemwhBighreMagnet Mtors, Magna Physics Publishing

(1994), which are both incorporated by reference. V. POSI TI ONI NG AND
MOUNTI NG COVFOBEINTS [ 0Q883ystems aD1ie irveiiiod ialy® pénsrally helude itor alives Gy eyi ng

systens of the.nvention_ further include a positioning c onent that is
oper abl y conn‘ggt“écﬁortc%‘vas’ P(S:H:P‘?tfi’i&é'les.’ S%Ho Vﬁf’ﬁgPli’eéﬂEWér%gh&ggBiaﬁéH in greater
detai |l bel ow. inf'éﬁ?cd@b&ﬂgb@nﬁiﬂnﬂ@léa/%@a‘iﬁﬁmﬁ._ hfsﬂ@emalzﬂéan%mgtgggwoeg%tz nmoveabl y
position material conduits and/or teri sites

PCT) US2004/ 040888 I/egFaied maon 6ol oA o oXispele. sy Arps 58 e typically

i ncl ude ato | edsdricanaiRjusit to sB@b dRtoré Malosédloss MbGdnboatbl@tEiPRREE t he
material site (Seg a multi-well [)g:nte,,a substrate, etc.). Ln addition,
the control | ePOsftion fepdback ppd comisifvestanalg optipnigs Resiion A Resd AoRFEECP¥ Yt at i on  of

the roller su@peE tvitandeiB¥EAB NS Lir€tiliry H8/oFBIfRYaleAthatGOdREUEIdBacRN D/ OF
material sites 5 relative to one another such that the naterial volunes are

conveyed to oPfOYifgFRmAFAsaiaR fndGoFpcliyF pignals, ARANPEMEATE PONHOR: YRSty @pdht i ve

novenent of thgelo@tisH. | € ONsHbhicANShOWs X! Ha YIBLSEAeat mdtidhQsble £d9- . tO
effect high throughput "on-the-fly" materi al dlspens_lgt% [ 0084] For

posi ti oni ﬂig aPHin ferebask cpriiob i vea 2 aceqsding oy ome empesliment of e invepioni nvent i on
general |y havgr0pgs RhealRbGorAhbIN B MscARA R, SutdP @St bghed to receive, e.g., 10
each of the two axes of a nulti-well container. For exanple, Figure 13 shows

a detailed ppogfecti veuNiRm&brsQRl Btor et 8k peikfallyaMaPB S dnycONVeyYi ng
system 300 of Figure 3. As shown, container_ station 1300 is disposed on

support st r uctiffeignticopynessial supsiess inciglinges-e- g apkavay flpve Ameridicktr e 1302
SUPPOr £ 5. vacUFiRk e 1l 36, RERbHRL @oonr B0R ARAn308 ViDh,on as al i gnment

menbers. The i1l usirated enbodi ment of the 15 contai ner station 1300 has two

x-axi s pr#truBinseiscnAgematinn S§récey (A8 At My ofieretsoly Inc. (Pittsburgh ,
PA, USA), Quicksilver Controls, Inc. (Covina , CA, USA), NC Servo Technology

Corp. (Westland, MI, USA), HD Systems Inc. (Hauppauge , NY, USA), ISL Products
International, Ltd. (Syosset , NY, USA), and the like. Additional detail relating to

motors and motor drives are described in, e.g., Polka, Motors and Drives, ISA (2002)

25  and Hendershot et al., Design of Brushless Permanent-Magnet Motors, Magna Physics
Publishing (1994}, which are both incorporated by reference,

V. POSITIONING AND MOUNTING COMPONENTS
[0083] In some embodiments, the material conveying systems of the invention
further include a positioning component that is operably connected to a controller.

30  Controllers are described in greater detail below. The positioning component is

generally structured to moveably position material conduits and/or material sites
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extendi ng from support structure 1302. Accordingly, x-axis protrusions 1308
and y- axis protrusion 1306 are fixedly positioned relative to the vacuum
pl ate 1304, which, in this enbodinent, acts to hold a nmulti-well container
in position B9250673as been positioned. X-axis | ocat iRe/ysete+44ibons 1308
are constructed to cooperate with an x 20 axis surface of a nulti-well

cont ai ner ( e.rejativedo gneastiothenalPdsitiohing corpoments typicallyl indlede, at lehdt bee gbjecaxi s
protrusion 1 .S .60 . Lt h Y- ax]l.S S of the
cont ai ner (zggl.‘"’% tﬁ%?Syé-}g%‘%g%?s\lﬁpgﬁlgeﬁ%cﬁgﬁ“@'k" %ﬁlgi%‘jvai(%%t&@%}‘{’%@ al i gnnent
menbers can bg,) fordisicamheepnttablesis iypipalty seafiguradie sinmiltdgresly effetesses, or a

wal | surface 'of Ha olgepu%ﬂé)iggt%{xﬁ g}%v%%ﬁngépgrgtgg H‘B@glﬂrgﬁl?&uﬁs or%aitegigfn%% 25 menber

i ncl udes a curve properly positione i-wel l
cont ai ner .5 Thelatiisdo afe another well thswithe aperial volumez es coheyasitb eclroofhe f or exanpl e,

roughness of.. 6 6004 ANGIuS Bl RS AR Inci ARLASH e hE AL AATERIy grerber . The
use of two all'gnnen nenbers al ong one axis and one ali gnnent menber al ong
t he second axhsmatersl sibewagi W effectdighahrdBghpiis‘ocattiat fivé rmangrial digehsitgd M ni m ze t he
effect of surface irregularities on the 30 proper positioning of the

cont ai ner, TH@08HI t i - wBdtipositioning serg tworifferdns axteh rieohjrot milders efltiong t he surf ace

of the contai.ner....s [ Liannent,. | n ependent on.the entire

cont ai ner surface’ %?%Sﬁ f@gﬁ%ﬁé&%?f%@%ﬁ%ﬁ%ﬁ%ﬁpfs%@# LLEJES)?B%E’ 6&v4a16 [ 0086]
Cert ai n elbodiacheritle te@b axbsofiammanrved gomppdry Fepmeample Figury 13 chotvhe posi ti oni ng
of mcrotiter a si.t.es. To i

l.at es en _use s t.h i al | | u at e,
mcrotiter pqe{éfl%&pfﬁaﬁc s Véei!ivo&w?%ieﬁt }lgl?dgeg?feﬁoﬁlﬂ?telalﬁgmseWBWSlefﬁs%p8%i ter plate
1400 conpri seigues.| As sdrosa, dotiinenkiatidn ¥386 isrdbapysetl nal suppoltt strucsaniioa ofvel | s f or
hol di ng sanpl es _and r ts. .5 Mcrogiter plates are ilable in a w de
Variety of oanirdRiiel FRECHERy Ratloll B0l ket Bl BRI A0 rhD: & bl ates
with 6, 12, 2806 #1388 funtBa, asIHdnmehb themb&6ThedHustraed emalihent of hewi | | be
appr eci at om a variqus

that, m cr.oti | at es_.are_ avail e fr
Pt st tulor onior iy 1500 B oRe F R pfuRiahe 28 S Valn bERAT 106, s
Nal ge Nunc |eateedifigirérnrappdriRtntiest1so2. Abprdidsh) x-a%is groidisods 1868 aldlyer ol i t er
pl ate 1400 has. outer, 1 |1 ,1404 havin eqgi stration 406 at its
Pottom 1n adwispmon 3t aardpafiemtht® & Hedhetuitt SPaiirat 1208
bel ow t he welthis amB@irgsnt] dvs tplhalde iulipedel]l @oatsihdten posBioh boraishis beme 1408 i s
separated fromgu nt nmenpber. receivin area 1410.

ter_wall 1404 by ali
Ali gnnent merf9&H0 g‘c%TW%@"ﬁWéQ‘ ‘i‘@nslglgﬂgi‘fﬁ GERSEUSHSA g CRPPRE A Xyt er  wal |
1404 and fy isnetrfwebi a blZwall cédtene? ¢9e, Of-alioiilDsNastitlodReplad)) &hildy-t hough
;? g;e 1}1?0 ma%/ wggeé)?ootrungoé %%8& :'16s1 lcor?sltjlggtgc{ ’}oscoolpdélla?e \!Vlgl gnl ;—gc?srrseupflacerﬁ H;%ec(rmtzraigecrel ving
(e.g., a y-axis wall of a microtiter plate).

[0085] The alignment members can be, for example, locating pins, tabs, ridges,
recesses, or a wall surface, and the like. In preferred embodiments, an alignment

25 member includes a curved surface that contacts a properly positioned multi-well
container, The use of a curved surface minimizes the effect of, for example, roughness
of the container surface that contacts the alignment member. The use of two alignment
members along one axis and one alignment mermber along the second axis, as shown in
Figure 13, is another approach to minimize the effect of surface irregularities on the

30  proper positioning of the container, The multi-well container contacts three points
along the surface of the container, so proper alignment is not dependent upon the entire

container surface being regular,
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areas are generally open between inner wall 1412 and an inner surface of the
outer wall 1404. [0087] According to the invention, to position a
mcrotiter plate the alignnent nmenbers of the container station are
optionally arranged to cooperate with inner wall 20 1412 of the mcrotiter
pl ate. | nner WRPISAH2 | s advant ageously used, as i nner PUBUS200LAHIR1G S
typically nore accurately forned and is nore closely associated wth the
perinmeter of [P#]sanpl Eemah bmbedimentnef teoinpatiedaply specifiedflgto thal | of pl ate
1400, such as___wal. i e[all N1 nRe I 0., inner
wal | 1412) of ogl\ﬁ?nﬁl}é éfﬁ%é?ﬁ%&&?%%éﬂ’% lé?i%td I%%/{ggé}l gggifrlasrgﬁgﬁenf‘notlhﬁse%ﬁ%ﬁfsc%ﬁ%rgener ally
preferred to pde ddirigshovwntin Figuoa tleA-QSAsmadwy, ngcrohtengladd0 obPdses Plad

. q LTS Y o ' : . . : ¥
the. o gnnpnt el BLCHSRadR ship R RSN MBI Bl 12 2
pl at es, suth Merdi&selawslae platidbésin aFvidd fueiety obsanipde/wvelbcantiguratiangnnent nmenber s
.g., | i : ' 38 j ' |
191 o pl af nage Sl Alnahe R Ghth & 12 b SEARENE P 1F e uc s e o
the plate. | nmeoueklisa Meihes sgppeecBCdtishoidditepiataaratvhidable fraams poious devi ce i s
bl e t di . 400, . ' i i1i d
i acent 1 nnelABERRES Bl B, o St P Racdfy EHENE PR BF Rl 100,
Howevgr , 1t Vviide Bluern?qixmabﬁioaheettr,tﬂ‘b?w%andgﬁegm:{ _ Fﬁc;crmplfmz:ts 14ﬂ0thﬁs atierusi ons
rn . . i cili.tat. e precise
posi 1 ont 1 ofil e bbb ERblSE BRI R 30 505 0eBBburi6RbE RS, os) “The

obj ect hol derBHdinclukies banverduiface 1G88 belak thy well claace tlenpdatdes betmnesidenovabl e

menbers. The vabl rs function to cont ai ner ai nst. one or
Tore a | gnrerRouiNBE P T8 sshifEd L8R oh VBN Fuof o ARePenCRaEPIER ke D) 2ced
in the generata 140€aniigmmaikt niehberatdetiimpenda Idtdradosnded be 2 pmfrabdfeurenber s
(ternmed "pushers! herein Vi he, contai.ner so._.th n,.al i nt surface
of the contai Wéfltlloga?(ﬁg%gﬁ%ra@l ﬁ’é’?ﬁh%?%e %bo%@guﬁce?lh%fﬁl&a},\%ﬁ%e menber s of
t he posi t i%9ni ng Waewine daterdlvappesildibiniaigimetememnber eagivihgsecafdih dies f or
positioning of the container. along one or re axes. For xanmpl e,  a

bosi i oni ng ciSG &6 SSPTRIGgHER STt avall L4 g gyt ioeot e 0t Vb o

cont ai ner al on@4an x-axis, and one or nore additional pushers that position

the 10 container along a y-axis. The pushers can be noved by neans known to
t hose of skil[0087]In t he Aztdrdink @y theinaemion, to avsitional rhinkbeites plateplia aligsmenpi St ons,

et e B e B T MRt B YR L0 6
move cont 20 nerdd2 ofth® ndcrdg®i plew. [asd walloldl2 sQA8R}actnelyendiDal imentvadf a
container st aﬂlg E‘s t)czgiceﬁﬂr rgcplje ggctura?e%l/ gxenrledh a%g iisnng}m'e closely associated with the
perimeter of the sample well area, as compared to an outer wall of plate 1400, such as
wall 1404. Accordingly, aligning an inner wall (e.g., inner wall 1412) of a microtiter
plaie relative to alignment members is generally preferred to aligning with an outer
25  wall, such as wall 1404. The increased positioning precision that is obtained by using
an inner wall as the alignment surface malkes possible the use of high-density microtiter
plates, such as 1536-well plates. Further, by having the alignment members (e.g.,
alignment protrusions 1306 and 1308) cooperate with an inner wall 1412 of plate 1400,
minimal structures are needed adjacent the outside of the plate. In such a manner, a
30  robotic arm or other transport device is able to readily access plate 1400. Having the
protrusions positioned adjacent inner wall 1412 thereby facilitates translocating plate
1400. However, it will be appreciated that the alignment members or protrusions can

be placed in alternative positions and still facilitate the precise positioning of the plate.
28



15 pushers for positioning a mcroliter plate along both the x-axis and the
y-axis is showmn in Figure 13. Wien the mcrotiter plate is generally
positioned adjacent the x- and y- axis protrusions, the bottom surface of
the mcrotit8OpPreSe44s directly above top surface 131RCTHS200440404M0 pl at e
1304. Y-axis pusher 1312, which extends through slot 1314 in support
structure 1300088]s usedhe ebjenp polgerpritbsinvention generallsiuicinds otkeorwadé  of t he
mcrotiter 2 fi I ush the
mcrotiter p?lg‘tp‘leg%gnﬁn@é%s ﬁg%& Rs’aglé)lrr18 béﬁi?gﬁ%ﬂ‘gg&%‘wﬁ%ﬁ% gg%?gtﬁoo BE er plate
i s pushed agaunwstahs]mmgwpb@‘s rExmemnpl@@ﬁce axaultiwed] coutsineris pB&@ in thii ch. ext ends
through sl ot %'Je?t&Qu c{auﬁHBPt%Bh Heﬁ&&xé&b%rsl?h%ovhbﬁe Jﬁél%ﬁ 8§tem%ﬁs ﬁé?s X-axi s wall
of the mcrotiter ate towar s X-axl s FUsT ons 1308 manner,
the mcrotit ehelqm)amoefeltbe cpotsinensocthar aanlmgnpweitﬂua‘edewf 9@$bntiaia1nle'eiinrcehtatt| ve both
the x 25 axi s @n - axi V. although
not necessary, t%e%ﬁ%é%tﬁég%wﬁhﬁ%%bg Ok&eégﬂgrsﬂ%%ﬁggcmf% |nn wal | of
a nmcrotiter (qsviae eanrfmwhemshcﬂaéwpoahormgcérthexmhﬂaxnewmg dnhiosmarerzgsgEment , t he

al i gnnment ne r |ate. This

| eaves t he a?%g& Gr rfg %ﬁ{ﬁgdﬁ&r@;}fg{yg&{@gg&% &gﬁﬁghglrs alté%{tm pr ot rusi ons

t hat coul d otdwtaxmsﬂomgm ﬁles,andwﬁemrntotamddmiemlpmenslﬂmtposﬁtmntlﬁo exanpl e,

pl ace the crotiter the su t 90 refer bove, the
obj ect hoﬂ(zlner‘!me1 neﬁl% %hown i uS]ErsocgagéeTgLe%q’Hé#‘uA:lgm\‘ygc%u D&%? 1304 t hat
functions as mtheeﬂrtaiFnr evgurghdry hic eylmdcrmapmhga, ptapeslbsyic ﬂﬁmwszﬁ@&éxﬁ@iétm
200 4048 mBARk! LOPAA S OB AL o By BRS! S BORL i, Y (1 POt
y-axi s pusher DO % EEX TS ’pus Srrey prying St ¢ e]t $orce to
precisely pl amevmgthe pushexstsnhseln npjvatmtamnrs/iamﬁmmﬂqmmen.( not shown) applies a
vacuum t hrough vacuum |ine 1322 into vacuum openings or holes 1324. Air
source (not sl608%%) appQnesmhdadimplteﬁsmnminehstmmfamolajbqthbidﬂélaﬁng)t 5 shown) to
ef fect noygnent of t he. er.s. mants sitioning
conponent \g}al %u(%h f81 RFE %S r& am%owe?gl#géaimﬁof?&%he {%ﬂg ésoIFf/l%(‘:Ngnnect ed to
p05| tion feed:bﬂgurecldntwmn ttle imcedtitdriplte is gevterally poswmmm'edjacemfthet}heanc) @Y-axi s

| i near notion_tabl.es. al e i odi.nent | i near
notion tabl esaxérpéo%u(%]r?fnls ﬁg'%oéio?l o ac\?é’?gln crgti?ts&é tglssdl?rr?‘é yreﬁ?’ 3‘)’(eitgps ®such as an
X-axis or a chrﬂﬂbfsvacﬂ'mmptaad 1394, Gfkqmqmsﬂenlmhshlah exteoisitragholo; 1d4gn , X/ Y-axi s

|l i near notion_ ta .exa ure. 3 sche Ob] ect
hol der 314 n%ﬁ?f# %”gﬁwexllﬁa’d% g&'a Q’rP %% AR R ng %%tjl%smjtc?ﬁ%f ng
conponent 30 al sate.g®uificiaht fyrce lsmpblmleo fhe platesio bummmrmdtltmmlmmomgm t hat

e e I yEAREE R ne g et T Gkl L U

axis pusher 1318, which extends through slot 1320 of support structure 1302, is used to

D.

push an x-axis wall of the microtiter plate towards x-axis protrusions 1308, In this
manner, the microtiter plate is accurately and precisely positioned relative both the x-
25  axis and y-axis protrusions. It is sometimes advantageous, although not necessary, to
have one or more of the pushers contact an inner wall of a microtiter plate rather than
an outer wall. With this arrangement, the alignment members and pushers are
underneath the microtiter plate. This leaves the area surrounding the exterior of the
plate free of protrusions that could otherwise interfere with other devices that, for

30 example, place the microtiter plate on the support.

[0090] As referred to above, the object holder embodiment shown in Figure 13

includes vacuum plate 1304 that functions as a retaining device to hold a properly
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15 supports portions of material conduits and that nove along the Z-axis.
The Z-axis |linear notion conponents generally include a sol enoid notor or
the like to effect novenent of the material conduit support heads al ong the
z-axis. As deverwfiedmerein, positioning conmponents arRCt/ypn@akdsy
configured to nove the naterial conduit support heads wth sufficient
velocity to epwitibnaidhariaeatin B‘ﬂbﬁl‘eﬂ@bSIﬁd]]atWﬂﬂlbt&lﬁ 9&xitspummlmaﬂ1d£ﬁk1@0rtl ons of

mat eri al cond rtal r t| on __conponents
al so i ncl ude ?lya%eer} ?ia P 1JIEI'C’r% me toepr&msdynq}ﬁﬁ‘f °dmﬁ1 31% W eri al
condui t suppmomchémdeowEMppbwmcwm thesdgh ivacunmt 1R 1322 m&mamahn tienidgs ar e

it cs, o g. . tRea AT pnue LR Tbelts £ s b Babiabar Bafobns. et or i al

removal heﬁdsshawe)tbyﬁeccmb{reyneat ot pushelst 0 25 prevent cross-contam nation
anong wells of nmulti-well plates as nmaterials are renoved fromthe plates.
Addi tional def0a?1]s r el Etcertan embutﬁmemti;,@bs1mmng\/c@knpbmck3a,lsosmﬁcermYamﬂ rel at ed

nmet hods, that,are al | dapt e e h .t of the present
i nvention are’} p?rom/% %?ﬁ(’p abg‘?’," 115‘.6% tﬁr%@ﬁ%ﬁ%%ﬁ’fm %’ff?ﬂﬁ%om@g/ 461, 638,
entitled "Myb&Rindht oRMXKLm&EHiﬂeﬁEﬁ;taoBYzﬂS]éElmngﬁNﬁhd\Eﬁk@& erfainl ed April 8,
30 2003 by Ml d i ncor por at reference. [00921
Vari ous ot her s %W?Sﬂf%ﬁrn&%%(}v@?ﬁ%e @pflgg?fﬁodl}fg’epﬁlg,ﬁ%g a8gleguS, ti | i zed in
the systeit® ofucli vemiXwmendriadfaxisnTemealg, objeertivtdtis@ainduntéddn, €)X ARY -Bxis

det ect abl e 30, WO 2005/ 7344 04/ Q40416 al s prod t material
sites (e.g. Olﬁﬂfff'rtrPDt\% o] ‘éf%‘%ex%’tﬁ%fq %W%%@%H%W%Olﬁwmﬁﬁﬁg% d on the
oEj ect rrlgl germomﬁedtohegwsisamrdmm mdbﬁcmberubnargeoﬂlgbmtsado geragigne of

t hese enbodi nents,_orifices are dispose h abj e hol ders to
facilitate sd@ﬂugec?e%%lﬂeﬁﬂmuf’& c'fc’l‘}lrpf’ qu%rt L‘ﬁf’%‘“ nal'c?ﬁ}"éﬁttsuﬂflﬂrﬂ'@f“is optionally
conpri se nest(ed, agy\ﬂnt&tgdiaéﬁonwitBup%mlﬂﬁadmatsa&nﬁﬁcmhﬁmﬂmm@) rtrfﬁalt'tes can ]E)e
positioned.in sone enbodi.nents.of the _inventi T er types o

obj ect ho?%ier%lpw%ﬁﬁ’o%‘g??oé@aﬁf‘ia}?%ﬂ‘tﬁaﬁd#’lﬂr@“?{f’s"?%h%ﬂ?amﬁh "‘péé"s‘%nt i nvention
are descri beditefr, m&iod compontes BaderRadchidy blolemiid MbtoNor thiike 102126880, entitled
"AUTOVATED PRECI SI ON ECT. R, " June 15, Mai nqui st et

al ., US. PrdUPemsHet® %]ﬂatenﬂg‘%‘ WPP%%;*%gﬁﬂB’%‘heéﬁ’FFtRééﬁsi‘é’eﬂ&ﬂ% - VELL
CONTAI NER P@bo&h@ﬁhg\@n%i{én%& ARaFtofifled ©YsheMe rddiVEidSpport | | ed
August 4, 2003 by Evans, U.S. Proyisional & Pat. Appl 8/492 629,

entitled " NON! wcm CHY i W#WEWWW%@WW@WM SYSTEMS AND

RELATED Mgy ions b et \u@dsilts. %ce@aﬁm&n&m@ﬁ&nm% lidbar motibh Ch are each

i ncorporated by reference,
components also include material removal heads, ¢.g., mounted proximal to material

conduit support heads. For example, certain material removal heads are configured to
noninvagively remove materials from the wells of multi-well plates, e.g., to effect plate
washing during certain applications, Material removal heads are typically structured to
25  prevent cross-contamination among wells of multi-well plates as materials are removed
from the plates. Additional details relating to material removal heads, systems and
related methods, that are optionally adapted for use with the gystems of the present
invention are p'rovided in, e.g., U.S. Provisional Pat. Appl. No. 60/461,638, entitled
“MATERIAL REMOVAL DEVICES, SYSTEMS, AND METHODS,” filed April 8,
30 2003 by Micklash I et al., which is incorporated by reference.

[0092] Various other positioning components or portions thereof can be utilized

in the systems of the invention. In certain embodiments, for example, detectable
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15 [0093] In sonme enbodi nents, the material conveying system further

i ncludes at | east one nounting conponent that nounts at |east the
peristaltic punp, the feedback conponent, and the positioning conponent
relative to oveasisvizér. The nounting conponent is typrCcEUS29u4mubst antial ly
rigid, e.g., fabricated fromsteel or other materials that can adequately
support the aignel psyisdcdm manpaRRE(8.gdmuitrgelDilsteR buterae furfabs, #0) system VI .
CLEANI NG COVPONENTS [,0094] . Th terial conveyi syst f_the inpvention
optional |y al%8of SPEH?@J T%&ﬁr%%%%%ﬁ@%ﬁggcﬁ%e ‘feg‘i’i?gt Tsegeeb cl ean
mat eri al condhudst smb®ligents, blifices afeali9ofel throdgh@bjectHdbders10 Sdcilitas by conponent s
nove the materjal c uiits.at least proximal to the 25 cl eaning conponents.
As descri bed ‘%ﬁ%\‘f’é‘; %g'rmhé’ﬁgﬁﬁrﬂé?’ O%C%ﬁéﬁi(’gu?%ﬁ%?qr%ﬁr@e Yyt 1n :hg’gensed, sone
fluid typixalhytiwelllptatddpr biher Dtk sisd ChrblRepositionsdtie sdnid enthfBients of thes.  Thi s
generally leads to additional wcking if the adherenf fluid is not renoved
Prom the t1 guventn Shets o SR bt il noidhs Bl B S BB Gke cd i ¢
fluid it tendse prescafihventibns are decabdd ibliech,, Iete@ationdUiblgatiot DBeWaent di spensi ng

steps. Moreover his. als ically 30 | ead i.naccurate quantities of

material bei r%fgéﬁéopéﬂgléﬁ,%&%%&EC}%?@@H%&T&?@LDﬁ% ﬁ&ﬁgb@rﬂéed at the

sel ect ed mat expoaby MaingsistR dl., WS AkEvislbseisLshlat0. BORYSSiGedREdSi tes.  This

|naccuraci/p may be conpounded when multiple dquantities of terial are 31 WO
b op E*é?a%

2005/ 0573 %) S NES ERRIT VIGES fehie &R nultiple

mat eri al conINSTEMPANHUIE TS fkd whgisd zr,lgooat@rmng, endOGUProdkiofdif f er ent
rates at the paterjal conduit ti wi.cked material i

ps. .. Accordi nal | is
general ly cl th éWPF NOn? Wa?n”@%mm“Pgﬁ%aRéBgﬁszﬂDo@f%M%%si ng steps
using a cl eanNESTAOMPEMEOTION SYSTERISMAND RedATEDIMEPHODBE fisvenibian. 5 [0095]
In sone enbodi nents, for _exanple, cleaning conmponents include vacuum
chanber s t hat2083hpFragst., vBigh erespach ipsorgoraied hyfefgreBee. pr oxi nal to which the
positionin \(;[Bé’g)onent noves the materjal conduits such that an applied

vacuum i ckedaPmsemeedimens. dhpesterial copyering system futhealpe WG A sur f aces

of the mat erijgds orfe@RttiifgSooribRent Blat Mour@iht &rast@l{eq;%ﬁstalnghﬁ?,aﬁq fdidpeasi ons of
the material conduits are 10 smaller than cross-sectional di nensions of the

orifices. To fomPaRen) gedthe pPgigine LORPORGEITEIFHYS (L QR? PodifoWE P PRIES al | y
transparent &%&@&%& isYﬁic‘éll?_!\ib@lfantYa@L? ﬁ?m, ELanbacl T sté oidiRARlaRgagONPONENt
1500 accordi ng 0 one ‘enbodi ment o he Tnvention. As shown, nmnultiple
orifices 1504h#cen ¥equstsdeairrort BIe SHRT YR SAHBITERS damarpsotefiffuni cate with
outlet 1566, S%}jﬂﬁ_h is typically operably connected to a vacuum source (not
shown) . _

VI. CLEANING COMPONENTS
[0094] The material conveying systems of the invention optionally also include
cleaning components that are structured to clean matetial conduits (e.g., tips thereof),
e.g., when positioning components move the material b,onduits at least proximal to the
25  cleaning components. As déscribed above, for example, as fluidic materials are
dispensed, some fluid typicailly wicks up the outer surface of material conduit tips.
This generally leads to additional wicking if the adherent fluid is not removed from the
tips, because as the surface fiMSh of a tip becomes coated with fluid it tends to attracts
more fluid, e.g., during subsbqucnt dispensing steps. Moreover, this also typically
30 leads to inaccurate quantities of material being dispensed, since wicked materials are
not dispensed at the selected material sites and/or are dispensed at non-selected sites.

This inaccuracy may be compounded when multiple quantities of material are
| 31



15 Al so shown is material conduit support head 1508 is di sposed over

cl eani ng conponent 1500. Orifices 1504 are structured to correspond to
material conduit tips 1510 of nmaterial conduit support head 1508 such that
mat eri al condyd 200345p84 1510 can be |l owered at |east pared¢BUS2904i08043 orifices
1504 to effect renoval of adherent materials frommaterial conduit tips
1510 under arsimyph¢onslydapansen frdm multiple hilertet bendaiis, baabsg nduddas wicaings a 20

detail ed cross-secti l.. .1 ew of terial co it ti 510 di,sposed proxi nal
to orifice ?gﬁ%%ﬁ%\%ﬁ%ﬁ]ﬁm Se%%s tn?ﬁ%“@&ﬁ%i‘%ﬁfgf)#n %@“‘ﬁﬁeg VA, flow ng
t hr ough ori f imzeribbidgenerally cieahedfioal matarmiad wotduititips, 5] Befreeh diemmetg stegso orifi ce

1504, the ar easi ofa gri.}‘li ce 1504tl. i s .Igec e se% Sf.ltﬁh. t hq.t VA increases in the
gap that remaPng?s %ﬁowggﬂh%cgﬁ%n%@&o PEGS LAY WY al conduit tip 1510

and pulls or r'w seg.r Vi dherent materjal, 25 fromth uter surfaces
of materiad c[gé\%ii t tﬁﬁsﬁggﬁl.%g@gn&eﬁlﬁ ¢ ﬁﬁar‘}%%?’gieg?%g O thoBrA 1“@“ Wi sposed,
e.g., on surfacem dbhmbép dat conpligert Bamwfont bafigdstotor prokingl cowjicngat s of t he

syst ens of theosi'.nvenéion. n[(OOQGh}Astcrq(iss-ds%cti]i?Hial di nE?rhsions of vacuum
chanber ori filCESOHRETEHIB™ FRE™1S TG CUHILTET " P4ERUH Chdber s and

t her eby danagemgveswidied ad otiowidkiadhertit psateral fihm ex@that supfacasrof thelntvegieled 1 nto t he
orifices increa es. Accardi Pglﬁs c%rrgli nt mat e{ als, .such as certain tapes,
are opt i onal | Y HEAA Y PRIT PR SEMoR Rl cimensions, dL e RPEHE RS A%y ng  ori fi ce
Cr 0Ss- sectl orsalallelithmnsisoastidrubdimansont @f tHearifiess! Qo diBeitaiBgurprduce
sufficiently 32 WD 2005/057344 PCT/ US2004/ 040416 igh VAtqr ve

adher ent mat ﬁ?eﬂag}%lﬁéﬁquﬁ’l ¥I§thpc{syeﬁngg%o{1ﬁgglgnﬁa&ge di sposed
in the orifi cgsleaniieconfpen@ L300 atdrdigdo dnb embddithént @bthe invehdvds @sehdagi nent s,
as the tips are |owere t he unctyre . the tape ating holes that are
ol cal 1y o grcns O SHeg S504 e lie it cleunsCooindbene FAi0 S ARSI Bt he ¢ ps.
Sﬁf ficientl 3(; dﬂugghsmfwmwnh i Mpi}:ﬂgzlowampc&uﬁalad @\aexaﬁdﬂ{ QueR (ﬁdieh?&@.fs bgh ween
the tips e s of the.holes In the t 10, e ct enoval of adherent
e § ol sEH r oR FBB B g DB e 157s dispised Sy R AR CCoIISOR TS [ 0007]
The material Bondoiifics USRIGd ArutiiRd SyDiREFondto hiterd byekltiipp15WeFude vari ous
enbodi nent s. In%nsagrre enbodi né§$ for

xanmpl e, a term of material 10
condui t i ncl Jadealcqudpt syppert head 1308 suchy that m ?m%ﬁ?ﬂﬁlu’églp%%f?}%e%?’er? e |ike)
that is fabrifahe@akimtyeiefodifieéstiBo4 b effeqnetbbval S adh&er @hRLRlsEbnl Matbke condui t,
e.g., internal cross-sectional dinmension) of

via an insert. The size e.g., : ; .
the material OB 1p1) yyder aﬁlﬂ‘??é)“’? FRsPREL FigureloP sshrapatically ifusiples f zed i s
typi cal | yzglepRngieddrossabetiof@Stew of maRfidl, codBuit €p 1510 disPescd pedxiredl 1o lifkpense

vol une, the viscosity of the material bej ng_conveg/e_d, and_t he Iikf. Al t hough
1504. Arrows 1512 represent the velocity of the air, V4, flowing through orifice 1504,

As material conduit tip 1510 is lowered Into orifice 1504, the area of orifice 1504 is
decreased such that V, increases in the gap that remains between vacuem chamber
1502 and material condnit tip 1510 and pulls or otherwise removes adherent material
25  from the outer surfaces of material conduit tip 1510. Vacuum chambers are optionally
disposed, e.g., on surfaces of object holders of the positioning components of the

systems of the invention.

[0096] As cross-sectional dimensions of vacuum chamber orifices decrease, the

risk of contacting vacuum chambers and thereby damaging material conduit tips as the
30  tips are lowered into the orifices increases. Accordingly, compliant materials, such as

certain tapes, are optionally disposed over the orifices of vacuum chambers having

orifice cross-sectional dimensions that are too large to otherwise produce sufficiently
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15 larger sizes are optionally utilized, cavities disposed through materi al
conduits and/or tips typically include, e.g., cross-sectional dinensions of
bet ween about 100 p. mand about 105 nun, nore typically between about 500
pm and about 104 mm and still nore typically between about 1 mm and about
103 mm QOpti SHBIP§PS7¥4aviti es di sposed through materi al PEOHEMROYIEr tips
include at least two different cross-sectional 20 dinensions. In certain
enmbodi ment s, hghY4 toaemelieaghesaatimaterad o framimeatasial edndeibtipbuvhes thagetpsare t i ps

i ncl ude cros i BRI r ﬁﬂﬂﬁ nerally,
the optinum f‘ﬁ%ﬁ%l’g@ggﬂ% - t?ﬁra\sdg{rs% aﬂhé‘fﬁr@%cgé ﬁlqglse%s]ﬁ% gas tﬁ[gs | ar ge
enough to al |tpaarctipieerefl, ﬁpémtuwdhmme tioatisg haleh tha@qrr@typncdm alhgbu}ndagbr to
generate hig t | ) SO that the
angul ar di splmell%ﬁgdrlr%%}og %ﬁuﬂﬁal cﬁzﬁ]@nsmﬁé ggﬁgﬁﬁsf glucf%g"rrlltt.i thﬁ@?;can %E@Ebe hysteresis
and ot her Srmcﬂqmnvedahrbwahwpa hﬁtwnltlaﬁtmmsd edgemﬂthﬁjs:lcsmﬂld@@@m Héadt her ei n,
when signifig B\%Xolj‘%dgge&t'tnﬁte}[l%gﬁgﬁtthgéut& %;:?e%&@ftﬂi the fluid or other

mat eri al can e] ec stance great enou o al | ow di spensi ng

wi thout entering, e.g., the target well of a rrultl-vvell container with the

di spenser ti pyr. MayAperiArecodpaasmaterial site or tip along the x- and
y-axes synchronous with the 30 9unP delivery tim nges produces an aut onat ed
115,

system for rdfP¥ily andThsdeairiat @nguilsgisedyiathe sygjems ofithsinyentigninsluda| st es.

Punps and X/ Yra@¥hsendbbfigRfits. Misb@RScrthdliont@ k& exaﬂﬁﬁ@ raltaﬁﬁlnds Rf ghRRLGr detail
above. Moreover, increasing the nunber of pump channels 33 WO 20051057344
PCT/ US2004) 049nduwt inglpdss 3 8P [emrayaneregding ich as gnozgle of the likg)that dfabricats@ndi ngl y
reduces the dglbMPFivh tht BRAuiDY idéchnectdd 1B me%ﬁdmtlé Bvia &h fasert, "BRAGEL 1 vel y.
[0098] To further illustrate, there are many instances where delicate living
cells are di@Beissnn rroeaionasinmsionypiibematgrial soneit (hris BEPRIUDEEL es. These
cells can be e";‘c%%Qﬁﬁ]utﬁ&e&ﬂ@ypmepfeﬁﬁeﬁ?&léaﬁﬁﬁ(ﬂaﬁt(ﬁdew Ehl% d@s@ﬂe@g forced

t hrough delivery tips th very i nsi de dianeters ess than 200
m. If the Hﬁ@ﬁﬁﬁél‘“ﬂﬂlmﬁ tm wﬁ@m@rof theu mattzfeﬂabemaﬁonmygééﬁé the lkf»' héicr@ug’él s is so
| arge t hais hi SRR el BisAdsb RhRRFh nlafiBial dobindls ofBY: fOrm a
drop on t 5 ]_9% fj@fﬁgbﬁﬁ}g&ﬁﬁens%@c ISIE’g’rsat her "t han f orom ngsaa srtream

Mat eri al vvi c kimgyrielininglode e ge Fiossesdctapaldmensipns ofistwarh sbiuidPd Bmehd t he

i nvention, 10 ac rate d| r_ac Dy _mowvi the tips
down into the®g c?’gldm\?vrg? aﬁép ‘ﬁeel}ar?gu';a P gg%%rﬁ nds K5t after
the fluid is tglpwall@msm(an dbbﬁi If hutd iafid dﬂ:ﬁ:melof’lnnntbpuommlr bam1dsld1slpeseSI i ghtly above
t he end of th I|ver his al.so he fluid to di spensed

i nto wel s v B B BrBHER 1 hURE e ot etiPabe « har wour d
form on the dmlpn?snﬁlblrIn&&tm:ﬁclﬂaodnﬁnﬂoéhvmﬁlﬂﬁpdsedilhmmgm&ﬁteﬁeﬂnﬂndim@n. When t he
di spensing is

and/or tips include cross-sectional dixmensions that differ from one another. Generally,
the optimum tubing size (e.g., internal diameter) is such that it is large enough to allow
the dispense volume to be delivered rapid enough to generate high velocities at the
dispense tips, but small enough so that the angular displacement of the pump is

25  sufficiently large to make hysteresis and other mechanical/hydrauntic variations
nebulous. As described herein, when significantly high tip velocities are attained, the
fluid or other material can be ejected at a distance great enough to allow dispensing
without entering, e.g., the target well of a multi-well container with the dispenser tip.
Moving the target material site or tip along the x- and y-axes synchronous with the

30  pump delivery timing produces an automated system for rapidly and accurately

dispensing fluids at material sites, Pumps and X/Y-axis linear motion tables are

described in greater detail above. Moreover, increasing the number of pump channels
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15 conplete, the tips are raised and/or the material site is | owered al ong
the Z-axis such that a wet touch off condition is created which elimnates
any residual drops from formng on the delivery tips. Optionally, the tips
are cont act edwendikps7edg., dry sides of the wells to w ekreoshoddaeidr opl et s.
[0099] In certain enbodi nents, the systens of the invention are configured

to 20 propel a6t @fvey tps toh] 413, 79, ercfcofremehddply REuRS defivesy &RGNHA/L,I pS, of f
usi ng mechani fc[lgl i ?]ceﬁ:ti a@%)ri n%mal s. In this configuration, the fluid is

di spensed to f0r K/t 8 BEPeEiebhe end of the dispense tip. At this point,
the punp typi % sto f [Low n erial through the terjal conduits and
the di spense i‘fb élyare ﬁf?&“h’ﬁ%ﬂi‘luﬁgﬁg F%F?tnéﬂjyé?s(gaé‘gessv{ﬁef‘?%%éﬂ?iwlﬁ% & downwar d
al ong t he Z- axiedispensatiaml micwtvesllipieesci ofsr ntbtbdnd sitesNTiésa@elrcarbe Si gni fi cantly
def orm ng t.he On n .adeqguat e vel qQci, is re ed,. di.spense tjps are

rapi dly dedel g]?rﬁftgg‘ggjf%f’ B}}e&bngcest%?Cﬁegﬁlﬁi‘%"gf“@fﬁfm‘?aﬁgr%ﬁ]ﬂg%‘fv PHEs W8 pense ti ps.
The shapes ofer &ﬁalﬂﬁbiﬂé‘&aﬂét@c@'(ﬁ.ﬁes@ﬂﬁnbﬂ@%@' ¥ Yhe TRER 1G] diiHaEr utiafd W th
smal | er dianmeters, than the orlglrnal droP1 ets formed on the tips. This

al l ows the dr &pdspensing thesp ceils is g0 Jgree thgh high tip Jplpsitiespannot be attaineddthe flgidal  ar eas.

Thi s appr oach nfa e¥nGeRoARhd S diRE MR Aishafke BRI BleCRM REhindh$R&RSI Ng. [ 0100]
In sone enbodi nents, the lsgi}stems of the invention generate initial positive

t
pressure pul &gl vislpgisilzo desgaed wovsy Exsomeenpadisiests g5 thgdaviertisded her ei n.
The 34 W@p20Q4 AR @dén:Rig i Mﬁﬁ&%fﬁ%@gﬁﬁoviﬂg Q{%tt:!py BoW DESHE Eelé?:ﬁ:'d%@eﬁs are

produced by | arge negative flow rate ange hat occur at the end of a

gi ven di spens &lopg/ép &-axis fyreaqugh sudt pidar @e?f}%sfd@ﬁ@ﬁs% therfluidhlevel imthe Mor e
specifically, yafi w6 %i%l?t#ab@\te i ok th@ldlalﬁfepﬂﬁp%fj?ﬂi% Qls6 Wb s tﬁ?]}gmg.*ao bd ow rate

is typically achieve a smal I anount of” ti ne, because t i spense
vol unes are gdiseansddigto syeHs witlssraallgr erprs-seabipnatereds hpefvid drops thabwouléfawi ty i s

typi catly, m MoiESgs afink 0% MEISN SicfnLonbRbl FHDEE BRI ¥ occurs

when the high rate-1 s abrupt t'opped. ese rupt w rate
changes, d¥ prespele.chetifsswgaisedrapdior hegaietialsite islowmerechdop thp Ztasistsheh di spense

tip outlet 22%@5 %t%&@&fépﬂxgﬁqq%ggv&iﬁ%uﬁv%& &flﬁxﬁ&taﬂ%?&%fﬂ%ﬁ%%ﬁm'oﬂﬂ per for mance

from bei ng rom se ownst ream roll er support
gener al | y shoddroing®nfiwtdelieeretipen Ppfiemilptedipsiag coadded wihing. alrpsiderof f | ow

restricting p i g jd system In sonme enbodi nents, for
exanple, fl owﬁgg’%ﬁsbﬁ%{’/%gﬁfh%%f%’ﬁ%m ng attributes: 1. Mninmal vol une

between the p nd t '-@ i.D; j . j %'-f
(e.qg.,1/16" omﬁgsr’]adi anelﬁt?%r ?ll ﬁ@?‘lﬁrﬁg%tg’éh%yﬁ%g%{emé %&%{%ﬁﬁgﬁe %ii—ﬁé%%s[téubi ng,
etc.) and 29 niprepelaigopletss ghish afe fprmedl on tieends of dispenge tps, off @sing mechanical

inertia principals. In this configuration, the fluid is dispensed to form a droplet on the

end of the dispense tip. At this point, the pump typically stops flowing material
through the material conduits and the dispense tips are typically accelerated at a
sufficient rate downward along the Z-axis to accelerate the drops without moving or
25  significantly deforming them. Once an adequate velocity is reached, dispense tips are
rapidly decelerated to propel the droplets off the end of the dispense tips. The shapes
of the moving droplets are typically more columnat, and with smaller diameters, than
the original droplets formed on the tips. This allows the droplets to enter, €.g., wells
with small cross-sectional areas. This approach provides another method for non-

30  contact dispensing.

10100} In some embodiments, the systems of the invention generate initial

positive pressure pulses followed by negative pressure pulses as described herein. The
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15 outlet side of the punp; 3. Optim zed tubing connectors or inserts for
connecting the peristaltic/ FEP and FEP/dispense tip connections. Exenplary
connections have the following attributes: (i) greater stiffness than the
tubi ng and twpsp0s@8344 i) constant internal cross-secti @exlUseivs@ngsons with
snmooth walls; (iii) simlar internal cross-sectional dinensions for the
t ubi ng, ti psnegatitk presame piilses adndoducad)byllagdmegaivp [Floantatehaigss thatstcurdt Tubi ng
shoul d be straight.to wifhin about 60 fromthe exit of the dispense 25
o Tomon) ¥ ohe Pl yetdeorte SR rbical Boue B eiienitis HL 0%P o v | ous
mat eri al  cosphdificallyl, gishesstansidipagiciler dspertsacyrlearnigiflow pite Bftyditulyi nventi on.
More specifically,. Figyre 16A.schematically sho u t ubi 1600 and
di spense ti pa%éﬁ%d@&fﬁgﬂ%uﬁ(?fu%ﬁ SRSt e‘L%B%FeB’\@?‘WS“i S%P‘Er@ggﬁ 0 insert
1604. O r 5ngandlhe Golahé aieenpudrplobiaiotiey id pial8nidiivelized. SR ¢Rgendphipre ¥6A2 t 0
insert 1604. Figure 16B.schemat,i call ows pu tubin WD 2005/ 057344
PCTI US2004/ 0582 FEREe 153t 1Y REFUE @ﬁgﬂ@@?@\vfg@% Dyt toared gﬁ‘&%‘?@‘i’ﬁlﬁbt her by
bei ng i nsert @dwirité Chanfs Sdrprek8BSpuldes AR WansS el feaf M pRifip t6 iReN®Ense ipgure 16C
610 insert intQ tubi_ng 1600 and di spense

schematically depicts insert . u

tip 1602 to 86‘%&8%@?3%1%afﬂﬁlﬁlﬁt‘i%ﬁmat%dlﬁﬁeg%g"éf e HEHRP4E one anot her .
Insert 1610 tymbemlskd THRTRW fReSdhfRkebf Bt plhRsEr suppoit 8bdchly sRisltdP 5 tubi ng
1600 or dispense tip 1602 re 16D scgematl_ca_ll 1llustrates punp tubing

.. Fi y >
1600 f abriPcafeidiays 1oy fephresthat @8%5}001&}11 e s How restriqling geeperigs @rtheflvid ondui t s,

tips, and i ng@kdnd 1AkEmORMHcARRNtsYfof &bl A REpatts HiveheitelRwiNPdtBlids:0f
materials. Exenplary nmaterials used to fabricated material conduits include

fluorinated et hyl memareRy-®aRv b ERpumpPakyRealishahdeun oet hyl ene (PTFE),
per fluoroal koxy 10 (PFA), autoprene, C FLEX(r) (a styrene-ethyl ene-butyl ene

(SEBS) nodi fi eq. bMagial weingbtiffiess (wk.| 1116 dute€ din@e @t fi)orinkeRREN r) (a

pol ypropyl ene- based terjal), P r | ypropyl.ene- based material),
silicon, TYGON(r )E’IOR)IW tgbﬂ%@%%@%”&%ﬁg’é‘g&gffpleﬂggl%ﬁ'l%mpﬂ@ ast oners),
and the liske. Mat@itlefdideGBdputnpt | ps and inserts can be fabricated from
e.g., various polyneric materials such as, 15 pol ytetrafl uoroethyl ene
(TEFLONTM ,  poly poppyibeitabing ednyiediors @iiesert{fot soandcftinn éhe pefethiielFRY lhade,

pol ymet hyl pent eneg pal Y dl T Ao AtSiphl WoRcc B 52 HR R e

attributes:
(i) greater stiffness than the tubing and tips;
20 (ii) constant internal cross-sectional dimensions with smooth walls;

(iit) similar internal cross-sectional dimensions for the tubing, tips, and

inserts; and
(i) lack compliant seals; and,
4. Tubing should be straight to within about 60 mm from the exit of the dispense
25 tip.

[0101] ~ To illustrate, Figures 16A-D schematically illustrate various material

conduit tips according to certain embodiment of the invenition, More specifically,

Figure 16A schematically shows pump tubing 1600 and dispense tip 1602 connected to

one another by being inserted into insert 1604. O-rings 1606 attach pump tubing 1600
30 and dispense tip 1602 to insert 1604, Figure 16B schematically shows pump tubing
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pol yvi nyl chl oride (PVC), polynethyl nethacrylate (PMVA), and the |ike.
Material conduit tips and inserts are also optionally fabricated from ot her
materials including glass and various netals. Materials for fabricating

mat eri al coneig Bes0513ups, and inserts 20 are typically rreadisbosseseaicl abl e from
many different commercial suppliers including, e.g., Saint-Gobain

Per f or mance Hl6a@ kndiBspéksa fif @602@0@)ated fofone Wiefer bPUERR InsEW intFiRs: 008 s L. L. C.
(WIlmngton, DE, USA), and the |]ke. \é/l 1. MATERIL AL SI TES [01031 The systens
and net hods JFROMRES prALRIFR slsqvanfien 16 schpmaticaly tienicts wpert, L 0 inssit ifjtq py
essential |y gapliyiigs 1600 BRi Bpede 511662 to ERb@ BumPRiieid PI00%hd Sispedsath i n the
systens of the invention jncl %gﬁ mat eri al .contai ners, substrate surfaces,

and the |ike.loBXiofge angtherlgscet 1010 typisalfyromarises epretersidmesy than siiben PupRt er i al

contai nerss Sk B0 GERniealp 1602, Atigfe 1615 RBGHARAIIPIIOGKSes paftd cidper
contai ners used, e.g. erformmnultiple assays, synthesis reactions, or

9., 10 pe )
ot her process‘é@of"‘ﬁnﬁ’é?dﬂlﬂ’éﬁn.lmﬁﬂﬁltdiSP%?FP-nateri al containers such as these 30
typically inclfd , e.g., ‘6, 12, 24, 48, 96, 192, 384, 768, 1536, or nore
wel I's, and ar8 02gener 5ridl Gonduits, i1gs, ppcipserisare QudonallyfRbrigated fram ideer s
i ncluding, e.griety &f @hB@dls, ABMbIEH mAdaR-usddta ke®ribBsd/matthial chiRiits intRige Nunc
I nt ernational (Rochester, wﬁ@%ﬁ%HP 36 WO 2005/ 057344 PCTI US2004/ 040416

Labor t echni k fﬁ(’@“{‘%@é‘i‘i‘feé P%WPOTQ%YIFWWEPWEH?IPWWM details
relating {® r@eass,Lebprie0Cks FikiEnh sBffe-siltRuB 1R I(SHBS) hitifiddbisxst ens of the
invention are provided in, e.q., International Publication No. WO

03/ 020426, erfiopelymer wifharicprei, }i@l@ﬁ NG foolversylens-pasedmagptlénber 5, 2002 by
Mcklash |1, I@iAl@lAED@’(Q'pSleﬁ%d&prE!&@hﬁ%ﬁﬁl@ﬁc&M TYRieNeneeoN®104] To further
illustrate, the systenms of the_ invention are also (ll)\gatlpnally_ configured to
di spense mat diichdesaianggios fiporppolignsy elagensers)aud thedikep Materjoheondyik tipsagd descri bed

herein can bepdfd bdnZRdatkiBarl RN CS. IR0 bAIFNS i Ohatk s duck §s,0n substrate
surfaces at various different densities. Arrayed materials are comonly

used in, B g.polystrafiperegthviere (BFHLOAY™) eolgpropsisneaiplishisimespadysslifoneest s, bl ood

gl ucose test Sy Hé—BGMm_Etﬁﬁ%&ten@,:ﬁdjyaﬁﬂ BR1sildaRE BDMSY; pdlybdbaddd] tion to many
ot her applicati'ons knownh in the art.” Esséntially any “sUbstrate material is
optional | y adwhtviglchleride, @ Chipolymethalmeihmergisis (Mi‘h)eaﬁlméhk% dfatetish  certain

enbodi ment s, Jﬂuiﬁ@?’gdigsﬁgﬁa% @%tlﬁﬁ%lg{f@brfcgtp& %rﬁﬁlto?l%r‘iﬂa%f%}idci . glass, or

polynmeric materia ass. ynmeric mcroscope slides,” silicon
waf ers, et c.)glass BndS@iivesiyhasalsy | Mageriaby fopfabnoating mpateiidd sonduitedips,iand ingedisng

m croscopg, sl % i i aﬁ %B Vet Q oeLGhdds iRl ers, such as
i ahor  Soihn SRRy B Mt Son bR, sitBeh H B ERRTSEG el iRl

e.g., Saini-Gobain Performance Plastics (Garden Grove, CA, USA), DuPont Dow

Elastomers L.L.C. (Wilmington, DE, USA), and the like.

VIII. MATERIAL SITES
[0103] The systems and methods of the present invention can be adapted for use
25  with essentially any type of material site. Typical material sites used in the systems of
the invention include material containers, substrate surfaces, and the like. Exemplary
material containers include multi-well material containers, such as micro-well plates,
reaction blocks, and other containers used, e.g., to perform multiple assays, synthesis
reactions, or other processes in parallel. Multi-well material containers such as these
30 typically include, e.g., 6, 12, 24, 48, 96, 192, 384,_768, 1536, or more wells, and are
generally available from various commercial suppliers including, e.g., Greiner America

Corp. (Lake Mary, FL, USA), Nalge Nunc Internaiional (Rochester, NY, USA), H+P
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i ke. Optionally, substrates utilized in the systens of the invention are
menbranes. Suitable nenbrane naterials are optionally selected from e.g.
pol yar axni de menbr anes, pol ycarbonate nenbranes, porous plastic nmatrix
menbr anes ( ewd.2005/08344°POREX(r) Porous Plastic, etc.), pacauszaedadicmatri x
nmenbranes, polyethylene menbranes, poly(vinylidene difluoride) menbranes,

pol yam de mentibaesnik AV (@Bersdﬁl%ﬁmﬂéﬁﬂﬁﬁrma‘ﬁ ﬁ{Htﬁe RRMAAReRal iRl est er
menbr anes, poIE%tetrafluoroeth ene TEFLONT menbr anes, woven mnesh

menbr anes, g o feaction dlpckehif s uitable fapyse iy qh% pysiems Af theinventensae

ultrafiltrat 'ﬁ&1&&@@%nﬁﬁemﬂioﬁhﬁbl&am W@%/Oﬁm@gﬁﬁde%l FarmmEianes,
hydr ophi lic nenbranes % bi ¢ nenbr ane éﬁ ner - based nenbranes, a

non- pol ymer - > fﬁ%&?@ﬁe@ﬁ%ﬁe@qo\%’b’ CI‘&‘%&P Hott aheitBich ifes,

pol ypr Opy|53nqnmﬁﬂf‘y§-efeﬂh@88 fi ber menbranes, gl ass nenbranes,
nitrocel l ul ose ‘nenbranes, cellul ose nmenbranes, cellul ose nitrate nenbranes,

cel | ul ose aceqphpgs ”EntHi%ﬂﬁ&ﬂllﬁ@zité(%Hsfyﬁé}ﬁs mimﬁ@ﬂ@&l M@ﬂé&@%%ﬁﬁﬁ“' fone
i ke ese nmenbranous

menbr anes, pol yol efin 30 nmenbranes, t he

mat eri al s ar EORfIEEIC o dispenpesBhterial pp WW%‘J@H@S c@%ﬁ@‘?ﬁ%Fh%ﬁYHE’PF ers, such as,
P.J. Cobert A&Mbcﬁ{e?&ncaln'?)@uuﬁzgﬁt 31%:9dﬂc§dot ads ol iBAike M dubkPRE QurfgedsPOT at i on
(Bedford, MA, USA), or the lik WD 2005/°057344 PCT/ US2004/ 040416 | X.
CONTROLLERS,  2buiotsifferpricensiias Pﬂ@a@@stenﬂmgmwmwlwé S yesgF ENANICEVPONENT S
10105] Thgy capingle! f%&o@%h&l&%r@%sﬁ”ﬁ&&@%&tt% @%nahé}ﬂed%& @GRl NVention are
general ly configlred to effect substantT al [ dg ical roller di sengagenent s
from5 mater |t9§‘-"s elehinaddision @rm@é{@ﬂl%@m@y@tﬁ kqen‘arhmlﬂnq/ﬂrbesmt@HY &y to mnimze
periodi c varighian %%90% a/oefaraum&ﬁe'sﬁﬁen%fof%tﬁ%ﬁbn frontrol lers
are typically opera nect ed 0 one or nore system conponents, such as
nmotors (e.g. cemlaernmdunen@ﬁ foy exapaple, gﬂbgtirztt%@m falyicalodfromeitican,gasg.or X/ Y- axi s
linear notio I conponents,
det ectors, %Oﬁ}%i%ég%gtg%aslgzggsbﬁgg%%%}p&ﬁ ocat | gésli%gﬁle])\??%g‘}smeﬁ?he li ke, to
cont rol ob‘ier aluiitable glassohpal pmerisreplstratas, sncluNing enierpssepef slides) 4rg, availabletirost | er s ar e
general ly in t ts that

are utili Zed%aﬂ%@oﬁn{é}aﬁ; ?%ﬁltl& '?C?l% ?1?8%8!3?&118@81?&3@}% lgn se%%ﬂgé(; rot ati onal
i ncrenents, tle. Omwﬂiﬁ,rsub&matep@tslim‘-mrthen?gstmomfdhﬂem@pmt?he ngpwtbeges.on and/ or

I f I b
derentors. et AR Benoh B S SHEAR LA TR, SIBRBLAICI S Y
optionally pou@hlﬂdlcs,@o]awmpqemmbma porprsipsiemsx membriess (g, conput er,
digital dgyi CfopBie BEDE b8! o Gt Gadtl B AEIR:RE pBRBELRRE S (€ O

membranes, poly(vinylidene difluoride) membranes, polyamide membranes, nylon

membranes, ceramic membranes, polyester membranes, polytetrafluoroethylene
(TEFLON™) membranes, woven mesh meﬁbrmes, microfiltration memmbranes,
nanofiltration membranes, ultrafiltration membranes, dialysis membranes, composite

25  membranes, hydrophilic membranes, hyclrbphobic membranes, polymex-based
membranes, a non-polymer-based membranes, powdered activated carbon membranes,
polypropylene membranes, glass fiber membranes, glass membranes, nitrocellulose
membranes, cellulose membranes, cellulose nitrate membranes, cellulose acetate
membranes, polysulfone membranes, polyethersulfone membranes, polyolefin

30 membranes, or the like. Many of these membranous materials are widely available
from various commercial suppliers, such as, P.J, Cobert Associates, Inc. (St. Louis,

MO, USA), Millipore Corporation (Bedford, MA, USA), or the like.
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including an analog to digital or digital to anal og converter as needed),
whi ch functions to instruct the operation of these instrunents in
accordance with preprogranmed or user input instructions (e.g., nmaterial
condui t crossyemediseaal di nensions, rotational 20 increpeEmgsesdpalignes to be
conveyed, etc.), receive data and information fromthese instrunents, and
interpret, mapy,pulGINTROLLERRCOMPUEER PROGIBINIPROIBULHS, . [0106] A
controller or conputer optionally includes a nonitor which 1s often a
cathode ray tube ATOHFIONKLSYSTEMLCOMRONENAS| display (e.g., active matrix
l'iquid crystajpyoqfi Spl ayne don@blicts GideShidnadi SRIcAY of Bt gre)sentﬂ{veﬂgclﬁ%és- Conput er
circuitry is often placed in a 25 box, which includes nunerous integrated
circuit chi psgengaibcoasuedioefliog sehsantiadly identipplreler disemgagebentefier cui ts, and
others. Th | ' . i dr : flappy disk
rive, a g Sonl AR Lk LihbAe ok of phahdl W lrblim Akl g PP PY g

ot her common PeMEHieceareyed guaptifies of meiprinl-t Congroly dre bpically bpessbla keyboar d or
nouse option i i e em

Compri o1 ng_a S0eaat ek SRBHeohSAG siht moth GRETR i RO
The conput er pogitioeiag bomponentu@eas XdPpxis findanmetiangiilesaZextsonotioscei vi ng user

i nstructions, £l I . E}g | cal f . ter
fields, e.g. ,c I ﬁkgb%g%ét@\btc%g%&g% h%llﬂsé%ﬁf [3%[2)%12/3 %grf%ﬁgt etnslgfa'h?ﬂet he form
gf f Fr epr ?@@ anareges, psthe Lk, Fmst,rol@pgation?f élpse@gmﬁmtd Mre ?)eviftr:]élbt % oI y

i fferent speci 0 , S0 € nverts es structions
to appropria @ '%)%ﬁsg%ié%g%gf&ﬁﬁg@r%ﬁc?ria%gﬁ%rﬁtg%l(‘)%% sz ?ygﬁemo‘fomg ﬁréengsrth#m e
control | ers tae gtilizey, e.gqud effdoerotlgsuped ragan dt setted eotgrignaliacrgmengs, dre sel ecti ng

the rate or m)gvee of vement of 5 v S co irecting

rio t onent s
transl ati on of po ePtt?q%ﬂsl tﬁ%mnéocr?ﬁlgﬁlgﬁﬁ‘st?‘a %é?ecﬁ neanﬁjlg’?lr ge S‘Isr?gg%tf)%%%? er then
recei ves the datah réceivad fremgampls enmsaidesy Wy eetecdmrese. iCuatrolledami/drivtiier t he system
and inter;i)%ets t he data underscf ood format, or

ei/t hert. grloviﬁfi it in a_user

uses t hat Tdat X5 CPRPYICHE 54T PRUSEHLY SO 4P FLaPPioREgtPly PFYSSHETeY 1 " accor dance

Wi th the progoassst,Rgnp@egdigita deticeasr dilier Inpisidevatd ot gnfofheioh aplenci(gpal
intensity, multi-well 10 container, .positioning, or th i ke. [0108] Mbre
speci fi cal | y, PEIpding#t %f\]?&agéf’ ‘ﬁ{;’it"’tl PE%E‘P"?@ a0P0H FOBYriEhEs D&ﬁ&dgtvfm 1%‘?0“9 syst ens
of the inventio@mrtitMeopbiaior dtehddelRStrdn@fs & dcBGBAIE Wit PRepidpaimmiidect, €. 9.,
the system to convey materj al (eeégl., %‘Igui dic mater.i aI%§ to material sites,
the pushers OFSCHIRPY H]SERIEONH S 8 dFatenifl condyy Sross-s5iiang! Eplrmeniotdigngbush

cont ai ner g0 i NinGrefmetis, 36umét folbe 3bivayUaLAR.), fedei VEEBAIE infbRhtoN BomARdsai ners are
positioned on the object holder, a robotic hand|i n% device to transl ocate

cont ai ners, aneirugensad pptgzgret, manipplatesad repert this dpfggmation fputhe B8eENt j on

[0106] A controller or computer optionally includes a monitor which is often a

cathode ray tube (““CRT"”) display, a flat panel display (e.g., active matrix liquid crystal
display, liquid crystal display, etc.), or others. Computer circuitry is often placed in a
25  box, which includes numerous integrated circuit chips, such as a microprocessor,
memory, interface circuits, and others. The box also optionally includes a hard disk
drive, a floppy disk drive, a high capacity removable dtive such as a writeable CD-
ROM, and other common peripheral elements. Inputting devices such as a keyboard or
mouse optionally provide for input from a user. An exemplary system comprising a

30  computer is schematically illustrated in Figure 17.

[0167) The computer typically includes appropriate softeware for receiving user

instructions, either in the form of user input into a set of parameter fields, e.g.,in a
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provi des control software, or conputer program products that include
conputer readable nedia, having one or nore logic instructions for
receiving one or nore input paraneters selected fromthe group consisting
of : (i) a rotwbizersab73sancrenent that 20 substantially comceapmwssiniie an
integral nultiple of an angul ar distance di sposed between adjacent rollers
supported by &ULakiethe Soupdpicpirafnpenkicabls) &g.PsteRogrtinkd for e VARG, secti onal
di mensi on of a J?teri al .éfcondui.t; 'ii} a g}l%anti tl){%ﬁgf materjal, to be conveyed
to or from a’hBPEFTaPediG@eraiofy (RSPINRe HIFE GryPIHPee MBS Bosed bet ween
adj acent r ol | efpgopriakppRuigedotiyst@ctingtieQheraigd bhe fmdie RkbBéradolchey punp. The
software or conputer, program 25 praqduct al so _includes_one or nore | ogic

i nstructions P%[Irgher‘g’fl | REAHOT &8+ garrylg%?fﬁﬁlﬁungfheém peppde;of povem in
rotational 5i neaiEsken ddaiposubsdirbiigalahslation bf Riiomdy témpoat@gbathe Mul ti pl es

of an angul ar _di st ance di sposed, be en_adjacent rollers supported by the
rol | er suppor glg%ﬂhfﬁ%mb‘g?ri FLPetvEs %%ﬁa& %?R’ﬁ'&’ﬁ%soﬁﬁ@tﬁ“%én eqc')ﬁﬁ‘tﬂénnm erial
conduits are tRRARN NI R dath Gith¥ProRREd 8 1ed dsbCunsteod@endt e peristaltic
punp conveys material 30 through the material conduits, quantities of

material that "E8MREGFORNIEYS fBercartplipptctiqands apidance 18 onveyed to or
frommaterial p ing, B.g5 Sichak fh REARASHRREEbIe §iBS ity \auBi-QE) computer
program product further includes at |east one Togic instruction for noving
an X/ Y-axil8 | Fopésner poritiening: eidbeliénd a z- axi s notion conponent synchronous 39
WO 2005/ 057344 PCT/ US2004/ 040416 w th rotati ng the roller support. The
conput er read 3P¥ nedi dareFecifically, the W@twé’@r\‘ﬂh%eé o coppralfhaeremtigr tidie opt i onal |y
i ncl udes one gysieARLEMEknvedidaldy R influlids MYRYindiusfons hat @RL:, e.g2thE kil MENOI'Y
devi ce or conponent, a system nenbry device or conponent, a hard drive, a
data signal efFoEYRYdgtasiah(edaividamagRisb to Bateris) sites; tepusherp ofi@gpietthe conput er
can be, e.g., y@d&r lﬁ\#&tit?dn{ﬁé%gmgéneﬁ)ﬁﬁdsﬂ Bdcfeddhes GREBALL Y& aibfdRhM O52TM

W NDOANSTM W NDOWS NTTM NL 95TM W NDOWS98TM W NDOWS2000TM W NDOWS
XPTM LI NUKX- bawaberpiber e corgainexyxct perasrivn trahiset Ipkler, grrobpticipndlitgased (e. g. ,
SUNTM wor k st g ] . Lald . 1] abl e

conput er whi c%ﬁlgqiﬁg%@%tgg%nﬁgﬁ%sf Qid*&?ﬁﬁﬂ%ﬁ@gﬁ%g@g&g@ﬁ%&%&&g@m i cations
such as word provideswnig solifareear eonjateg progmfupreskioR that inglederddmputieCor el

WordPerfectT @%@f’f : f C . | such as
M crosof t Excl\:/%:cil @%P%ﬁgp E) r g n%;uc@? g‘%g%%q%ﬁtgagg‘fn%&%gﬁ as

M crosoft Accessiidis seléetgdichox idroomernkigting it e dotativnalincrgnens thatt i nvent i on.
Sof t war e or i . ] ial. ¢co ] . d wells of a
ol 1 el P0pt ARSI RS rnStod oo FROEL Ll SRKR KA ol BB BERE L 0510 01
construct ed byetosm adfacesit rdlersissppogedby a roller support of a peristaltic pump; (ii) a cros s-

sectional dimension of a material bonduit; (iii) a quantity of material to be conveyed to
or from a material site; and (iv) an angular distance disposed between adjacent rollers
supported by a roller support of a peﬁstéltic pump. The software or computer prograrn
25  product also includes one or more logic instructions for rotating a roller support of a
peristaltic pump in rotational increments that substantially correspond to integral
multiples of an angular distance &i_sposéd between adjacent rollers supported by the
roller support of the petistaltic pump such that when one or more material conduits are
operably connected to the peristaltic pump and the peristaltic pump conveys material
30  through the material conduits, quantities of material that correspond to the rotational
increments are conveyed to or from material sites. In certain embodiments, the
software or computer program product further includes af least one logic instruction for

moving an X/Y-axis linear motion table and a Z-axis motion component synchronous
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standard programm ng | anguage such as Visual basic, C,  C++, Fortran, Basic,
Java, or the like. [0110] The autonated systens of the invention are
optionally further configured to detect and quantify absorbance,

transm ssion, and/or em ssion (e.g., 20 |lum nescence, fluorescence, etc.) of
i ght, and/ orw@kmsiegfesi4i n t hose properties in sanples thel/USIEOdEQaYyed in
the wells of a nulti-well container, on a substrate surface, or at other

mat eri al si t ewith Altdtiap fdatrollee buppordr Tie compdtareatsk ylﬁdldﬁm(btggf’tl& cedpueiant i fy any
of a variety

m nul ti-we ot her materi al
o tos ot udi e eolBRlR eLaToR ol ot 5 o CEORORE BbR Rl 31354 e i)
heat (e.g., foflasheindony denige enabatphmmiyh cysein BEney dti@rdricemporad]d lofs, e. g.
usi ng t her mal Sensors)., o ny. Qt her sui tabl e si cal phenonenon. In
addition to oth&r %%@#%a??éﬁﬁgm%m&éé’m%fe ﬂ tein, the material
conveyi ng sys of t i nve t|o cIu e illum nation or
el ectromag%et t@ﬁ@adl at? Tt E%ég’ méé‘?éﬂ&m Bt‘:‘é@?’% . Because
the systens BOS™MESEHHVDIDAWE™, MDOMNB%WB@M%%M al l ow essentially
h
any chem stry I es of assay
devel opnent , Fﬁ@?@g‘fﬁgnﬁ%@?‘%@%ﬁ#@ Ww@%egmlb%ﬁg Bobs5/ 057344
PCTI USZ}(?Q4/ o4mr51\1d f TOBHD™ Power PX) 6Fa BNDOHasEﬁaﬁatga SUNTe “ﬁ:ﬂfdtzﬁ[ﬂﬁ) r@ic?ﬁgﬁbrl Rventl on
are configured for area inmg an al s confi gured. for ot her
formats incl uﬁpﬁﬁo%ogcmﬁﬁﬁ%g’ql%é’wplﬂ@ %@%‘S%B?WWQ unting system
Anhar ea i magi Slgncﬁwﬁdeem;i Miplicatibhsysugd aamprmsﬁngsoﬁeraﬂmglmwébﬂclont ai Rer or
ot her specine ctor ne at one tinme Accor y, there is
typically no ﬁ’@é‘ﬁ'&f’ﬁ& \/& f?ﬁﬁ‘fﬁ?ﬁﬁ{?ﬁ%ﬂﬂtﬁ@sei é%’(Eﬁl\/ﬂpsrﬁa 8 333@% a |aser, or
the like, bECﬁidﬁ@sbe?osdﬁEﬁ@eﬂWCblﬁﬁgﬁﬁrotPi@M%ﬁdafaﬁa C?Dsf&gﬁhﬁ@ﬁchqmto many snai |
detector el errent S oupl ed devi ces in parallel.

This paral | el Mi %}lAé‘F‘TSFTg rPr Bﬁ'g&@‘m)scmi Deadanied tp ﬂl‘etﬂf?SS’%é'Ei"eBE}Dna SQ@Y"?I%I process

of reading oufor f:éiﬁbrﬁﬁffgldg mtEred Eonfvéyandelih ld Rt QRLIO6E a rRAARNRI Phitd, HBGer S
typi callyﬂgass | aser or _other |ight beam 10 over the specinmen, to excite

fi uor escenhee, 95%tipR dpdptadecevolufign s pRtienplly congirisd bbweﬁlgﬁlﬁﬂ UHRE2 | i ne-by- | i ne

fashion. I n cgiddgidpresdatsing GRARA2E ch APYiseS balcecUsed Fh@rafHALiB] 12/, gut of focus
fluorescence. The inage is constructed over tine by accunul at i ng the points

or lines in %eHkes. Noni magi ng counti ng systens typically use PMIs or |ight

sensing diodes to detect alterations jn the transm ssjon or em ssion of
light, e.g. WY n wellhs agpmatedsisiems efheiapentien i QPHALY e systens then

typically i nt E¥igdred {o el 88 huAklyRYiorfah @MrARHRsOR ahd/of MiicA @0l € data
point. 20  luminescence, fluorescence, etc.) of light, and/or changes in those properties in samples
that are arrayed in the wells of a multi-well container, on a substrate surface, or at other
material sites. Alternatively, or simultaneously, detectors can quantify any of a variety
of other signals from multi-well containers or other material sites including chemical
signals (e.g., pH, ionic conditions, or the like), heat (¢.g., for monitoring endothermic or
25  exothermic reactions, e.g., using thermal sensors) or any other suitable physical
pﬁenomenon. In addition to other system comp;nents described herein, the material
conveying systems of the invention optionally also include illumination or
electromagnetic radiation sources, optical systems, and detectors. Because the systems
and methods of the invention are flexible and allow essentially any chemistry to be
30  assayed, they can be used for all phases of assay development, including prototyping

and mass screening.
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[0112] A wide variety of illumnation or electromagnetic sources and opti cal
systens can be adapted for use in the systens of the present invention.
Accordingly, no attenpt is nade herein to describe all of the possible
vari ati ons t lveo200:e574a¢ utilized 20 in the systens of thecimseenfiars and which
will be apparent to one skilled in the art. Exenplary el ectromagnetic

radi ati on soufdt¢Eq t hat Imsrome@mbbcﬁmaﬂtk yhelswtémszcﬂd-lelm\vehﬂi@ BYEdnffed Rf the

i nvention inc|ude it @% (r!f l.ase l.ect r ol um nescence devi ces,
li ght- eni tt.?{aalada%ﬁ%s T AR b Sondigpre E?Frﬁ o Wtsll 12 A nps,

f 1 uor escent |mfﬁgﬁ'oras‘ldndnhﬁag1ﬂgdéﬁ?ntm@§ﬁteﬂf eﬂir%éaﬂﬁaglt@@st@hthﬂ@aﬁ? plgd in the
assayi ng systens_ .of IQ b Igntl onrg (r sers. Exenplary optical
systems that SonHTRETEICPURRYLP ?ﬁrSP%fHF%’t’tq erteGFPF BlERed CBHEBRet i ¢

radi ati on §0uAcnam1ﬁgDy mmb@pmman&em nfuve pRtorhliertubés (PMEL), to 6@t @i ners to
detectors typ| al Io)é B@P de o tgg nore | enses, and/or mrrors tg focus
and/or direct? fhg 31‘?&3@% f geteeinnimgeey e irgrontanegontq WAy Wl cal syst ens
al so incl udedécacta;erelempﬁtscegawndgesoupmaﬁeﬁ@b (@@vale@r)an phrhltdl €TiHs %@alﬁl , filter
wheel s, etc.), éOllB Sui t e signal detectors that are

opti onal | y ut?“ﬂ?lﬁlgﬂn Q}?Sqﬁ@g)écaﬁg,@ﬁl d’éf’%"é?mc‘?sﬁfmac%‘}ﬁ%@héﬁnm un nescence,
transm ssi on, infabe!P6:8 SeaRGEtor. ARk ﬁEﬁi@all pAsh a W2 R QREDRABGAm

PCTI US2004/ 04041 absorbancef or the i R,n sone enbodi nents, the

det ector roni P¥5F e spepiman oy te fluoreygngectaflectangn gt the likgHp d ROEBRY REKSRd i n
position to "haly-live Thioh €Eltefifin cAs¥a BRI RGO AOlistd tdhinERASA 8f fof! ude PMTs,
CCDhs, intensified CCDs, photaodi odes, aval anche photodiodes, optical
sensors, scanhiHGedEt: e’@pdmgge ig pongigpctediones time by pecymulafipg e BUINET Jneaid 5 ot her
types of sensefiss, Ih&mﬁ@igir@rbahﬂtmgrsﬁe&dsItypldanﬁﬁhewwoﬁﬂ%ﬂt BirQinf BRda¥St €M

descri bed here| n. The detector optionally noves relative to material sites,
such as mul t i defgst lteragpuyip dhedrangpiprign 0&§‘§§§/‘°%@frh§bh%ﬂt withig wells efermidi vel v,

mul ti - wel ks pl @1E&nRincPt TRk @&&ﬁyme&@ﬁpﬂﬂqm%m@aw u i¥&n bR WRE detector.
In certain enbodi nents, for "exanple,™ détection c ents are coupled to
transl ation C@W@tﬁmﬁﬁ nove t he detection 10 corrponents relative to
material sites 03| tioned on container positioning devices of the systens
descri bed her @Rl opt i Hrids yarietypbilkyninagiprsorplecirompagpetissarreesiapd erficilon i ncl ude

nul tiple det e@fst@&§ean|b@ aﬁi}fﬁ%@oﬁﬁﬂnﬁ@sys@ﬂ?& tﬂ@ﬂr@s@ﬁt@ﬁ\%ﬂfﬁrﬁ Adﬁﬂ&gﬂyl y placed
either in or "adjacent to, mul ti plate or other véssel, such

that the det e aempiis nﬁd%l&ﬁ%aﬂes%ﬁﬁh@fthfawwewmﬁmm@tﬁmhelunh@m plate or
other vessgl fimd steﬁlmtﬁﬁhe&&l&saﬂa%vlﬁ&%ﬁh;@a@;m&ﬁoqﬁé Lot ke property of

the plate or vess or portion thereof, the ntents of a portion of the
plate or vessBrempiy eleriromagnstic fadiatiouioutes thatereptienallp tilized inhesysfedy . | n

certain

of the invention include, e.g., lasers, laser diodes, electrolominescence devices, light-
emitting diodes, incandescent lamps, arc lamps, flash lamps, fluorescent lamps, and the
like. One preferred type of laser used in the assaying systems of the invention are

25  argon-ion lasers. Exemplary optical systems that conduct electromagnetic radiation
from electromagnetic radiation sources to sample containers and/or from multi-well
containers to detectors typically include one or more lenses and/or mirrors to focus
and/or direct the electromagnetic radiation as desired. Many optical systems also
include fiber optic bundles, optical couplers, filters (e.g., filter wheels, etc.), and the

30 like.

[0113] Suitable signal detectors that are optionally utilized in these systemns

detect, e.g., emission, luminescence, transmission, fluorescence, phosphorescence,
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enbodi nents, detectors are configured to detect el ectromagnetic radiation
originating in the wells of a multi-well container. [0114] The detector
optionally includes or is operably linked to a conputer, 20 e.g., which has
syst em sof t waveezohsms7onverti ng detect or signal i nfor nmat rOMUS26040a8S ay

result information or the like. For exanple, detectors optionally exist as
separ at e uni tabsorbance, af e likd. dgsahednbmﬂihﬁnt@am detdctos rrnitdts Opiaratityngl e

i nstrunent. r.ation, 0 funct taq, |l e un acilitates
connecti on of°p£1%ag RIS ﬁ%‘ﬁ?sgc’%l?ﬁosﬁ‘ﬁ ]ﬁferrﬁs‘ﬁ pr? (Hel L@i the use of
a few or everoraensom gichde DMTYTCT, irmnsmmmcmsgpha&dubdeammﬁcm ng i nfornati on

bet ween systemc onent Det ect i on one naI I y

"hcl uded | HROGTRRLTe B AR EHDR L hedkt Fshg! Percheel i, b g

g(l;lolog et Sg: Qtlﬂheptypémjfpbrﬁﬁsﬁﬁopgﬂﬂly wzlalnhﬂdo@mél dyiﬁﬂoshe @m;ﬁﬁde,scrfﬂaﬂcourt Brace
ege Pu sher and. Curre Ana Instru nt ation:

Per f or mance é’ﬁfﬁrh %th?tin)c‘?ua??&lyB’QIV?StrelanvﬁéWﬁ‘ ﬁé@cs&sugb er‘i"(‘?h (2000),

whi ch are botﬂnata;srup‘@mwsﬁyedmweﬁtefc@aledmﬁvelﬁ%uﬁtﬂ%@blaﬂéber cﬁb'esb@ﬂss of the
i nvention opti onaII al so.inc | east qQne robotic. translocation or

| ude at
gri ppi ng con‘p?BFF@ﬂ‘Een rapve pelativp Fqutg? feiester- 19 cgfain,cmabagimpenisy for grample. jat er i al
sites, such agtebidnidompEhehtspl eRMRGToS IHRANET BatGhovt iR dtwIBt ed systens
and/or 42 D 2005/ 057344 PCT/ UUS2004/ 0404 6 bet ween t he systegﬁeand ot her

| ocat i ons'{ e.gmpPoRsPIiEFIatlys g maed .SW@OSIT&H& §n confineEpsHioping e rhBht s, for

exanpl e, systs@ﬁans‘ab@éﬂbeahéraﬁl DEorally, BRisPenGUNBR PRILS idvBiitton TRYRe MUl ti - el |
pI at es between ositionin onent S, | ncubati on or stor age Corrponent S,

etc. A vari etfulpple defeaiors éhqsq)g@tpmé, sehleiertpss apertymedly plagrdaitherdngiabl e

platforms, etg; a):en@ﬁ}ne? Qﬁm}tﬁﬁ@lwaateapmefrlv@sgelfse&mehemetéamm@ﬁ@mwtems whi ch
robotic eI erren s are typically ~operably connected to controllers that

control thei reopyaicatin vaHithemiltrwall phits orpther veste) dep therdptestanis £408blg of ppi ng

devi ces that Rfegy éﬁBﬁé Yo 8fd I&eedi ésgél %d Nhdri, BY ShnR® of hodile 1 Nvention
are descri bed furﬂéﬁgr |nnly 3 v 0 o 6I5 324, er?tl cIjeld " GRI PPER

MECHANI SM " i % §i¢apteen wpssels or tgab@ f%Wbivﬂ’@t @Eecfé)rls m‘f@m’ed)r AR &R i onal 10

Publ | Gati on. NepollichZ! B08kaTms G LA 4L RLBRINAMECHANL SV ARRIRATUS, - AND
METHODS, " fil ed February 26, Downs et al., which are bot

i ncor por at ed ibfherwsila plgyalti- W@lCPB'PmFli gure 17 is a schematic showing a
representative exanple material _renmpval systemincluding an information

appl i ance in BE4h var Thadstegiopertionallyinciudes or jsopsrablydigked A @ SpMPWH nay be
enbodi ed. oA ¢ | hhiliehas SRS IR Y oeﬁ»%ﬁfngﬁéted@@frsfgnmnfbﬁmaﬁ tntd 4594 t he

t eachi ngs provided herein, the invention is optionally inplenented in
result information or the like. For example, detectors optionally exist as separate units,

or are integrated with controllers into a single instrtument, Integration of these
functions into a single unit facilitates connection of these instruments with the
computer, by permitting the use of a few or even a single communication port for

25  transmitting information between system components. Detection components that ate
optionally included in the systems of the invention are described further in, e.g., Skoog
et al., Principles of Instrumental Analysis, 5™ Ed., Harcourt Brace College Publishers

(1998) and Currell, Analytical Instrumentation: Performance Characteristics and

Quality, John Wiley & Sons, Inc. (2000), which are both incorperated by reference.

30 [0115] The systems of the invention optionally also include at least one robotic
franslocation or gripping component that is siructured to grip and translocate material

sites, such as multi-well plates between components of the automated systems and/or
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har dware and software. In some enbodi nents, different aspects of the
invention are inplenmented in either client-side |ogic or server-side |ogic.
As will also be understood in the art, the invention or conponents thereof
may be enbodiashobsistsapedi a program 20 conponent (e.qg., Pcrisgad/omedi a
conponent) containing logic instructions and/or data that, when | oaded into
an appropr i at gdecs MY dySstheshd GRHREPILAtBE @%vw@pw&ﬁ&a@on%@é RRREhat us or
systemto performaccording to the invention. As ditionally be

under st ood i nemppEinggnes, OéGJFWE“dSM%@ﬁ ﬁlf@éfﬁtl@ﬂ‘i‘?lgﬁgpmz)@ql@mﬁéﬁ thifenavens may be
delivered to ﬁmu\ﬁktﬁﬂiﬁite%tﬁeeﬁ nfﬁEgblﬂpJnQJ{ts Wﬁdﬁ%ﬁ%} Sorh Ghep@Bl O 2

viewer's conmputer or a fixed B media containing |ogic |% ingctl ohs may
reside on a r@?mf‘é‘a%eék‘ deavailghlgrobatic plaggsnis (r@@a@@m@smmbb@wom@mmm cation
nmediumin or dﬁéus&@oﬂ%ﬁéﬁ%@n@e Qr[tﬁ’gl'éé%stmmaﬂfﬂbon& Qérﬂtr{g 17 shows
information appliance or digital device 1700 that may tood as a
| ogi cal appar%ﬁetﬁél)f(':@m@jmtec{&) eontigllgrsdhat centrel their mavemeeahandeghgr fun@tﬂﬁlﬂct ions 30

frommedia 1784 ﬁ]@é%? connect ed
to server 1720 h ving ?I xe %gg%e%%%ég?pr%?%fgﬁs ?{;ﬂ#b@x??go can
t hereafter us@thqlhmowrgﬁﬁ%@qdéwﬂmm,QingéStPaéé‘fwéﬁ%ﬁ%bnt@nd | ogi c, as

under st ood i n« Igﬁ_%?gpd &%ﬁf 4 / 040416
aspects of theéllﬁﬁventl Med %Sueéﬁ}lyﬁig Ica %g'%g%ééf%d?ﬁéﬁ&%% enbody t he
i nvent i on 10 sPeblicasiop NoeW k9268 h3 Tasntitled (SRIPENGHMECHANIGMSc ARRARATUS CPU 1707,

optional i npupﬂDq&g 17 S wh optional nonitor
1705. Fi xed nedi a ﬁ?@s fg‘?dfl xeg}%?oog&% %\%fﬁ porcglili@%g’l may be used to
program such mcyysttedbamntrdiceray represent a di sk-type optical or nagnetic
medi a, magnetic tape, solid state dynamic or static nenory, or the like. In
speci fic enbo¥iliEnt s, Figeredd prerichenplic shvaving arepreeniativaraymble meteiiadi ed in whol e
or in part as, L Ary conputer
program produc?l % eeg%#l?%gigg %ﬂlr@}natnh%%é/faééq%oﬁﬁgh’?réogggsgﬁésgor 1719 may

al so be usgd pmsemnnvdnslbﬂ wpay broasibedied. n&s wilide vodesstedddty peactitich@rs irstbelart 0 pr ogr am
such a syste y connecti on.
Optional ly, g}sr%gc qua\é?ln? rgﬁ%@gjﬁﬁ%ﬁbﬁg gn?gnu‘e% ) "%H]%ﬂ??ﬁ%ﬁ%éedoﬁ in part

within the ci ha:dwatras gndabﬁwareablpsbmcanb@lnnmmemffhnem asprca@f e ddentionaei t (ACI S) or
a progr ammbl £ F suc case, i nvention
may be enbodi™¢ éﬂ |e%{e§1%m\ﬁcﬂfeﬁe& SUT ?feg} Stan %rlﬂd%l%scrl @&mtb%'ﬁn a3 88 whi ch may
be used to 15m(1heea1t, éleamzeﬁtﬁin@x campoRtrDy théregfunay bt Zmbddial in lamedﬂ@mgrmi eri al

conveyi ng,5ySLSI 300, o WG o BRSHARLYc IASH STk QADLALTRILEN PPl i ance

that, when loaded into an appropriately configured computing device, cause that

apparatus or system to perform according to the invention. As will additionally be
understood in the art, a fixed media containing logic insiructions may be delivered to a
viewer on a fixed media for physically loading into a viewer’s computer or a fixed

25 media containing logic instructions.may reside on a remote server that a viewer
accesses through a communication medium in order to download a program

component.

[0117] Figure 17 shows information appliance or digital device 1700 that may

be understood as a logical apparatus (e.g., a computer, etc.) that can read instructions
30  from media 1717 and/or network port 1719, which can optionally be connected to

server 1720 having fixed media 1722, Information appliance 1700 can thereafter use

those instructions to direct server or client logic, as understood in the art, to embody
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Optionally, material conveying system 300 is directly connected to
information appliance 1700. During operation, material conveying system 300
typically conveys naterials to and/or fromselected material sites on a
posi ti oni ngvwaempoieah of material 20 conveyi ng syst em BOOys2e4@0416as part of
an assay or other process. Figure 17 also shows detector 1724, which is

optional l'y i ﬂgédwiﬁ(ﬁleiiﬂvehﬁl@l. ViettRaBf RhicklBpdrAvafitindh embsdyIRiMWbntiolet ect or
1724 i s opera lé connected to inforﬁati on appl i ancs 1706/ via server 1720. In
sone enbodi nEACYRPYESETTR ps Lloshiated in 0D, contpiping SRVSIVE #rtienal Mpgr nat i on

appl i ance 178&ices 178968d 171 ik HRR6H 1788 hisd optl6da@ flofifor 1705 Fiseaeafi gured to
det ect det eciﬁbI% _s:gf?nal_s 25 produced at pmaterial sites positioned on the

posi ti oni ng mgfia fEZovsrport 1aHs ey Poigped {nsregam pish a isten #dy

enbodi Men$ s, mARiePebadt a SikiE-8Pe fficll-or ARttt mWBh lmagh@ikpbNBlidsa@t C.) are
transferred (e.g,, manuall'y or using a robotic trans|ocation device) to
det ect or 1729YNBBfCIR gabiarmery L thedikpplngpiciic epbodipitiefspspestsohtlicor from t he

material si ineélti@ﬁ'xﬂagﬁe Qi DR &qf&&%%ft%ef%@émllthﬁ%y@yi ng system
300. 30 X. SYSTEM ONENT FABRI CATI [0118] System conponents (e.g.,

posi ti oni ng BedipofemteaIPlay comprisyprogramEnsiisdeseribed furtherabeyst i onal |y forned by
various fabr C&ﬁfnh{ﬁ&ﬁfotﬁg&?lﬂ%ﬁgglfs% gggﬁa\g iﬁf&%lg Rex{vidfkublibntne0p4/ 040416

conbi nati ons of suc chni que Ing, e.g., machining, stanping,
engravi nd?  ieefl &rprpgam sush disyriem aulgrayreirelerigny pdefceinmgnicaionr usi on, et chi ng

(e 9. ST et EAROR oGlionBhe MoBh o icindonl bR SEURIONSS poNese and ot her

suitable fabrication tec es are gener nown 1 n e-art and
descri bed i nwitkinghe cirgditey oft aaspplivatianfspesifisrintagrated tioni (ACI) o/ Met al Cutting

Mechani s, : Vi ) d . ' : Ui 2
Prese. (2000) PORE e R ol Ptey B Bl ool e R R 0TS 1Y
Machi ni ng, Kembwelied Avacerhute: Pudstsicpfiablegief2iD®2 JangBee pihish oy betisedlta , Met al

Cutti h i . .Dek 199 . , j ecti

Vol di ng. fananeg S BT phCLr e RS bt RSB Findament al s

of | nj ecti onwhioh & aperably\éondectsht to ifforfmt@cipatiase (ZWOCR)serveifilF2@&N, | nj ecti on
Mol di ng of TBet m)ﬁl as% L1 (1991), Fisher,

[ I\/ateriaks 0l .. 2 Cha n. .

Extrusion of "P{¥8tY 8?,““513%‘?&% 2 ?530){139‘3‘%3):@ Ea"ﬁae“%@%‘ﬁg“’,m‘ ’r usi on” of
Pol ynmers: Thempligncan@WoPTatihg operatida nsedriaGamdayhie shidh Bataypically cotv2@®00) , whi ch
are each incorpar.a ed#) r efe?r ?cht | S8l t ai n. enbodi ”e”%,i foll ?vvi ng
fabri cat i on, PeEEmaYR B Mete et viean 1 o st bLsdirel o o by
coating 26 stunveimssywerh 0@ clpy di wapduf ki essgyomiothegproaesd YkueplTaloshewat i ng (e. g.,
3yt an 10100E] 8100 P RRk oAt AL A S B SE s, RIBRECTon (vest

detector 1724 is operably connected to information appliance 1700 via server 1720. In

some embodiments, detector 1724 is directly connected to information appliance 1700.

In certain embodiments, defector 1724 is configured to detect detectable signals

25  produced at material sites positioned on the positioning component of material

conveying system 300, In other embodiments, material sites (e.g., multi-well

containers, efc.) are transferred (e.g., manually or using a robotic translocation device)

to detector 1724 before and/or after material is conveyed to and/or from the material

sites on the positioning component of material conveying system 300.

30 X SYSTEM COMPONENT FABRICATION
[0118) System components (e.g., positioning components, cleaning

components, etc.) are optionally formed by various fabrication techniques or
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li ke, e.g., to prevent interactions between conponent surfaces and reagents,
sanples, or the like. XI. MATERI AL CONVEYlI NG METHODS 20 [0119] In addition
to the systens and conputer program products described herein, the

i nvention alwo:webzsas to nmet hods of conveyi ng nmat eri aPCT/B8R004N@D| €, one
nmet hod includes conveying material (e.g., a cell suspension, a reagent, a
buffer, a sobmdbmmmm)mstmlﬂasmqn&umud;@ ag)mhdmt@tghmﬁg,eﬁgraﬁﬁg mat eri al
conduits of a.system.descr.i t.he con{roIL ffects

rotation of CHEUPHIPIEMESGH ﬁ&ng ﬁ“’é?ssﬁnéﬁ?“sb%ee Jing (§Eafleatisremifty enent t hat
subst anti al | ytcmﬁg,reegpmﬂ& r teChniies. nrteg:raahomﬂ suitdlecfaficatiéh @d@ituadare di St ance

di sposed between_adj acent, rol | orte the roller suppgrt such that
quantities of°fEY 1@%%”%6*?’?\?@?8‘3&?3 ‘fFﬁngH'“?Y?ﬁ ﬁ?ﬁ—gﬁ—%‘ﬂﬂé—@&%FL%pond to the
rotationals iMuedl CoRing MeEimaRa NTahiny Tas Wikratioak.iaad gNCisiof ' EMbridg be sel ected

i ncl udi ng, 0, 15, 20, 30, 40, 50, or nore
tines angang Frsmg?%g@ob%@(ﬁ@%ﬂt%@ﬁiméﬁﬁﬁws of a given

rol | er suppoMachifisedaewed Aadeniie Peilishers (26025, SXphaisbbdt al. IMBhIGins ef f ect s g
g, conveye

rotation of he roller sum@tr such_t hat shearing effects on t
mat eri al &%@‘—@éa—c&ﬁ o} PRy @79 Ropatonisiecion MoldinsHandbeqked™ general | y
ffects 45 \Aedzmepazaa@mmmeamop Mﬂxﬁenta‘l%ﬁﬁ]@éﬂohﬂdwing@?ﬂwcm rol | er
.or_each conve e
d!.!

di sengagenent s frommaterial conduits ] quantl ty of

mater i al ,0e. 300t ROADM Pelapdn plastisy MakeglalsoYRleled quanti ti es

of material. ChinlAE Hall (601 G#Her, lﬂiﬁrﬁééxﬁﬁ?@lasﬁc@%&ﬂ&rﬁr&sgﬁjﬁf ad y convey
substanti al | uniform materl aI Vol umes to or frommaterial sites. Moreover,

t he rotati on&Puns, EXEIsiong s Theery anckPracties, Hapsei Cawdper Rybligagonsy pi cal | y
unconpensat egrobgy; wﬁllcpweregéhenco%%@%eéfbﬁﬁdwﬁl da&alﬁ Eﬁb&ﬁh&ﬂté: Wifingystem This
sinplifies the inplenmentation stens and net hods of the invention
relative to ﬁi’&ﬁ?ﬁt‘ﬁ}*é%@@%mmﬁ&ﬁ# BI%‘E@H@ f““}{BORIEEiFSEﬂrP sdecodtifgodi nent s,
material ji5s cQRMA%RH élﬂrdf%hﬁé bcﬁlhngS 'a%?cﬁ:o%ﬂg&b@&ﬁtm  &lddn B99EHEHE contacting

the material site (i.e on- contact rial_drspensing). 10 For exanpl e,

t hese net hod?196]5%3@%11‘{3951‘111%’@4’1@8@1@# EQWPI%OI?@@F&WW%Pé $tereorpld ses

proximl to n effecting
rotation of iltﬁéhg]gr goq?évem?{d%%gﬁnsﬁﬁagﬁe sgﬁ(ﬂee glg rot at %%Qlln% %‘lrmﬁ@%téﬁlrent e.g.,
to prevent qthgédiketies of material fromadhering to external portions of
material conduits. Optionally, the nmethods include noving material conduits
with sufficient velocit to eject adherent 15 material that adheres to

ext er nal por?ql'onsMéfW FINGMHLHODS o g., to convey the material to

? naterialp sidgigopr ton@&damnttme Spstefi BAd coRPhiet H0Safrddias BRE@Shal conduits.
n

herein, the invention also relates to methods of conveying material. For example, one
method includes conveying material (e.g., a cell suspension, a reagent, a buffer, a solid
support suspension, etc.) through one or more material conduits of a system described
herein in which the controller effects rotation of the roller support in at least one

25  rotational increment that substantially corresponds to an inftegral multiple of an angular
distance disposed between adjacent rollers supported by the roller support such that

| quantities of material conveyed to or from a material site correspond to the rotational

increment. Essentially any rotational increment can be selected including, e.g., 1, 2, 3,
4,5,6,7,8,9, 10, 15, 20, 30, 40, 50, or more times an angular distance disposed

30 between adjacent rollers of a given roller support. As described herein, the controller
typically effects rotation of the roller support such that shearing effects on the conveyed

material (e.g., cells or the like) are minimized. The controller generally effects
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sonme enbodi nents, the nethods include contacting adherent material that
adheres to external portions of material conduits wth another object
(e.g., the edge of a well of a multi-well container, etc.) to renove the
adher ent natwoizedsofmam t he external portions of 20 thecimssei@bsgonduits.
[0121] As described herein, material sites optionally conprise nulti-well

contai ners ( eubStantially edeftidat ﬁﬂerﬂﬁs@ﬁg@?&m&iscfmln mAteridl BéiSiteRbosh BBRALRd et hods of
conveying material Ptl onal Iy .in¢clude conveying a first quanti ty of
material i nt §P8RH®;of Tpiegd) §-2.ofP II&“%IPF?O%WF‘&%‘&??%’%Q}“OW aditight er i al
condui t and/ Gfmitlslﬁl NBurther, Wehfical@ftiSlaliBtrementadn¥@ll P Eonk &y @Bﬁmﬁqalw her, e.g.,
with the posit, ﬁn rlé‘]ert%onent such that the nmulti-well container is in

comuni cat i of® S\ prirogy mptpral itpss Moggorer B8 aioRdr . conveying a

second  q8antrcteyhelt uﬁ@zfe@ bd @scribBd Rerdif Bre Wuﬁ%ﬂn{mﬁﬁed he Mk - vel |
container, and so forth, The noving conveyi ng steps, are typ| cally

subst ant i al | §hascetiptcs AbbeBariFHa 5¥§Ff'€1 é’?li]b*tsﬁéli’h ies e@‘nple?ﬁltW@éf €' on-the-fly"

mat eri al di spRRssR8 meflods G BRlinvektR el SRk OGSy Qfre- bl Gin ?@y Bich@n incl ude
conveying naterial through a materi al condwt such a quantity of the

material adh@rge) t o ai @i¥eRdbdiRedis, ribraf is thifeycltd RhteAd] sEQRMAMLE: to form an
adherent quantity of materi al Thereafter, these methods 46 WO 2005/ 057344
PCT/ US2004/ o&@@%‘ copduifs copiasinathy pateial pilrfée aRmoptagimaiyiahdisnepsRg ¢ he t er ni nal

portion ab tiner ABRhEIE iRdse GRMES 6pt10ﬂaﬂ¥\ﬂl"cﬁ§e éfﬁ@u@k@iﬂvﬁkr&du}@puls@@d decel erating
the termnal portion of the material conduit such that the adherent

quantity of Bl i tegmind of mpistid goqduitgwith e senirelsr aftersfieetng retaliofiohal  portion

of the mater 'ﬂﬁ'rolfé?%?bﬁt intRe delRtel Rk RiohA incRinleRt, e.2., loPld3ht qﬁﬁﬁtﬁl@; sfal Iy any
bi ochem cal or cel ar assay, or synthesis feaction, can adapt ed for

per for mance materipldrosyadhesing t&ﬁﬁ“&@@@ﬁ@lﬁfémﬂéﬁﬂﬂW@ﬂ%&Sh@G@T@ﬂ%ﬁh\m i nventi on.
To 111Ut 1 at GuGRRRRES: RlichP SASLARERITRM Ve Pruion bkl vl | pl at es

i nclude those relating to signal transduction I on, apoptosis,

cel | mi grlat i enaterial lheges Fq exfrenaperBensiof the nw@a@lwp@wﬂsd ecparil cwmdimg,

i race] | Ul akafahih 48 Hma&hm o BEDEANG, Aerh@pBRbA kAl Gl n

hybri di zation, cel eration many ot hers t are known
inthe art. ﬁmmmhwdmenﬂeﬁlanlb®0¢seﬁ<éu<b ngltw@ng:@ﬂmmnmmmﬂ ﬂ@@@hamio ot her assays
i nvol ving mul, l %{ e (2000)

" Devel opnent o mX@I hr?m roug pu @%ﬁ%ﬁ?ﬁ%érgbéa gguggggég%ﬁg’%%gﬂcaence

pol ari zat [ onmuituwblbmntanenem)@m remioveythe elhbientdhaigriahfrom khereeatabpaiph af ase
assays, %E?éngf gﬁltSScreenl ng 5(2):77-88, 15 Asa (2001) "Automating
cel |l per rreab y assays," Screening 1:36-37, Norrington (1999) "Automation

of the drug (Edﬁf]ov ery R'eR%fen herekﬂ:' Hﬁ%ﬁﬁl' sRé}sophShaﬁp @tﬁﬂﬁﬁg H‘fuhﬁ\ﬁlﬂl

containers (e.g., microtiter plates, etc.). In these embodiments, methods of conveying

material optionally include conveying a first quantity of material into a first well of a
multi-well container, moving a material conduit and/or the multi-well container relative
25  toone another, e.g., with the positioning component such that the multi-well container
is in communication with a second well of the multi-well container, conveying a second
quantity of material into the second well of the multi-well container, and so fotth. The
moving and conveying steps are typically substantiaily simultaneous with one another,

e.g., to effect “on-the-fly” material dispensing.

30 [0122] Other methods of the invention include conveying material through a
material conduit such that a quantity of the material adheres to a terminal portion of the

material conduit to fortn an adherent quantity of material. Thereafter, these methods
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Technol ogy 1(2):34-39, Fukushinma et al. (2001) "Induction of reduced
endothelial perneability to horseradi sh peroxidase by factor(s) of human
astrocytes and bl adder carcinoma cells: detection in nulti-well plate

cul ture," MavbomsoxZedsl Sci. 23(4):211-9, 20 Neunmyer (POP8¥20U4HU06 escence
ELI SA, a conparison between two fluorogenic and one chronogenic enzyne
substrate,” BRb gehSfally inclade acalaetiﬂ‘g aleashthe tdr{Halportioh dimeehater@y&dnﬂmlg assay for

nicotinic aC| d- adeni ne d nucl e sphat e W th ono ensitivity,"
Bi ochem J. hf)m%"é@ e, 3‘ Bélgg §1e q%ﬂ%ﬁ?@lﬁ’é‘ﬁ‘&%t ection of
pl ant extr aCEL&:httHhﬁfheaﬁI'femt quABtitly Omhtewlstoa@@y% a4 ej@ﬁéﬂ)@ﬁﬁﬂﬂ@i@ﬁmnalEur N

Pharm Sci. 25 .15(4):321-30, and Rappaport et al. (2002) "New
perfluorocarﬂ?fﬁo% SIS C‘?ﬂﬁll"’ttfqtg?g‘?teg’ar“&lvth of anchorage dependent

| Bi h 3 h ted
e br efoc Il ¢ OFSenGAIY S o ear ot coii e oY, Sy Hefe RGO peas e

optionally pes adapﬁe«fbrqmifmaﬁdem By SfsRB amfacbckmngtcﬂﬁembthbds\oemel on are al so
descrl bed in, %i@% ' S. Pat ent | i.cati on 60/ 492, 62 ntitled
D (s}

" NON- PRESSUREY SR CPOPIN @fqaqswsgggml PiETE: P@N AND
RELATED METHMde tiokd ieldtifitd sighal fransd6tdidn,R¥1l Eihedsn, @popisis, celMdighbtidng
i ncor por at ed reference, 47 WD 2005/ 057344 PCT/ US2004/ 040416 XI |
EXAVPLE 012 FPCR, Sql e RaB s o gtoa R 2 AL B s RERPEiescr i bed

herein are beential, Ukt adid MBHPERASRE gfiWtlpRRfrkibAlambas eMWSotRedinki cations or
changes in light thereof w]l| be suggested to persons skilled in the art

and are to bérellﬁ%‘l"%lﬂ’éHEW tAfidiiopa| dletaily kaafm%toﬁWIb‘?frtms%deﬁ‘th of fS5&YSappl i cati on

and scope of lﬂvhﬁm@r;ﬂﬁm%ﬂ plated ki@ ®eschibti2n e, ngPmacmees anmelogo)i“Debtidpnhest vari ous
di spenses um}@g tip systemin,  which the Perl staltic punp had a roller

support that B‘F&hék*} sqroening assaysusing fhpreecanae pelarizatigy| nipleggirecepite di sposed
bet ween each 11Eﬁfdrbﬁﬁlingaaﬂdl RASBHhEBhARE 8ssiVBS 13 ombleQitsrch8hne KPPYERs® series of

di spenses in system was set t'o an angul ar |sp acenent of 10 12

whi ¢
per di spdiseAsag08ho Wﬂtomatma@llgmﬁfémaﬁsm{&mm &3% Nosiegsan ng pattern of

varying di spR@s B)G‘A\{@dn&h%éofthé‘drhgﬁx%aov%g}“oc&'sSﬂﬁ%ﬁlo}{ﬁh%%m&é%ﬁ@al essential ly
zero. Figure 18 shows a series of ense"s""Tn_WrT“h_'f”ﬁF'Eerm was set to

an angul ar dilegnglesyd (#:3689, FPBqu@ita@@Illlsi?Q% elndyion of refecedendethelizho zero vol ume
di spenses, ﬁﬁﬁ? erved.

Fi gure 18C sﬁ%ﬁv\%gﬁéﬁt \éﬁdé%}dg& d éljamg%ggg&?%f{%?g as%egaﬁsc{ﬂéﬁa%zs set to an

angul ar di splearcispmmeelsfdeRetiopdn myltiswdies ClﬂBlrﬂs‘rMQﬂlsﬂ_StQj‘Ji@_ 2¥Ax2ldsential ly no
vari ati O”J ' nhﬂhﬁ%ﬁ?@% egfdgng&eﬁcteﬁlﬁﬁ atbd 5 Slen B 3G SRS eﬁﬁtaﬂd ng. As the

angul ar di st ance tween each patr adj acent r was 30 for
this one chromogenic enzyme substrate,” BPI 10(Nr. 5), Graeff et al. (2002) “A novel

cycling assay for nicotinic acid-adenine dinucleotide phosphate with nanomolar
sensitivity,” Biochem I, 367(Pt 1):163—8, Rogers et al, (2002) “Fluorescence detection
of plant extracts that affect neuronal voltage-gated Ca® channels,” Bur. J. Pharm. Sci.
25 15(4):321-30, and Rappaport et al. (2002) “New perfluorocarbon system for multilayer
growth of anchorage-dependent mammalian cells,” Biotechniques 32(1):142-51, which
are each incorporated by reference. Additional details relating to various methods that
are optionally performed using the systems of the present invention are also described
in, e.g., U.S. Patent Application No. 60/492,629, entitled “NON-PRESSURE BASED
30 FLUID TRANSFER IN ASSAY DETECTION SYSTEMS AND RELATED
METHODS,” filed August 4, 2003 by Evans et al., which is incorporated by reference.
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system rotational increnents that are integral nmultiples of 30 are
typically optimal for this system Figure 18D shows a series of dispenses
in which the systemwas set to an 20 angul ar di spl acenent of 42 per

di spense. VWhybenstssq@er cent age vari ati on between di speosesmmayaye
expected to be less due to the higher dispense volunes, close exam nation
of the dropl e, si gesvI®NS that, once again, periodic variation was present.
[0126] Wil e _the foregoing, i nvention has been described in sonme detail for
purposes of &1Z# ty afids pdeetoof $19tiom grampie aif pbesimentedeseribgd Byeindtgi | | ed i n

the art fromeg BRiriiReglipbsed bnll Bl ivasdud Sebificidad orbRid R4S 1ehanges in form
and detail can be madé wi thout departing. fromthe true scope of the

d
i nvention. F3ill bscyggssted topersophkilied anihe artians ageie be lplydechwitn B spiFif bed above

can be used iy MA¥iLW BEhEAPRIcARN 28 Scopd\bf thPipBédaeAlhiBRS,  patents, patent
applications, and/or other docunments cited in this application are

i ncor por at ed [mq]ef er qmg%xglgplé lhﬁlgtfatt)@ RbuiduS E¥pch s uﬁh% a@@ﬁ?%@ﬁl ho the same

extent as if each 30 individual publication, paten ent application,

+ a [l -
and/ or ot her “sBfecstistaliss Bump padiareles S0Py thAlIpROred 12 6’%5@ in viigh per at ed by
reference f oty aldr RUARQESSsed BEwEbrHalBoair Wb ads Sihedl WEDP Stigdhe 180 M8 €T i 2l
conveying system conprising: at |east one’peristaltic (Eurrp having a
rot at abl e r olshasys aseiiss of dispenaps in whieh ihe systern was setéqan angyler dighldcement ot | east one
ot or t hap | §00etRfhie. SARENE 3s hiPalch U RlckeStRh kikarRiBudPor Valii € the
rol I er support;” and, aetq{%east ’onse_p?ontrol l'er that p%%&g@r ab?ya@g nected to
t he notor, wdispinse vdwrmasolln feet, somedisnense velurestisradssaatially zsraattige BB at | east
the roller s Mot od: : - ' '
substanti al | 39@%338{%%8?: gﬁﬁﬁgégnnwﬁﬁ% %8?%%%}18%1%}?%%&%@ rllal:jcu‘l}ﬂg{%t of di st ance
di sposed bet u8tyer didpease Whiteghére werewa pero volse Biypenbrs, peobilievarstippior t such t hat
when one or %B&sé‘?&lﬁﬁs%aﬁtﬂ[‘%&h&a% SRR sﬂm%/a %ﬁ@é‘ 'sﬁgﬁéﬂn%‘f‘chpe“ staltic
punp and the peristaltic punp conve nmateri a roug e materi al
condui t s,15qudrtsytténe wasdet tormaegula displhemeutor Be’gpodicpense. tAsshova, dteroonal
i ncrenent ar nv to .or f.rol ast rial. site. 2. The
mat eri al con&%%ﬁ%ﬂﬁ‘%ﬁs oe%ng onclfl gﬁg}}%%%e ‘JO et gﬁﬁgfmcégatr ?%@?ce}ngf‘tasf% glu%%'al
increnents convieyengulistisamte dikjogedieivWeon each pandfiatliaent milervataedd dbr this or from
J;gte atrr? gﬁ;: a! ﬁ%s?e:gr?;'g%?tl%hal-mc%emrrs%s%ét glle i ggr}z\{]e lflt{]pges%}[?d"ea% t%icﬁiy%pg]mgl’fmmer ein the

this system. Figure 18D shows a series of dispenses in which the system was set to an
20  angular displacement of 42° per dispense. While the percentage variation between
dispenses may have expected to be less due to the higher dispense volumes, close

examination of the droplet sizes shows that, once again, pertodic variation was present.

[0126] While the foregoing invention has been described in some detail for

purposes of clarity and understanding, it will be clear to one skilled in the art from a
25  reading of this disclosure that various changes in form and detail can be made without

departing. from the true scope of the invention. For example, all the techniques and

apparatus described above can be used in various combinations. All publications,

patents, patent applications, and/or other documents cited in this application are

incorporated by reference in their entirety for all purposes to the same extent as if each
30  individual publication, patent, patent application, and/or other document were

individually indicated to be incorporated by reference for all purposes.
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20 i s unconpensated for flow rate characteristics of the system 4. The
materigl conveyi ng systemof claiml1, further conprising: at |east one

det ectbr _operably connected to the controller, which detector is configured
to detect detectable signals produced at one or nore material sites..5. The
mat eri al conveying systemof claim1l, further conprising: 25 at |east one
material conduit that is operably connected to the peristalti.c punp. 6. The-
materi al conveying systemof claim LA ein the controller i§ configured
to effect substantially identical roller disengagenents fromthe materi al
condui t fMHARJA (IS quantity of material to mnimze periodic

variation anong 30 the conveyed quantities of material. 49 WO 20051057344
PCT/ US2004/ 04041 & materidlvonveying swtent compsisingg system of claim 1, further
conprising: at |east,one positiqning c onent that js operahly connected to
The’ cont Fol fer  -anhcRREoEs BriAAGPonRBEREaE e bR ol stBat Bebovenpl y

posi tipn ginhRaat leiBwo Fallesd; al conduit and/or one or more material sites
relative to one another. 5 8. The material conveying systemof claim?7,

wher ei n the positi oaflngst coomwtordht icoprmblsemnatted tatht peristalblojpaodp thol der t hat
is structured to ﬁ“ ort the material sites. 9. The material conveying

syst em of TURIGhA 9! e‘?ﬂ%ﬁ’?%ra mprising the material conduit operably

connected to the pogitig eh&eorﬁmgiegfm& o@éﬁ?lﬁ;?oﬁﬁ&te‘&%itﬁé AbldrCwigRP- 10 10.

The material conveying systemo alm ther conprising: at |east one
cl eani ng canmileristconfgurad toyefterh maationchi avletdt ¢hecmilier pippert in atlbastone | eani ng

conponent is.structured . to clean the material conduit n the materi al
conaull i il egh e naaRa et ferisber miRge cE AR and t he
posi tioni g@?g@ : i rB;j,Lth' I il to the
cl eani ng g%%ggér)\en .E?Eeﬂﬁgﬁ%%%?ﬁeﬁél@%%%eyi n%r(g%/egtse ofﬁgﬁﬁaﬁal further
conpri si nghempnd emsvreandenal wondiity acoogeoatdénconnbeted tothetpsristalticgastp ande
peristalti,c unp, the notor, and the positioning conponent..relative to one
Bt her . 5 poRHGTIS SR R BISaREF ROURE e G PO By GREHEFS Sompr | si ng. at
| east onemalogi fhal é&%e@%m Bthd RfitiofR iTRKAES dlodthlyalioor i # Lefpbhon tabl e
and a Z-axis notion cohponent synchronous wth rotating the roller support.
15  material site.

2. The material conveying system of claim 1, wherein identical rotational
increments convey substantially uniform quantities of material to or from the material

site.

3. The material conveying system of claim 1, wherein the rotational increment

20  is uncompensated for flow rate characteristics of the system.

4. The material conveying system of claim 1, further comprising:
at least one detector operably connected to the controller, which detector

is configured to detect detectable signals produced at one or more material sites.

5. The material conveying system of claim 1, further comprising:
25 at least one material conduit that is operably connected to the peristaltic
pump.
6. The material conveying system of claim 5, wherein the controller is
configured fo effect substantially identical roller disengagements from the material
conduit for each conveyed quantity of material to minimize periodic variation among

30 the conveyed quantities of material.
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7. The material conveying system of claim 1, further comprising:
at least one positioning component that is operably connected to the
controller, which positioning component is structured to moveably position at least one

material conduit and/or one or more material sites relative to one another.

8. The material conveying system of claim 7, wherein the positioning
component comprises at least one object holder that is structured to support the material

sites.

9. The material conveying system of claim 7, further comprising the material

conduit operably connected to the positioning component and to the peristaltic pump.

10. The material conveying system of claim 7, further comprising:
at least one cleaning component operably connected to the controller,
which cleaning component is structured to clean the material conduit when the material
conduit is operably connected at least to the positioning component, and the positioning

component moves the material conduit at least proximal to the cleaning component.

-11. The material conveying system of claim 7, further comprising;
' at least one mounting component that mounts at least the peristaltic

pump, the motor, and the positioning component relative to one another.

12. The computer pro grain product of claim 1, further comprising at least one

logic instruction for:

moving an X/Y-axis linear motion table and a Z-axis motion component

synchronous with rotating the roller support.
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