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MATERI AL CONVEYI NG SYSTEMS, COWPUTER PROGRAM PRODUCTS,
AND METHODS COPYRI GHT NOTI FI CATI ON [ 0001] Pursuant to
wWGOZ0@B/057d4 1.71(e), Applicants note that a poPCTWS2#/040416
this disclosure contains material which is subject to
copyright protection. The copyright owner has no
objection to the facsimle reproduction by anyone of

LOSTRAREAL, ﬁﬁ@%&ﬁqﬁ*%%m%%mw

or records, butP pyri ght
rights what soever. CROSS- REFERENCES TO RELATED
APPLI CATI ONS [ 00C)PYRIGHALNOTIEICARION: s t he
[oG9dhef it @urddai. toB7aV.FR. §niall(&p AlppLenisorotdtat a portion of this
60/ 527, 125, flle cenbe 4, 2003, . the di.scl gsure of
isgiR R cog A B FOH ATTSGh By Pist 4P SABBTEhhPTCHEN B T PBFgPgh
owdkt hRAHRHI&Sion ’fd @e@agfnn-'l-é"ﬁ kA dvERGH @bﬂ}@ﬁ@ 8l thERMBtent document
invention'generally prOV|des mat erial “conveyi ng
or pytsitedisclenutk, meftappehrsiat the Rstefiiomdaaedanark Officopatentifilg or

SRR PR PRt ! P

Rotary peristaltic punps are ut|I|zed to convey

materi a i ng
in_the b&g%% ﬁf#ﬁ %%

[00023qs, arfdinapliratipaclams the bspsiibel Unobmvisignal vippliation No.

6032725 Y 18 ?aecanﬁau 98091 thd @bd1Saze QFth'BH ‘?ssln@&gofa@éd%fd
inacircular path’into contact wth one or re

refehes inaiks envinety fdrsall pirposes.f | exi bl e t ubes or hoses, such
that the conduits are corrpressed agai nst a conpression

surface, such as Eg?].lﬁv 1 lb nerates novi ng
WI ons Q]1Ih ne‘gl f the condui td’
003 oy puriherRyppE eepssalyero Bt o P AT TR
relhifeq %&H@dsrf’ef/wegrate@g EoRyRBdelRstel §§an"ﬂiﬁta§6f Rhtetifl b8 d/or from
conduit that is dovvnstreamfromt e noving regions to
magdrizdsiteconveyance of the material through the conduit.
One advantage of peristaltic punps is the ability to
convey material through conduits in the absence of
cont act bet wed@ACKIGRORNI) OFTHEMNVIENTIOMd t he
[00cf er i al RamiryPpedsnitieydehps ke utidivad envenimieriahhsa wile variety
reduce the ri sk of contam na%l the con

veyed
of applicafigns nglydue ipds Hasection of B %ﬁ%e‘ﬁ“ﬁaltsﬁ'g‘%%%% f@Qfspgnd

s! dsCorRoiMEEs 8f h
B, Nl B I, o s
rotatesd\ieytetrcqlaamth inte sowhctrwitlesnieadr mas pmrisﬂl cgnduitere.g., flexible

mul ti pl e unj f.or uantities are s to be conv
tubes or hgses, such that t nﬁe%on uits aré compresseg agamst a compression s¥u€fglce

such as a curved wall. This generates moving regions of compression along a length of
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

tends to reduce the risk of contaminating the conveyed material.
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More specifically, there is generally a substantially
linear relationship between angul ar di spl acenent and
woheosgpdzati ty of material conveyed during a PCT/US2004/040416
di spl acenent cycle when the lead roller (i.e., the
er 10 B8ieled By a rot
[00;0@* t hesypg%(\sdéﬁg&[e}%ﬁl%%s 1‘31 %lgr ?Igﬁt o h%] es pl acer%ss]%t }(I:%(I) gr)y
perdgpgdtic psmp arwypmﬂlypmtsmdemd gan haad mtmtrmmlahtelymmttucyed quantlties
However , el at ship tends to becone
of B9t Hp einesial e Rlifile et A5entn G ONEN By entveved.
Md#¥ El%éaﬁhdé\ﬁ# Ghert ResRERRT W RbaRRAIRAifRYr fe@lolnﬁﬂ béﬂiléeﬁrangular
on ‘erial conduit decreasés to zero.
diSplrao@mmgn@theepe@ttta lof madgrenl canveyad dump@a dtsﬁlaéemamtl caelegyhen

their}gq ﬁpﬁg}i 6‘1 % | %g%%ﬁ\%}gc{sle g:l glaf:ts \gl ﬁé ﬁ)i)at%}lijaef nhnél}{t 1% furtl\}&]st atil]vanced
in M@ﬁﬂc&lﬁﬁﬁ@;ﬂ%ﬁ%ﬂt &yRle) ?phés&ﬂﬂsﬂaﬁt pﬁmwérﬂﬂﬁhﬂatenal conduit.
di spensed quantities of materi al [0006% Accordlng
Hopevers thigistationship teads wykecems rtOﬁaltnear: avthadeadgpll @relmds%gOés a
I
st Ao uhE oAAN bS5 ap PGP e RIS, B¢
maveiial edndutifdeadabet toonad. Tantprodseoh réﬂmtabteaﬂaenhtlon or periodic
invention wll beco evi dent u lete reV|em10f
vazigiondp thedipeiipndrlatng BigplecebimiO BT YIYEREH BN
dlséfag%mwﬁl )}Jﬁ MR \Qﬁé}{fﬂﬂcwm{t&l 88 1@d AL BEL@htely
onveying s and nethods that reliably convey
dﬁpehedq&ﬂnmmauﬁmmmad.of materi al using peristaltic
punps, including mcroliter volumes of fluidic
[0008] er i al Acddrdinghpitdaaheserdtahatapstons didbbyconanioe perigdic
desired quantjties of material described herein

vatiasigns f1ythg Gediiies pbmalseial eopEYSAhPY BTy RETISRIC Pamps are
deGOBTED DA A%] &5ty dF 2814 31 fetrf of TR egéh|t HERAUEY %ﬁi‘ll
perls altic punps, are typically less conpl ex

bedomna evidemrepdn ctdnqﬂetamvyewroéﬂm(ﬁoﬁbwngg distlvayance

techni ques. According to certain enbodi nents, for

exanpl e, the systens of the invention are configured

to effect substSIIMIMARY ORTHEBENVENTION di sengagenent
[0097¢Nt S  Qhe BBGhLEUGMAEIELlY 0fatd¥ad efdtdial comesigdyttems and

m nimze roller disengagenent as a source of variation
meghpgs dhat sHipblycanryassiertadeauantiiescfipatpral vingdicmstaftic Pypes,
incR £ fiRerBNE: POL0S: il RatelE nﬁﬁeoa%g&%ﬁ&% 1B5:8Yb6y

or e synchronous and accuraf e conveyance

coﬂﬂﬂyidg[ﬂeareml.tpmhuﬂias&ff nixftemid tdesdried therede i‘aaéﬂy) aedoauafoe geriodic

level s of throu Enpodi nents aof the_ invent
Vi TG P TR e G SR St ﬁs%ee/e%fmh
perfPUIEE pRiyoR AUGRTL FRAI 1 cobbIER co SHABE (1AL HRAY pIELLiSing
comr@earrqes&chofqucs oAecording Apreertain n@bodnmtSs faresample, the systems

RN T T WA —

evétiOfbd ehéh quaatity©R thaR@iall $6hlvdyed tdRiiE B rollBedisEidagsite@nd a
systens described herein.
source of variation among conveyed quantities. In certain embodiments, the systems

and methods of the invention further provide for the synchronous and accurate
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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[0008] In one aspect, the invention provides a

mat eri al conveying system The system i ncl udes at
woOeestostaae peristaltic punp havi ng a rotat abl ePCoOIUS20I04/040416

support that supports at least two rollers (e.g.
coﬁt‘afﬁ%fj t6 E‘édu@é %z g rtHé atiebt &OEQb&ﬁﬁrﬁmaﬁﬁ% %@@hﬂf@tdr%eﬁveymg

t her éof ), | east one notor th i s operabl
m@gm@cﬂr@umt@ftm@erpﬁr |T§1§ am‘tqnﬁmp alsp pr@ﬂdmralaéedt doenpugdr| pspgram

tem east
orgfRThitcar B hER1th SPpRak B iy s flasviERb (B %Fieg perein.

Iﬁﬁ controller is onfl ured tq effect rotatlon of at h
[004] st hd® BT #8Pots B RYAIOR PERVIRRApaIGHAl S aYipg Aem. The
syt rn?dlﬁ‘dgs af Pdadt O%H Béﬁé‘%ﬂhb uh)b 1&‘3‘% ﬁﬁ@ﬁgﬁe ¥ Q& Bupport that

Integral nultiple stance di sposed
suppsrisee Ieastdyvacre]rlﬂrs (eog | ’éxcsd mlﬂp@o rqt@tdblbyolﬂene, qraiofrdinations

B9 Gt SIS oo Mot B 1 BBeRELRR Rl BlibE prrif G Pmeo

rotaRrthécllet bippBHMThe Q@K 2 IThEnHE at ldxs 0o cdnh@l1BBdher i al
conduits, quantities of material that corresigond to

openshlyrconaecteskialthe metiosndhe canteolies iseapéigured teeftpptgmtagion of at
leasgtgg%ol?ggué%hfelggg eas;‘c'to%g b grézH tlﬁcggﬁgﬁrt & suB&Qﬁ[;tﬂlﬂlecrorre%onds

to hinteREnhsltigergna Iahgulmmﬁycesdibﬁdsa@ betaleby adjatémirollers
quantities of material to or fromthe material site.

SR EB DY the joRer suppet Serhainal WBPeART ereryprial qopduits are
op%ﬁ?%ﬁﬂe%%decg tlflé]% gi) 3%{\’: r}él%%lg aﬁ@ﬁdéa[fehglraltﬁ:t ¢L8‘l§]% E(ég&e??matenal

Sys I'n sone system
throngl thd esaterial cembiits onenieeoi mhtedartbati dortebyaindite the rotational

._operably connected_.to t eristalt . Typi.cal |

incR R R SO PABE & R4 QGBS BGHALNE (6 b 2 BErE feytiner,

subst@f!duéfdée, bRl qaerﬁbﬁl%&%ﬁﬂﬁﬂéénfeh@r@feh&ﬁll%@)ﬁe‘y%hbstantlally
conduit for each conveyed quantity of materi al

unifprmh qu@éltlpepﬁ wafiegaltaor étqr@ﬂweanﬁnlgaltShe b@wce\gtedhe rotational

inAR i 0By wB S Rl Bl ks BEHER B 1o

sofhb embodiicats, k. systta foehaaheludéssat ¢t drgmedribiocodatR elat is
det ect abl e signals produced at one or nore naterial

0P§1F"P]éf§°m[i®m§19? %r Ea{ltsﬁ PRIBRh duPiREIAG he qantrollgsisepnfigured to

effgzﬁ sﬁgﬁﬁntfaﬂ gﬁéal %llér%?s%ﬁag&%k%ﬁtﬁﬁ%ﬂ Bﬁﬁ? @ﬁg e‘fﬁf@@ﬂﬁﬂtfor each

that 1s op connect e con
copayed qlmmlutggofanarpmlea mininige pedddic earidtonmmvagthy conveyed

osition at, Jeast o terial uit and/ or one or
qug&swgs {néWPai P‘foé’éﬂ}’ éHatSy%n@@Od udgsaf et onpfletector

op&aSly b RMCRY 16 MRVEDIler ymeC@étédoquHM & ﬁ,tdelt&;@a&e&aﬁe
obj éct holder that is structured to support the

signels pradacedittons or morswateriabkitati nent s, t he syst em
further includes the materi al condui t operably
[00D9hnect edn t@tairhﬁnbmhinbhuant}ng;yﬂamrfonbmtindndest a1 1éaieone

eristaltic . al | t hes temfrthr .
poffanidiganntmhb il is cReb Raamriged bbe fentolier R pysitioning
co&?&[&%@ Isagut@rdds nﬁﬁi‘%&ﬁl? |ﬂ0§1”t10n-5m%a§t|d%§ M vﬁ ?lﬂgéﬁdl&sone

ructured to clean thé material conduit
or mreysm_at@halcsmwmlatmeso ope amzthyr mmﬁmdu@,tcdnqmenu tgpichldy
0 Srsisl‘.ets P18 9nE g}%ctql qaér tl"i‘gt 18 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
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positioni ng conponent noves the material conduit at
| east proximal to the cleaning conponent. In certain
wenhsdsmamt s, the system further includes at | e@stuSeme/040416
nmounti ng conponent that nmounts at |east the
syﬁ&ﬁ g ‘iﬂc@ud%'é APleadtRBe BRARAg cAfifbriche og&ﬁblty' @fh&ded to the
onponent relative to one another I n anot her
corarsqihea:t The hleamng mp@mnblrs Strictersdgo almaertheamatmralxeqndng when the

stem I ncl.udes a | east .o materi.al conduit a
mali SRR ab Y ePneEled A AR STLR Gy cimponent, Althe
poSialBRAs teMpbient AR VERIHE fiaddrial Stiittat 1dREpRRIhAL8Ithd Seaning

punp I ncludes a rotatable roller support that supports

compopahsin qopsin nasimentsiike sigieat fughet meludes aylesstisme maounting
' T | t
co YRl B OTELSH TR S LSE S, e Rl e

coinpende kdlsival tb ioae pusther. The f eedback conmponent conpri ses
at |least one notor that rotates the roller support. In
[0GN®qli t i ONIn hRGh&IESHERMN R BOeitivhl proke8e b nB8af cOMRying system
controller that is operably connected to the feedback
thag npbisiee At leasiane magssiat padpis ramil 8t lé@rhﬂng@ﬁ@@raktl@ pemiethat is
Ll { S
opgr(%l?? ﬁf?etc&)eéintgltthél %?tr%é?rle e ?dl{l g ’i"l?es%%s Fﬁﬁg&) W n%ludesaa Totatable

rolt® rsnmomdrsuppomulwse@roabllmJ tl‘h@h@.tﬁﬁal&ﬁn%}@m}é Sfstem i 1s
di st ance di sposed between adjacent rollers supported b

typjeally@uiogated: Efrrpsgétﬁm %ﬁ?dﬁclﬂﬂeétat faslnpng feedbagk Cﬁﬁtp@rlrﬂarthat is
orf SN RURAI ORI PRI bl gt

leashareanetot thafltoeatesotha trolizn sikpportc de a(khtlogelﬂle sgdtém also includes at

corres s to.at |least a Q. rial vol une.
oA RO L6 e SArGrTad 14 e ForfeE G CoRRRN] yhich
coﬁtﬁfl)é?i’s &%Rg&@a% arféar r&mcfnocrm rart%é %nér%'u irf 29 18t one
fromthe material site. Typically, the rotational
rotppeirag imsremedng thap s@swnslast @afrefpond$ fopan irtegral multiple of an angular

har act t h t
ciflEe AbEET Tt Al S Seett REM BB TinEE gien tha
quirRat opfatesial @iveyedaR@uaR I maBg ebadui @ bMom at least one
controller. The detector is confi grur ed to detect

maioh si{agEesEengHa the rﬂtaﬁ@u@e@cramemn sy ropagionahineremeat generally

cofbdiBRas b0l T0P pPRELSLAL B Ge PHIRS G N8 SoliGhagded

indrétadridsl Senéprl iy Qe v B StaMFRM Snifbin §RIEAVRAGhEERBIoE frohPthe
exanpl e, the peristaltic punp conprises a

mafgrial pite; HByPRAllY plbe reteional mcrsurept isPpsoamensated fos flow rate
I §, I e
RS eSB! ol LM ERhR LAt SO oo
furshiet eompﬂseaddleha';tmne deteetopeeratilatsinecpidp tlﬁeydﬁbrﬁﬂillleb’ The
generates sufficientmaterial flowrates at |ea
det,srte&rSrFer 0o 19 G5 HEECBhle Elgaalaran ok GhRIgH IBORematerial
sit&f fect noncontact material dispensing fromthe
term nus. Further, the roll er support typically

[OO?E?DM ts 3“88 pglastalﬁc pﬂmlp thal(.5 Lo mclude.rfl 1n tﬂIQ ma?e]ﬂal %gnve}?ﬁg

systems of the invention include various embodiments. In some embodiments, for

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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nmonment of inertia of the roller support is generally
mnimzed to prevent a quantity of material from
wadhsrosmag4t o an external portion of the materi BCT/US2004/040416
conduit when the peristaltic punp conveys materi al
maAdHRU8Y LRE RIS ghﬁ% m&a8 Q%ﬁmn&@éﬁ‘ﬁg aterdl] QHh@\ﬁt to effect non-
di stances di spos etween pairs of adjacent rollers
costagipoaterna dngpenstm@ froinlthe tesmplpsr Furdher, thegpoled dupport typically

GLER LG 8 LSS 20 B Sy e

mdiEdHe bﬁideﬂm%f&]@@ﬁﬂ@r FBEQ%I gehSRlIFRANImiZe@ M0 PREANOGUARLty of
I n sonme enbodinents, the roller support is

materiad rfr@nam:@@abg to ani external poetont of Shee mpteniad ceusluitewhen the

r
pe B phimp| BpfelS SRR o hE ratSicd Bundiic Miofeover, aneuler
disgeats desdiad bamethpdirseftlagptent rollers s&ppo@ﬂ‘edudy&hds iRt aljpert are
rollers when the notor rotates the roller sup

typicadly subaniialy f1u99 theicetiother.c Berdriampke 26 acmmﬁq:rs sppported by
oy RO EEh o} ARpORASPACY (RURBAS Bonf GHPLAAS, B some

entbodiniemtsytteanlleroppatt 1sueter®aﬂmabls rwitly gt leadt loyte othet tdies
at | east o e control n‘ﬁgnent th%jt1 [-1f ects )0Si tion
SUFRAEY WA CRRbOgimenE Whire ff}?é $ B FOtRD G %Pe%% f gy optionally
indiidels YdRSr BbcHa SRR thAMreBR $hiali MofSRE Q%fab?enl‘j)ll@l;s \Jvl?é'i‘lsthe motor
one gear reduction conponent. For exanple, the notor
rotatgpiteaiollgr wppt.iespgo anisenivomatsriol corduat weapper not or .
In certain enbodi nents, the feedback conponent further
[003@Apr i sedn sorae enbodimentspthg fitedbedd @snidneht @rmeprisee nlbhst one
connected to the controller e weig al es det ect
driye mprhanige ﬂ}?&tsé’rPF’éi’i% “d%ngiﬁi‘a%%@ tg c#h & PSR
typtdi§Snclh@ bBleadiRRie %81'&}61% anén% e %ﬁ%&k lp}Ssﬁ@H frdAYi&Sontrol
to éffect substantially identical
of mesm@tgag’élnﬁemb@r geremaliyheclrdesert il@lst mm'[mtuslttonf grcodgcind at least

tit f { I
ong S RGO RO ERS Rl RoayRR dh Sl bRl RS servo
mdtér &rﬁt&éﬁpepﬁbﬁ)r Wiedetal@nbdlih&its, the feddBhad @thSonchh@rther

controller is optionally further configured to effect
com@n@ﬁsmm op ozt Weighkicalgp ghap aretaperaply ¢amscted yp thetcedtrpler. The

we, %L? séa‘? fe‘iee?%@@i%{s of rﬁarﬁ%ia'?seéggo%%’gﬁ&fel More nri%exta@' s:; regfn

S OppoSI

o L0 B o B enic

rol[é?'dks%ﬁ%ag@ﬂﬁnﬁs hRnt Gk n®dtersl ROt THY ea&pddnweyéat @Haﬁﬂ@%f material
velocities that have substantially equal absolute
to yaniguze pariediseiariation anoraiihmeprveyed Heariiies bmagriadf Inect s

| ea ne ur,e uI S | rral
emt%odlmetn%s %ﬁerg the gﬁ% aFe 1%Eaga?0§ealthec<g T lﬁ)-ﬁFIa fotpelroggl 3? fu

cofifpduatd Qreffkt fobeion @f bﬁlléaﬁ opPof the irdlldrB euppir@tlibgnhd roller
increnment to_ prevent aquantity of material from

supRele rlp fepse sbpadigentsr tharolias biptsally Roiaisaniedisclian that is opposite
frofP R dtdtion L ?otgl%'fpcg}{thggﬂfep Q.HEJ'OR 1@ nihf}8izE Rt &ial SURRE Year.

I's generally mnimze rther prevent the quantity
Foo éxam;ﬂe,rth@follbrsmmdahﬂ'n@ﬂlemglppm t}lpeceébytretan@ht ywhoditiesrthafhave
substantlnﬁy equa? abso?ute Values In certain embochments 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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[0014] The material conduits included in the systens
of the invention also include various enbodi nents. In
weans/ardaedi nents, for exanple, a cavity di SpoBEWUS2004/040416
t hrough the material conduit includes a
u&ﬁtft Sf ﬁ%&hhpﬁ&h aﬁhé‘fﬁiéstb QR eQ{errpa‘FEé‘ﬁi%ﬁ of 0 dteli A0 de. The
Typi ca e material conveyl hg system conprises a
mquhfmt af mbgtlao:ff tinatodlier sippoid malgantsally miwimiizéd todnrthar pmfvelatthe

QB B BB A B G AR TOMBH RS Y STB Ry erial conduit
communi cate with different vvel I s disposed in at | east
[0Q4& i t ithaeateriab fenduiie inclyded 4 e sytiegtiPh#RdRYeRtiqg also

indT8dealiBhs cfﬁfﬁ'eﬂtg fY FESERRESE Stofe 1&lal d Wi fdlsporc,ed
material conduits in which two or nore hemaerla
thnoogtduhb nstarciomdudtahe uddstacraist et anat dlmﬂnsmn af bst)meanelsmm and

[ 00 In sogns enbodi nents, at | east one i}grm nu
10¢ H’él picAlly|the BiatgRt CUSRPE SYsien FOInpKSs ap ale%of mﬁteﬂal
coﬁﬂﬁé% mﬂ%ﬁﬁﬁf Ghat H&?t foRbfitie dﬁ%hgl%hhéﬁts' 4L ?gﬁcaeld At h

e term nus certai n enbodi nment's

distirsp earbretanotightd smuttangoudprpomsmsicate W1dﬂd;lffetevm wells disposed
. different cross-secti or}gl di mensi.ons, 'lR/pi cal.lf/, at .
in plgasf 0% POrtTE cggiaingr, spie embfligpenfs, thenalgat conveying
sy@éﬁi‘é ?stsa pl@ttah{ye(ﬁ%atéhd? RbhdudR iR fvhicAewBRE ﬁ{o‘rélof the material

condui roximal 'to the termnus is substantially
condmt@aﬂmHMne:amgh different matdriahseurcgsor t i on of the

material conduit conprises a length of at |east 60 nm
[00kF] sone énbook embodimebtseattleashomeusronihug dsfethermamsxﬁailconduit

conduit. and the tipg are co nect e an lns
oG el Do Thers SRRCEMENG A SoRtona figiil with the
terPHAIsN A certaln SRBEdiRlentsNEEK/i§HRYAL BRI h E}Q:rthi p ﬁgestalﬂ oast
insert are inserted into portlons of the term nus and
two Idéfetrm crogbreectiagali dimendiens. diybivdllyehiesst ayrtioro s theftip ise
rymnus and, t reln rted. int rtions of .th
ool S b rebls S PaD S s bl sobAg pRoiinaEro
the fe@¥intd B sUBt@Ttadl lihban Tak shmtuanlﬁ Bndip6ftionlof GAO eibitdrial
[0016] In certain enbodi ments, the material conveying

cordpit OMDIiSes hiepethid |t isas 68tmime A soram emperimenisthegerminus of
the Iﬁg@gaﬁg}ld&lp%d ﬂh§ t1 BFJ 9091&1¥ct&9 gﬂ_pgr? fn%&% %9 tslﬂlgh that t}le conduit
er. e posi

contro Ioning C onen

and tip vomttuaitateon D weBdlophepOFi doneoftthese ﬁﬁib@dﬂnﬁnt@ qmlmﬁs of the
_and/ or the materi al Qﬁlte relative to one anot her. For

inse AFRpPELTef HRIOMOEHATS S fdedpomehine Bpt Yieasy qthen udes
enfdbdinRAR! Pﬂﬂ%né’@ﬂ Re Eerﬁ’l?rhg @hd 'iﬁéaﬁ 11?3[3&&13&11 ﬁéjrtfo‘i’ls o

support materi al site. t1on e contro er
inseg. hpimsait hg/gmraﬂhy@ah‘r@dteﬂdrosm aidss ﬂnmbhshgtemdlfthan at least the
rot Ef\tl %g‘ of the roller support and noveably position
Hial conduit and/orthe material site relative
to one anot her such that the quantities of naterial

[00]63 ¢ onv &y etaimegpodimspts %%&r@i Fenvering eysism diFthpigngludes
at I@'a§ lind ﬁﬁ&hﬁ’% &Uﬁg{ﬂ%ﬁ%ﬂ@ oBlrably ol tB8kheC@Mitiler. The

[ or eri
posmomng component is generally structured to moveably position the material

conduit and/or the material site relative to one another. For example, the positioning
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

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

6
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[0017] In sone enbodi nents, the positioning conponent
conprises at |east one X/ Y-axis linear notion table
wopersabias4 connected to at | east one position feedaedod/040416
control drive that controls novenent of the X/ Y-axis
thd fnﬁf‘eﬁﬁl éift‘étrél‘aﬁvé AR AbGRIsRA t%@ﬁieﬁaﬁﬂﬁ’tlé o\f"lﬁébﬁal are conveyed
Typical ly, the positioning conponent conprises at
to bleﬁgm thevmatsiniabsite dyothdenouspethetbe yelgomneetasent of thvematerial
<o axi, s %éneg ion table, which object holder is
E@Ph%FWFé ??&ED tt the material site. In certain
odi nents, the p Sitio conmponent i ncl udes at
0fZet ondh somsFebpasal f#atpgaﬁwaaﬁ@ﬁemen& SAPIPHSTS Lopst one
m&em 18 R ik oﬁ&mg bbnrRbRR &S ¢ 1@%@@5& 8GN RRAPAR

['east a portion of the naterla con tha
contmlemvaltlma’u gorirds aovemeiitd iz B0 -axﬂs ihneearmmtmm table along an X-

g ri ses at st one sol eno
e B R ol BT e Pnoh i) mRB S S agops oblect
holtRY Epdritly BBfirRLctedlto AR -hixi§ URRP hiotid8 AshiMi \mcﬁ bfecChQBdr is
velocity to eject adherent material that adheres to an
Stré%tl@ﬁiﬁgﬁum@rtt o matsrria site. riatc@tanaﬁmb@chmms tHeq@sgjoning
co B IRR SRR e 2L, MRRET RSP A s
one pekeial yomt’tm&plbc&dhéa@ thit8ugsints fa@lebﬁfa potdiere bf @leeadtédid conduit
conmponent is structured to clean the material conduit
angfan MONes 3838  LoRih gl heofraiis dRear mRios qorpopshicgangrally
cofi GRS ot 195t drf 3Blon e bostlfiih Sorip SRR R BRARY B ured to
mave ekmma@naknqmdnfe Ntppoonpad seth safficiant wvebocitatdeect adherent
conpr.i Si | east o e orifice into _or proximal to
e ek Gup et GR A BErIBB e e SRt or 1 a
condui t such that an ap gl i ed vacuum renoves adherent

O eri al It petAImAmBRYIEIcRE) the mratetab cTvey g syafesy fugher includes
at fégﬁ%ﬂé k eaﬁﬂ%g ?Bnéhrt Bgectaﬁ‘lg% ﬁr%@f%h t(?j HE%‘&ﬁﬁBﬁeP (théill cleaning
mat erla ISt smal
COMp OIS memummmi todhilena nisd Imlateﬁﬁl dohéuiowhén the.pds@ibh®lg domponent

SO enbodi.men the material conveying system
mqvlfjﬁﬁé?at?ﬁlaéwea@f afleaspproximgl &o Ws&}ﬁapw& COBYRABRRIN N SiERe of
theld® Hﬁtﬁdlﬁien{seﬁﬁtexﬁlﬁﬁlepﬁé ICﬁitaﬁIn% &fgﬁt c&rﬁﬁmgé%ed%ﬁ&n chamber

conponent, and the position nponent relative t
compesing ot leest onT hrfinnint omommabmm:h ithes propitiaahg yomponent

subst ant.i al,l 020 anot her as the .
Y e otk Siuth bl A8 bntted s S m 8 hereh! Rateria
fro@PAPEA S Ik uBFa6OBIPUE BlatdrRA G@H@hﬁ PRCHUEN JRGk¥ L 261t ¥ dthension of

nore | Ogl c instructions for receivi ng one or nore

the patialsapdpbisdypicalbl wealled than @ wraskreeqjionalpdioesmsiosof Hap orifice.
of: (i) a rotational increnment that substantially

[00381 r es poltisom@emhodimeatyr the nratdrial fszmfeymg apstem further includes at

ngul ar di.st ance di sposed bet t rollers

e PR OB it B SlapBial REt (6 hefflic e i fgedoack

coffapbnend 268 AfSpERONI A mPbnERRSILEOE ©fond aiBher. ®he mounting
conduit; (iil) a quantity of material to be conveyed

compongnt sitppicallhambeientallysigid: and (iv) an angul ar
di stance di sposed between

[0020] In another aspect, the invention provides a computer program product

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
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adj acent rollers supported by a roller support of a
peristaltic punp. The conputer program product al so

wonelsiwderd4one or nore |ogic instructions for reCatisog4a40416
roller support of a peristaltic punp in rotational

dlétzlh%é %ﬁ?Bé&l Het\@éensaﬁfh%érﬁ%lﬂéi‘i éd{) BREL 6?99(5]1& "s&’pﬂo@tt &%r;%hstaltlc
mul tiplfes of an angul ar di st ance disposed bet wee

pusg; édelmrosseﬂebecv@l dinppeion efla Wtﬁtl’hlé comsluitefiiizy gmltty oifmatenal

he er| taltic pu suc vvheno
to b Farb i bdtire & el i VLGt P ageF HiEposed between
adfAB&t $81RIré 5iEpREHBEP bR A eolteh Suppefti oF taddetiktaltie il pC OTHeRbSaputer
material through the material conduits, quantities of

progapraipreduct Hlae inchideeeprorrdners legie instiuaians fiell rofatiog anelars
) . . f .
s, SUNBNERY Quff o SR P U5 IBLEEL By Sl ook

inttgial eltipleyafudeagdbr distasde dvpesddigit®ednngljdceat rioléxs fsapported
moving an X/ Y-axis |inear notion table and a Z-axis

by s lioélﬁr THRPE 98 He ReYisaRicamBIPSUGR that FHem PG Ak TREPTd,
coB AR opk 7 Ll RAPhGEIASRE chrp 8 A NEQLIR

conveyb uchésiap thovngh thg nmteriat eondaits, comties o meyesiabthat correspond

onpri.s at | east one controller that is o ably
to @8%@8&’%"39%6%?“(5 é‘%?%%g FoPToFomR hteastong B@*‘g‘lﬂﬁ ;'?lte
ceRANRRGHEGNS:, Me doBdbter PREErAE blhudd futthePHERdes i Seast one logic
peristaltic punp conprises a rotatable roller support
instiyatiorsigy parving art XI'Eaxis linew nasidngplle andla iZgaxdpmotiph yomponent
Zl nect ed to t Ieas]g one terial conduit. The system

SYRG rﬂ?BF &4 rgta Htggf’%atf’ ‘met hod al so i ncl udes

veying the materia a cell suspe
W‘fﬁigem Tn apgiffrispect téfbﬁ arﬂwﬁﬁl&ﬁs t%@.g&é@ @ Onzéffyene
mdtdHBUFhe hféﬁqd&i%&ﬁﬂé'pr&@&ﬁg It dt & aMab e h@% &@Hltcro%ﬂrﬁfng at
effects rotation o f the roller support ih at |eas

lea@tmerqwnaollmhat ip nparehte nonnebiad teadsasanie mbotoy that is operably

t |
cofRelnar five s0e it Buib oaPe befulic prdP S8 Gra miguabie
roll stpyort @bl RIppSHPRAEst Sricldl1ER ahd GLsREAUlY esneéed®s &Néal one

conveyed to or fromat |east one nmaterial site

maiggiyl eaphid khe Sﬁ/ﬁémrlsatquaﬁﬁ autoimgtere r’FétP inethasealspimeludey er
cob (R L HEEL D, LR 00, 4 Afet) Ll PRI

sudpek€idn, ey y@thithe mhRriabdotduiain whieh thedontdiek effects rotation of

Toflcally the material is conveyed to the materi al
thegfoflgr wpp%e@ att ﬁet B ©iationaldpegpecht té%trﬁlh%,t@mwélymeesponds to

an't 'TI?CE I lﬂlult t g%élﬁ—fah&! &Spdibd BRLREA ?(!1_] a&%[‘ied'lféﬂ Shpported

rise e materi a I'n so
byelnﬂmco)ﬂemmmert suﬁethalyqalaenm&sm mmnat oompreysk® atfrdne aslbasn nee
mfeeagback co erab connect ed .t

t hat t
R s b totttogh e b the PRSIt ypib ey fects

rotfaﬁ&gbﬁﬁg r@liéi‘tsﬁﬁﬂorpiucﬁ Hﬁt RRbFiRS @ﬂfédté:orpﬂﬁfénal-r@eg cells or the
controller generally effects Substantially

likpeomveyeall in dhe metedplsae gmgemdt I'ypicely. tthemateriel isgbnveyed to
conduit .for..ea Ve an of material t

tne AR it SR Phe SO B b b p o TR Sl The

quékiaiek of hﬁt@erﬁi gOREAYy Bhnprild )& least 0.1 ul 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
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rotational increnent is generally unconpensated for

flow rate characteristics of the system |Identical
woab@tostaaal i ncrenents typically convey subst arCiraiSkop4/040416

uni form quantities of material to or fromthe naterial
rolfk H?seréézfséeﬁﬁﬁﬁ Hofh ﬁméﬁﬁ? Bbiuit BE MR IBRG LY gﬁzﬁﬁﬁy of material

I nclu effecting at | east one negative ‘pressure
to mumwmerﬂoé@sxtanptummmhg the canvegedrijmansitios oﬁ. maendt dheal

th trol f ffect t at
rotgfithiirhn i XAl ehamnut Ryl el e
sysRrRY Rithtica] dotaidral mc@efméimt?{sllcah y &8y @&H%%h oA
external portion of the material conduit. 022] In

quansities eﬁ@@t@nﬁbﬁﬁtog fromhéﬂesgaictr@}mm rlnw@rtammphng@@tsatthe method
futJthe?ic'ncl ocfég ﬁ%csf a?ﬂea Egai?wgntesglﬁe ggissg @F%%t x¥mal toa

connec e CO

terBONR T €t mht‘éri@ltdohﬁlﬁmﬁv@tﬂ thieocotbvBadd fier Bﬂécttirﬂg@ﬁtaflblﬁof the roller
materi al conduit and/or the material site relative to

SuRpREl 18 ket TeEttionaliacTsmEnt I GFRVE! 2eHpEREHmatgal e gdheppa fo an
ext%%ﬁd ?@r‘ﬂ%ﬁ'of‘{heciﬂeﬁ?ﬁ’dltcgﬁ‘ﬁlﬁp sufficient velocity to eject

nt mate any, t hat adheres to an external

3820, 5 E B . O NP bt of BT

poMﬁblﬁﬁg tympéhed] Bat isapBRbEtoni@teRY todhe cdrftroBlBy whidh&ositioning
adheres to an external portion of the naterial

COTRBPRFTE 15 SUPAUESHR Meavsakly Revitien themaatpidalicongh angl/or the material
t .

st BRRSTbp LR 15 BBLAL SRPMALo DSl bRy g

conpuitt widhn suff1c1bmeveﬂmm§rto ajectcmiheight matenh]acﬂemy,athaﬂ alaats tmm

ot her obje to re ve.the_ adherent teri fromth
extesaaﬁ Lﬁgﬂ?.%@ ORI traly@EGaLY § 6H§§?qd mgaﬁl%é&%%ﬁ
maEé?{%il Qérﬁﬁl'[t Wi ﬁﬁﬁm@lﬂt\}eﬁﬁﬁ% 'td’ e Gé’c'EBhéx%ﬁtSr]theHélr ifi 'aﬁ{z‘ th’aft aaheres

wel a multi- con I'n certain
to m@dmﬁlammon oftbe naterial aindsutt & &mn@cmb@damantSJ thaposiooreng

cotfporcalGiove B Pet Sy ot LA TREBL o el eg s

to 4d &&émWBYdrti® oftthe n{EtHrial comlult ceat@ianRAst oXBBiHREo!iBA to
material conduit and/or the material site relative to

rengRie thp adhiseant rr@teglal frpimt the externpbpartipo af thy reaerisd nenuits dioh
| a n._with at
Pk, b2 B AL Qo PRE plvor e T SREBPL 30 AP Rt e
colt@pweyi ng at | east a second quantity of material into
the second well of the multi-well container. The
[0028Yi NG StEEeriferAbodi@est, tRE taf@TaY 84 dtenstis8PataéRt one multi-
typically substantially sinultaneous with one another.
welhypniatier gnd tha enetind eognpsisescatippying selsag adirstiqyantiy ohmaterial
r ndui t abov |
i3 b0 3 IR B s ek S0P el BB o
thephate@dlisity relfiti veab @ht ahotba@nelgl, h&thtth@posalﬂim@g)ﬁf nynt such that
connected to the peristaltic punp and the net
theéB?’PEﬂF?lscé’gd‘blbﬁ\}’é??lﬁgluﬁi‘fﬁ‘tl?w@h &hlﬁﬁ%tlatsie%lddf’elh%fttb‘? poylti-pvsll

corthinky, 9 LR e PRk GF ledlt aSbddidubmiug de tierial into the second well of

the multi-well container. The moving step and at least one conveying step are typically

€X

[a})

substantially simultaneous with one another. Typically, the moving step comprises

positioning a portion of the material conduit above or in the second well.
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material conduits. In these enbodi nents, two or nore

of the material conduits generally materially
woansaTaate with different material sources. PCT/US2004/040416

Typically, the nultiple quantities of material are
[O(EIEJSV eyedy$uhst aRbbdhdedis Sﬂh@‘é%rstté}ﬁ GRURIY a ldf'alﬁ? IH€ material

enbodi ments, the materi al te corrprlss at "l east one
conulits ithajatel omcarhxlmormcctachtb the pedistaltiopump ahé dwtmethod odmprises

congyrEepaHBE eamae ! BESETn Ber eI fotding
mattir P OSRIith NIt s BABIdIMBILL, tHOR HIREHF thé atdiRS$ Bonduits

enbodi nrents, the nethod generally conpri ses
gengiraH) matﬁ@@hlustqmmgway ivyith differcpramatefiall sonfeedugypicaly, thao

m n’aélg g‘itltleg 9 Hla{e‘%a % %(r)n\];e Qcﬂl{ Fan{lz\ﬁﬁl 1u1t neougly In some

Pegenér ar iy Conpr s et a

embbdigiengl, theqhitadialeite andpdes at [chaagt n@ﬂt@v@ﬂbﬁhfaﬁteﬁ and termini
surface. The material contai ner typi cal | nprises a
of ahlpast twRPf theamaierial cordiE arenpacadznl p diptanse ghat cerespondsgg a

d1sfla§ige ?Qwegn? gt leé%sg flwo zv@fis dﬁg?"sl@d iPthe TIS- \Mﬁﬂ éo%tarlr%é}e In these

rate surface option conprises a ne
embudifreass, tHeGO@bd gafnemhlgrtcbmpnam@nl,taﬂebasly ooreryingthe material

e he i Finocon Ry GO G0 BRenGP L. e Pl st scnerally

CORPRMR Y REst¥e e 52 B thilb N ShdAdr alt Feaatone @@os&ﬁaﬁeesrukﬁée The
conduit, and at |east one punp t IS operably

magesiahearttgider typichldy eranEiseah nummd\mlltmatmlchnqgunphwg; e\, 6,

12,0 4586 107 a0 P U334, 08 s BE11F  1FE R e shilfis omgippatly

Co@ﬁﬁg&iamﬁ&aﬁ@wgﬁt that is operably connected to
e material conduit, which positioning conponent

[oo28yes the, oRSRLIa8bect Qﬁ@fﬁ%nﬂd&ngbr@gg? dd QBrholl BE C&Wefﬁﬁfgl or

conveyi ng systemalso inclu east one cont
matdrat ta smafeerbbitey Tdmnmhmcbnmhde& previdingm matgrialmenveying system

i.t [ ffect.s th
oot Slof o5 FRREE binafvly wioh 1Rt Gt S ahiany ™
cordfedtell h@tt@%m&mmbﬁ&m:wwmﬁ EshvePViBe hli€eriRHR6 A the

conduit. The nmethod al so incl udes conveyi n? t he

maﬁmitaéwmllmt( d'hg mat¢rialice e yingtsgstpa alsodneludestah faasiggme plsitioning
cmﬂﬁé nlc &ll %O ré})g{élbry COlf!lﬁ Cté({] l%tthe Il’l%%I {% n%ui?fwltllgﬁ gsal lgngll‘dgal

m nal porti e nmaterrafF con

comﬁ@{eﬁbmoﬁléﬂr e Mightértnl ackRILE Hh adimtleﬂi itled mateenl ctdnyeylhglsystem also
addi tion, the nethod al so incl udes accel erati ng._ at

inclyslgs ot lepss ope P?ﬁtFPéllel piet sioparably qoRBecisk terthepurep A the
po&@&ﬁﬁ% éoth@ne'ﬁPt ntt%llé@efﬂc{snhé Plfmﬁ] Qﬂ}{é%atena}l through

ent, and erating the portion
thetrhﬂemitoendlat ambnhd lp[)$1t1mmtlgl cbmpomstotmmm thg neateriad o@mhuit. The

ch.th h dh I d
e BB RAAP B P BHEGR & e THAECPRET AL 6P I he

matdl BRI sBkh &lat £ quatitgy Gﬁh@ fﬂa?éna? hcih%réﬁ %‘ﬁﬁéﬂlﬁﬁlal gomon of the
Con'prl ses at |eaSt one wel a nulti- | cont ai ner.

malrial deskitetbgteby @omuega an y@eefault matemh@manges I j addlttuonght: he
dher ent terl uantity from.t eterm

O el i SR oot il @) ook F 0 PR S

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



material quantity is conveyed to the material site
W t hout contacting the term nal portion of the

wornt@roszad44 conduit and the material site. I n SORET/US2004/040416
enbodi nents, the material conprises a cell suspension

o TR A R ESORR LS lcaprumsnd

qudstigpfres théteamchaBpsttioe whtheaadtényal icbhdist, rEtpecadly, the adherent

erjstaltic pu rol | er di senga nt event. 027
el st B Rt e iyl PR S pait G0 DT g foé el
porfidR TP R Mat8RRAWoRdyif ikt @B efferial §R28h sbind¥h®odiments, the

schematically depicts a material conveying systemfrom
materigbeapeiies v eel sespensiomandi thg methodmeingnizesisheerng effectshen

[ nvecrti on. [0029] Figure 4 schematically shows a
COTHEYS (feéla‘ perspective view of a peristaltic punp from

the material conveying systemof Figure 3. [0030]

Figure 5 scﬁﬁrg?l%[ ; ]3 : @al Vi ew
oo g A B AP e e

diskfabEhsnd HER, contact with a material conduit. [0031]
Figure 6 schematically illustrates a passively

O & 7 P AR BN IP R TR KhliBhs GORDND angib )

dissmpgort that supports actively rotatable rollers from
a front elevational view [0033] Figure 8
[o0eshemat | Faluky/3 SEHRWRLBalDl RpRtSeRiblefilPdonvb@Ng Ofstein folidre
of fluid wcking or adhering to the tip of a conduit.
PeIpPIHAG ViEmpscarding § one grhpainonhef he HuRREIRal | v
illustrates a conduit tip velocity profile according :
[0028] one eftgydk fecthenuticallyeshpwy edeiaded péroRrdtye Feyele pedistaltic
emat i cts a croQﬁi:-secgi onal view of a
0

scl% {lcaltl 1dei { .
P R sl GBS SPEBEIAMAT Pom a 11 p of a
duit in the absence of fluid w ckjng. [.0036] Figur
100381 Seheritzns poherer ab pYs E st uvesiiond ey dpbeh Sipifer
suppoRh&TsuBpHs! pA8si VALY P6tatB¥ riGrfadBS rdlle? BusiiteQdBtesdRérollers
gear reduction fromthe material conveying system of

int¢-ropiagt v@th § 0@R®TRl fanguite 12 schematically shows X- and
Y-axis linear notion table and position feedback
[003aht r ol Higuwes saeoetidalhglltdratesen mastioey netatablefroldrecontacting a

i nvention. [0038] Figure 13 schematically depicts a
maEFé’lagF‘PI‘é]tb“tper spective view of an object

[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.

[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.

11
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hol der fromthe material conveying system of Figure 3.
[0039] Figure 14A schematically shows a top view of a
waizersgsTier plate. [0040] Figure 14B schemat i cBCTAS2004/040416
illustrates a bottomview of the microtiter plate
00PN | NEGBUT P ockarid )kl 1o EpERBEIAE VA bk drive
- depicts a cross-sectional view of the mcrotiter plate
mogdrdwmingra feisgiomeendetiar afdgesp fedutpn om5he satesiahtanyeayihy
hows_a tially transparent perspective view of a
Syi%%ﬁﬁﬁ@?%g%ber of a cl eani ng conponent according to
enbod| nent _of the inventign. 043]..Figure 15
W@?ﬁ emt i f’éaumﬁ% fqhaglﬁ?%ﬁllezgﬁawa%? aﬁﬁ AL, Qatien Gl anc
poditiE\eRibAR K EBhEEI dilveS RRAMIiNg {d dhe LAt BE B! ifRntibR. an
orifice of a portion of the vacuum chanber of Figure
. [ 00 [ I erphlikal ' . :
[00\]’;’21-\' ous M u(reérzlﬁ%whgo%%w Iate?%tsg actct:%lfrégiﬁ%sl)% %ldég&{\glf)ﬁan object
holdaboinrteningtenitl tdneeyiny eystenoof FipgG4b] Figure 17 is a
bl ock di agram showi ng a representative exanple |logic
[0036Yi ce i Fighad CHA v@fehfausalg/me%a 6 vieheofRIaiedtiter plate.
invention may be enbodied. [0046] Figure 18A
[0040} USt r alpgsird § A8 SehuRHERS iHhSRERSEHHLEOMER oF YR Arh&an
the rotational increment 'was 12 per vol une di spensed.
plajcode v iFFignre 1488 i | |l ustrates fluid vol umes di spensed
froma system when the rotational increnent was 18 per
[0043] ue diFiymes $4C schieBRU &l yFdegistsen dBG-dekctiost] vivesf the miictotiter
vol unes dj.spensed froma system when the rotationa
Plaf%%‘ro@’ﬂéﬂgjl%bgg 1%‘8' per vol une di spensed.[0049] Figure

18D illustrates fluid valunes dispensed froma system
[0043En t he Frastrad P sdiemated by s aaartielly yapspaging perspective view

of R e ol g T S IR g i R e

inviestidro be understood that this invention is not limted
to particular systens or methods, which naturally can

[00431y. |t Figral 3® séhemhgcdlydRisiaeld debvled ichssedtivnaloli®gwf a
used herein is for the purpose_of describin

majpsial RNAUEHPHERAPHRIATIEN ) 90 odfice 9f prstion pk %ﬁ yaguppchymber

of#iigﬂih:tﬁ?&q' Further, unless defined otherw se, all
technical and scientific terns used herein have the

(0GR, AR NG5 COTILYHRISH 320 Y. %R BhGlPALY

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.

[0046] Figure 18A illustrates fluid volumes dispensed from a system when the

rotational increment was 12° per volume dispensed.

[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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i nvention pertains. In describing and claimng the

present invention, the follow ng term nol ogy and
wanreosratiscal variants will be used i n accordaneeTmiStdn4/040416

the definitions set out below [0051] The term

nqgat eri al
O oot Tapaf DRI AR vdilBE SRR kYo when the
rofadonal dfcrgase syas I4B%1p¢1d&1urﬁ@dﬂspénsem| ds, pastes, powders,

and conbi nations thereof. To further illustrate,

material conprises cell and/or reagent suspensions in

certain enbodi mentEPAILED DRSERIPPION] 0052] The term
"angul ar di stance" or "angul ar di spl acenment” refers to

I. an geEFENItTeNs rotating body rotates through. In soma
enbodi nents of the present invention, for exanple,
[00x]at abl Befereidescribingsbe preséntanysatips irndlatail itge fpbe mdatse@od

o o 837yl BT RS 2R S GRA Lor

vat;etlmeﬂsoad Jb&@ﬂdérstb@dl tref theSeRAcIogH UM Helttn 1sGbt B purpose of
support. [0053] The term "nonent of inertia" refers to

degeripingspariicuiar enthodireanits erlica@das net ipisaged to baditing. Further,
unfEE aéf;a{ Rtk RR oMY teé}ngea\r QH%?&%&HCQ?%% Ref H&@%n ﬁaeﬁ % ame

sum of the products enen mass
mdanihg aamdmtrtmlpmﬁrsmcmtfbytdm oéloedm:n'y skilldh sheamt:m wiiiolttine
. axi.s. 0054]. The term versi bly convey" refer):sqlto_a

inYs1EER BEHS: claﬁls%g% it LN thR PRPRH oK P R lgvieg
terﬁﬁﬁélbgﬁﬁld hehaRticANBrisRAP I Be AleddRiaRbrdficd wnthrtﬁfgéfﬁgtions

froma material site after being dispensed

setgiuf belodi. spensed at one material site after being
renmoved from anot her material site, and/or the |ike.

[0051]cer t aiTheesrhothatenil’ roferd foematter émedsentialll any physital state.
fluidic rmterlal ar ?9% ted frommaterial sites

Fop gX4gupIe 4 pdal 6 B Tifg Frat §98s GEREHarIds, Ristes,

po%&ﬁ%r hefd coRIE®hs ﬁl@f&o?" TQ ?L'ﬁ%féﬁj i1BstrfeNBhehl c%?n;ﬁﬁe@cell and/or
I's of a mcro-well plate, surfaces of substrates

lcafglenm Qs pensenSin calrtammlmdunmtaof]@esnveatmn) Reversi bl e
mat eri al conveyance is typically effected by rotating
[00323 peri Qﬁlaltdir'rm“amgnhrrdiéthme”w Ppongilar displademest’ireférs to an

that is fro the djirection the rol|er support
ang]gab%@a?ta ‘é’ofﬁ%%? throuhralngtoms enplpdiments, gl the prasent

f
1nx{éﬁﬁ§ﬁ i34 ex%hfp?e QB r%heltsjﬁ pSRbES Pélllstzg ElgrggY&gres in

055] The term "non-cont ac mater I ng
rotpadrl mwm@tqoth@fc@bs:amallrywpemmlnddm gyegrali mytiples whirgular

{ | teri t d
iR L kst Pt el e Pt N aHe Blep b
0f3hui £ T G036 mHE R RG SHIS AR SCOBUR R e TPBHERS of &

bollPtParzEP AR Rkath aBosYSEi S8R 48&Fhat is equal to the sum of the products
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
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
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provi des informati on about one or nore other
conponents of the system In certain enbodi nents, for
wexesple44t he mat eri al conveyi ng systens of theCcT/UuS2004/040416
i nvention include feedback conponents conprising
a nﬂ%%@ll Fﬁ?ﬁt o AR i@ af¥riab HRRQY taﬁd Qlfsg Ed 8 Ghdr shies (e.g.,
n these enbodi nents, the f ack conponents
we@e néa ml¢ry> vprlbnlnigesuriaces. of substrtasaflvidic matbrali wagte epntainers,

et ek OBl ARRL PR el e Py iRt il skt Stic

pugpehlldrRappdriie LaRCHo tHat B dg@ﬂs&fffcﬁﬁ thef dtedtioPthe@blldrik@pport
roller supports in selected rotational increnents. In

is totatesl terppBwYHBe materinbdba prrticwapaaierksiis iy gdich the material
$1eﬂl {atlon such as the weight of material present at
a particular material site. Additional details

atin 0.these t s of feedhack co ents, whic
100531 ahS i Rhmsh B Gra SRR EaR i proceaedh
maGeHaY @Mp&ﬁlr@&ﬁt\xﬂf@l @htetiAIEcdn BB aQRateddlRofRS G4 d H8@m do not
further in, e.g., US. Patent Application No.

contagt Zseri itescqrtmateris disppsgdrt makmial siGs VEPRODSANDal is

fi anuary 24, 2003 by Mcldash et a
dwﬁﬁéggHgn”hﬁgéﬁg%ﬁated by reference [0057] The term

10068 o BR{<rBr TGRRFk SPRETTY (oreRaF S Eafgest of 2 system tha

prdi/@d’b% RigfohBatfonCbolif eheSy $h@BBHHRE c&ﬂﬁbﬂeﬁbé%‘ﬂheo@st@ﬁﬁ In certain
|call¥ configured to effect rotation of roller
qr

embe@g@rlt% X 21Bplgt the meateriah cpwpEme Syteras okt sm@ntlmamcylde
fee§8£c'i< c%&g;%gelité’c&%&gﬁ@ne@é ta {o?a%e PJlle? te(Ej ﬁ{}e?rzsﬁagﬁc?s

ween ers sup
puihps. | Brth&sgpptiodinerts, the, fesdbahk bbtﬁpor&hﬁsgeﬁﬂfailﬁibf@hde e.g.,
. ildentical roller disengagenents are_effected for each
infgimaAon 5laBre teeiolen sypp ﬁ%&}@ato ooRtreldss () whichissdicrdhacs,
[
oo BnSTP iy bagEn LRl 38l g o sty
rotationotflibe radleb supipoes irssel e tesiyrotatiomag dmdreroérte r Ini me embodiments,

onf i guredto sel ect appropri ate rotational
fee laq.g{l éﬁ.@}ppnergs Browdgégtg) atg%h Lgﬁ h’rﬁmmaﬁé}ﬁmaﬁp%pmsent ata
par@i@ﬁlﬁf fn@ierﬂélhﬁie %dﬂ%ﬁfnaﬂ@@thﬂse&lahﬁg Q?th@Qz'WﬁééQq feddBA&8]

he term' di sengagenent " di Sengagenent
conap@mnrs Wdafcerase opiloeaaby adapisl fon usmn ctlttﬁ materhl conveyfingsystems of

o e BRSO AL A 5 BI85,

entitledeTFIRIPEEANDE TR Gt METRICHS [ANTS SVISTER8IU§ilddT aduf£ D20 JE003
ressure applied by the roller undergoing the

by M§£‘ﬁ§}‘a@éﬁ@ntwm¢1blﬁrlw(6%eﬁﬁv erf?eacehax. mum t o
substantially zero. [0059] The phrase "integra
[00571 t i pl e Tbe team “arngl!rioaal mmlmm rafrns p@elewgmé&l\m&acement of a

diacent folle the e a
ol SRR T5F eBde doBirREn b ASuho PR aenlif p T
coffiguged ©ldfREt HHIEBR bf 1dl)fer suriperts & @kdtioﬁalriﬂff@mEMts At substantlally
integer, that is, any of the natural nunbers, the

cotpesgard tpdgtegral pﬁ]étggesrﬁflﬁgg\a]@r digtangesdisposed between adjacent rollers
supported by the roller supports, €.g., such that substantially identical roller

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 system controller is configured
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The controllers of the systens described herein are
typically configured to effect rotation of roller
weuppmsta4i n rotati onal increnments that substarCiraiSkop4/040416
correspond to integral nmultiples of angular distances
to gél@&%ﬁ%ﬂ RBENE %&aﬁ'&ia@ﬁﬁf@m@rn@lel §r§a3§d‘9@9{ A& ty of
| er supports To illustrate I er su por
mattmtﬂhﬂwésuswrd@@r%dblbepsn\@lygbosed 120 apart from one
anot her and the selected integer is +2, then the
[0058] at i ondlheiteror ‘Grollet diséngdgement’ ardisepgegement Iebedte refers to a
240,. wher ea elected integer. is +4 for th
r&disin o rllsh b FOLRF PERORHE PR AR TOHATOT # e Ralgrial
hd\§t diBlro®IpeRMBR OF b p¥idi1if BuABOThE Aes Eﬁt&ﬁt‘k FOghichiy
COan neggﬁ{se srgnsp bef o#est g sel ec?e g|nte o p®bl ¥
coryespendy toya qheﬂm intpoessime applicat hyvthe doltes ondeufgomg thmahaemgagement
£ of the .roller suP ort e}g%‘n orward or reverse.
r%f%ﬁﬁ’x%a %Ptaé wB At cat es” with a
erral mhen mat er | cap be tran located to
(08R7 r °t o e e 1 gugHar Aistanssslisposed

befyébn, adjttctar rartrapetér% RE Eﬁﬁlﬂ&eof'c}hé’%[guﬂr etsun%e e RiFBsed
[0061] "The term "periodic variation” Tefers

bepwecn adjeent mmgslprpnrt@culopmtolbr stqtpbetrof otpana;attlerpuatp tey of

en devi or.s | ustr a there is
i 5y o of B e P ogHT R &F s ppersgor zero
TheRbRFIRYs GORY SYsendes@itiedhdtein Qr%rtylﬁéﬁl}ldoﬁﬁgu'ﬂm ito BEfEbt
when a roller disengages froma naterial conduit

rotgiier elgroHeiiuppersciarratationa} dnceemevtis ﬁlaso@@taﬁtldbu ¢0}resp¢mirte
1ntgé‘?%ﬂﬁ{p?éslo¥ ﬁ%ﬁ%bcﬁgt %L 8 h%fseh o en b ace ! It(rmlfer%gupported by

WEEen -angu cene
thewatler Su@FoﬁsQ ntrcemdtrﬂu rif AgolRr ar@ohaﬁamtth&u @bl@eruhﬁpostea §20°
lead roller (i.e., the rol |l er whose contact with a

apaFhirem qie a@@théutirtd thg s¢lentechistrgenigvidn thed tlilenrowtoaalt menqnmt of

o FEPOE S Y 216 Bt ) ey RS BR st e
suRREO IR rﬁmotatraﬁarma%mteaeofltﬁal%u%%dp?tm WAASEARES and sp forth.

adi sengagenent event durin he pressure app
Pokyifive hysl m@ativer s:ngthsebef«zm thrdmlerwmlentegd:r geoerdlly t‘ef_dtetorthame%twe

.1Q. zer.o. ces a re abl e aberration or

dlrﬁ‘%’rornoo ir‘&ta%ﬁ? eirﬁuggo ?‘trwgffF PEF¥TPhg di spl aced
tit f ter th angul ar di spl acement of the

[0035@% ! [%@8@{2% r%y%%!aunr‘%éteér wltlapmﬁenﬂl%éwﬂ material

carpﬁ’é Pﬁnsldcﬁﬁé@lto and!bf BGR thPhaRAhl siRlth@u tﬂe%%ngﬁ %YgStlﬁﬂEr an

devi ce or system conponent, when I ente
applqulmaﬂsmoelsgegratautoqmmmtended oper ati onal use, such as
conveying material froma source to a destination. In

[O(Iﬁlmt r ast The kemt ‘pemodizotartiont’ edfersso b eeduhent chaagd i m output or
oint, level, surface, or part of a device or sy

ot cifudeiistio of agiieBArrishponem. Tnbhseredhesds tyarcally a
pelfl?/\#& Qﬁjratfollﬁ%ﬁ\l EHeRfhafity 0P LR H AR by  Rary $Eristhitic 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
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
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[0063] Wile the present invention will be described

wth reference to a few specific enbodi nents, the
wdeswsrospa4kon is illustrative of the invention BQWUS3004/040416

not to be construed as limting the invention. Various
di§Baghdenteat bRABS dGHY WEIcH RSt Quid ﬁé@@;ﬁih@‘iéﬂdsr Aér ¢t

i n\%egnti on descri bed her eiepﬁr bg {h%gse Skilled in the art
mgietid condebgreraasesgo fzeom Thireprodugess s ceppetable dbemationvereriodic

as..defined by the appgnded.clains..For .exanple
v orEinhe Pl R RRERYSRe Refll ot rfleuRaP R b ¢ os
di@lac‘éﬁieﬂfr@[&h@f)ulﬁp_teri al (e.g., on the scale of

milliliters, mcroliters, etc.) is enphasized herein
0962]mar i | YTHeQemst@pl tofelio ite! HigtekPldiMMevkl, sWirdck, B&art of
[ apgreciateg t hat Phe gys?eﬁ% %%d@%éthggs g*thgg%) ora
deiviee onsystem,cude tiee adisyptesticantpanett whte byiented g yypical designed or

. essentially an antity of material. It is alsp noted

infiBges! mrichal st Hek teroringing SESH Ry tiprch | adeppation. Tn

cofRARRORE frfh ‘DottofE TBRAL kL BWebt fotnt! RIS QifRe] Rtpafo$ a device
and/ or nuneral s throughout the various figures. [0064

or Fdengy et defvice oh 8yskAER prybBOnSht, bt eyienigd ferttepicall dssighed dre
in@ﬁ&ﬁﬁﬁ%z#ﬂ%%ﬂkéon generally include rotating

peris At C punps with precisely regul ated

accel erations, velocities, and decelerations to effect

acc di spl acenents. Moreover, the systens
ILand&#@?ﬁ%g@ﬂ%Q@%$ibed herein typically account for
[0@63]i odi ¢ Waillé tikipaRentih eshion Gvill ®e descrid¥d k@thl réference to a few

di,.sengagenent events such that accurate and repeatable

SPedhe ephpdimepts. thadescrintion i illesirativeaf theitmeeniion angis not to be

coR@fledhe lli}rﬁﬁnggﬁ{gﬂf\/enéi&. COLAMs & QanoH? lerrc‘be J;n%e tot
exanpl e, material conveyli ng systens are configure

enbodimdrad! thebstatdn ddstybddderdin epkthaseklided i the agageient
event conveyed quantity of material,

occur for ea
depgflipg g@?ﬂ}ﬁ%ﬁ {THP 359R§ 0? 316'1 igyendior @p gefrsddnt the appendesd ¢laimse fFor

exéllﬁgieaﬁlitfﬁﬁgﬁ‘ %%n?%ﬁﬂ@@eﬂﬂ@ag b glu (it bEVbiRtnes of material
[0065] To illustrate, there 15 genera 1y a
(e-gu b thentcakel df ynilliliters rmicedlistrs,ns his gniphbsieahhexeig priararily for

di s enent of . u r.ol l.er support and the quantity
ety Bt RS e v R e et B TP S-ton ahd paedaol s
inve@tib® tarlPBgidaptea il atlicld c&ﬁ@@'e@&ﬁﬂﬁ&f Ay flaBtiG R AL, Tt is

constant pressure to a material conduit. Further, as

alspetadeigee el foep bpitayivndersiending eregfaipdikercomponentsratealesighated
by 8 Wtehencfloflers oot Fy BB ouE R e ARl Fghs 70929
ically,a riod ere.t conveyed quantity becones
100 S3Lt B P e S B & B Y e S A ooy
inv#hioh RERIERLin@6dAotdtRBTeriialiRe puBip Wil predisdlf feohPRAUI t
i s sucked backwards to fill the gap left by the |ead
acqedarpieansc wiPdidesotnd dicelemtivas to effechaqcheate apilar dispements.

er iJlustrated. in Figures 1A and whi ¢ o
Mgehishhe syt AT nodh deb oo Bifeel b tuiliseperone
vafigiitns peddueed; e 202y rblerfdi@up @ mbht evedtsBuch\ranaccWatdsrl

t he same magni tude. As shown, rollers 102 conpress
repeatable conveyance of material is achieved using rotary peristaltic pumps. In certain
embodiments, for example, material conveying systems are configured such that

substantially identical roller disengagement events occur for each conveyed quantity of
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conduit 104 agai nst conpression surface 106 to effect
conveyance of material through conduit 104. Arrow 108
wehes®stidae direction of rotation of roller supporTtsi®d/p40416
whil e arrows 110 show the direction materi al
m&SH 836§ Hﬁﬁlhﬁk’iﬁg AR g}ébﬁ a%%ent': dsA4bBrck Bf 55&‘?&1’%@ talifong
change in state of conduit 104 after the punp has
conwyad guantidies ef mgigpplort 100 t he di spl acement W shown in
Figure A The progression fromFigure |Ato Figure IB
[0865dws t hdlo iithsmtd, hieere id genhagllpa sdlbssamghglm@rlrﬁatﬂorrshipl er
comes f contact_wth c duit 104, that
Bmewn&@agﬂqmlaqﬁn@%aﬁﬁ PUMR 0 feaalg?mg e ‘II‘%?FIUE egeé volume)
il cORByePRRLPhe R phind sm%ms 2@ €ndh @pla&asdnt cycl
© wonentgrl geto belgucakéAl gné war aThlrsl, caus%a a cyere
applypeatoakthet pagrsnredt iaomteral penduot i rther, anthedead mlleﬂ&gms to

st domE Pk sne Bt e o ol vl BeiRbpEnedt the
coh86@lg. Aakiag di- il 1M<,e) ABRE R (§piehlly i‘ﬁeﬂd@l\/\@ﬁgré aR déhﬁ@yea%laﬁinmy

herein relate to systens and net hodol ogi es t hat
beperaeH 4t yeagicpestiglty Hegptiterass fpmtimf@ngﬂdaﬁ isplageneent bs athesast
I . it I i | C
SOMmE n?a%r%}q 119%?%5#3&1@% sg%kg%é% a?dsc tgﬁ“\i/lgt)pg gagg t|hS ald roller

copiig Qitlf tortadWittSthe bondug tTidis Eifitpleed ilhBFhed 11f1 Pigures 1 A and B,
exa the invention_provides a control system

W@@h%@iﬁlﬁwﬂb’éh% RYEP TQU%IWPPPCPYE L0Gsupnatiaeifan 1 rolerg 102. In

I a a
Fif L LS e Y LESAR0A08, 2, PO, PR o
conditielfHadgamat ¢anmpressofn subfaceatlifutozeffed mhamec@o”&p%ﬁd through

copidt TR o 08 bt eiratPiat FOGH Pe ORUFy SoePe ﬁ@@rwhﬂe

arréfys @10 Mase t}%ﬂﬁf‘cbfld)ri?ﬁ‘ﬂa{e)ﬁal c%ngyya%c%ré@]h%ﬁ&m@ #04.YFi g
roll er support 200 supporting two rollers202 dISp sed

shews the changelinstatti aftcandwt 104, aftsf theg@mFhaguptte@iBoller support 100

' [ 1. t t I rt 200 ,
S FITRRPEE N hobn i BB £, 58 aflesSiuBR Mol Flepreat s op Figure 18
sh&WisilaSwhdDthe @RiinEiod ufsen%%gr@qmuw@me\é o8t Edntack Rhither

ort 200 supporting four rollers 202 di sposed such

con%{) 104, hgtieallst pells aveaydram aom%mtaw canyg emtegiab teagicbuifisgas,

pa&@ tét??@. JonﬁrII !lJ)AL qle 81%%% fo b@s&élﬁ@ g&v‘?ﬁﬁgsﬁhls auses

quan i‘6s can be Teduc creaSIn A f

a erHmbleOdHeﬁaﬁon dineriadig! vanmmnsmghw amchiyn tdlwmgqiﬂs}ﬂadad quéhtity
= S/r_where S lds the di stance al ong the circunference

of grateripb with 2agilar displagement plgbe AUBBTNEE SUPRMEL. axes of
rotation of adjacent rollers 202 (i.e., the arc length

[0066t ended\cﬁ9rd!rrﬂéy appsice of thesimgentiangliscinsed hetetrrskatd fogiystems
andl E‘%}lﬁfﬂbﬁ)gﬁ}fs el 1? Qc@o;lagl%l iﬁh% %ﬁo%’c%ana@lgg 1§ch% ttnat ste %ﬁ

ota 'S manner

quartities p hﬁtmaﬂﬁsg,r flveid rheereil retenateraeeurixaly doheey%dl”tﬁmg rotary
rol | er dlsengagenent events occur for eac

pegfialhie RYEPEs Bt FeaRing Qdﬁé?féﬁryf%@iaﬁIRlF‘atﬂIerIQV%fI’I@nrR?PI’lé?S a
coftr 818§ Qéﬂ%ﬁﬁﬁéur@@ 1oy GanAfied/ ¥ hAkAiARe b fluid volumes) that

di sp nse/ asprration
correspond to an angular pump rotation or rotational increment that is equal to an

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

specifically, Figure 2A schematically shows roller support 200 supporting two rollers
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quantities between di spenses/aspirations. [0067] To
further illustrate aspects of the invention, Figure 3

wecehsmatisecal | y depicts a nmaterial conveyi ng syBCEMIS2004/040416
according to one enbodi nent of the invention. The

207841 §Jokéd at%ﬁﬁﬁ%ﬂlhﬁ&séﬂ&i BISe Bf()ﬂtfb}?urb QB%‘&B&IH&i%ﬂ? illustrates
generally highly automated such that nmateria

rollersupyann 260 pupposipahree aollde2(Rdibmysed shiohithdt Gé@RRI120°, and

in_addition_to greater accurac

.t hroughput | racy and _
Flglilrﬁ&ﬁg S&g@lpawélﬁ depifls rplle-suppast 2Wpupptiagsoursllemn 30 disposed

| 2 Vi i ristaldt.l
S 3 ity o b A B0 ST il
expuupfE) ntinitivne dispehsequaititieg caobaeasset by Gdcréshdihe a8mder of
rigid frape). Material conveying system 300 al so
pumptiolgss Thepaglg s given by dhregduationat  conpri ses drive
not or 306, which includes a position encoder and gear
reduction, and which is om:8hy connected to
peristaltic punp 302 to effect precisely controlled
whedé 814 98 dftarich aldhgttﬁ?é aRluenfErehd et U8 @RAMdr pafh disposed between
peristaltic punp 302. The feedback conponent also
the axas od sxfatiprcefradiasentgpBere 02 Gire..dhd are lengtiosubdgied hythe angle 6)
Q ip Fiqure that. i s..capabl.e of LLion :
anfl § Q8 el o e o RS 2R RS GhnBR 200 bole axis of
rotdiisP o5 RMlehBO2VERNhis REanG O EHABEhOR A TAEAS daefbEPhdr8hSensure
of peristaltic punp 302. In addition, one set of
that dheiarie ToHerdisengngament avts eccBORT eandistiease/aspitetion, theseby
. . al di ff er. i.al / Wt hin view.
ol PR ea PR o8 sBRHE 0 RN bRl fifiln
qubmtitig thetweah dispemkss/msigtappad.t head 310 viatips 311.
Mat erial conduit support head 310 is attached to arm
[0@6I73 Vi a Zropaithed ill0QAke B8k Bf GOMRRABHA, I3dide 6&cBematRally
conpact, high speed, short travel Z-axis notion
depigtfronatgtialgonegpingewstennagersig ©wop embedimeans of tie invention.
'~ t . A ' d 314. A
THE B SRRl e o AR PG RSt biFh e suon
thalt inkeerial soriveparzalprocesyes cabby pafonmed el Highef tiasiighput fiear
nmotion conponent 312 to effect Z-axis translation of
addifipr 1 glealeh#uracy S0P HEHRLCHE Hin 30y PEt-aXising Dstemst dks Gpwn,

. . ti . o _
B0kt UL 1 L5 RS bt o
volyper peistaltgommemtrecuttal of Moanting doimpeaent 30t i(shoviredsl ;ersgid
320, ' . obj ect | der 314 relative to materia
o AR B g Suiers 00 218 e s oo el erahegent tht
compse¥drie |ﬂ&§ﬁ306?%ﬁ&ﬂnél%§q’éseaspo§i¥ign%ﬁ@od& R g%&'g&ﬁlgti&ﬂ and

mounti ng conponent 304. One or nore notors .
which) ig eperablysoonesteddp pelistaltic pyepsi0aitd yifeqs erevidely controlled

he,mat eri al. canveyi ng syst f.the
o SSERE B PRUT RSy SSRGS 1 SRRl
cop¥neX biSo kndMeRE aFBhirélysiakl fesdriehotBX30W (Rt sIfEMAiure 3)
nptor 316 effects notion of object holder 314 in

thagi ppkip o Beriesn egdeagk carrad00. ~ Al t hough not within

view in Figure 3, materi al
[0068] Material conduits 308 are disposed between the compression surfaces

and rollers of peristaltic pump 302. In addition, one set of termini of material conduits
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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conveyi ng system 300 al so generally includes contro

drives, e.g., for X/ Y-axis linear notion tables 320
wanwspez4ti on feedback for drive notor 306. EXeapiuazop4/040416

control drives are schematically illustrated in Figure
tlpg-gll ThRtFRL %ﬂcﬁaﬁt s Héaﬁgﬂﬂ){ssitﬁt@ﬁe@tt) ah'ﬂ%l'smlﬁztdx%rlmear

al so typical i ncl'ude controllers (also not shown in
mcrciogwmps)lerttﬂ% (aee a compaaj gl speed.cshpe dtavelof-axis arotivh

ot 3R B S Sr BB AR gt o

objePhdlad 314s VO slorst(h@lshywh ) klichisR @ndlehdid Mbte8 bdhe like, is
mul ti ples of angul ar_di stances di sposed bet ween
typielicpatabhiotanapeed inppakis daeasymaetiod copinoaentsilgie etfect tZoaXls
oS AREUNLnl AL pREEA UL AL AR SR P Tt
wetllgsi ates bﬁjnlbran@;t eal) dispdedain objeet hovded 314. RERILKORITBLY is

OPﬁté{yg{ ket D 0HE Rerh egon Res St REAI P Ao
314 ?éiﬁt%FEBtBtrﬁ t&?Ae Mdﬁ%ﬁ%&ﬁr‘? Ihltezflie:imoagén#gthe )@%ﬁ& ?{’é&ué@%t & ¥-axis

or exactly) uniformq teri .
linpatreotical tableh 32@ 8ie aaocmc)urlt@l ar mpuwmgt doenpoacer30dl Grietog more
over,. ratational, increnents are typically )
mnq{s S be e Ot TP Tow A BTN Py FBietedt thapaateria
coR@yirl gCeykids DY StV atiioh i@ Efledd AldtioR of Bhfcad Hbldre o X/ $tax kg
systems, such_as the apparatus alleged in, e.g., US.

linpgrmotigs, tableg 9Borza@mpien solenaid morprdiRAfioss og@frpfq@et holder

T R e

cotyeyiref @Eﬁﬁﬁﬁ]ﬂ%ﬁﬁgdﬂlbﬁgb’mclﬁdw consdl eiseq R, ot Rovlsx@flinear
the present invention are typically easier or |ess

motigapplss 349 andarasiiontfeadbask ﬁ%ﬁg%m Heda. Eﬁ@mélans@qml drives
ard RHEQAGS aﬁ?qllt?s)ﬁsa{e%qﬁ Fi éél%) 9] Tllr:esﬁgtréhhlaéoln%ﬁﬂn% sYs éﬂ” the

perlsta can used in the syst
inyenese also myprmh]tyl mcﬂudd:tmntmﬂa‘s t(also patshewh yrpFrgatd 3) tha;tear@

rni chani smto nove nateri t hr oug
CO‘E# Eg“o?ﬁg‘?ﬂ fotatpR ofipgrigigliis rpsg@eraﬁ%&wap%dﬂégl%tﬁg ;5‘8??&@1

indrEmEROT B6E rothtidhal ﬁ“lcﬂ:menfth:)@aﬂEh suﬁé’t@@@al ﬁ/%b&esﬁ)fndtt@ fhtegral
punp such that the material i s noved rough the tube

muliiplas eﬁmutwtda:ttam:gs crlmpqsgchbetWym mdaacte;at 1q@ers sippditddcby the roller
e .conti t.0 .rever.si Y, conv ant.l ties
sufjoriige Bl a0 d i nsHPLEr BT Bl Ao hefE o bhest G otr
as;]sscﬁsr&“tthé RiveicH 86 deHbéREOSMr RUISEIGAIES, or the
ke). Peristaltic punps generally |nclude r ot at abl e

roller carriers or supports that support at |east two

T, ol Im IS ericPumess. 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 20, 30, or nore rollers). In certain

(0@ odi meimong thleladvanéaggp of the sysigmpand m@@pdhdm;gléblecwemn is

n e Vi [

tha? r%lgcr;zﬁ rgéﬁfp%eﬁlngcrrgmgn?& r{ve s?e}n ?1 LIQ@I‘ ait% p1 1{1% W exactly)
unﬁ’Uﬁﬂ quargitiey pf fatdridl @) nﬁaittamtlezbmea@ abyd oﬁfr@;ﬁdh@bﬁtéhal site.

50 rollers, nore typlcally bet ween about 3 and about
Morgoyes| qoéaftlg)na]alﬁgremen s are typically uncompensated for flow rate
characteristics of the particular system utilized unlike certain pre-existing systems, such
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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still nore typically between about 4 and about 30

rollers. Generally, the greater the nunber of rollers
weuppmstad on a given roller support, the snal Per/uskm4/040416

quantity of material the peristaltic punp will be
AGRBARLS, BE sCRAME YA BethHN6RhE PR:&R M Vetibfh® tga;ﬁlcémeeamer or

invention are typically configured to rotate ol
less poptilersto implasnet ihwnananyred these presexisiing m@b@dsmﬂusamrys

correspond to integral nmultiples of angul ar distances
[087&posed Ewsentedly aay Jr@tae'ruenstralticqqumpsmﬂmmsaﬂlmhe syseems of the

r _supp 0071 ent rollers supported by

prégehb eI it el s G o et e o Ty
mABAAIthiduSR Qi Gk %bnddi@chﬁtqy Sénlgéﬁé}%l' a®h nBBEATGRts in

di sposed between pairs of adjacen | ers supported
coptack withes.g. stq};btﬁn slepearaic. tof gheqaimpysush ibleat alret ihatetigl 6 mowed

th? ugfrirgl‘r t eI ro)fﬁ er%%ﬁos 0 liglg}cag&o%%s%ﬂ?:tcﬁ%rs are conflgured
to SexRBably caﬁﬁeyQphh@m| df}tne@@‘idl td onesin Selebrell Aateriabtiddsi(@pal
i ncrements substantially correspond to angul ar

migrafierl e rigacss oé sitstrafes.githedily). Petivaltic ppmpe geperally
1nér:1g erzg[?[,glg 'r@%rtcgrfgps &%ﬁﬁﬁcﬁ’ﬁtthﬁlsh%%n L nL:AsY tv%;%)‘fl@g (e.g.,3,4,5,

about (e.qg., corres
6,5ufsq,d0t 18l1Ry1Rddal 5,\20s Pl ee tharetdilersy) In adaitt erdBodments, roller

supyiotey B [ Cyenesp b 028 by o Lo o easiel dgvifs diffsrent
nuSdHRES Gnbiiak! TogaHRdliMusRRC fllef Qlﬂ ofts }ypléﬁlg ‘éﬁpﬁ Hetween

(e.g., corresponding to 14 subst nt|
abgpta%@mﬁ abolut 80 syllerabene typially petwgen abart Bwp caholutﬁl@ rolders,3and

s W baoReh o 5 E0RL R 1588k 7 exse

nubet 6f follerstappértetlon’a §ifedrollef QippeRPOBEHALet tRe éﬁanhty of
substantial |l y equal | ﬁ@spaced rol'lers), about

g.
m@@tnaléh?)mtai@c pemp ovik bp sepable eflcopvesiigisinge ﬁ}@a:@@@ollers of the

inve %bloﬁ aﬁgt Qgﬁ?ﬁyyé%nﬁ% fe}?l tg 6%%% @%ﬁsﬁ@? q';s i9 ét?ltl na}l glc:{ements that

subsuirtgly @besiont @o ﬁlté:‘giﬁ&hlﬂﬁpleﬁbf dhoatutalidtahcePpdisgted between

roIIers) about 51.4 (e.g., corresponding to 7
3 lsaﬁﬁ%ttraﬂ?lﬁéPH’RPﬁ@a@alﬂl‘%/mélﬁlé\%’@BmF%l lers), about 60 (e.g.,
corresponding to 6 substantially equally spaced

[00E]| ers) , Adipest rotlery @pgortedcbyrar oFpAY arpgeperally disposed at
moy ii’%‘a gllr(knré 0?% H\i&‘thé{r %\?&%?\Q lﬂn‘ar ﬁ?sf n@gsgdggé)gg%d ge%wgeﬂ pairs

correspon substan €g ua

of mdjabartsdllerahmpbrt&a Oy t&lleg suppofis ﬁfb&p@'@lll}ﬂglbht@ntfﬁally (ie.,
substantially equally spaced rollers), about 180

app@xgnateky&rreégfﬁw v e eneza@uvﬁgt Eer §xamiple. edjagant jollepaced
su xjtegrbér i rg‘ﬂ@r Mgﬁo}t lakopt ﬁﬁl’l ltlohed utlh"ci’trrof%'uﬁﬁﬁ%& ents
et we

Spos palr Acent ro ers supporte

subgtardtiadily\cetrespohl s asgudypaidpl@etemeo telegediroinge gnabout 12° (e.g.,
another. [0072] Although other fluidic materi al
COV9$H9ﬁé@gﬁﬁ)30l§lé %@ﬁwayé@uahlyusn@:edﬁ@lleﬁ/)s@m 18e€esi bed

cogf:sqog %@ &{119 ant1a 19 %(r]uearlrl?/réf)z?ceg ?gl?ersaﬁ, alyou? 955 @fg O.[]d to

corresponding to 16 substantially equally spaced rollers), about 24° (e.g.,

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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0.1 m volunme of fluidic material. Mcroliter vol unes

are generally desirable, e.g., when conveying fluidic
worb@sroszad4s to and/ or from high-density nul ti-weCi/us2004/040416

pl ates, such as 1536-wel| plates having total volune

geh&hg% M‘@ﬁbs%ﬁalﬁ%’&{&ﬁ&'s ac@@Id’lﬁ?%j oAt 39l

abot 15" m /wel |, stens of the presen
comaspotding to Lhsgstantiallyemallotpdckd raliees) ot 362l (e(eg. 9.

milliliter volumes, liter volunmes, etc.) are also

CRERSPORENE {0 é‘bw@gﬁé&aléwwlly ﬁléacg%qll@rﬁa apout HE (B{gesent

I nvent i call t des .
chRRP Rl §ehing e ey §Bice s rdcinsh M £54 G RoreG tggponding
td & Mt aR %&ﬁdaf}*ﬂy)spé‘déﬂ‘f&l’é%’b Whdup 51 he (. S&cﬁf&p&fdlﬁé"t% 7

I nvention by vafying such ‘paraneters as the nunber of
sutstanankdy wmﬂigrspami:d hx(ylleﬁs)c abdue 6035 {epantregfonting to 6 substantially
peristaltic the rotational |ncrerrents sel ect ed,
QY SRRREr TEHS); SBRULTRR & RITERRITSHE 0. ! bstapialiyeaually spaced
ro%fefsé,n%bou 56@ erézgc?rrr%g 'o\%ﬁ%@ﬁ s?ﬂ%#:i t]é’lﬂ %E{Ht Psf)gtg %@E)Pero) about
to%rféﬁﬁﬁdlﬂ'gfto R b&AHiF9¥REARSphOR raﬁé@)“ 'a@dnﬁ 180° (e.g.,
condU|ts agai nst” the conpreSsion surface of
ccpeqspgm@ng a2 pulrstantiatidequady lspaced r(pltmﬂsq)r the liko n@ptlonally, angular

f t
o HRRE B e AR SeobE BB BB a7 Y Bt s
afdlot @l i@ drothees of material can be conveyed
simul taneously. To illustrate, Figure 4 schematically

[mmws a d%lﬁﬁ'ohg’l&jotﬂ%@f SRRt theri M Ve s Iﬁgmesmlv&yea RiTRhe

302 frommatertal conveyi ng system 300.
s¥steperodeseniedstienein, 1opﬁ®pn@1tla¢remcntp lgmrsbzcmmpmdste gt feast@bout a

oINS SRR i e R it
wﬁ@@%}ﬁje?ﬂx%(hlﬁ&% rﬁa@é@a\lseg) Jnﬁ%‘fﬁ?ﬁ{ high %'eﬁélﬁl Iﬁﬁ‘lﬁpwglpglates such as

;%gl call'y,” the nunmber of channels™i's sel'ected
13 weld iphges lmvittggotay pelunte qamcetmsahataret typigeily betwden aboat 10 to

@%ﬁﬁ@?"& S, AB s e P RPrEDT BB TP o tes of luidic
rrﬁté?f‘ﬁ?(e f mi19%er 9bluGRk Lm.&svc%m@@ Ie{cS) ardaldo B%l?éﬂall%l)llweyed using

late. Rollers 402 of the rollér Support
thgewtsma pf the m@m:pt B@entame Aaliseo cactypivally seddt yhesdusined quantities
hou

o aBeTigksE-or ety gt S s R RReRab Sonide Ml sxgims of

tHe@nvedtibe rbfyw@@@g $ueh Painieyds 6adhk Yiubhbbd 6280tk @uﬁﬂ'&ted by a roller
systens of the invention, non-rotatable functionally

St@@grt\pé e peristpbiiopienp.ghe mﬁ@twnalslnﬁliemdtwselepféd,sthe FNSHeNess-
se%ﬁgnaef d?rﬁel%%ﬂsgg %l | anllle‘ctgrd etc H%‘P%% tefiflle ?}l quits gmlx% éi “:E}rlesdepth or

€ss vvea on eria
e)(tentglf ,Coﬁﬂael)didﬁ\k/eeri 1olleB gna natdil bd)ﬂﬁﬁ)ts tihaim thﬂ:QﬁHéI@TcaﬁlPﬁHs@the
equi val ents for conparabl e anmounts of usage,
%ﬁlﬁlsl@n@%ﬁ f&z&rqsythie FPEIPERSHIPN SHEcE P éheyi-’ﬁﬂﬁ‘é}th Lymm, ae@ the like.
near the regions of initial contact between the
[003B] er s aftswemelnbedimens, for Expupletthe pmséaltmyp@npfcomemes a

P4 ARSI b S DRI P RS PR
cqjﬂsyed/ﬁinyaltamtlgb ITe iNodttaey, Fidud24 &Slemhl:ﬁry Sioppardetadod
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
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rotates rollers 502 into contact with material conduit
504. Arrow 506 represents the angul ar vel ocity of
woabds@ms7aarri er 500, Cc, and arrow 508 represeRCS/USk®4/040416
di recti onof material conveyance through nateri al
4 : i | . ,
e A, LR P pEh R chiels
sehectest acgprdingipuhe t§0of hoteriah sitaditilized ima paticulat dmplication. For

suppor.t 500.rotation.indi.cated. For exa e, i.f a
o Afiey he BRPEro S hdihis B RE Eas b Forf RO Bty orger o
o s Bl il syoflved1Rtia Al reulti GV dielate U RROELCM2RY tH18118:ubB61t of
support generally will have a roller velocity, VR

PPC : ST
pestpiadiic pemp 308 aredler echematieatlyishewn eFigoredbi t . Waen t he
“roller contacts the conduit, friction wll typically
[9ZdEe t heAlibpughatsitaablordliers e quseiely at activelynoiARibie)@hat

VR = - Vi i nst ant aneousl.y...The derivation of .
ree o 0l odoorlSts PRt gl Sfempryr i mVenion,
nSCERAEH1B it on Bl PERAbit Y oinPOndn®, 8chi R fACH6¥Es or shoes are

Instead, the roller typical skids on the conduit
alpp eptirialy virchr Hawe v, Toedable todlefsrgengrally pengluemless wear on

S r.d.egi , h i Ly .
EPLEEhuyALED SRRSO I AR RFRL SRk Yom o
cdingeehtdaatnonntslof ukddel Ktondhie sveidk kyicallgfifitiely absav@d@rimarily at

supporting passively rotatable roller 602 as rotatable

O RSRAT e TRgOnT BNEEY SORfatiOFiveren ehsaliets apdgondudtsy dpalysiigte this
S BBEIEI AR5 e R g L Rl
sup@0 or c@bicr SO0 trat QpportspassyeRR rotatdite Sillars(F0Q as rof)er Vipport 500

rog%/gs:r% ierns,éig\'ygg%icoﬁvét %g%&?agq%ﬁ g u&%og %999%%0(? F?gre%gr?ts the

arfeRRE L&Efoci@? ﬁPRﬁﬁr 858500, U)g Al WSO%P%Q{@ HeVdirek@on of

mnimze I's type of conduit wear, rs are
maefetiblorvaiveyanae throedlymaetialt coddsitu 564.t Webr tehiop S18\deshown
initial velocities that are substantially equal to -Vc
PRI 1 HieeRiB O ONBFL Rahueqnyo il 0 RS it S04
fok BRSBreRUBRBF FBRE Suppof5098iRb:EindfaRlda¥e} 8 9E3F a roller carrier
transm ssion produces this rotation of the rollers,
ongippért ksopanriiamati wloaityaVdia psssively refplabkirpBerfsupported by the roller
counter to t rotati.on of .the roller su rte. In .
bR R etorafty WP u U ocin e el Rt ielivksgnficting the
cohdaxi hen ther@Re Bofitattk BHe cohd@t, Bhittedh WU tyFictily éduSe R3btable
i s substantially equal to the radius of the rollers.
ro}lpr echgrelpmate, framfYxe @ te iVivge geagosdy insthetangduslys (Tihe clariviagion of

i s T
achERN8MiskGal Ih¥ 8RR tGhisally RRUstonQRe EndRitPRbdRIngSHER A &r near the

that supports
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, Vr = -V cos 0, which with reference to Figure 6 is derived as

follows:
Vg = -V sin q)

¢ =180°-90°-0 or90°-0,so
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actively rotatable rollers froma front el evationa
view. As shown, roller support 700 supports rollers
w@Qts5/08%4al so shown, spur gears 704 are coaxi aPCy/US2004/040416
attached to each roller 702 and ring gears 706
surround spur gears v04 _gugh (bratgwhen rol I er support
700 is rotated via drive Shaft 70 rollers 702 rotate
substantially with - cb‘g Jra rris'gn..6[0075]
Nbre gradual wear is'Rarsoc & dﬁﬁgﬁaﬁééb &3 Bver tine
poi nts of contact along the particular conduit.
Sl)i@odes]c?‘ido%c& H0theéP below, the rollers are typically
accel erated and decel erated at rates that are
sufficient to achi ewgk=téaeosdbnveyances of nateri al
frommaterial conduits, e.g., without significant

adlb@reRcewhEn $a rcbﬂdmew@bed hroufld theFBII&E. AkSortigly, to minimize
material conduit surfaces proxinmal to dispense termni

thistyge of epndyétiuearsiopets appoptionslly @theyy tefatechwichrihag e have
S SRSl A Ao YRGS Bk BB

mafﬁﬁludilh elnGon@wf tthest Bgbsdificate Sor@ﬁ&aﬂhEE 5 plahetasy @adiridighission
conduit will slide across one another causing the
PW&P%*‘rsl this reigHan Pt thegolhgs, Whighhrafatisyis inyp a@r@@onma@s@éwm or

rﬁ% oc?%ﬂ%ﬂé@hé}%ﬂh*ﬁéllg{}ﬂpggnt H‘F%E{Y&édlﬁ%ﬁ S@Lﬂ g}egll et tike is

attaChﬂ(i nmasﬂ;alb/rto rectheotiies nTltesicohi dnet @i gedrO 86bstatially equal to

er ed_in,a systemof the present
R oRE PhrergTiTam Yoo s 8d Rag ERirar sin Lkadusppge the spur

o SRNVENSRERNASsidd RWriveh 8% sfihnin® % roblE i
term nus a mastlerl an Congalﬁtmtg efroecpﬁltggﬁhgog%rga To

ilipstrate] Bigurgi 75%ﬁénmangallfyrd@mdsmpqmommhmmllelxlsuppoamhacstlpports

vaZIlVFP aﬁtaﬂg? {oégersr%Z B ttgcgﬁteké/ a{l gi%gllos gaynlafrglfgra gup?)grt 700
Lgipbft‘s rd’l@ré 70, 2A e8lso MR éBiin gcRRIMTAQI eselkidlBta@hdiRl to each
SMSI ng al so t&bpl cal l y enhances system t hr oughput
and Bng sepss BRO wsrpad spurigeain 70dseh diat wh prssupport 700

is rOftdaRa filive s : @égcglemr%ttee £db aﬁtlﬁl[}?wﬂ% \‘S;g(gg}‘? Egar as

mat eri al condu es’ a
tramshdtsiore t 0 one another. [0077] To convey uniformy
sized quantities of material (e.g., uniformvolunes of

[oi)lw] dic ”M&é lgfldubInwéaR s amgﬁle@fuym@me@oaﬂtﬁ%@e@ QU poikes of

etc.), carryover, adherence, or w ckin

C‘Wéftcé aloag tl@fnp%mléar epdnihc ds descrivad arrther be,l@w@l thetrgllerea@
tyg{(cgfg% P%Jele&?ta% %ﬂz@ gé%geﬁ%cgﬁa ﬁ Ijé{aflzﬁ Iﬁgﬁ)s eggvl%sﬂcgénq %{ achleve clean

canvegmcaeot matesh] fro\nnériA cusduipe.9f withoutdignifidihesdhatence or
800 wic n&lﬁor ad erlngtothetl p.of material conduit
Cagy9 Ver RAFTAAS (R BRIEHY qopgvit sirfageppiogimal ip dispense termini

(ecﬁf‘ afbpenYe Bbs, WBLAEY, @lc )R IHINOMERANENRHuitd. AR HRAYL S
conveya ce ratés t'hat are too [ow to prevent the
aaeelestioalis glreawr tihehd frgtiboaldatce betsueeh dreslleds ant éhe conduit, the
arcgedsuofI the 1o ‘[:e(r)sr gnc{] t%e %bn&ult w esrhldg tagrloss one another 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

above.
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punps of the invention are optionally configured to

decel erate at rates that are sufficient to "throw off,
wexpslos7aas ej ect the sel ected quantity of the PCT/US2004/040416

particular material being conveyed from materia

[G0Agflui t teA e‘i’ist ‘f{ﬁc,ln;_gﬂigé ]Ffecongespét@:ho .I&mr%xﬁgﬁvélnﬁm

outer surfa t term
typidaustgmaﬂraﬁs ﬁnf@uneat matesabccgwayﬂmcé or flowaites atdeageproginhal to a
and absci,ssa.i t hat schepmti cal | .
oIS A B B GO aNRR 4} P et P e P eie 5o hferminus.
Nbﬁ c@ﬁﬁc@d[g i%%;l rﬁunﬁ‘fnzte@ﬁle'rﬁk%@Efo@ﬁcoﬂ%%ﬁ]aﬁf@ﬁiaférﬁ%l{e\é such
epi c

ure general i zed type of steep
as:li‘ét@ evedls altsposﬁdgl@mulhawell Bla@’s i Mareavet,moscpelactahatgriaitdspehsing

<RI e SPEh bigtibos eiRaficer bathi e rapdngeria

cEHdES “seaiel y18kudh Wi MAEHAE aff difdeHbcd 2k @Rerk? icBfuits and
di spensed froma tip of material conduit 1002 w t hout

mRjegiakisiigs @kg meved ielativptaphe aiiedti ments, for exanpl e,
the nonent of inertia of a roller support is mnimzed
[00G7br eventogonueyrmifoymbsf sipwt @rantitiesfof amaterth é7. £ nynifa@mayplumes
when t he

t f
o e RE it SRl bn b ng et heniretigpiagherence,
oot of ﬂﬁ@nmﬁer@ﬁrfhé@s%f nfht G R chRlufR R gﬂ ﬁr@fi{lmeﬁ ® dispense
exanpl'e, by mnimzing t he wei ght of the rol

tesmpp sheuld amlddrth ercﬂxamslﬁs Figwe 9 ntheolatieally szhpws ta;cpwssabcttgonal
conf ured t ce e eristalti t.or.

ViR B b PR BRI afndiv e o B PR

candun8e2asactl emedriabeetkink typREIP 6L VRS BE qRaitits behbiesial
punps that can be adapted for use in the systens of

belngConpae from afanduiyas AapnecyRReHates Hiajaraap e (o prpvent the

m%&ﬁgle{r@nazldgéfﬁg% oéi\ecl‘ s %elé %Znﬁ% cond 't ﬁ,ﬁ)g%lhgg},‘ ﬁ{e{#aﬁgtaltic
pthpnefcthe ikhtiorAEHE o]Shonm%/ ddﬁﬁgsﬁeﬂlt@ oGt sk hiitare
arrington,

r.man Bar . L, . USA), ) .
L%?lsntﬁﬁr PGt PR e&ﬁﬁi&ﬁy ee@éﬂﬁaﬁlwf%@paﬁculﬂ material

A n%nrf k{u i %%&?{F}%é)g@lﬁt te?@ﬁ'ﬁ %Tciﬁxtout iy s wllckéLn%on the outer
suEfaseraof thaterial(deaidvit teammmi. N, illuSkye, Fl\gmlré %ls f@aphlrénﬁmaueks

VRSB o eeClR el AT {HPEHEUP TG eie; ARGRLAAD Selocit
proBRY) accafihg fdeorel debodibtit lof Q{éelhvéiﬁ’ﬁ)ﬁ' IMork Qﬂe%lﬂdﬁﬂ%/thigure 9

rotary punps are described in, e. Kar assi k e
depids 2 enapelivs dEpeot siep dequleratipied islutifsedptarsixpel aliquots of

m&éggg%%lﬁggpﬁﬁ Q\%lith% rx]r?atérf %g!hlgﬁé‘ g&gﬁgﬁl ey 11B6{[T%§gl§1gure 10

sc‘hbmahca'llllyeiepﬁtsfh trosRsden bl ebwoyf vainae enfleid 1090 bMaklddN¥ensed
The notion control systens of the

frPWetm ?folﬂa&eypl} coadpy 1007 withautfitid paeking g cadrin erhedimens, for
éggﬁ% ehd ﬁ%ﬁlenf@f 1BErtidTor Y @S Her TP R:P1s fARARTES & #Bfknt a quantity of

vers, us
material from adhenng to an external portion of a material conduit when the peristaltic

pump flows material through the material conduit. The moment of interia can be
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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interfaces and software. Controllers, user interfaces,
and software are described in greater detail bel ow
woeenisgsal4ti ¢ punp drive notors generally incl udeTals2004/040416
Ieast one position encoder and at |east one gear
ction
e oF CEat Blzps FEECR, B¢ dirBRuIb uidih Ui Feld of 1t
m‘mmmn are hoai kplestrapperidovhaets of wmtrieﬁnddlsk@helrsmnshndmg, e.g.,

AECRBALSIER el 0 560t D AN~ AR -Enledhdon GO

ASIPERBY HERRARS (RALI QP LR [(Rrmat PE Bgﬁﬂaﬂtecmﬁlﬂﬁ{ﬂg‘ﬁdﬂ IL,

typically includes at |east one coritrol conponent -t hat
USeM Cele-Haosert Inenurfies dbanpany ¢Nemoh Hlﬂs,tIheU&ﬁb drluidNMe8dhg Inc.

SRS R AT B LIS e

(PP, NJCUISIASCM@HeﬂPeﬁﬁ@clﬁHfHGmEM@cﬁ(E’ul&@%aﬁﬁat
are o tlonally utilized in the systens of the

Peﬂﬁ@@ﬂ}mr:ms'irw@ﬁ% &Shedtog, CT OGS Asr Resraddwiversqldngy (Anaheim, CA,
U?Ag,sa!?ll %%(?] hgé; g&("ﬁ'ﬁo t&[atﬂtSBf ?ﬁg to@gta?f{)ﬁéﬁ%%)grg rdgsc&%egirf e.g.,

Karnégik st alofEdsb;aPlhmk ﬁan&@csokofrhé Mc{}rhwalmlamdmpdmse(ze@()) and
out put shaft that can be posjtioned %/ sendi ng a_caoded

Neé’lkg Ry eiled sty Pompst endapysnials with A@phentiops, CRC Press
(159N Uoh H0BoMNALBraBRY RERE, the output shaft

changes as we epper ‘notors generally use a
magnetic field to nove a rotor. Stepping can typically
e (Pﬁctg step, half step, or other
IVbr ac éﬁg 2@ﬁ%@¥en€nts Voltage is applied to
[0 ]esar ouhbe tioeon obmirol syftemy of thadevenkian gygscalllfénclude matched
oI arity of each gol e, and the resulti n%qmacg etic
RSP GhA RN ERrs: HELop JFYes. RO HACPRID AN ISEINE s et
1ntEH%@és 4l SERVGire. TCortHIRE hsdr ulltHﬁ’Bd'e@t ﬁrd sbft@feard described in
schematically i'ITustratés a detailled perspective view
grazteniddtaiébefowo rPea@t@Ittcrmmlp diiVeudetoraggnesillly inriudenat dehst one

oo e et S B b A8 TR S Bon G SRR B
in ﬂ%“@fsﬁe]nﬁsYoﬂ tRE InveBti oPtypIcally intfle( € gJservéndidtt Qeppet MBfors, or
DC notor drives, servo drives, stepper drives, étc.),

thepke. hlmmmea@nml@pmac@gdmkmom #ldhe eysteragref the invention
|, ud
TR g B SRR T I sy Sy B B

dndélmﬁfhahi)ém t§pichiy fictidesl et 1eh@ oh¢ t&dtol dbllnp@neﬁw t}ﬁuéffédﬂs position
servo notars in closed-l1oop notion control systens,
fe%‘?@{; & cpiEeliaf $if eback and corrective signal s
timze position and speed accuracy. Servo drives
[0 Qln i nt ef# smiededistdbone.dbamoypmentraf peristyltig pymprroller supports is
typ?@%ﬁ}\é\gf;ferecé% ﬁ'l%?()erp gFIa% gx%iéct%f {r’(r)l t}zllé gﬁméo E(gﬂxﬁﬁhl/ Btors that

are/@bderally, utlan@kl mﬁe kestahs ofthe Iﬁn@uﬁ@n iklzhﬁler@gcabmwdmotors
shows X- and Y-axis |inear notion table and position
(e-go dUBHGES OB BEA GROET VPEY, ASTENRRANTAI(§g- ingughifn or gearmotor

tye8 D QA FRP hnofirs, e YRR, 'oPhe like. Servomotors typically have an output
shaft that can be positioned by sending a coded signal to the motor. As the input to the

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
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X/'Y-axis linear notion tables are described in greater

detail below [0082] Suitable notors and notor drives
waneosgarsasal |y avail able from many different ceameisgioal40416

suppliers including, e.g., Yaskawa El ectric Anerica,

atdtfd WS URR volthde cHdRYs théNKaly HeacISpSIBMdhSrestiRbe

(Ri chnond, VA, USA)j, Enprotech Aut omat | on Servi ces
H(agnﬁlwmtﬁsactlombetmﬁ\)the p@pmmbtﬂxe rotnecausy the s¢rar ghmovePAo

R QYA B B b i PR g Mo o e
nyGit 3eschhtifclufddatipiaigeencoddf, anlplar red ki o R e Snaterial
International, Ltd. (Syosset , NY, USA), and the liKke.
CQ@@Wﬂ%@H&Pmdéﬁﬁgﬂeﬁelat|ng to notors and notor drives
are described in, e.g., Polka, Mdtors and Drives, |SA
[Q08db2) and hespdiens hﬁtheénveaaltion alse genpraldy inBluds matersdrives (e.g.,

P f - Ph Publ
AL R AT Bosd Bl e b MR et Byt as
iféoBicEs EBINEn SO JVISkINIH N (OEVRENERHID e hB82denitd) H&Q('S[Qinves

enbodi nents, the material conveying systens of the
incidernteartad et coniiol fragires. &;meﬁmnlien@e%ﬁapmémmalmmowde
I I | ] er
elgétgg?l? dt nﬁtﬁ rrtlg géf}g(? gnc? (?lai%il 81%9%& 1%0{) otloggglﬁ{ Qs ex%s awﬁere
pmﬂmofeedbadk&ng elﬁécai\dewgiatsuqﬁm;m&dpdsmdﬁmﬁadpbéd m&ﬂaby Ofervo
mat erj al condal ts, and/ or material sitesrelative to aone

da¥fsttidh ntessaled motion GoRGAeITERDSAnd(Rsse RSP thatcicerm fegback,
pﬂo@ﬁﬁtcoﬂﬁ%n%oﬁ%hd QQﬁgﬁfve srg?ltals' %@%ﬁ)ﬁl&% @Qlﬁo‘ﬁ 34888/, bnd

the material site (e.g., a
acsglesationt dligwe d2)SChdnmatadﬂy Shams X4 dmel Yf{amtsrlniehemotlm table and

typi cal l onf | e aneousl ef fect ation
PV RoreptyeRapnisdhifbies L nEadRouhi oyt b ke g6 e Tvehtion.
XIMetaglsl Ileaf I0EUh tablANEE 8EscHB BRI Abats de@8l Begbw@l i ve to

one anot her such that the material volumes are

[oeg2yeyed &qittiie Mot bhe *ﬂ@%%v@& ad gte erﬁﬁﬂ g%ﬁgﬁl‘frc'oﬁ%{ragy

the rel ati ve novenent o e materia urts an
diffeeentraommesadialsupplécrs monglng, c.2f Yakiwh E@ﬁatﬂdenﬂg'bm tidc.

‘on-the-fly" terj .di s 0
<‘?§6@ﬁgﬁ%nﬁn P4 kit ERae Rk KiHmoa s,
feh ARdmhtieh SHVRBS (Dh SRR WAL |IYS@)5‘\A§3I@£@&1 Qﬂc @ftﬁ)ur h,
nment members positioned to receive, e.g., each o

PAhHngQwE%IV@f Canttels Incyilovinao §14ai WieA), %Sewné"wplhr@logy
R B A N e

Inkdrgatiodal LS gdsewin N'X.0US A),nad ﬂsd laitd, NSOk idstall rSIRQHEd
on support structure 1302 of object hol der 314.

m@@ﬁw} mgiqr gV ey @e figerribed b 6ra ol Metors| and Drives ASA (2002)

an%rlﬁ% edrégéhgfllﬁtea}.? @gm%' de ﬁé%ﬁlefs% %!r]_lrﬁa%&%tiﬁ&— g&%g‘lt %&Sﬁt Magna Physics

Pitlimhingr(19380D0whizh atenootk i@ooigorped by wsferense. 1308 and one
y-axi s protrusion 1306 extending from support
structure 1302. Accordingly, x-axis protrusions 1308

Vand PaGSITIONING 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.
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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protrusion 1306 are fixedly positioned relative to the
vacuum pl ate 1304, which, in this enbodi nent, acts to
waabwd/oa7aaul ti -well container in position once PCTh&2004/040416
been positioned. X-axis locating protrusions 1308 are
rélAN8LS bkd afother. CORRESBiEchpdheAR tFRXAIE iBMLEAG8E offe object
mul ti-well container (e.g., a y-aXis wall of a
hedderrthetiis strupfusadetp suppirt teymaterdalsito (¢ @ist onwlti-3GH pilate, a substrate,

. w th . V-axl S. f f.th .
LIS SARIE 2 ol SRS L oion

of §08&]er Shippétk baM FRAEaVIR POSHiSn SR ndexial OAENANBIOR material sites
| ocating pins, tabs, ridges, recesses, or a wall

redaiivede e ghethensichithas the majsriak wlpmes ariseatayed taor faem the

nfaleridNaR %&n@ﬁf@%ﬁs it ltllrgjl%fati@e %’(Ijﬁv\éﬁ}%Ptsw tfl?ﬁﬁtetng Eonduits and/or
contacts~a properly positioned multi-well container.

thEmeatersd siabs,@. ¢ povedfkcshiph doeugtiput o gs-Ayvenabfisiclispehsing.
for exanple, roughness of the container surface that

[0084] act s Foepaditi@ilAR BlonFBWE @ifferdMexbs eheddbjédtMolders of the
calignment nenbers al ong one axis and one ali gnnent

IYERHSSBCRPENL have 0B eHME@remaligmeat members Hogitiched toeregedye, e.g.,

' B 1 ni.m. ze . of .surface
LB ADRHOET AR BARORITLIAIE 2 PE ISt 3 b0
daaitedgierspecti Theiemuitdbjeve hbldeoditbrawrmarendl a6k geyidy $etem 300 of

points, along the surface of the container, so proper
B g 0 FOR AR5 SHUGR L U ritEC LR FHREORGHGRHGIS0Z of
ottt hafier B4 NGupsGHsRIctlR9802 sl VA J%ﬁpgﬂ{e%h.s PRdtrusions
the invention apply specifically to f%e ositioning ot
136 d {1398 fundtioness aligementseemberst Rbe thsaated embbdiasnt Fbthe
ilLlustrate, yg.crotiter plate 1400, j,.S Shown in Figures
odptaite sRETTES by Kgrd P e 08 o Sg g raiarrotfiesion 1306
exdéitngliidhA %Fﬁﬂ shasureran2l IHc¥idivay, SBPbRelohs 1368 and y-
hol di ng sanpl es and reagents. Mcrotiter plates are

axdy/piofrapea 1306 aropfizrdly nesidenedatlat verisl the weduum plate 1304, which, in

' ' i ngl udi nl v .avail.abl e pl at
oG 208 o L0 AP TRRY YEL ol By
pasitionsd. Xtaxis [dcatigg pripfueiona 868 irbabndthueted!th tospapatdedh an x-

areﬂ%val abl e froma vari ous manufacturers including,

axds Yirtaceplep mAHU AR} Fonsaiessr(B-2-- @uakEs Mallpf apucrougaplate), while y-
eGSRl GEREAEN Lo Wil S e
(ergagi saniawabiofedgerdetplate).i t s bottom | n addition,
mcrotiter plate 1400 i ncl udes bottom surface 1408
[0B8F]ow t heThehligranen ntinbchecl ), forexR@blepIvcatittepinBeitsORlges,
surface 14% i s separated fromouter wall 1404 b
TeCRSS S nFenty ateHbare. 2B Blediksg In pesferter gnbosimegrisea 2ligameat
ERB&IN | K .
R 088 i RS BB, Din L p L
cogtatrfeacEhel 41880f Abtived glnfackh enieimiays the effecref] fat exahple, roughness

upports 1414 i | i gnment nenber receiving area 1410,
of Hitbeptateairiaes el pumats (hesbenmeet meher ierseal twordigament
m@fker@flon S HRAE a4 fnd%Re @fighhentQHdRher Wiy the second axis, as shown in

Figure 13, is another approach to minimize the effect of surface irregularities on the

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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1404. [0087] According to the invention, to position a
mcrotiter plate the alignnment nenbers of the

woanmisasTeas station are optionally arranged to eODpS2@YB40416
with inner wall 1412 of the mcrotiter plate. Inner

[0086] 1412CefaRdAYaAaenY St Mleliﬁx%%mﬁ‘%pplﬁ}@ﬁémﬁ@dllly td frle2

|styp|cally nore accurate@g or med IS nore
Pasitinnslgy ofbinselitar Elatewwhq:ntua pethe nmtfe,rral @ﬁeSt Heo idlaptpite microtiter

PR R P SIBRATE, BBt U g8 v

aré£1402, whivhefas Wednly 1ﬂ&iiﬁl)1alﬁan@>ldﬁv6ﬂ@fdrh@fdnﬁ§ @ingplésedndtreaRnts.
to alignnment nenbers i s‘w%eneral ly preferred to
Migrpiiter Ritesi are availabletia Wisle (Varieti oh sample wgll copfigaratiqnie
I S, t
muﬂafng%%%{{nea Yab i O afls G, ﬁghgg%ts b, 199! 344985 D36, or
mpesgelBl dt thld bel appmélafadglﬂatdmnﬁmte}t pﬂlate:sr atiavalabpe fab@%, various

NG A
N@E@In&%&%loﬁ@@%{ halier, WY I'U@Q) AN e &l %@&%m‘ﬁlﬁt{@ellﬁb@ has outer

400, m ni ma ructures are needed a cent
wallil404deaifig rdg@tlptltlan edgd HO6Lat fits Hotremndn additionbuiciatitarpiate
h r tr ort i S abl to readi ,a
1 150 PR s LA Brigv S Pl o Br ot B R aive
Bt burfede 140848 sdpaedi@bbtofmasitdrivi Al RAO4YHIEh BT # ﬂneﬂber recewmg
pl ate 1400. However, it will be appreciated that th
areg 14)QreVtignraeni enembar regepting giead 41 Eﬁrbqbléd?ﬂ bicesirfage of outer

LA A AP Bl AL BT
miyhiee ionye hitd:lﬁhsup@tflﬁs a1 4yini atighmneet 1ABRDET rebBViRg @136&61*2!110 these

menbers. The novabl e nmenmbers. function to nove
WA S TSl BRIt BErE 1gReT Al HZi @ﬁr?@ﬁfmeﬁéﬁﬁ@qesof thepputer wall

1494anpl e, once a multi-well container is placed in the
general |ocation of the alignnent menbers, the novabl e
ers ( erein). nove. t n
[Oggﬁ?ha i a}r}g&}‘fﬁgﬁ H‘.‘l? 1218? 10% lo osithon %hctré}ﬂtﬁre@ eeﬂl? %1gnment

meabdracst tha ddnta@ﬁt& stuhoﬁmrééolﬁfonhnyé anithr GANE 6O PR Sfith ifder wall
t he P05|t|on|ng devi ce posi ti oni ng device can

141206 the @iraptater Blatey Janer il H!;lzdﬁ adypntagsAvdy Head. 2y igpgr wall
14206, Obi Ry G &Scuri@ly BXANPALRY is gn&eé{otﬁag%&&a@e%ﬁﬁthe

ave one Or nore pushers ion a
peumet@ iofiéne sdnaplg vl axeagas sompared tnaen mtemwale obipldiet 1400 2duch as

rs,tha sition the container, alon -axis.. .
wiBIE st B it e ot O LATHES agricrotiter
plak kd1htiveNtot dMnAfeht m%ﬁibef%,)@g&{e?allyaﬁr&eﬁ%h k) Ql?érﬁn% §/P¢B N GRter

pi stons, el astic menbers, “el ectronagnets of

wa%hgwélt@ weledd0Hr Theincreased pdsmolnm@re@smnmhmbumdxtamn@by using

o 55 081 5 AR R B S B erotin
plated) eebihmant 538 wall pRdsaiFiethe:s bthh@ng @fe ﬁignﬁﬁheﬁémlaeﬂsq@g
havi ng pushers for positioning a mcrotiter plate

alignmery DFetHsioRe1306:310dsI 398y cedperaje with gnjignes h‘@l\1ri412 of plate 1400,

minimal structures are needed adjacent the outside of the plate. In such a manner, a

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.
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in Figure 13. Wen the mcrotiter plate is generally
posi ti oned adj acent the x- and yaxis protrusions, the
woabisosTaur f ace of the microtiter plate i s di r ecriug2004/040416
above top surface 1310 of vacuum plate 1304. Y-axis
[qw8Sher 131Re obfcERol8Xk @R e ihiditied befdally fdhiHel dhe or more
support structure 1302, is used to apply pressure to a
Hgsw@blﬁ gegnbpss.\whhe meyahlp gembersoiunetion qsw raee 2 Quitdine against one or
t a 0 he mcrotiter
iR bR B EES, RreRinBlbfe BHE PR TRE R PR in he
gasnemi dxtdat1en of kl&t & ghﬁlenumhmﬁeﬁg@ﬂe lﬁﬁdva}é}e&ﬁbﬁbé}ﬁ Qlefrd&d Qushers”
1306, xaxjs pusher 1318, which extends through sl ot
h%@?bﬁ’&f"%ﬁfp%ﬁm%ft bt anealignment susfage afithe opi@aner rin contact
with 3%é 8r Wedré opfhe aﬁ@mﬁbﬁtﬁﬁéﬂqﬁéﬁ oPHRLR ftl%\qﬁlr ARevite2Fhe positioning
protrusions 1 thi's manner, the rotiter P at e
dgviceamo lnasie @hsheasn%r poanomeg pf ﬁms:ontamee dldnglcmb ioy mob@ivtes For
the xaxi s andg%@ax S rotr |ons IS sgnetlnes

A RFEBI I T Tg 68s arporsp s chtimesigon o
cofldifer@ford1gh RusREAR &{érﬂr%re aAditiBRe é)u\éﬁér% 1k W@s%on Tl'lllﬂ

mcrotiter plate rather than an out

Ccﬁlﬁ%@ﬁim }’-at(h‘e ﬁlelpgmfhcammgmd lanmlegrwslhmmsl tartieose of skill
titer Thi s, | eaves,the a

g B R R OGS PRl Gyt Hap P Spert cBifiinagners

orfutiedr Mine S géah&hvé@ hd e e, vF sembinbedds@h&edl, bl BIhRE for
devi ces that, for exanple, place the mcrotiter pl ate
mEKng e RYHBHISO. 25 [Q DU Cortaingrsdpiogridasired position.t he
obj ect hol der enbodi nent shown in Figure 13 includes
ﬁéﬂu um pl @ne C@Odlmﬁhilépf f oprainongatien of anathgéat hn@ieﬂhﬂﬁﬂr@

p&s@g??&%o%n&»%ﬁf N e T BN .
inFigire 13.1 3L Beraghp |n)dbliwt€§ idte Bl @AErafl9 peQtibReddBEdeaLihY x- and y-
place the mcroliter plate, a vacuum source” (not

a’%*HWH?SI%% [thesBottpny setaemof Hiconigrotiiarpiainis dwecttu@@@vqa topourface
13&@%?' YR RRE Pla@@ﬁ(ﬂlr T %{ ﬁ%ﬁSlf" \th% E)r(tég?sg] tgl §§1 gm;l?sm in

applies ait pressure t
supporeﬁtflmureméms mltsecbtfo atpbly magsh&rts» a )[ 849 tide wnlc&frthé@initrotiter

e % oni ng conponents._al so i ncl ude
ﬁsfl{ Céeﬂlt W@g IF%FP e tophshAbg icrafiise lagapgaimst y-axis
pr@?@shdﬂ 04 GW%QQ% AR 19&3'1%’ ?%EH @émflﬁﬁ; 5)% H)‘P%\SHE 1506, x-

he X/ Y-axis |inear | on es a
axig-paglsr. 1318, whichaxtendsiudughesiots] 320iaf (sappom«ttnmmré aM2$$s used to

oo § Q0L S R S 20 s o U
m@ner, i G otien pla% 18 -accurht¥tyaidrédi fﬁoé?@&ﬂe@r}elfaﬁpé B6th the x-
As an exanple, Figure 3 schematically shows object

aXW&néé/raxsa PrOfisiona dliansometinass agdvhntagenus nadthiongh hatirleeessary, to
| N

hayethe FHRbI O By RRRENASH T eSOy REPPE R bule e ey than

anoated wiail. swupohits ahﬁﬁgiﬁne(rﬁ @Re alegrnent MRnEerhn CRUREEHs bire

upport head 310 schematjcally shown in Figure 3) that
uné?fgg%lil fhe wisrptitshalatsr s leayes the aied srereungdieg theexteroyef the

plak 8890t PNk that J8Rd GHRR Re interfere with other devices that, for

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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i near notion conponents generally include a sol enoid
notor or the like to effect novenent of the material
woandsta4gupport heads al ong the z-axis. As deBCTiusem4/040416
herein, positioning conponents are typically
p@éi’tﬁkfﬂeg db:@ink Pin PR ideh DoSBbE Wath Q&AM dis ﬁ&éBQPIﬂZrh%a%axm
th sufficient velocity to eject adherent materi al
pltSIhalt 13&@@@@@& soffésdient fvsde tp @rftcn&@bsple¢e fira maieiogiter plate a vacuum

SRR Tnget AR TR ey 1 B4 P 3RR P Bohines

ofinley 1334 m@p@dmade (ot gmivanlagbh&wﬂpuegsuwm@@rgh dhedeisne (not
For .exanpl e, certain material renoval heads are

shost iQeffestimogcment; ohike PYsIels. r erove material s from t he
wells of multi-well plates, e.g., to effect plate

[0RA%hi ng dImrqeﬂgin@@nb@cF meatpprSﬁmndm@qmmetsiaéao inelrdey XV Y-axis
heads ar e |ca structured.to prevent .

ifd0 B Felok R eRbihc HiabHEL ePrhilh BRI cnare! dspvgp ht control

maSeri®dt Of thal X/ Yad:8s [lﬁhﬁﬂ\ltﬁéiuérf @Bk ARnRIat 9. Y-AREH. tTh @B@din
details relating to material_ renoval heads, systens

erpbrflimentatlingarmptiera sablesrae cenfisuspst fognavd guly glopeadiney axis,

455, AT YK Gl I LSSk RSB G . v

lifQr #6tipHBB]ese mslahl @dlmﬁld‘\TEgﬂrAB sBhAMAal 1 {DEM WsEShject holder 314

SYST I\/IS ND fil eg%‘f‘prl [ .8,. 2003 by M ckl ash
mgyntgg o }Dgalr HI%IPB dabig &20- phositdening pemapofentsgo generally
inMaté Zuailsqméﬁf m@ﬁ%%bﬂl@bﬂ&t&@ﬁpﬁl@ﬁﬂk%ﬁémg Qf)ﬁﬂlﬁpﬁlppoﬂ: heads

thereof can be utilized In the systens
(s¢m e@ntmaserial condyetr supportdwhd 31 Oreshiematitdty ghosnpih &igure 3) that

det abl esi materi.al sit
sop i LRy B et oA snedhar o i e Bt afl s
liRAr ;B8o0EIBEdnehR| Lpem9findIid £YHERITB ntRSCdr (RE AR Sfelt

are detected. In sone of these enbodi nents, orifices
mayemesi 8hibs aepterinl 6apAvibBirRert Neaduapag the Zaxds.| As dessribetherein,
poq{‘at{oﬁﬁlt 'clgp‘lyog&tg éﬁret tgs{(]:% %il é&lﬂgu?tde 1o n%) etfl?a n’%gffqa ﬁ?%quétssuPPOH

heads with @lifflﬁﬁhﬁle@ht}‘Btd Gé&ct @allerb® st sl thtedhérds &08ernal
enbodi nents of the invention. These or other types of

POBEPRSOL MpTRh FRNUHS: T Sertaie cTabpelimesss, Znaihbinasy sasien of
coHe B FS0 inch R e B RORSHG o o Projmp g gpaterial

condT MWE[DGRRE(HOBIemn@BJ ETihiHla R Yerfidabbealls aes ékiﬁflgured to
Pat

nowvag&%/l}i gttgﬁgfstfa %’Pj th.e,\)ﬁﬁl[s' ?mﬁ_l-@ﬁﬂwl&qu@g to effect plate

T
ARG AR GO B T T

DIt CIAfptoNtaInatEn 492ns 28]ls efmiulti-s! o FRBESSHIE are removed

o PR R e Jo A i g iy o and

related, methodzthar e epEBnAlRCATapRH FbetkeByitk ﬂfe%&ﬁ%@ of 1HeQR&knt
In sonme enbadi nents, the materi al conve stem
inyentiop are Rraddediss e & 'U.S. Provisional Pat. Appl. /4 1,638, entitled

“MATERIAL REMOVAL DEVICES, SYSTEMS, AND METHODS,” filed April 8,
2003 by Micklash II 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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| east one nounting conponent that nounts at |east the

peristaltic punp, the feedback conponent, and the
wQaQsi5t05T3i ng conponent rel ative to one anot her PCThiS2004/040416

nounting conponent is typically substantially rigid,

sifnalls protiadddia¢ alReid 10 @ﬁ%ulﬁ[wm Plates "RbStrAtakerfideatetc.)

can ‘adequately support e ot her system conponents
digpaspdhgn gedt baldsfs afibe systamesndeswibeddiervinianaietected. In some of

R T L

deteiipan @otfartididiiugdiate, Sbjedcheli@s opfokdl§TdniPRise heddd in which
conduits (e.g., tips thereof), e.g., when positioning

milginpethelfes orelker iprderial Sies Gan melgtion@d Hx someesggbodiments of the

ing%lﬂff)'nwfhegeoort&ﬁerctgﬁﬁmf Q%ie%?@@@&@ A can e IGFHA R systems of
above, for exanple; as tflurdic materials are

thel pepeartsevkntisn e ddsutibbd iipe.galdtyrnaticded Pupli¢dtien Nd. &0

ool RIAEED P IaN SR PR e 15,
zc{)of@ 'H?/\{\ﬁginﬁﬁi%ttalﬂ.,e[ﬁ&ﬁ%oxg%ﬁiﬂh%?.l {z\n&pd.t K. ém%z?g%feh@ﬂ&h

a tlp becones coate It ten
“NMULTESVELIrSIGNTAINER ROSITIONTNGIE ¥1(BRS ddN» RELATED

SYSTRRRAP L and R Rpevleh 20759 BiRo S8 U KR Sona

Pl A1, Wb Ch024D 1YBLE leh il Sd BNONIPREISSRENSAIER FILIM TR ANSFER

selected material sites and/or are di spensed at

INd#S A& RETEGTEPNeSY STHEMS ANRLRELAJE TBROPSndlad dagust 4,
ol DT . ot |
200880 HLS S e S PR WS ecanee
O TR S5 o B s
ledBRbRE hdlintirf ASAFdRh hatheansdt hQMBrRtdial peap Ak Feedback

tips, e.g., between dispensing steps using a cleaning
cogmepeiiesitd the Pesitipaing cempoténteslpigvento ankanpige ntheomounting

. j ts, for. exa cl eani .
cophnc dn Bet TS s aT iR s P EATRL FornGleg DL Qg materils
thhteas bdapatedy $ippos thébeOsyspnOXdBdneh ddiingldpeR€ion of the

positioni ng conponent noves the material conduits such
SYtR®t an applied vacuum renoves wi cked or otherw se
adherent material fromexternal surfaces of the

material conduits. Typically, outer cross-sectional
VHiné%%EéﬁHhE¥(¥N@TKH%ENﬂ§ conduits are smaller than

05 at £ ot e et SERIGHAR uiep! OGP SVEHEEE onchany alpigetue
cldananzparpenénty ¢ pecdtiveairsd evelah naetisinonbeainb@rg. i3 2hatof),

cl eani ng, conmponent 1500 according t o one epbodi nent
C & VRREDGS § CHRPRENSHBRE t%ﬁma@ml EoRitpiag keastpsprma) o the

o RS i UL e S0 e

dispensedc st floidaypiaeliuwickoupdie ¢utet susfaoewn] maskiriabealdoittips.
Thlésis %egﬁ% II% | gﬁgﬁigna %&%Eltg ith tﬁg gd}:ll'esrgligt flusld 93' ﬁc’dpt) ?esrggve Vf?orm the

tips, because as the surface finish of a tip becomes coated with fluid it tends to attracts

more fluid, e.g., during subsequent dispensing steps. Moreover, this also typically
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
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1500. Oifices 1504 are structured to correspond to
material conduit tips 1510 of material conduit support

woaeead/ 055338 such that material conduit tips 1518Ctas2ie/040416

| owered at |east partially into orifices 1504 to
siﬁﬁﬂt@&touﬂ? pehseRroAPRGIBIY n{Rd A cahddsI UL ARLBLEAL wicking

conduit tips 1510 under an applied vacuum Figure 15B
tesdhterpacirod differertirafes atahesm atercé canduetdtipsr dswosbingly owmmked

vi ew.of nmat.eri.al nduit. tip 1510 di sposed proximal .to
el 8 g R 18 O disH AR g ORI ooy R BEvBER fPBpsing steps
usidyea Slesininy/bompddnt iGetthin @uihod@mehts ©F theSldentidn. Mat eri al

conduit tip 1510 is lowered into orifice 1504, the
[08950 Of Ol dohferdbolindr®s, RSCELATHE, Sebhd dMpo¥bnts include

increases in the gap that renmai'ns between vacuum
vaghemisb amb&d Phat nampedeant leabt comadifite iniqorlFoginzatdo phidhghe

Ql ot hecrvvi s% rerm\ée&eadﬂer.em tteri Ithfromt e.outer

g iR SO R m R B R B eRIFL St 168, 3y AR e, SRS

reBlo@ePPickedat biiethiSHRREdnt @ratbrial 0OnSeKtéRgERrREesO (RS Mnaterial
hol ders of the positioning conponents of the systens

copfluits elypisatlyt Quser. crpsspogionas digpensions of thegnaterial ¢andyitoars
Lfices r ri sk of

ol BEHAELS IR SRR O FRES, PR Bl 150

schahatidatly skondapirtitliypsadparthepérspetias @ichoveyae duindhambsel 502
orifjces incr ea%&i Accordi ngly, caonpliant materials,

of glpepingopppnEnt presrding &0 Bpf Puhedimpntpishe sugnboRr As shown,

DL S o AR DRI DR LGS S vt

ouplehBY0M, whichrie thpomlly updratdy evnhgdiedto Asdcoumessowe (not shown).

APRORE gt Byl Fofd 480 Frtpgecd avB ekt semponent

1500. $R#ced DR0PAk bir€@Fred LI &P FPRGIRBNE Shduft 3ips 1610 of
tips are lowered, they puncture the tape creating

myefidcopdizt suppertthpgsl H8|sycly rtl'n?fg maligrial spydrit tliﬁa]rﬁmmn Ibe lowered
 ESARAROTh FPEL SRR bt B o S e

cobédingpsl 310eurdeidsn @ple@tigasnef Fighfe 18H &heindtitd1R 118Beatda
effect renoval of adherent materials fromthe outer -

detgiledl sra8% SetiopHeyiew psmalgripl campridS IBCHERgsTE PR to orifice

e r{ [ s o

1sBH0 TN st AN RS O AR, YCHETR AR oo 1504

Asamied alnentlsif tip d51@isdowéred iatot @ifiver1364 ohe arcamif erifiab 1504 is
condyit .includes a tip (e.g., a tapered tip, such as a

degrgaslsugh ‘fhtah{zA FTC&%")%SHE o § % fhabrsmakpptyVRRE YACHPm fhapber

150D end Al cHdult$ipaSPOeLd B11S 8r SRENASI R dves gdl%rent?fﬁa@eﬁal

an insert. The size (e.g., internal cross-sectiona
frogn Hhereiteys)rfades ohmatesinbeonditagntilidt (augm, chanrberst arb opigonally

.etc.) and/or i tilized, i s ically. dependent, at

aisppSea) o 31 S huthdds ol blieds 8RS ob Rl PRioling RRE G ofne

sydthr@s uf e @sveniio®f the material being conveyed, and the
i ke. Although larger sizes are optionally utilized,

[009%Yi ti es Al §BasReidnl SuRhs TRk OF hAluuGPAtMTeS ofRdéLdecrease, the
risk of contacting vacuum chambers and thereby damaging material conduit tips as the
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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tips typically include, e.g., cross-sectiona
di mensi ons of between about 100 nmm and about 105 nm
waonnws/osy3aical |y bet ween about 500 nm and about PCDAISEOUH/040416
and still nore typically between about 1nmm and about
hitA Y Brekbid RBlehYma@ANIsitGR nthtGRO TELUE I RUOR I BbE! i are
conduits or tips include at |east two different
digpased isthe viiGaes Thietepssicon®. setlthe erifia¢sn e thwsdiembodisgents, as the

e T A L
thbifi €At Orves-SeabMe Wim&sR bRk Af e tipsh eSu@REieAliyhilsh BF NehnStyBiRally be
internal diameter) is such that 1t is |large

aci”'(ff‘é(g@ Hrpeghethe gapsthetvesndbe fipe andedges of thetholagdnithastapelto effect
- ' t ' Ry . at the
relftRbCLrSaRHON A SO RE Re EDHABE L AR YR, angut ar

di spl acenment of the punp is sufficiently large to make

st j chani cal / hydraul i ¢ vari ations
VI PSRRI abE

nébu ed herein, when significantly high
[0097] vel ocTlid matefisilecatiiay ised, in tHeeyhietts &f @ie i@V &RIon include
materi al can be ejected at a distance great enough to
VaRoUs GMAPLIBEAS AYySAne srebediseniss fofgxamply, a iqrmdnysf ganaterial
. - . | . .
il 8 BT B D81 RO L SREIE i
integehl yvitixes candnitlor cnmuseated o thheopduip edel viy en jnseitnihhg size

d L t.ed f idy and .
(B JUETRE S RS IRE el &L e averiet somud fe g pumpa pang,
et@n Qn%rYtiIg%ﬁH‘-‘ze BicalliPdd 2AdERDASaR I AL AT L. g? thel dsired

|
greater detail above.” Moreover, increasing the nunber
digifenpruygiuehethe wiseestiyl ofiglei meteyiak hapeg canveyeds an@thelike. etlthough

5 5 g0 0ty LSS 18 AEbHS o TR eBY oo

tigsltypsdilyahetudd, B! ¥ BecdTRINAl HASIAINGS Sf BES/eEn S6dtaBb gun and
living cells are dispensed into mcro-well plates or

abouhlY mamt mpieatypisiltydstwaesmut 600 prcan dbeudt0fagedatystill more

t.h hear forces associated s th heing forced through
YRGB o St F B 4] M <P BUHI a1 poged
thtcRER niafil eHAu®dr tipsfindR@e bifesdt rﬂ@lb diffQeft &?@t-s%tiorﬁd

utrlized for_disgen3|ng these cells Is so l[arge that
dimpggions; gn gertade embedimenisnotvities dispoaedtuoughheatetial abnidaigs
r . on the tip,.duri. he.di spense cycl.e
an R Mol it O <Ry hetfighuupHBRR: PR RoR e hguis. Geugaly,
thélepianhiechiapsive (e.d. Ninkonel E@4Masi) iealch (it ifb #QareB ¥BHIJHAB allow

accurate dispensing is further achieved by noving 1he
the disgenge wplumstte be AelleeEadaapatenmseh & gensiaje high vElagkiss af dre

. t 1l ui i i . _the.
i RS okl Shodl Blep i bhllfl i Spri PR RS el 35,
sufffcidrttly latgt tornle liyisesesisTaridsothbisnedlahvaBhydrgulid wirdtibes be
e BES KR drrcR Pt REoeiP-GHEns RSB ChiEb s el 33 pigined, the
flusbt Sfer BatBrial cdn B@Qje&@@ tat@ﬁ Hist‘fidhngpgf&?erﬁﬁgﬁ't& Ihfgcha/ dzgﬁgf/{'sgrrlg

the dispensing is conplete, Ips are€ ra
without entemng, alg., $liet tergets welb\of meultitveel hedran-weidh thesdiggenser tip.

Moving the target material site or tip along the x- and y-axes synchronous with the
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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that a wet touch off condition is created which
el imnates any residual drops fromformng on the
wdebisxaras4t i ps. Optionally, the tips are cont aBCeMS2004/040416
with, e.g., dry sides of the wells to w ck-off the
aﬁ’d @éliv@fystips[tg 09915, 18, &EIdoRkEHRARREY FRINES thé H@h\?éf? Hif1EE by 1/2,
of the’invention are configured to propel droplets,
liffnilSh 1A pecte oraspastivelyt he ends of di spense tips, off
usi ng nmechanical inertia principals. In this
[Qﬁ?ﬁi i gur allb durther bidustrbtei thetesarel nsypgriseahceo wherendedicate living cells

| et t h th t t t hi t
it BB tineg Rl Tt Bl el A eUS A hest Pelligh e
dEBARNIY the QedMiok s amcfa&% Wit HE RS ?oﬂcéo?ﬁlr@ﬁg% e Rbﬁﬁﬁeﬂsywnh

accelerated at a sufficient rate downward al on
vety awiall insideadiembtersat ., léve titindi0d pwin). hif dite llmtnrnaiglpxilameter utilized

£ s oo csTE otp Togr i R 1 plodes FRppapg attained, the fluid
@ ESthes a Q)nttﬁe T%Gﬁ’ﬁxllg {nl %115%@1@8%' &k @Aftler Hﬁﬁ f@ﬂﬁng 2 strBfm.

di spense e sh apes of thé novi ng ar e
Mayemal: mqlwngﬁ@ rala,so slosanibad abom dn g1k egfmﬂimntdoﬁuheumnon
formed

aécp te 31@5% émga ofgjlrtélpée{c?\gelvga fag POVén%theq% Iglpg/ndﬁttoﬁhg 'sﬂpq:ted wells

alohi 98R-BeGE FARAb U 3B thal Ritér (ROFIGRRE mlﬁéﬂééddﬁl% fRR@INRI in the
met hod for noncontact di spensing In sone

wehpelprehghily abpee By snd ﬁﬁth@fdeilh@yl tmae FﬁhilSo-?ﬂscgdhe’vsallhe fluid to be
dls ntsé@%ntcp@éqlst Mfff sﬁ’lﬁlzér‘%%s@ sgﬁ cﬁﬁf alfegé h%.ﬁvz%e Xrtopg g'laatt \Wogild form

essure pul ses as er ei n.
opthesip deripg)leses: munecantaed dis pehsb v ohditigs. lWElga@tthN dispb@ing is
rate changes that_ occur at the end of a given dispense

WRIFE g ﬂg? é@éﬂéedd%r@&réb%nﬁregﬁ% Fidfy lﬁhlﬁa\ﬁm@ alqng tbfp graxis such

thM)a[ ReSBeA b @éﬂdlt}{@n @%réa&% whith Eliffinde I:fly ac ops from

di spense cycle a high flowrate I's typi aved
forming cmrdab Helaweoyutips. dbpttqnaﬁy, thetpuse cohecetidspdnses., dry sides of

vol e nerally small and the vol une di spensed
thS eﬁ% 69:{?%/‘4; 1‘?@’5p| cally mnimzed. A large
at i ve | ow rat change typically occurs when the
["ﬂ?%lh f | oWrCgftanem w&s&q hessysismsdl thyyentigy g configied to

PoRle 51808, . A3V IS YL gt

lnp@l§$mbb1®a]tSo Iipthés/eemfigtuhationli tbpEnisi is ghqpeniedrtmﬁmm a ﬂramet on the

ro The f ath downstre
end g SRR B Rbinis e iR L Hitselly oS ARy nasfaglorial
thfR@h teaBattAlcondstsama URBIHidh ke ﬁbs bleQYpibRIBS fdcElehkdEd at 2
properties to the fluid system "I n sone €nbodi nents,

Suffécrleréwﬁﬁpwnwmdowwhng Hay/® achelefatd th@\drms wiithouit g or

bV L RATE ERESR R B 15, SRE0RE s e

raglnmmeleratddm pirdyRl 8@ dedlyts @ffthe eAPWE SiRali{PerEd tips! IittGhapes
etc.) and m nimzed | ength of peristaltic tubing on

ofttﬁ),pemewlng Sroplets aredypiedly BRferolumnar, and with smaller diameters, than

the original droplets formed on the tips. This allows the droplets to enter, e.g., wells
with small cross-sectional areas. This approach provides another method for non-

contact dispensing.

[0100] 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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3. Optimzed tubing connectors or inserts for

connecting the peristaltic/FEP and EEP/ di spense tip
woams@stisons. Exenpl ary connections have the faCrmwseego40416

attributes: (i) greater stiffness than the tubing and

n%aﬂ% plekdule %ﬂﬁb%taﬁ@n% rolifie8 b?%rgg ﬁ@%ﬁvé Bl Pa@é‘!:ha nges tha} occur at

| mensi ons oth wa simlar er na
theieod of & given disabnsdicpreln$d pragenft dropﬂdt@frbnbfmg),lng mpshe tgndViore

i nserts; . an ack.c i ant seal.s: .and . Tubi
sneR G s R 1 SR oo G DR B RSEIE S OSh Ao i 5 A ALY
achievel & 85HRAEBSBut 7 tlnﬁeoﬁ&ﬂlse_ﬁﬁe bisptsbr@l@ned 8 lgéﬁecfally small
16A-D schemati cal | gq 1ust rate various materi al
e

anglghel yplumej dispensedo peitycie fxpigatly arbomizeentA latge tegative flow

U SRR PSEL S o RSP AR S o

fléw raxa ehaargest loe prdss/llrb puRkes, hles@ntMiitet fitodn itisguhp 160@.dispense tip
Orin 1606 attach punp tubing 1600 and di spense tip
ouflshss ¢ Cﬁeﬁ‘%lé A3 Possidle tomeyighicthe ésp@@ﬁgr@%m‘@a}amye ERBLReing

TR, 9 500 AL AR LRGBS g o
na dapd alran’eatsfee ¢hvat pdd BeaguubatdGE floshestiicting Iprypediggs tottlse fluid
t 1610 t into bi n 60 di spense
Syltsﬁ%%erfééﬁmwmlr?gaer s s BEER: Hg P800 PN i (OpaMGE Htgputes:
1602 t o one anot her. Insert 1610 typically conprises
grleYEHmal yolpme betvasn shegiumpuandiheispemieds: 1600 or

di spense tip 1602. Figure 16D schematically
i R uMexiamad ibhmsifingds g 1600 cusgydianag ter flwptiratechethylene

i nt [ ndu

ano Togdr L FRRIRR Y Bre R0 A ibighR Chnghn SRRl gl on e
varlcﬁiﬂytﬁﬂeﬁﬁﬂhelpumbs Exen'pl ary materials used to
fabricated material conduits include fluorinated

eBhyglﬁJzﬁd QM LERnedtERor imdehyfop tofeluat el (}b%sﬁaﬁﬁc/FEP and
(PTE per fl uor oal koxy (PFA), autopr ene - FL

styr édlépwﬁ EREomaclpEsn XeBERSY corvdrtipeshiyedhk followmg
cop with silicone oil), NORPRENE(r) (a
pol ypr opyFene based material), PHARMED(r) (a

pol ypr opy ene- ba . Silicon, TYGON(r),

VPON(r) (Pritraide: il?fg’&?rgghﬂ’eth%f 18I y mer

el astomsrsg] and the like. Materjal conduit tips and
inserts dd C%taﬁlélﬁ’rt‘?@%ltc&fSﬁFQSWPa]e(h’@enS]\?éF Wé@‘ssmomh walls;
pol ynmer i c material s such as, polytetrafluoroethyl ene

( TEFLON( tG))simiba igisensh gioangections] dipsnsiens, fop #1eytybing ofies, and
pol yet hyl; {é Q@I ymet hyl pent ene, pol ydi net hyl si | oxane

( PDVB) , ycar bonat e, pol yvinyl chloride (PVC),

pol ymet hy(w'ﬁécﬁl%c n}ﬁlh%teseglg%) , and the like. Materi al
4. Tubing should be straight to within about 60 mm from the exit of the dispense
tip.
[0101] To illustrate, Figures 16A-D schematically illustrate various material
conduit tips according to certain embodiment of the invention. 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
and dispense tip 1602 to insert 1604. Figure 16B schematically shows pump tubing
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conduit tips and inserts are also optionally

fabricated fromother materials including glass and
woanispassmet al s. Materials for fabricating nat eCrais2004/040416

conduits, tips, and inserts are typically readily

lﬁ)(ﬁ‘éﬂdacﬁép%ngé ﬁ’;mmnﬂéd‘técﬁtro%k aﬁ&??ieﬁ}%élh% eie: uc(!i ﬁ“ftoc’ insert 1608

i ncl udi ng, e.qg., Saint-Gobaln rmanc
(shoanden campliant siaye)USigure DoPocitenDowally dqnctmmtlmlo @hsert into

oL enfusmep el B05 e Gum it L RNE il fspense tp

160W@runb<aﬁotﬁan 1B rerant: czlefrcoﬁﬁ)ﬁséM gﬂaat%ﬁ&ﬁ@ﬁés’slkﬂaﬁ e?tﬂé’r pump
type of material site.” Typical material sites used

tubhee 5P9ros #@pmsettlmel@avEmmkﬁD srhiendéicailyt Blustastes pump tubmg
1%@{1&%@%@ gn? Ic’n;t%g%ledl %ﬁge and the i _ke

con alne |nclude mul ti-wel |

rlal nta ne uch as mero wel | tes, .
fIB3E § on BRGRL AR e ket dB%‘?FéF‘??e?%“‘ﬁ‘&ﬂ?ﬂ Talgicted fiagn a wide
vaRty ef lli‘iht@lcihltsl Ek&n?l%ﬁ}aﬁﬁﬁtﬁnﬂ){ 'ﬂﬁé?iecﬁ ifSori @8 nQRsial AndfitdEiclude

processes in parallel. Milti-well material contalners

ﬂ@@}mtea%ethyi@se@rpW@t%(PE?),mb{tm@m@e@yler@ (PTZE) 2perflugpalkoxy

O3 e orsE Lo ER e RS Sene RSt Sione r oD Bbfigen ppoc
cdp@t}}mﬂilmgl siBcadie 0ilFNORPRENES {aGidl {gabPylefid-BERd h@dte;ﬁcXﬂFL

(ge Nunc | nternational (Rochester

B @ PohipropaEsne tpsdsaEaiBidicon. EXGRING) VI’SQB@ he
(ulldhl.f(‘f‘es gﬁgﬁ’gstdfcfﬁ%lr é)@f}{l)]?é eﬁas{o?ﬂe?s%)' A thQ%lﬁ(g.ai%%{t&?z}%keglof?&htsups and

t hat ultab use i n the systens
inpertsamat ibe fiataicatep fimm, e, vianipuepalymetia heatarild auehlas,

LR S s e
etﬁj}?leﬁﬁ polyMRitsibehint, Eﬁ&ﬁﬂo@%er@mﬁq %@l chBdRatt,

further |IIustrate e syStens of the i ntion

pcdy‘énﬂplgl@n@@fR\Hﬁ)apblymdmﬁmquuaummnw thafiéei Matexinl

= t d bed
PRV L e SR e LSRR
glhdsk@d oarisusIBéthist BIfeHdlafor SabMcatiidy ﬂlﬁt&aﬁé(frfd%[@ rﬁps and inserts

densities. Arrayed nmaterials are commnag used i n,
arg, t@lfallylr%ﬁliﬂwval ablatfromg npeay glifferpit sotnmereiot supptists induding,

V.
% St BobARTEDETEe PREEAEARKN RS A VSR PR Ee
ElaftemarstL. LES §@iitmiagtoy, BBYyUSAhshd diediltmt erial is
optionally adapted for use with the systens of the
invention. In certain enbodi nents, for exanple,
VHUDL SMIATER] AY. SITEBT i cat ed fromsilicon, glass, or

ynmeric_materials g&gss or poI meric
[0493r 0scopEhesiystgws and meﬂ@éﬁo @F@enféﬂlz‘el)tlon%iﬂtt&WéPted for use

Wig} ?%éntﬂﬂl &?{/ﬁgl F?rbaf&ﬁf LifeAt 1cai PGty ngesrﬂs‘é{l A 18RGstems of

rom r I ous comrer
the iqyphti@r include olateainl &)mdlm‘rs Submata durfacé®iant siellilgh, Exdfaplary

T Dhiatnies igr IS e Sratdtiel PRy Sirbeas 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
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 International (Rochester, NY, USA), H+P
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Sui tabl e menbrane nmaterials are optionally sel ected

from e.g. polyararnide nenbranes, polycarbonate
woenisriarsas, porous plastic matri x nenbranes ( ePQT/US2004/040416

POREX(r) Porous Plastic, etc.), porous netal matrix
TABGREANRNG RObSMMbRAS, GEHPJ@? &fid RAE( A Ja dxfaq Wtails

di fluoride) nenbranes, po de nenbranes,

retetingrta messtion bloaks &lalrmabmwﬂb@for psx inelbd systemsrdﬁ nlw ﬁsventlon are

R o I T
RENWITON DEVIORS TR 8¢1smbét's, 0ed by KBIKIAA TIentyr, ax'ilﬁr%h is

di al ysi s nenbr anes, conposi te nenbranes, hydrophi |
ingeragFaebly TefsFencsphobi ¢ menbr anes, pol yner - based

menbr anes, a non- pol yner - based nenbranes powder ed
[681 vat edTe futien ilimstrbicathe systeros gflblhe pwleaﬂmm are miwcaommnally

nitrocel | ul ose
oS oe TR 10 SRR 7 s RSl
deRABE AL En c@ﬁ:‘bé Hiesa t@?@d@&@d&%&@éﬁﬁe 1iRObY %Jtpa?@surfaces

menbr anes, yet her sul f one nenbranes, polyolefin
aﬁf@ﬁ@lﬂ%@i@’f@renbdertsmﬂ Ak@yemsﬁnels arehesgemerg privseaiiou . g., clinical
I v ble fr various co

R ot ot BTV Bhosfd ooh B5h Sy RREY pigifton
tekBLdts) ilNAditidnAp madylothicp @psticenbRatdinna tHeBat f Ids@ntiMy any

A or the like.lX A CONTRCOLLERS, COVPUTER PROGRAI
Stgg%éel@ﬁéeﬂakmpﬂgmlm a9epied SYSEm i BaPEEE it dsyeniipe. In
&Rt &RbdBhsntOf fof BEint ‘% QB ?es%}’esltagﬂ?at&l‘ Hﬂ% IRGES 61MSs, or

i nventi on are genera y contil gure ecC

pelpstiampicaklsye.gd gtuss oxa;bolymbmcemaﬂosep@aghmmc@nf wofrs, etc.).
nveyed quantity

ri.al conduits for each c of
SHBPE§ 8 of 80 PSRt B FrRsT6 Sl gt wezilable from
vy @(‘frﬁﬂleﬂ:%ﬁ Rihplieds s@dh J¥atiglet §$1ent%]éﬁt9§bh@leng eUSA) or the
typic operably connected to one or nore sy
lilep n@ﬁh@w{lg , Subsictiesngtilined dr the (sestgns of/tha invention aim mem))ranes

t t s |i n ar m)
SRER|ehRbAg FATRANEE Serdaflnisietecd B7s &' nive
mEMBPAE Pbigcartl6iR€ dfbranks, Wotbus PNEAE &atﬁ;@ﬁ@fn'bﬁanes (e.g.,
transl ocati on devices, or the Iike, to contro

PEREXS FasAuoF astife st )cmfp@h@mabmam@e@b@neaz pelabthylene

ded si.iher as .separat
mEBKER, LO5 A RAEIRL AL IR YR S LREE A SREL Ty
memblaflése cdéramdad membmnpy) polyestord mémbﬂmem psktet@tigsioethylene
i.onal increnents, the nmovenment of positioning
( TSHNSMDIAES, Ve FCghmERFanes. aniafofidiaticpfmembranes,
containers b
nSHRSH P nE ANEL S GRS LS, SOPARRE A

mcmhqame hyckoplﬂhanﬁ:nmpmw rtaidkgphebiv @ﬂl@ﬁbrh&s Qiﬁblymer-based
riatel d processor, nput er, digital

mej , 2 §pn-g i R RN i Gaksp nembeanes,
poly%)réb len'e'?ﬂén%l’aﬁ& Qlﬁss@'ﬂ%lr gr%njﬂﬁ’%ﬁ% g%lﬁ@ ne?]?brgﬁeg,' fttockfutose

anal og converter as need
membranes, cellulose membranes, cellulose nitrate membranes, cellulose acetate

membranes, polysulfone membranes, polyethersulfone membranes, pol yolefin
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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to instruct the operation of these instrunents in
accordance with preprogranmmed or user input

wonedsroatidieons (e.g., material conduit cross-seeCrmsa004/040416
di mensi ons, rotational increments, volunes to be

TEONV eXSNTROIGLIRS! CONFETEN PRAURAN PR PREASUR, 143D
these instruments, and interpret, nanipulate and
repoAﬂ)BITIQNmLcerﬁiEEMCO@maNM [ 0106] A

roll e t| onal, | ncl noni t

IGRRLEC < “5pe EanPTRIR oneRha PR stretths Dufef ayentign are
gédeadllyang Fuléd SRRt @@os@anﬂal@}‘ﬁfdbl\[tﬁ:aﬂﬁﬂfef diskh g&gleﬁileﬁtrs)fﬁﬁﬁl

di spl ay uid crystal display, ), or others.
H@Eﬁﬁﬁh@@dum fQ; GRel gpmvgyetﬁifqu@ntltps |oéc@t¢nahtoanbuxuzamnrmﬁ1c variation

ircuit chi suc

ol PSR RUAE RO TbERLRIRL Gl pBRang igekaBy °
catnbeted to difecorlinorealsemepipofld, yudhng lnustes (8. dhandndiskdrives),

drive, a flop %gdlsk drive, a hig hca{)amty renovabl e

PORGQUENE CRIAPODERIS 6. XY & i linepRopiioniahles: Fraiisgainem
t .
CRERUBISI A% ISR S MBI BB BBl pation

deysess, orAhe Bke npLantiol spenton cfthgseicempgnants. omipmé specifically,
il ure 17. [0107] The

hemat | || ted in Fi
c BB ar St G appsa o it ilsomieahrenegents tha

ark @ERYAM, BG., US Bffedt RSN UGHPRN D atiBh tnhﬂledt&i xﬁt‘eﬁl(fn‘ﬁf f?i‘cféfments the
user input into a set of paraneter

magRIpent of ppsitiening ﬁ@nm@htSpﬁwe plp@gtmnmldoruamaltysumtﬁdewstable

r ariety of dj
il rop U DR O AR o KPR e CoufoEPe andipegier
systRat doednenis id/are @Ipﬂbﬁdllyl odtfled BNGLRPLorRAkel) PEIJriieAd
the operation of one or nore controllers to carry out
PIPFRSSFest PRIy, Higitat deyice, ar ¢pher 9gie devige of infameationmgplisnse (e.g.,
n
infliR 2 IR 10 e Sl 8 e R 3 SR G ANER Hftions
totifsrulct the opdiatio oﬁ‘;huteemsttMmsr iBcetotesnce Ma i pieprdgi@&fined or
W& sensor s/ <(*let ectors included within the system
USEHFPHREHUGHIOPS (6 ematsrial coafyiherossyiestiprpb dimensipnsarqiatiqnal
inteRh&! ﬂQQmEQfo'B%t oon%yeﬁsﬁéz thtved@lPadddntd] ‘h‘fa'u@h Prom these
further controller instructions, In accofdance W th
IngtrEngnts gndinemeet, reangpylawot reporti this imfoirhatiom the user.
detectabl e signal intensity, nmulti-well container

[0pesdi t i oni Agontosller beccbxhjn&er dpiid0a]y iNlugessp@onitbe@hich is often a
the operation of the

h ft 1 t.rol
Ca&@?iﬁ% B ﬁﬁ;ﬁb ﬁ‘iﬁé i % affg%gﬁ% il 13 (erolagHge magi Bquid crystal
dlélﬂzﬁi [1H£1?1H' c?}%%altd'ib%iaydétﬁgc& otferd:- ¢ @F&eﬁéﬁﬁﬂl soofPeﬂrb\ffééd ina

fruidic materia to mater
boechwhphsmém@s efmErous b]lfegltatekicchdlﬁt chips, aughoss 4 rrma:l‘opg)cessor

{ t
S Sl PG IhE nEh Sl i Grbnaie ipddes adebdisk
drio, 4 Nepplyigedriigh tedh ca@a&@k}%b‘@ab‘f@ﬂ}‘ij\l'é di8h %@%'v&ﬁeﬁlﬂe CD-

transl ocate containers, and/or the like. To further
ROM, giad pthereconpan perigherdl slemsnisy ilptingodaviass ssdf aswmkeyboard or

m@se SPIRAS préViQIEA AN AAHEL Seet NRE e;'cgrﬁll)llégyesy%%rﬁ?compnsmg a

computer is schematically illustrated in Figure 17.

[0107] The computer typically includes appropriate software 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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readabl e nedi a, having one or nore logic instructions

for receiving one or nore input paraneters selected
wonrasostea4 gr oup consi sting of: (i) a rotati onaPCT/US2004/040416

i ncrenent that substantially corresponds to an

GUNLR A Ble fOkth bF BlePrdptandme@githdionsl] 'des% 2pEFroPiPRASERbr a variety

bet ween adj acent rollers supporte a roller support
ofohffgrepfeﬂpeguﬁalommtlpw he(spftyva@ tbqrro@ms’em theseainstgiations oo n

terial .con qu it
wrborisBefeine (S0Pl Yelshrafip Pl &indls BRIl ity
o figldediredlb rame e%l sposEtbrieleveathadjtaeLilode @f h®ekément of
supported by a roller support of a peristaltic p

VarEs SYSIATMAPBPHRCIED ﬁ‘*ﬁ"’cﬁt@g tra%@r%rﬁfmoweemg&pwonw%a%
11183n efl’f% Hg)?l?er g I%Cél%ttﬁéj&dtté f}gnc‘zr 3 or s&ﬁgﬁydeﬂ%’[cﬁs [kl w1th1n

pport peri st tirc pump rotational 1ncrenmen

the bwrem Ldmsltmtretprais lthe date, erlsqp erolides it mtzag;eahndnﬂtmcbﬂoﬁﬁatoér
sed between adj ace

an _anqul ar . di st e dis llers
uEEa0ita P iiatn ey fantio e BuREths. tha<parnet Bl e
prBS RS HE e & halchWh &P mBR o fRe dé&rcﬁab@stl a'l ﬁlter%ﬁgdrﬂhftlﬁwa[ e

oper abl'y cdnnected to the perl st al t C punp
copeaines pasitiosinguerghe bkaveys mat eri al through the materi al
conduits, quantities of material that correspond to
[0168] r ot at mreaﬂpeCMalk;nﬁm$ftm wilizeé yecbntio] te dpeeitivn of the
mhodi ment's, the. software

t t t
SYEi 5 5 BB YA gr e 9l CsGReHane bl gireeh o Fofgpysiom

to ‘%Bﬁ‘véngéltenélr(é tf, lffiﬁdl@ﬁlafe‘ﬁﬁl) ROMaRia P e¥ tXe ﬁﬁéh%r& dN@Wbject
nmoti on tabl e and Z-axi s notion conpone

hoddanofip @n@ugmng hompom ttg)LtSh eontainkwsrintowopect witlhbgnment

th ut er . .
G S SRR Bt T man b ghc e i pteB ot bt panding
de€dde ROWYhnodakORRYaitbirs kand/@r fh%ﬂi%e ol ARt MBI tHEEM & Bion
or _conponent, a system menory device or conponent, a

provifes enoftpbsoftyvatata camghiar Pregtsatpredudts that ingidespmpaiee
PRl od R SRR e REpiffe o5 e
o L o
supstaqiselly &ggargm&éwwél TRt gIREINF -l aﬁangp@%éwtanee dispesed

T

seitmmahditensioe of f nsdérial corfuan@a) dqubasikt efpmappilito dt icomeyed to

chasvvo . processing spftware (e.g.,  Mcrosqft
orFisiie BRSO S @Rd (a7 arPehen B £ O ShdHe BELRS @datent rollors
su e‘dﬂf &)ﬂeﬁsuppﬁﬁ beagseineatic %&Hﬁ%} WRh € sStfdte 38 cHhpieSRbEram
cel (tm, Corel Quattro Pro or dat abase progra

predychalso Wickidss one omme@dggw inystrrctiens doiovofatime }a roBertrepport of a

peﬁgtg &)‘Eﬁrﬁ) 1tnr}8taP101§a§ ?nc %nrll efﬁg%o snu@gﬁlithaéfgvct\%%r%g%qngé? g&egral

mM!able§ obin algﬁﬁ)drtdlstm& dispbti ®etvaet ailjaskit eslldro Suppafted Byfha
deconvol ution is optionally constructed by one of

rollggispppaisphige Rexigtali aHaD SR ghaliRegOTICA GRATE Enasuiah cengluits are
opabHAlonRa%EFro thre p&etstali Plrhp A tBPRE Gattid Pifhep Rhveys material

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 at least one logic instruction for

moving an X/Y-axis linear motion table and a Z-axis motion component synchronous
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the like. [0110] The automated systens of the

invention are optionally further configured to detect
wanasgpdaati fy absorbance, transm ssion, and/ or PEMUSS108/M040416

(e.g., lum nescence, fluorescence, etc.) of |ight,

VARG @fing h@r}sﬁé shﬁfarh OBiR db&r%@értréﬁﬁbqe'}n&ﬁ%'o?% g htﬁ& L o@hfuter

arrayed in the wells of a nulti cont ai ner-,

P@@tﬁgm pmdsctmptrba@ib/ inoludest ongton eroreraf: @rCIHR QM eﬂoppy dlsk a tape,
L ergatr e Q% Si nmu éj%anseotlésl detectors can hard
BRI Ry bL Ry s SoBaptent S ReB e S iep o pgRgnent, a har

dmtl,TaldaM1énaP@fﬁb@dlé@fr§a &iri@tee, sahelikal sites

i ncluding chem cal signals (e.g., pH, ionic

[(H@Q]j' ti ongpe QSmbilter éahlb%) e.gNERE (irﬁelgc% Jrqfenmﬂ 'cfxfgrdo?&bauble

endot herm ¢ or exothermc reactl ons
DOSEVRF 2Tk NEDFRY W™ WINDIOTES NTiM, m@ww

VST ATRER v B0 o0t SRS B P Ty R e Bised e, o

MAGINTOSHNM, PawepPCofad UNIRUbased B%!, wiani™ 5K @afoh PRhaltine) or
el ect rormgnetl c radi ati on sources, optical systens,

othpfcogEnal @@nglercgélmygléabﬂm@r@mwewﬂmclmdmwmﬁo ose of skilhe
f |1 ow esse
Sﬂaﬂ%a?n@ gi%ﬁ&lopfg lglltg(}sg’lss gh 2 da%ﬂ?%ra I'OCC %SOI} V\éﬂ&ﬁ k%g alg%,(.‘lI‘OSOft
WohdRyes: (DcfrelaW$>a1PedEM§Mmﬁ&maba$e’bede1@ I pteativebi@Ack
nﬁssh@cr e@g l;hplll] In some _enbodi nents, the systens
sugh ag fylicyog Ff‘d  Srsel Spttry ol @rdiaw&%eaprpa@gws ifech asut
ME&@Bs R@ce*é’@“‘:&'ifairaﬁi%ﬁg hRbe Qﬁa{f)‘?éd tfo% n'tt ﬂﬁJth%nn K ftvare
a scanning imager or ds a honimag ystem
foApelécpreang r@; mgtesylsxoamyaycm toablleyteﬁ Iv@d:le sf amlﬂﬂMerl@late assay
d %ﬁl nt a| or of, heh Eem nmen onto %
e&%“t“@&t 80%‘(0 %tm-? 1§ PRRROnaRY cBRsutpd\pY R ef gkijl gsing a
stidtﬁi@?‘oéﬁénﬁﬁ&n@ %@uﬁé& JHeN & Vﬁ%lodﬂéict EPCLEI TR %asw Java, or
(PMrI's to scan a laser, or the |ike, because 't
thedkect or i mages the entire cont a| ner ont o many smal I
detector elenents (e.g., charge-coupl ed devices

[011Ds), eflbe pummarr&irsaktbmk of thhiiisveptiomhieadptianallyi faithdron
foI by a serial process. of

d
e RIS Ot an sesheiy ab Rifages FH RN ECLEEBRSon (o

luSERRNINE, AUmREeERe! ) 68 %Hf RARE Bad RS H hBke ﬂ‘ogﬁ{leé in%Bhples
beam over the specinen, to excite fluoresce

thater¢ azayvgddie thegyellstod almtldta wehl eonrdiant orby sybwiraie soiface, or at other

I cert
m%tgﬁ? os?[é AR? ) %t?eg* or s%%uéta eouﬁﬁln emec?%rs 83’? ngznt#%w of a variety
of fotht@ sRBER Mo mhhPwelIREfainSrsCR ek Ut thl SiYRNindlhdRg Bemical
accumul ating the points or lines in series. Noninmagi ng

sighg Lﬁ’\(ﬁgng}’ wl%ﬁ@ tqas cefl theylike)ehqap/fesg. ofor m@ﬁDﬂB%ﬂﬁoﬂ@muc or
exOIRARR E R4 ﬁ %%] R Jge[ﬁ%ﬂa?g‘%ﬁb é\%ﬁy dt e&%ﬁ'ﬁtaﬁq Rt

.em ssion o
phemm«mqme o addidse tcsgtheregystemTwm;bnmtg dédeyibédheaeinathe naf@ial

ht out ut fromeach well jnto a single data point.
COP&%E.% SyAters ok t%pvg%t&pn&pnplparlulﬁls&dpplgﬁe g](urmnatlon or

el @LBRIEATRANGHSn SRS ESHi1iRAGyBIE CRld detectors. Because the systems
and methods of the invention are flexible and allow essentially any chemistry to be

assayed, they can be used for all phases of assay development, including prototyping

and mass screening.

40



10

15

20

25

30

systens can be adapted for use in the systens of the
present invention. Accordingly, no attenpt is nmade
waenwsiod74e descri be all of the possible vari at POnAISEdan40416
can be utilized in the systens of the invention and
[0¥11Eh Wi | I Sene@BBsEMEnts ALE @;@st&ﬁd of tﬁéim*venﬁdﬁear@e&nflgured for
Exenpl ary el ectromagnetic radi ati on sources that are
arspimagiag. byt gan alpe beiconiignted nyQtﬂlemﬁ@nmts tricdudimy & Scomning

bR S fotinen R ing 008D M Eimeeimaysigmomigaly place

an entara tegdd-endl doarai)@e,r oabthet @mﬁnenfdn&ﬁihe |ld8¥Bsr plane at one t1me
fluqrescent |anps, and the like. One referredt

Aper lrngf}/ g1 18 tﬂﬁ%a lysonfeed éo Bpye éh@O@fl tipHer ﬁuhwe@’ﬂ\%/ to scan

a ?Js@r 8f g 'Tﬂde %ch&%@ﬁéd@t@f&’@ gésy the Q#lt!n% aby { S8 nldt Small
conduct el ectromagnetic ra t1on ron1e romagnet

deteddprléroents (rig. Cdsargeecmmlqdl devicon{GEDOr &c ampﬁﬁlleﬂr Qs parallel

o e TR o 5 B S R e CaLLY el

inHgl Efm tHRQIeRICRE! KOIMRU I doelsd Q%Sd
1 of;g?l cal syset grrs al sog[fgﬁlcla‘gaes ?éginly%%%?%l 8ﬁth
ov$p thecwrecissuplosxsite fluq)n_emegce( geftpctantd, lot the likker Ia@pmmbgz p))mt or

Sui tabl e | detectors f
HEPO-IETShAR P LT o oAeudut e SRt Bt focs
fenbsshan THeuﬁ‘iag@EsQ@ﬁﬁﬁJctddf(ﬂ@ﬁfﬂn‘éf’oblgﬂounﬁdlktﬂ{gecﬁg BBiaks or lines in

phosphor escence, absor bance, or the like. In sone
SCERD oﬁ PREIEEIE QONBURBYSeMSypiealt use EMAT sordicht setnymgfdlodes to
n p05|t|on
de%& hﬁé}%té@ts% %étg(n%#élbncf) ete c? or s(%c% L&y W@ﬁﬁl g éa mul-
Wﬂlvﬂ'mtalﬁ?ﬁDél: hese’metﬁsnsfthﬁﬂtyﬁﬁﬁliy indp@4te dieQQ;hS outpyetr@i ehéh well
des, .optical sensors, scanning detectors, or

lngﬁ%mpg AEOLH. of these as wel | as other types of

sors is optlonall readi |y incorporated into the
Wifﬁt ens dR S pEiptyet dlumination oajekegfmmagr@pc s@nedslapd optical

ch, as
vPS et By DY 00l he A ishinch e 3R Pleiy igtrcinety
nomafietript isehbdephheatia so descabhalt obbs @)ﬁsﬂﬂﬁp@ﬁﬁfdﬁﬁ tHEOYA be utilized
relative to the detector. In_certain enbodi nents, for

in BEARIEELS Qe suienasorshy dl %Fr@pé@abqometsbﬂled in the art.
Exehipliy @Ie’cﬁ‘@mﬁ?ﬁ&i? hedhtfont é?)ﬁfcemﬁ\é?& t t19r?atl§/%{tﬂ199d in the systems

conponents re ve to materi S po i one
of éhﬂwaﬁbrﬁ@m ipdsda,| |ecg1,| lasgrs aserodisdesf eledtmlmymbmcajwﬁms Jeptht-
enﬁﬁnl Cpt onal the s tens o% t he present

g HYdsS PRdgeesntiames. rﬂr aHB’lSe%‘i A&py, Hupyggceat lamps, and the

liksy Slne Iﬁefeﬁé@fypg @f REG&QIs8d & tBe Eé/sﬁyﬁig |SJ/sYen9§ SORE irRhG ark "
or adjacent to, e.g., a nmulti- pl ate or ot her
argnBsion lasessy Exemplary ppiécad éxsm&ihan conilyrt skengomygnetic radiation

t.h t
T MR .
copimpssrtbylebtorigpieh Ry fichide a8 SEMoRY leRRE hhd@Br 88 focus

%}“I contents of a portion of the plate or vessel, or
and/pi direqt the ffl%qtrqmﬁgeﬁlq Rdiatige pedesie .Manymptméewstemwlso

1n&1?detf%e? o?ﬁ@@ﬁiﬂdﬁnh maflg&g) dérgtrfﬁte?g@ %ﬁ{% tg/lﬁegls & ), and the

detect e ectromagn tl cr
like.

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

detect, e.g., emission, luminescence, transmission, fluorescence, phosphorescence,
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in the wells of a nulti-well container. [0114] The
detector optionally includes or is operably linked to
waea 203mptd4er , e.g., which has system software fBCT/US2004/040416
converting detector signal information into assay
abs6fahde, b HRMNIRL TP BorR ethB&ditnkHS, thE 8Lte&¥ARBhRors qepql?rﬁﬁtg é;?

optlonally exi st as Separate unlts or are 1| ntegrat
opticehsigus, mdti¢hegasreispen in pesitig t ‘{real timaventults) Ewgplatdemqtors

oSS BB SR SPT e iRl Bl avpb R by

pHugsdibdds] Gytichhenbisie, sehnmind @echdrs Q) ehe Bl | IEh f these as well as
conmmuni cati on port for transn1tt|ng i nf or mati on

othen titpasPisgrsoEnis opHiphlyeasily Dromariton into tsoneims deseaibed
he%lﬁ L 'd&@@t!ok ¥ cfh%h? gﬂ%& R Q,g (&> X‘i%{e%gfsﬁ)es sé S as mu%tl-well
i nvention are escr Uriner Ko
plates pr Ghenasp) @Bnm]‘nehlﬁ,Sdrrahaiﬁaﬁ‘éﬁly,éﬁhﬂh%ﬁélliplatéb br &tﬂen assay
Harcourt Brace Coll ege Publishers (1998) and Curr el
CORMRQGRES Ve RISt Vo e SEFORF: TesTan ﬁﬁl.l?e@ments for example,
deg%ﬁf)ﬁ%ﬁ)ﬁ&hﬁén'tscie %ngl%iﬁ)l t}h}ﬂ'atlc}lpg&n%&-{) ﬁ%‘%h;?%e th8Getection
ich are both incorporated by reference.
C({n@l)llsljlts Tﬁetl\sysmajmwstwsnmuahm contaipes pisaloningalesives of the
g% %} heast gne I O$IC tran Iocatlon or r|pp|
syEis deeiber A Oriqnally. lhe.tsieggliths Bireent FRuf LR
miipRS debdctdih.t BStheSkGhieAS, bl Héteé’tﬁllslar@iy@fcﬁﬁy EEG‘ME&&GI in or
conponents of the aut omat ed systens and/ or bet ween t he
adgagentdase. and ot evell aaor other Yassad. suchtitag thewlstektor is in sensory

BB bl GBI G B SR LD, SR e o

demrthh £ thegirbpgatyedfabe blatevwi%ssﬁp&lﬁohwﬂ Rere6 R MROEHARENSs of a portion
i ncubati on or storage conponents, etc. A variety of

of RePIPIRIr &esseh OF Fhe T efes which thgtslstactor i infended)y dp Pertain
[ .
ol PRl U oM DR A ! Bl i
in tpewelld of aconlitiewtledorttaneont rol I ers that control their
nmovenent and ot her functions. Exenplary robotic

[0Dr4]ppi ng TiRMetsortopeibnaAlyendidds @b & dpératapiied tb alco ﬁter
in the systenms of the invention are described furt
¢-g-nhigh as sysfem sqsigyare fg5 comyesiang dpeptotengnal indernragrn IDF'!ERSSEW

ARSI o S2050 4, DRI B3 s

or a@h@@tm WEEH@MKBME‘S 1nm%l&'ﬁjﬁtruﬂd§slﬁl NEfEbkaion 'of tHeked
Downs whj ch are both

br
fm?%’@&? i %{ af 1%%}11‘% %F*il?aé??&@nn%m ef thepgipsiguments with the
coﬁ@h@mﬂy' germiians 0 ul'%e bERFRPSE VR h ik fe"&ﬁﬁh&m?ﬁfo‘ﬁ o for

removal system i ncl udi ng an i nfor t|on appli ein
tr. ammhng/mmrm@oabp@@ps sysfent h@mp@mtsn tDdtevtiontcompomenys thet are

opfHRE Fea&Ein the e B R GR PB o B uRBGR. € 2. Skoog
et aln\Pemtiﬁm den@ﬂﬁﬁdh&ﬂt |An‘ﬁlv's1@p$ﬂeE@ NHagolA BradcdViilcBe @ﬁghshers

software. In nme enbodi nents, different aspects of
(1998 ap%@ggp}letmal Instrumentation: Performance Characteristics and

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

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

sites, such as multi-well plates between components of the automated systems and/or
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i mpl emented in either client-side |ogic or server-side
logic. As will also be understood in the art, the
wOonv@sisTam or conponents thereof may be enbodi edTius2@4/040416
nmedi a program conponent (e.g., a fixed nedia
bEEBR BRI b K.k hORS; LRai
e M e B e e SRR e
cwbadivtentsg faeximple, syatess fuiltkzr isghpder @tppén OronsyBERR A0 move
nﬁgtr-f anmyaceordin tg. the invention. As wl|
B TS b Héelﬂf??é_ 1PSGSEIRMEHE 1BFbatign pf siegsfermpenents,
O Pdribner vaghle kdbdtit BeldeARrdWRYic BEnd %d%ﬁfeﬁqatfcﬁ‘m@, etc.) can
viewer on a fixed nedia for physically loading into a
be; psgler TRodilerbipr wse with thesd systtnsedhichaobetin eléments agitgpically
i ' | on renpte server that a .
o YOS BB o e S n BT P e i etons.
Eg¢rdglaryt obatuvsifack @ vived eHad BreCiBRL1E) _a%){e@%rms_e Fh BH41sQstems
%%‘ shows information appliance or |]§| al device 1700
ok e inveRjobare desratbed uthenin, &-8.44S cBat. Nppaft 324, entitted, a
«GRIPYH: h A d ctions, fr nedj.a
N ke o 2O R TR B P it
Padivagat Md. WO 620685712 Dlel SGRIBPING 80EOHANISNIG2 APPARATUS,

i ¥ [.ance 1700 can thereafter use those
Ahﬁiﬂ%@%ﬁs afqué h%w £§&%rbYQO%mﬁ &l Whighare both
indoperasddBtrefdiedcie art, to enbodyaspects of the

i nvention. One type of |ogical apparatus that may

dy thelnv [ LSy ter m_as .
O8N0, e i AT S BA. 5 g
remopeitsystew ioelsdihg @8 ieforndtithlappHards igl WhiSyatibhSaspBéls of the

optional .nonitor 1705. Fjxed nedia 1717, or fixed
PRt} BVeish Hogpe ﬁBqud?% 1‘55, Withe wrdetriensl Ryopraeidimarnis therart
frén $HESte SR 5RY i hS 1§ | i
rmagnet iC n?%}g)ira, %ﬁ%ﬁﬁ?%nﬁg?b@él%Bg%lg{%ﬁé{pg%%%dcmor
hagdvsarp enereofbvgre. br sopipeenibddiments, different dspeesrbbitie teRhison are
- ct s, of .the .invention may. be enbodi ed jn whol e
il Ein PR Fipg! e o S B R Tt oAF P alsianaderstood
in At @ SEPin@eti chaFRbinBndAtOHERBE Rk béi '

further abov_le. Congnrilcati on por?gg%gb%ggﬁg gigﬁl‘ég)rogram
cogpanert de-gn pifixgf mediecorippaentheantaining dogic insaictions and/eddata

0! . ] nd. may, represent .any type of

A REE R S BeRbTh B AR oRPAEE Pl Carst e
apparaiEn b eyste e pirtoondi secbridingwb eletin Géntiol, RArWwillMdiRioRally 6

gl rcuitry of a?_ a&mpl ication specific integrated
ungderstogl fn %ﬁ&éﬂsﬁ i5pd Hedia sgniaiinnlogiq ipgrustigas nep be Belivered to a
idwier SHG TR d ; ifleintdy $i Cor a fi
A ST R eGR (AP Ll Y ERLCOD I By
mqdihepudajeing wbdic nstragtione mayeekideorcs emticte 86rvAShE, a \ewELD.

iLgure 17 al so includes material conveyjng system 300,

ac Sigeé ﬁheriogglbﬁg?%“?lc BhRediug nodsrie H?ﬁﬁfﬂoé AR BNCe
cothpOfenyi a server 1720. Qptionally, material conveying

system 300 is directly connected to information

[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
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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appl i ance 1700. During operation, material conveying
system 300 typically conveys materials to and/or from

weebwsmsed4mat erial sites on a positioni ng conmpBaemiS2mit/040416
mat eri al conveyi ng system 300, e.g., as part of an

agRBRYI Ge iBVdHeion PORAE BFFR- of i ek %pﬂ-a?ratﬂ_k afat ﬁﬁ? ¥ebIG) ﬁgtn‘i’vrentlon
1724, which is optionally included in the systenms o

iSO TR By Stem. as Ndusghisdan 174, senteining7@GRU{130% pi)@tlamlynput

f 1700 . .
SRS BT L SRt 15l
12Bh oe fiketimediail722 bv@tpoetl 74P PhhRbE Bsell £0 Broghdin §@IhtAdyBtem and

enbodi ments, detector 1724 is configured to detect
M3 FeRreseBl 2 digk- §tP&I0ptipH oA ragBetia meAdipanRgTIetie ratpeseohd state

apRehit bPags: ﬁ’i@m()&]ﬁ gggn%'l kO cﬁ‘ﬁ%ﬁﬂhe tﬁ]éangasﬁéértg qf the

conveyi ng syste n ot
inyentéen fay be embedi¢d invwelidle ommtpmﬂrm rseftweateqregordédeon this fixed

t f d | bot i
QGRS DS PIOGHLRBRN RS Apeasonghe A or
CaffinidBbe Eb@ H71$maP A6 B8 dsddtoRRBARY g&ﬁ&&ﬁﬁgﬁ% e dle

sites on the pOSItI oni ng corrponent 0 nmat er |
used i eYagRN sYcbtaetysEOtNdXnayS ¥ BTNt COVBERERToEABRICEAT ON

e B Rne iR EARAN T sbFeicr FECubIGH Bup erimnay

withinrerelcibyuity@of @ pliadidnGpbding idteghial @4es: (ACIS) or a
or conbi nations of such techniques including, e.g.
Prﬁg@whl@log&dﬁww@wb nErsach pgase; agpeets obihe amyediioymay be

|, di t chi
C%dr@c o%gﬁ‘? %Q&Eﬂaﬂ&blﬁe&&;ﬁbf’ ﬁh%l%quc \;vli}nlgl& ﬁ’r??’ %ﬁ élged to
cra’:tte se ASIQ, atRid. Elgutedﬂl dsd iabludeaimbterial @i s8stcal 300,
known i art. and described in

WD Shebiy BRGPeed t in T Ao e 06 110 SBiArci 7ol
0 ﬁ?'rﬁﬁenm%m% I SemAdYy 1%%1584;1@ %@p?cﬁegﬂ? gﬁf‘ﬂg?@m

ge Uni ver Si ty Press (
ap@Eg{@pe)ﬂ Qe Datingoperatmen, andertl ghnvSpimgdydéam 300 ityigeally conveys
2002), St e henson et al.

et R o T oAl Bt or S6¢ P poRkiopde ComRpesnt o imaerial
con 98y sysRas300) e.gl, Ak ?Qﬂt bPhn ﬁﬁhﬁbﬁ&hé’f@}g&%) Kp llll%rld] aggy shows

Kl uwer_Acadeni ¢ Publi shers (2000) ndanmen
defestar d7 2 e mquowllyanclurdedqggb@ Fystemss c(lei)iomyentmtne Iﬁasmhown

acicgaragis A el G TRRLATL SRR 5y s @0,
soﬁﬂe&sﬁbodﬁneritia ldstcedr PY2his dré@fbdonnadied (idiematiost AppEaRe 1700.
of Pol and Practice, Hanser-Gardner

Th
In geitgip E%lge @Hsentsgg%%)tor iRAdncanfisueidn deivsidotrstabletgints
pr&&fo@ﬁ @ﬂﬁ%enél%t@@{)&s?ﬁdﬁe& TReel Mcﬁl’m% nlxpone nt%f n%aueﬂe}ll or

fabrication, system conpone S are ionar
copvqy@@ss/etdm 309 In other emhd)dlmgntsumﬁ&nels&m (dg. amulu Well

hi | hob
ol e o) GEocF SR Bi e - BB RS ABPE b nicaiian Grvice)

to Efété@c@f P14 40 B/ ofh¥eS bteridl Ay conSlfedto af/of 1'?8111 thé(ﬁl’atenal

g., to prevent interactions between conpone
Slt@%ﬁff the @gsitpring eamgperes| ofsmatotielscongeying system 300.

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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the Iike. XL MATERI AL CONVEYlI NG METHODS [0119] In

addition to the systens and conputer program products
wdeswsrostaad herein, the invention al so rel ates POT/US2004/040416

nmet hods of conveying material. For exanple one met hod
chBinHEGS df@ﬁé&ﬁ%blﬁﬂqﬁ@tiﬁcrhh(ﬁhg (€&, Imachinif Skanﬁfﬂ %%ﬂgfagﬂlg

a reagent, a buff a solid stpport suspe etc
injention groldine, et mglndengmmbossaig, exnoian, sichingde.gy sleemchenucal

BT RELL0ed 16 SRB ST PLLES) Beies e

gdsmaﬂyl l@oain ih figy SR ddsbrdledShRsd. AN ftin®ds| a6t @5iRS AdSorhSion:
an 1| nt egr a! mul t| I e of an angui ar d| st ance disposed

RGN BT 5,5 S SO

Manhme_TgeKﬂuwdESA&mdd&maIHmbhalmjs (zn)t)a); Sepatnson ef gMKtalo@ktie
3, 4, 5, 7,

| t | 6, 8, 9,
o1y § | qgesgfargpgbe T (3,99’}}03%921{(; wg}dang:ﬂandbook 3

E@I Kﬁ@&&%&ﬂmh SER007 g‘h@%teﬁgﬁ Iﬁ]e%tlgé ]ygqlﬁ%hge\% LT
rol I er support. escri be

Asgosiateal(BQO(Bdeaclas, Ingection Yvldihg bhEheralopbistisUivperiblssveh 2,

cHs R S R 6

Chaie Ealrhyobf B&lifﬁl@ﬁéb’ﬁéﬁ{' A Pﬂécﬂlcqae Hfahé"e%JGaE@Aér ?’ﬁbhcatlons

di sengagenents from nateri al conduits for each
(208%W @@W.lﬁgﬂrﬁﬁraﬁdtbwﬁ:fatencee Iy certaio emboilimhents, followmg

BR3P SR G R e

sugfamnaltﬁ y hydmplauc smmtgam hydrbphobiédangNdB! £KiyRh 1010DE/870
romnaterial sites. Moreover, the

B]laglf cRAB8 &Valfal?@rfé% Waitiard Cppeeptian (WestcFhastes, %} eicn, eirthe
likeY B C EASAL eristjcs
1 &%’ F gd %%ngﬁlg%r Sysbt%gvéeﬁfﬁfrlggﬁ\érﬁ @"ISI??C%D Qﬁc?%tagents samples, or
th¢ Hj¢.ement ati on of the systens and net hods of the
invention relative to many pre-existing approaches.
[0120] In some enbodi ments, material is conveyed to

Xkt YIAAIERIAle CONVEYINGMETHADS ondui t s cont acti ng
Site non-contact materi a

t |
[Ompgﬁ sﬂfa)%ddlfiBP oy THTUES BHECUmRHT PSR B P BIs deycribed
hetdi iR veRd R 181REGE bl ififodlof Soitle flﬁglﬂ%aggf lpfggéérﬁgﬁle 0 e

termni of material con UItS
m@h(?dampluldgs eauvaying matsfriai teeg.y otdllesusmansions 4 rdapertebuffer, a solid

ed rotational .increnent, e.g., to prevent
oAb Fhaloh, P PG P R0 i sondiEf o described
hefeo i \omah atfe oBRtENdralTee@R6tibS of (B dIRR @ﬁﬂ&%rt ih %ﬁlaﬁ&to‘ﬂeds

i nclude noving material conduits with ficient
rotgapRpd incyerpent dias substratiall e parraspensisita kn itegraladtiéipsoftan angular

. f t duits, e.q,,
A A Bsc Vbl @A gfbor M b oo BF E FohehisuPidtsushiive
quentities o&afeoiat éanveyeafto o Groffed Slaiedihl RNEHE{Fond & th%QHﬁtlonal

enbodi Et'sent s, the nethods include contacting adherent
1nqrrgf1g}t] setnﬁgltly qyHetaignaldncrement 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

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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external portions of material conduits w th another
object (e.g., the edge of a well of a nulti-well
woanmisasTeas, etc.) to renove the adherent mat er pai/uSe@an40416
the external portions of the material conduits. [0121]
subStaf@AG bR a8} HisenZBEDRdnA fréintBste@RcbAMAs! fY¥r each conveyed
conprise nmulti-well containers (e.g., mcrotiter
qyAngityedf, maseigaly . 9 mhﬂe@@e@nb@@p rvemtgm ameangcbie corfveyed quantities

f e I | u )
Of%%%ﬁéﬁquan ’ Jeg? ical 9(&5%1 1ncnetnbe g gen élfl? nﬁ/ey osgbsgantlally
uriforini mivetihl voQurhed t6 @F frofDMategalaiteBt Blokadlvers Gittidtdiioamd/ or
the nulti-well container relative to one another,

ingregnents tiliged pedeseahadinsrain aredpripahercospersaadfor flpw rate

r d
el RO B ol EPTTAERL il B ep g
sygteantant] ynevfodsef €rel ialenitioh oelhtine tsem(iyrmkﬂstmg appteaches.
multi-well container, and so forth. The noving and
[0d¢20)veyi nginsbaRentiodihendd, Gaitdrial seddsveyrtit@hlayerial sites without
si mul taneous with one another, e.g., to effect

mafgHak Q?@dlﬁlff%/wnf?&ilég theimafetaa) stie (irfg. nopEontrt mpleaal dercneiag)-

Feeran Pl BUETERBal DR, SRRV ORI Eht e
plaxﬁhmi estetmind of mamrllahctonﬂmtst with tlef conbrelleratfer effbctimgrdtation of

orm an adherent quantity of material. Thereafter,

tnp RIS SR 456 S5 CireaRLPREY AR ERiee B UV eY OHgRles of

mbt%ﬁ@tfr&ﬁ Qdh& T th kiR f)d)lﬁenso(‘;f ﬁi&@ﬂﬁ%ﬁﬂﬁl@l Cﬁ?ﬂﬁ%ﬂﬂ/ the
towards the materi a e, and decel erating

mtstdacdﬁ maludp mowmgmd&ml h;endmtsevutfadsufﬁgnnhﬂeﬂocstucth efehtadhtizet

r n it ter| i s conveyed (e.qg.
RN B PHBTId el R o b PRt e gpnvey the
m@t@ﬂ@ibtbta rhferi 1 8it8BE !%r(ﬂ@'n thd éﬁemh@&%nsﬁﬁi@ﬁﬂa@hﬁyccﬁlﬂmts In
bi ochem cal or cellul ar assay, synt hesi s reacti on,
Swrﬁpdga@m éle méﬂmé%mb\dﬁﬁﬂméctmg adi;eregy@a@ml thachdheres to
\VA n, T
)@Fﬁfzﬁ ﬂ?ls P (g%%%n?gémgg Wo;‘l aégtzlgf (gb gtglt,((% g i the Oﬁ:%lge of a W&ll of a
muiti-w el wﬁithmcﬁ atcH 30 rem:dvudlse idiesmt hﬁteaial fromtthe Skt@fhal portions of
t r ansdrct ion, cell adhesion, apoptosis, cell
At o u€§DCR cell per meabi | i t y, receptor/ligand
b| nding, intracel|ular calciumflux, nenbrane
[0f2tlent i al /s deseriegdchearin ampipali sifpy epticoally eernprise multi-well
rs,.t ha knovvn
LI ShIc 30, T8 R b BAARE cE B L0G)he
mitheaepaotalhtiheudasanysing a\mit\qu@utwf iratefil IntPh Er@Svellof a
descrl bed in, e.g., Parker et al. (2000) "Devel opment
mplfi-well Fontaiper BN e @E?%’éﬁlcﬁ@d‘%%% the pwgl—fwe cﬁoagaer@ﬁ gedative
n
o s B n AL PR RO LA el conainer
is §{ Qmunnig@jonAgish ¢ 2001J wWelwif treamititigwele bd)ntamenealhnelymgm second

T
méARG YR EstRByih g stBB@EI@@%ﬁéﬂll‘l}/%abstﬂ—rﬁ&h'y@ n@tﬂbﬁnh&@w@ﬁl Dﬁ)’eganother

Fukushi ma et al nducti on” of reduced
e.oni@@tigel ‘joarthe-fly” matenal dlspensmg

[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 form an adherent quantity of material. Thereafter, these methods
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permeability to horseradi sh peroxi dase by factor(s) of
human astrocytes and bl adder carci noma cells:

wdevesasTaam in multi-well plate culture," Met ho#eT@8R104/040416
Sci. 23(4):211-9, Neumayer (1998) "Fluorescence ELI SA

al8o GONERAY HONIO SR %\&Plefaét%’é féﬁﬁﬁiap% &ien @f‘ﬁle material conduit
chronbgeni ¢ enzyne substrate BPI , Graeff

tostardy the i) s1te;¢\ambd@ele@jg;m|g| th@teggg@ypcfr@pn nf th@nnatq:mﬁl conduit

[ hosphat e th.n
3%21 r;[gat??w clhe?ang an%hr ?'tqir&gt tgé (&Veéﬁd QM F&z. eéec?qggg;gpgtﬁq&temnal
p@tmn(ozmateﬂluomﬁﬁmnﬁemd&ﬁemﬂeon of plant extr acts
that affect neuronal voltage-gated Ca2+ channel s,

[(a2B] J. Pﬂﬁeﬁﬂlalﬁ%u y bl&héhicaRdr @e@lulaﬁﬁ%aﬁa&@?ﬂﬁéés féﬁct%n can

(2002) "New per or ocar bon system for | ayer
beyadaptdsl fof parfremencega teepeistsrand macording acmthcemthods of the

3 142 51.. whi ch
kR S SR ISEE ot Al Pl 3R G e wmplirue! e
intcinde alidse we ativgt tb Qfisal thaisdedtidno@dli @IRadiby, 2peptosik B nigtafign,
the systens of the present invention are al so

GRERe pq:lb Bermenbiligy, geceptgr/lg,gaqdam]écﬁpg Apisacetiutar ealcing: flux, membrane

p&%tﬁ%&é&%&ﬁ&@@@%%@T? %R@%@B{my others that

arvKTibi@D%; thefairt. et diimyias tletéals 208 g oy cdrininesf thtseaind otheld hsdays

iny RSB Eh s e GRS an s BASGIR! Hbir2 00 SOk el eepént of
hiBR "clﬁbﬁglﬁfu@sd‘r&rmﬂé zslsk‘a%fs ﬁ;@lhg\fﬁoﬁéééé?leé §§1aﬂ%.t)’0na ﬁjcléal??éc epior-

vari ous nodifications or changes | I ght t ereo
hgﬁ@démg@egmbhwe@épmsasmsayse’w Biomblecwlpt Saeghimr H2):37-88,

AZEGOPEL GimBie P eSethhsheafn abisbiiof e Rgbsngeon

(1@99)& [Q)taﬂ@dl(ﬁl ofl the! Bl RS vt praess, Ainh BeATRS itBhHhadihtiBal
tip systemin which the perlstaltlc punp had a rolTer

Techaplogy k(B34-3% wbribara epaly QOPE) ‘Indystiph jof reduped endgthickial

PTG AbARaSRE B NIREFRER BT  Bhe Rk SRR ot
carcinodni céilst Beteciontie mubgsvesigilatt Quitite ANethads OB SEIATRARDL1-9,
As shown, it is apparent that

of 12 per dJ‘1§ pense.
Neyaier hisosh T prescenerElRey &rcamparispa Bt Wepndve fbipsegenic and
onéUnteBSeen]Enk G5t sulRQUR, qﬁ}slp%ﬁﬁﬁ Y b MIR S \A‘Fgﬁ)gg) “A novel

essentially zero. Figure 18 OWs a serie
cydlispessge for nivotihicahid-dlensy stimwlostde phdsphate arithargomalar

s o Pl SERRE DM et AR < af b ufrentespreidesion

of (A RRGadMeH asdfidct n&b&ﬁﬂ v&@age %a&}éir@aziéﬁ?an%mv@@ B hi8S Sci.
of di spenses in which em was set to an anguf ar

13# 51 ladb wadh Rapypapag epal (Z;QOQ}) News perikiogivarhon syshenéomaeltﬂayer

A A T T SO SR g

arel emaﬁaﬂp@eﬁemge Refe@be. PAllditiohal Adjads RIMtideab VaxiSusyasthe® that
for this system rotational increnents that are

arg ARyl Pﬁ@?%ﬁél%@gdhe Soteaseolithppresant {nvspliomarre ajsedescribed
in, e.g., U.S. Patent Application No. 60/492,629, entitled “NON-PRESSURE BASED

FLUID TRANSFER IN ASSAY DETECTION SYSTEMS AND RELATED
METHODS,” filed August 4, 2003 by Evans et al., which is incorporated by reference.

[T
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this system Figure 18D shows a series of dispenses in

whi ch the systemwas set to an angul ar di spl acenent of
wa20p@s7dispense. Wiil e the percentage vari ati 8aT/US2004/040416

bet ween di spenses may have expected to be |ess due to
xihe Rixeprg spense vol unmes, cl ose exam nation of the
dropl et sizes shows that, once again, periodic
[Q/]é%ﬁ) at i onltuasngergieehthat the e28hpMland embbdinfeatsetpsiritgd herein are
i nyent i.on_has been d ribed in nme.detail for, .
for B bE prtBRset el e AT arL PR BT of hgnef? indient thereot
well BaEudo@sted & Seridnk QRilled irf 18 aftfdnd FetdbR ih@adHGiuRh thduptit

di scl osure that various changes in formand detail can
apbPwEiee ofi thisepplichéion end seppe pg thetdppended eladoppe of t he

I nvention. For exanple, all the techniques and
[H2phr at us THisszrmpledlladimtes vesnubdispessa vsingward dpsystem in

| nat i . . AUpubl i ' , tents, . :
R hE G oB B 58 R BRSPSy Pheeip whic e
aigUdri ERdrice Aispbeed BRewdeRadt B5r BYadiRESIBNES Wl 3bh.eP{gure 18A
entirety for all purposes to the sanme extent as i
shoxesr serigs Of disansqsu whiclt the Aysipaten et tpar engular displacement of
2R LR AL BBl AP LR b M P o vy

disperpe selantek AliMac/\Ehide HiSp&dsélvdiaiek SierelesséntiiBlyQiod | Figure 18B
system .conprising: at |east one peristaltic

conv e%i ng . g .
SHOWYRG: SFHGT Plglispensisde anpad the sYSSM Siap priite an Argulandigrbscement of
S SRper VS b3 Bhol B85 G AL Sy
dispense gbluges suappidll bbscaved, Faguré ¢86 shonea soiet bd Hispensedhimtwhich
I S _gperably connected.tq the notor, which controller
the 3YSIGR PTG 4 G Rt PlpqsiRn B Uspendispaigsy ApRRown, there
aDédstially RBVatiatidh BldidpBARLvoMRRey R 1R WM di ing.
Wt hatS sﬁbgt anti gl I y1 ccl)rpr espvondset ohg%hi nt e&ﬂf&cﬁﬁ%ﬁsﬁtgg
Apthegngalagdisancaidispesad betticsp ombdabyef wdiecena dplirews 30° for this
: orted by the.roller support such that when
s/t SRR B o R e Sy BOR B A TYS BBl for
thisxsybtes. Fegurs 18Dtshewp BB iR dispense@in Whidh tHelsyBléMPwas set to an
conveys material through the material conduits,
angykar displaggmet okdLepsralispense: While die persantage varéation between

. [ ' f e . r. fromat |east
e Py AT, HR YR TRBVENE ek g d o Bes &5
exairanatioh of Wesdreplat sizarshowathar, onad agang lpefitdit a8 was present.

convey substantially uniformquantities of material to
[0826]f r om t WarileBieSfoiatboirithfentidn hdiBecHRIESIbRY i€ SINENdtEE for

system of claim1, wherein the rotational increnment
purposes of clarity and understanding, it will be clear to one skilled in the art from a

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
individual publication, patent, patent application, and/or other document were

individually indicated to be incorporated by reference for all purposes.
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is unconpensated for flow rate characteristics of the

system 4. The material conveying systemof claiml,
wounodsisrs4conpri si ng: at | east one detector opeprabiUg2004/040416

connected to the controller, which detector is

configured to detect detectable signals produced at

one or nore material sitegpAamdhe material conveying

systemof claim1, further conprising: at |east one

WRAGTE AL Lene . that is operably connected to the
peristaltic punp. 6. The material conveying system of

cl ai g ﬁmwaﬁmedoﬁv&,f;ﬁg gﬁ%ﬂ,eb}nﬁﬁsihg: configured to
ef fect substantially i1'dentical rofler disengagenents
fromt he atdestond pootalié puthp haveg h radanbleyelderguppart that
of &attglri It tol{ﬁ nimze periodic variation anong the
SEERVEG aasgu‘ﬁ%f(? %8s of material.7. The materi al
conveyi nga¥ssk 6 Alotdttidt™® dperdblyf EdMRECtEQ FhE eAGaltidump to
| east one positioning conponent” that is operably
rogsp thegober suppetieindont rol | er, whi ch positioni ng
conponent _|i . e osjti.on at | east.
one. mat or PSSR e TSGR L BREI e BplE Phigo
corgtodiet eohfigued ieetedchtatiod. of Tt astaiieetollat supPBi &y h'igast one
mg%st emof claim?7, wherein the positionin nmponent

: con
a9l ineemgnt fhakaibsigpigallyfosesponds (e mﬁafa? mayltiple of an angular

dREhSEliYSdEa | !

SRt b b Aot RACRRA iR 6 hF e supbdf such thr
wbempnd @i moretnheeniva icenduts acoomtuibly apaeetbd o the pagatied pump and

t he .posi tioni ng conponent an o the peristaltic punp.
the i <o SBIR E hyoRg e AT PR S, di s
mERARY thii ddrespindl 6 AR roPHRnSlliFEBMES FOSRIBEM toR HAPhNeast one

connected to the controller, which cleaning conponent
mpigrigk filgct ured to clean the material conduit when the

material conduit is operably connected at |east to the

posi 2. dhe¢ mgtecishpmrveying systan bheaipo$, whereinrdentionipoteiohal
. nmoves the material .conduit at ]east proxjmal to the )
ingiRBERIS F SO GHaRkL RTOF GUIRUIES PhIAEGAL BT T st aeril
sief claim7, further conprising: at |east one nounting

conmponent that nmounts at |east the peristaltic punp,

the 4o ar . . '

one S el e RRg R b GETRANREh Rkl hrement
is oopmpaisatgd fatfldvesmsd clonetargtier dfahe getedui t; at | east

one peristaltic punp that is operably connected to the

mat ed.i ‘Bhe marddl donveyihg Byspei bSdlaiht 1, Fufbéitoa@PiRingses a

rotatable roller support that supports at )
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:

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 to effect substantially identical roller disengagements from the material

conduit for each conveyed quantity of material to minimize periodic variation among

the conveyed quantities of material.
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| east two rollers; at |east one feedback conponent

that is operably connected to the peristaltic punp,
woehbashsfaedback conponent conprises at | east ORETMISR@®A/040416

that rotates the roller support; and, at |east one

cont 7otihemdtéiad cbﬁve«yﬁ@rs?meﬂl JFennaat ﬂﬂtHePc&rﬁﬁmﬁﬁ dback
conmponent, which controfler is configured to effect

rotation @fleastanggetitieniag ﬁ@np@engﬁhpbl@ iopetahlystonhecsest to the

t ner nt t bst
cgrgt?orlfé:g p‘@%ﬁﬁ p?s&twmﬁ nciﬂ?e%opgp rﬁc Blieg%% fnogﬁa%% Bgﬁlg?n at least one
ntitGiab beRiugt HA0S @de betvronaad)latedtel et ke bse SupRe! t ed
by the roller support such that quantities of materi al

conv gy ghe it Q44 Qoﬁ%?m%%&ﬁéﬂnfﬂf Cﬁlﬁﬁd’u Whedeth @ p BElﬁBﬁlﬁ%

| east one material Site correspond to the rotation
compenantpemp3ses Thisasiwne pbiatt hoddey hat fgstaysrrehioslippéraihmmaterial
silds wherein the material conveying systemis

automat ed. 14 The material conveying system of claim

o ur 31 T et e B eSine SuriEal SR g BB BT DR o mferial
c@iduht%%fabl%ébrﬁfact&d‘ﬁ) tH@E@sﬁiléﬂmgg éﬁlﬂl%%ﬂeﬁt ﬁfdetostﬁ’@ﬁ@rﬁta@ﬁc Pump.

di stance from one another to Si aneously

conmypi ¢RL ﬁm‘f@rfah c&vae?ﬁ g @ygteﬁg%k %lﬁmq SRREC ngpr?s'ing/ east

one nmulti-well conta e naterial  conv ing
syst em of at:]eaﬂt wnd 2leanihg canporteheopraitdy tainected e fhiergntroller,

TR B, oL i PP RBT S i
CERITTYE bﬁé‘éﬁlﬁy\é’bﬁﬁbc%ﬁfat RA&NS tHE%o@ftioﬁ f%%ﬁﬁﬁﬁ@nt Rt thd PSsitioning

mat eri al conveyi ng system of claim wherein a
cerapenept wiosgrobe natdriabeqytaluitia leasttpeoinlal tocthelgletniog epnpSIEst.

a cross-sectional dinension of between 1 mm and 105

mm  1F. Thtmatesiabeinatyiog syseynm nficlaips 7 giurthér aoingprisink2,

V\/nereinth ristaltic pu en rates suf ficient
mat eri al 85)6% PR mounfing ‘g)grﬁ’ng? ?t%?uq%atée%sé%mﬂgalgf
piidig, tﬁ@hﬁftélahncp@l@ BéitiodiRg @(“)ﬁlﬁ&{enf‘%“tﬁ@% 8fd afBRiG' 1 al

di spensing fromthe termnus. 18. The nateri al

conveyi Rgns¥shieahes in the peristaltic
punp conprises a rt@l@b%h% impﬁ{l 'staltic punp. 19.

The mat er atdeast onweypienigl mnﬁtuem of claim 12, wherein the

peristalti nfiqu to reyersibl onve .

the quant ?@F%ﬁ rrg? p"?ﬂﬁfaitr“f %‘?m glablrs PP %qﬁ’é‘nﬁ‘é‘?‘gﬁ t}é? haterial
cdtidu; whih ﬁ%ﬁﬁalﬁ@tpﬁﬁip%nﬁ)ﬁ@é/seayﬂowabﬁé/Fﬂlﬁ%{"‘sﬁfpoﬁ' tﬁét@\%ﬂgoéts at

wherein t roll ér Support supports 3,
legst two roliers; 12, 13 14, 15, 20, 30, or rmre roll ers.

21. The ngttlggst ne f @éa%ié icQI%p 1¥en¥ ﬁm: 1S oper y connéctgg] to tﬁ

the rol |l er "suppofr
peristaltic pump, which feedback component comprises at least one motor that rotates

the roller support; and,

at least one controller that is operably connected to the feedback
component, which controller is configured to effect rotation of at least 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 by the roller support
such that quantities of material conveyed through the material conduit to or from at

least one material site correspond to the rotational increment.
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I nterchangeable with at | east one other roller
support. 22. The material conveying systemof claim
wa2005wkaesei n a nonent of inertia of the roll er PEUMS2IVY/040416
is mnimzed to prevent a quantity of material from
adheqzngné ﬁlaﬂﬂiaﬁl‘érﬁ/%ﬁ%% s?s%’rﬁ oPBlath 18hwhéMBihGhd Rhterial conveying
conduit when the peristaltic punp flows nateri al
syskamp ifggtathaiedmt eri al conduit. 23. The nmateri al
conveyi ng system of claim 12, wherein angul ar
di st dthcEhe diagpinsechvbpingspsterpaf clainofl2 adhaeianhe matekiel ®onveying

supported by the.roller support ar ubst ant j al
SRR RO Eiene RiriGt WAl rertar B e GFY 4P CRBHOER B Lyjetito of
thefm ka1 oAduits MRS58 & AGEte Fdh bRE SncthRRO iR Tab¥ouke

roll er support are disposed at nost 180 apart from one

cpmuhisate voigh diffeeenirveBs fliaposed invatyeasyosymubimwell cohtainer.
12, wherein the feedback conponent conprises at | east
one #5. Yhe machahcsveyingysten opaaabllP, winneiachedatedal dvaveying

tor, which drive chanism conprises at | east on
SYRLse F@PP%%ﬁﬁ&ﬂ‘ghﬁtyt%at% BURdEts Bad PihersT oI aRgEe of the

meReh! &ndafts ERBmMIRLck widbdiffiRar ABleshi flur&enveyi ng
system of claim 12, wherein the feedback conponent

furt per s j : at o
oper 1 oo Soyp g et MBI L2, WERHER U ghcted
thsamhake detesial coeiughbmpatesrmdressisetisordi dipaseidn f bermeenl pm
nore material sites. 27. The material conveying system
angk1E|Mg-m 12, wherein the notor conprises at |east one
positi on encoder and at | east one gear reduction
conpbhehbe magriall¢rmvaying systdm obelviay L 2\gvisysin ¢m mefristal ta pnmp

12. wherei.n th r conprises a.servo notor or. a .
BB B TP S A LTS PrORa Ly G T ut Shing poateria
cohldait o dZect WoRlcBhtact NRe 4l M dpRhdi®S frbm thO Rfmatsed to

effect substantially identical roller disengagenents

f r omg. hendRbRFh Al ont ORA LstdnPbf QRGN E INVEHE %e%éﬁigfa%t?e’pump

of material to mnimze periodic variation a
copepisey e thudfireharninel peistdltioypunap.i al . 30. The materi al

conveyi ng system of claim 12, wherein the rotational

I ncr EheTiie materielbaneling oysein dfodsitn B2, 0vHereth tHegdegisialtlc pump is

valume. 31. The materjal conveying systemof claim 12,
CORIEIER 10 PSR APV SUMANCS SICPORBALS O BRehe material it
subst ant i al Ié_uni formquantities of material to or
2

f r o nEnGrapieripkfonypyag system qitdaipral B vhireie Sreviellerrgpport
supYSEMOL, 1AMy 1y 1Yher €5 M4t B8 JOBELI AL rollers.

21. The material conveying system of claim 12, wherein the roller support is

interchangeable with at least one other roller support.

22. The material conveying system of claim 12, wherein a moment of inertia of
the roller support is minimized to prevent a quantity of material from adhering to an
external portion of the material conduit when the peristaltic pump flows material

through the material conduit.

23. The material conveying system of claim 12, wherein angular distances
disposed between pairs of adjacent rollers supported by the roller support are
substantially equal to one another.
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increment is unconpensated for flow rate

characteristics of the system 33. The materi al
woams@gTaag system of claim 12, further conpri sPQ@GUSA04/040416

| east one detector operably connected to the

cont r2d,| Bfie malkiehc et ARE O¥stdrs of AR 2NARiR a0RESR trollers

detectabl e signals produced at one or nore ndteri al
sippeited puthe Thlkerrsuprart are déspaseshyat mpss160° epamd frood erienanbther.
wherein the rollers are rotatable.35. The materia

convedA. ribhesyateeint @nveyiag systn ofdleinel2) vileeeip e febdatk C
mechani smthat effects rotation

‘Jg’%ﬂz’ﬁ%mr v ngtgt % lig‘fte??{)%er driVgaFrhapisTBRIgH opesRlly egniggied to the
rh@ﬂot &FhieHBRYE hnecBfrisnd B@mﬁ%‘e@ bt Rbst %99 cﬂ goﬁ%éﬁeﬁﬁmh% eféects
I gur e

claim 34, wherein the co roI er is urt
positionffeedbaclotentiadnf gk motot.east one of the rollers
supported by the roller support. 37. The nateri al
conv e36. rithesyisteeinh @hvefing systn ofMdlgiiel2) viHeeein Gel feédback

[ direction that is gpposite froma
CATHEBE R B CoumBsF ue 7078 oAt é?al@dbﬁ@ﬁ opagably connected to

tHd Bdd AR, \RLiSH kRl h?% 'cfete\é@@él%hé Sf m-g a s@& at ong or more

conveyi ng systentof aim erein ers
m#erialsiteer support rotate at veIOC|t|es that have
substantially equal absolute values. 39. The materi al

conv el rithesystteiah hveliag spstedh ofhigiel ) whagei tietrhétbt &mprises at
effects at | east one negative pressure pul se at | east

IEAshQmeRAs1EQp ecpderan b1ea o ECtrapRICTian CEBRRNIE af t or

effecting rotation of the roller support in the .
r ot atZSonHle HErERORYCYiRS w@ve%clﬁnuf?gmhieteyn e metbeednagrises a

,&ﬁ@g%agpg{%gg$ﬁgnﬁg]gxternal portion of the materi al

con e natérial conveying systemof claim
nt_of inerti

39, e roller su

e iy s eREROP e PG Ry e fespiirier i
corfigurb@to éff@s@sib@tinmgidestida ColRX HRENALe ROk HoMh G rﬁat&%al
material conduit. 41. The material conveying system of

cepdjiitior gachyqql qantity 8 magarial faminimire psfiodicevariation among
tﬁgﬁdﬁ%b 4 fiRRgsLd ofSONREiSes at least one tip. 42. The

mat eria onveyl ng system of claim41, vvherelnthetlp
IS I nhe the term nus e nmate

conv%ﬁl)l %eg?/%?nﬂtc%veé' 08 ST Of\ﬂltaé?je]lgnw&e@ li’l{:);otatlonal
iSr&RORRAre R b 4thenst i 0. 190 MRS FoRine €ast two

di fferent cross-sectional dinmensions. 44. The materia

convayi ’T@lfe %ﬁ&ﬁiﬁc%ve@h@ s%té&l of%‘flﬁellzn whbrelfA881 rotational

' portion o
increments convey substantially uniform quantities of material to or from the material

site.

32. The material conveying system of claim 12, wherein the rotational

increment is uncompensated for flow rate characteristics of the system.

33. The material conveying system of claim 12, 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.

34. The material conveying system of claim 12, wherein the rollers are

rotatable.
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the tip is tapered. 45. The material conveying system
of claim4l, wherein at |least a portion of the
worb@rosad44 conduit proxinmal to the term nus i s PCT/US2004/040416
substantially linear.46. The material conveying system
of cBai Mémarihe E@ﬁ\f&yf ?%yﬁé&ﬁ%"f amm@ul Mhéfefihecﬁé a%éltleﬁump
of the material condui rises a | ength of | east
CEOPTHeS agpar mhdlanmthamff@tmv@ppn gf g‘gesro@tﬁbtn‘ roﬂblauwhen?;he motor

nus of the material conduit and the
rmﬂgsg?éOQ%ﬁﬁgﬁPgh by an insert. 48. The materia

conv system of claim47, orti ns of

oest. e ARl it oot vhaeheRrt s
furiher Edrigufh to%cmwoh f a@l@ﬁb‘{ SMé BYthe y&i&m%oﬁé@bmhe roller
47, wherein portions of the termnus and the'tip are
Sumgﬁrted into portions of the insert. 50. The materi al
conveyi ng system of claim47, wherein the insert is

f abr Bt.atbe nfatepial aoﬂ\esmgfsy&tmh lof elaimBér whdreinhiherrcilerd retesd in a

terial con nve
aF BRI Shosiir oM LR Of Ui Yoo lE] fppOf o minimize
ma Rl ESRiGitateak€ast one material container and/or at
| east one substrate surface. 52. The materi al
convgy Qe ﬁl\égetrﬁ[rbﬁ{ve %uﬁtéﬁ'of F‘ﬁiﬁﬁgbnwﬁé} inTRE fJifef and the
cont ai ner conpri ses ti-well nmateri a cont al ner
rohlav supgpof, rothR; atZ&locit&:,s tId hadkO@ipsta3Billy 2682l abSA6te vatuesor e
wells. 53. The material conveying systemof claim51,
wher 89.nThdmasiab tsreve@ing Wysias ef claip 1R sekeréinTRatinddEer effects

surface. 54. The material conveying systemof claim
at1gast PG PEaH Ve BRSTUIS PRI aidpast Bepsimaie apesayingsnithgymaterial

cdrAtiR %ﬁ@féfféctﬁmg lbtﬁtl&’? §f @Rk N1ek 915}%1)% el if%hd Qedtfdfial increment ¢
controller h positioni ng conponent I's structure
preventovmahtity qb (Ilﬂ"ﬂtﬁlliﬂ froithadheeihetd al extemalyiorti@nal! the niateial
cﬁﬁbﬁ” al site relative to one another. 55. The
rial conveying systemof claim54, wherein the
DOSId@ ng conponent, conprises at | east one object
hol afegiaseqnyeyine svpiem o5 eige AY: Whiaeifwrapmant of inertia of

the kdifer s ortTﬁqm'i]iﬁ{ﬁ 11?5 ful?t‘ﬂ& C&X*éflg t&y(ﬁl%ﬁ%?y%&nu hH Mt rildhermg

wherei n"the contr ol I gure aneous
toehd exernabpationf dfe miterialebhduit. support and noveabl y
position the material conduit and/or the material site

r el a41.VEhd marnial eoreelias syutah of laim 1D evigéin tat loa&ne kerminus
terial are conveyed to or fromthe material site

an ERFSTRE EudRt 9o MIses & |least QXS tHbverent of the materi al

conduit and/or the material site.57. The materi al

convdyi Hep sytetishsasvering pysieama of olaier d1.rwvhenein thsstin isdnfiegrgl with

the terminus.

43. The material conveying system of claim 41, wherein a cavity disposed

through the tip comprises at least two different cross-sectional dimensions.

44. The material conveying system of claim 41, wherein at least a portion of

the tip is tapered.

45. The material conveying system of claim 41, wherein at least a portion of

the material conduit proximal to the terminus is substantially linear.
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conmponent conprises at |east one X/ Y-axis |inear

noti on table operably connected to at |east one
weoasistosta4 f eedback control drive that control sPODUS2®MN40416

of the X/ Y-axis linear notion table along an X-axis

and a6 TasinSater?d col Vil BBdySlehBdf FAMVARY Wheredy § 8ibRntially linear

claim57, wherein the positioning conponent conprises
pextiongd $he materigbfaeipitisompasesopengthiof attloam 68tmard. t o t he

X/'Y-axis linear notion table, which object holder is

st r udf7urlhd nasersal ppoveyirtgsystent afrclain 48, twherehDthe Tdreinus of the

terial conveying systemof clajmb54 or 58, wherein

H{rgﬁeémé)figl?q “oemdr{ée Egﬁf%cr?élﬁ?Ct Ph#t Wetat | east one

Z-axi g lLinear motion conponent conprising at | east one

i
mat ef‘galThE rdenal coupBE SyHERPichan 4 ppsfeispetionsedhe msert
aRRQhidr2A ilg%) A5dretd @lmGangiH feand that nmoves along a

Z- axl s. . The material conveying system of claimb59,

wher gipn 0 t is configured t
nove Q? h gth ?rgl%ag‘g?%l% O :XQ% SS' &gﬁl poggp Mhe ag%\?\fe rﬁp%ﬁ??sl Ogiﬂéeht
termiiroGianyg thotip pedhsecaidt énte pbrtioat ef thelindehat adheres to an
external portion of the material conduit. 61. The

nat e 50AIThe @4l 06N ey Sloe e oF Bl 4TIwh¥RE! @b thstR%s fabricated
Z-axi s lLinear notion conponent conprises at |east one

frep less Hexible matadal fagnedtiledst e massrial gordit em of cl ai m
59, wherein the material conduit conprises a plurality
of nalelhamateidodnveymgdysbaroichimi@, whererr tht natendlisite

cHBE by L RRRR Rl Ein LB AR L
mat eL] ai conveyi n((); syst em of &%I ]ai, m ?2, wherein the )
por t E%n he B OV IR IET B ClaRS lovheke themafarigl container
coRpes bSnulha Dagtal é@haiﬁéffﬁabﬁagﬁsr 5 ©45R8CRH 184 3%i4,a’ﬁ8),/ 1536,

di stance from one another to si t anedusly naf’er
ocmaraellsate with different wells disposed in at | east

one nulti-well container. 64. The material conveying

syst 83n Ohe olagirial 6Rveying sgitem tofi elaire i) whdreipahé sudbRGatakerface

subst anti al I% I i%%ar. 65. The material conveying
COUURISEH A SReTpPane S EACewher ei n at | east one of the

substantj al I%/ linear termnal portions conprises a

| ength ke Beterigheqnvgpingsystgs of Faan ARy farthen comprismgl ng

syst em of ,GLak 8630si ' g rtion f

the mater ?a}a condg?stleémgg‘%%&é%%ﬁ @émg[& 8%%% tcoré%eéfed% the
coninpl16r7 whithepasittanin gt ontmmeetyis Bigucyist el e ] Apdsith the material

erein a.cavity dispgsed through the tip conprises at

Cq%gﬂgﬁn&%th&il?‘l‘tsg@ﬁfte Eﬁ@é‘ée-tgé’é‘? PBYBET di nensi ons. 68.

The t,Fri al conveying systemof claim66, wherein at

| eas?®a W;egﬁl gpveying system of claim 54, wherein the positioning
component comprises at least one object holder that is structured to support the material

site.

56. The material conveying system of claim 54, wherein the controller is
configured to simultaneously effect rotation of the roller support and moveably position
the material conduit and/or the material site relative to one another such that the
quantities of material are conveyed to or from the material site synchronous with the

relative movement of the material conduit and/or the material site.
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the tip is tapered. 69. The material conveying system

of claim®68, wherein at |east one of the materi al
woandsta4and at | east one corresponding tip aPeET/US2004/040416

materially connected by an insert. 70. The materi al

conveyi o ' . i N ' - 1.

nsery apeTHLEILOLGHE SUBH o GRS Gl e DodliohilE
campaduant camgrisaset astrans PONYdaxigliteap mofibn tafeopmsidy calnected to

conveyi ng .system of cl aim 69, wherein portions. of e

oG e PO R (LD Sk ope! SoieH BEORAP R bRt e XD s

lih&aehdtRs thbleQdR dnl RARIs@hd e ak@sert. 72. The materi al
conveyi ng system of claim69, wherein the insert is
f abrizga f j ter | e t
the. o arr 515 So g YRR LRIFRIAE Mibrck D pBbibfifE

caypomEm odmptisdsia B4st dnaobjeet haldeqopesabhgconatctédtmsthe XN¥-axis
.cl eani ng conmponent . pperahly. connected to the .

R IR Lo MR CEICBaM Y S e o 1bvat icmaiead 16
clean the materi al conduit when_ the positioning L
conpdttedte MRl coryexmesysiam ¢ sl 158 whgeinghe resipning

cOR e R RTRARE DA flcer Bfob bt COMAANhE t cas

ogonptarisbeomlutaapprt bdrdrth@&rsupporsrat sdastop @drtidreathe ameterial conduit
ocgifi ce into or _proximal to which the positioning
a,thabmaNes HEURL ZtH& mat eri al conduit such that an
appl i ed vacuum renoves adherent material froman
ext ePhailhs matetad cofvey g sysemral glaasgwhereimihe peydoning

O e R W

velecisyrml djent atliaentanatea sha edhéroniml andixnaemad iportion df thdw@aterial
%ﬁ fice. 76. The material conveying systemof claim

COUMIG yrt her conprising: at |east one mounting

conpagnent that nounts at |east the peristaltic punp,
t he ﬁéearéger&@t%ﬁﬁw&wg SYHEmqh @l%@ﬁt Voseghe

nfoﬁbﬁl%fﬁg?ﬁ%tgpﬁpgggtap stlde solMoa@t eri al  conveyi ng

system ereln the nounting conponent is

subsf.ant o] 78. co L el=oPL.RAr.am. produc .
compProrho el Bofleyihl sy e TR Esor bR AT BREEE] conaui
cormpigsek a@ilwralitysdfmaédi0 0endudts ant @dRteih (g roAeri Qcof@ii€support

i nput paraneters selected fromthe %r oup consisting
hegad. supports one or more portions of each of at least two of the material conduits.

63. The material conveying system of claim 62, wherein the portions comprise
terminal portions of the material conduits, which terminal portions are spaced at a
distance from one another to simultaneously materially communicate with different

wells disposed in at least one multi-well container.

64. The material conveying system of claim 63, wherein the terminal portions

are substantially linear.

65. The material conveying system of claim 64, wherein at least one of the

substantially linear terminal portions comprises a length of at least 60 mm.

66. The material conveying system of claim 63, wherein the terminal portions

of the material conduits each comprise at least one tip.
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(i) a rotational increnent that substantially
corresponds to an integral nmultiple of an angul ar
wdi2etsaata4 di sposed bet ween adj acent roll ers suppomSe@4/040416
by a roller support of a peristaltic punp; (ii) a
CT 0S %75 Gk ingfidtial dbARABI O shn &F RELSE, MnefedDFBAity didjdsdd
a quantity of material to be conveyed to or froma
thravgh thgltipsiomprisahat leasy jwadifferand cross-s¢osivaslcbmdispss ed
bet ween adj acent rollers supported by a roller support
of a6Beflihsmadttrial cpuvayingasystenr aftcddiinnGh, syhewin arlessupportion of
of . a. peri%{alti C punp in rotational increnments that
the S isdmReed | v correspond to integral multiples of an
angul ar di stance di sposed between adjacent rollers
supp&Pt dde At cPBYqYEIE SeiEPRitclam ng wheeein aftleast pre of the
. . At i . i
L Bt 4R oS P g R o e o5 an
irperti staltic punp conveys material through the materi al
conduits, quantities of material that correspond to
the 70t dhe anadridl BoHeVETY sst@finofQdmnesoe heRimportibAdthe insert
| east one material site. 79. The conputer program
arsriBsfyiee iye portignmof the maicHal congwis ppd the goresnordiag tipne
logic instruction for: nmoving an X/ Y-axis |inear
not | dh- Thbmateiid caneying wstamtdfshrimdPpwhensin partions ofithers
' i . r. . A nethod.of .
LA B oAbl B i IR Ml
mat el al,, conyeying system conpri Si at | east .one . .
Cont 781 116F ST B YR SR Rt Shereft e et i frgricated
froBt Dlesd NetibleSnABEAIARAY atAORNEIRMeA A cahddi€ast one
peristaltic punp, which peristaltic punp conprises a

r ot atgblrge kB cix:(kg@?{gtsggt@ﬁtof% Qyt ﬁlré']]%r L&ARsihd0

rollers and is op onnected to at least” one
mat eri al ebledstione chadingcnmpyney optreblymbemdcedd tb hineocogiroller,

h terial conduit erein the contraoller effec
whigF (e PSR isp e o Pl oot prpEvher e
péfiGin® B%Fti)ﬁ&!ﬁf £150BY the hidtersll BEARM dt 8k pro Qi A 3P MR Eeahg
an integral nmultiple of an angul ar di stance di sposed

CBPYMEEh adj acent rollers supported by the roller
support such that quantities of material conveyed t o
or f7é&nThe¢ mateaizd coneyimgtsgstemlof slaim 73pwhersinahel cleaninpe
Crotatiﬁnal increment. 81.. The net.hod of clainb80.
VRSN hC RS £ AT PRATRheT SRRHSIPR 8hichti ong PBfipe tnto or
ProfiisITh Whichothe pdsi€i6hing THHPEAH: Aibvedthe 8RAEM coRd MR that an
and a solid support suspension.
applied vacuum removes adherent material from an external surface of the material

conduit.

75. The material conveying system of claim 74, wherein an outer cross-
sectional dimension of the material conduit is smaller than a cross-sectional dimension

of the orifice.

76. The material conveying system of claim 54, further comprising:
at least one mounting component that mounts at least the peristaltic

pump, the feedback component, and the positioning component relative to one another.
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82. The nethod of claim80, wherein the controller

effects rotation of the roller support such that
wehew@rosTag4 ef f ects on material conveyed in the RETAIS2@U/040416

are mnimzed. 83. The nethod of claim80, wherein the

mat efy afrhd $akPRYeHRe i@ s&ﬁ@m%@%ﬁhﬁ 76, whéRinvhé BRihtiddre

mat eri al conduit con¥act| ng the material site. 84. The
carepdnedt isfsubdtaitimlg@igid.ur t her conpri sing: effecting at

| east one negative pressure pulse at least proximal to

a t e78n Ausnputertphegramtprodet canpdking a wormputehmadable medium

controller after effecti r}%rrotati on of the roller

| .

haé’&?ﬁﬁo%r_iet or Rofeesip 6‘_%%‘?"%%? ncrement to prevent a
quantity QfeiBiedeal: thé@ gﬂopjl‘lg Befaifg:d &léb@ec??f&ﬁrtﬁ@ér]pup

portion of the material urt. 85. The nmethod ©
caplsiing 80, further conprising: noving the material

duit with ficient | oci t | ect adh t
material i1 ahy ORI iR gt S Rap R gn an

of the maiédral meIGRHLIian 2BBulad Higtai®s MiOsbsed bemakbmhdheent
further corrgrl sing: contacting adherent material, if
any, t hat réigretupgorterd bina eglics pypportyd atfesiatabiic pume;

mat eri al conduy. ' . Q ' .
renove the adh 1é)ean rg%é étrlllngﬁ?%ix?%{r%ﬁ)tn hogqgé%tgﬁﬁgﬁk%%{f)t ion
of the materi aliiiy aadaitity oBrhatefiabtortetdoadeyet t€ bairom8Gnaterial

wher ei n th,e.materi al site conprises at |east one
mul ti - wel $%%68R¢ ai ner and the method conpri ses:

conveyi ng at | i 1St i : i
at least a fir g? %\r/le?rfgfug%%ti%%}é%fS;Pit)%/e\,ﬁi,g‘fef‘g%ﬁ‘{dgﬁ%hlgrf?ﬁé}s
novi ng t heappatted bph reltardupporaoic paristaitec pahprand] site

relative to one another such that. the materi al ?onduit
o in confIMMER OURT SRPATAY 2 petsiilty PUBBORACREpTl STt
thAubkai@dlly crrEpinIab iir_lt@?ﬁl FRRYRS d’f&n%hgt'llﬁﬁ&i}statﬁ%eﬁﬁ%@é’d
(0] e

quantity of material info the second well of th
between adjigdent whlarseiuppertedtsy the mellersapnedt effthe peristal @y pump such

erein the novi .step,and _at | east one nveyin .
ol o TR bt § PR Soea BT b RS sy pum
an@i%he pagstaMat PoshpQoned Rimat&ial tO8SILIhe rhdleridRvhdgtsS§BRtities of

conprises positioning a portion of the materi al
malsHaLhat essTROTGHOjthe KakicnalipagmkaIs|are g veyeikions fegtatdeast
or&'rﬁ&tgh%]%iteymer?i n the systemconprises a plurality of

material conduits that are operably connected to the

per i i and wher ej he. met hod conprises
Conv Ly Ths St 0GR ER Aot SRR BRMsr CPBRERSEsudgqet one
log#angtaiceibh #br: Si t e
moving an X/Y-axis linear motion table and a Z-axis motion component

synchronous with rotating the roller support.

80. A method of conveying material, the method comprising:
providing a material conveying system comprising at least one controller
that is operably connected to at least one motor that is operably connected to at least
one peristaltic pump, which peristaltic pump comprises a rotatable roller support that
supports at least two rollers and is operably connected to at least one material conduit;

and,

57



10

15

20

25

30

through the material conduits. 91. The nethod of claim
90, wherein the nultiple quantities of material are

woams@ged4 subst anti al |y sinmul taneously. 92. ThecmeiSkwd/ 040416
of claim90, wherein the material site conprises at

| east one caHdying\Bk mAQN A 08Eh ARIMESN Sbiddi€ WiRIn BF

..n .
at |east two of the material conduits are spaced at a
cafitotlemeteqth satator ofdbp ovlths suppoet idias teastome etatiom irmrement that

Least two wells.disposed in th [ti-well.. container,

s la1bY BorfEoonBos R AR Ci vl e orhdie s Tty Bispetea

b wBsteydjagerit helleratgfpoattd by Hipuelet Jﬂl@pbﬂﬁ/@ud}ﬁhﬁf%@hﬁties of material
conduits to or fromthe two wells. 93. A nethod of

conypXFeiorey fhem af least ang maaterial site aprresperd torthe rofptionobiincrement.
conprising: providing a material conveying system
conptli-siThg meghod efadaino$lly wheresn il matondus selecied fremghe group

oSt TP A S AR SOTREEE ol R PR B
SRR MT A N R R

sufvpbre b 19 &ak bl%hﬁg cFIO6TP B8R &titc MR Y6yl BRI ME Blakdlal are minimized.
conduit; and at Teast one controllér that is operably

con t | FLORi .

i o -cans P AOrRATR, 7 Kl BRSh eI o RIRORSA materil
sitgarithoirlthd aeuighcdrndgitratectiag the omderidl sind t he

positioni ng conponent to nove the material conduit;

convaalyi e hivehorpdfedldiml 8(, Miirtheg bombasiAgt eri al condui t

such that a_quantity of the material adheres to a
terninal pofecibhadeast RRe Aegalive Rreseusn auise at leps pepxymal to a

tefRiniE &8 tlﬁ'}ngtgﬂglrﬁﬁﬁ‘lui@%ﬁrth@ l:?lﬁﬁﬁf%} .hfttéf;efﬁgﬁ I%Eagfo!nrbg ¥ roller
least the termnal portion of the materia ondui't
suppevhindthet lotativatlenci@inest toeprawenba ghantivpsf merahfyom adhering to an

onponent ; d, decelerating the term nal portion of
ex?‘ﬂ’énﬁﬁﬁrg?’lﬁ Sf&@dﬂﬂ'ﬁﬁlfﬁw #%t he positioni ng conponent
the adherent material quantity is conveyed

such, th

fr 0%51' hiltl‘? Wmﬁﬁfc%ﬁ"{ﬁ%@fgﬁr?%@%ﬂ%ri al conduit to

the mat er hlyindl the maldial EOE1AEL O eAbiefil \aélééq%tg/?to Eidblefnt

the decelerati'ng step conprises ejecting adher ent
matatiariif nygthahadheyesfto amekteend pomional thpantedal cohdtibe

material conduit. 95. The nethod of claim93, wherein

t he 8adhEhenkthudtof claah 80y Anthet Yorpriienveyed to the

material site without contacting the term nal portion

of the maf@Hiciing adherent material, if any, that adheres to an external portion
of the material conduit with at least one other object to remove the adherent material

from the external portion of the material conduit.

87. The method of claim 80, wherein the material site comprises at least one
multi-well container and the method comprises:
conveying at least a first quantity of material into at least a first well of
the multi-well container;
moving the material conduit and/or the material site relative to one
another such that the material conduit is in communication with at least a second well

of the multi-well container; and,
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conduit and the material site. 96. The nethod of claim
93, wherein the material conprises a cell suspension

wanastoses4met hod m ni m zes shearing effects on eonwsywd/040416
cells.

conveying at least a second quantity of material into the second well of

the multi-well container.

88. The method of claim 87, wherein the moving step and at least one

conveying step are substantially simultaneous with one another.

89. The method of claim 87, wherein the moving step comprises positioning a

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

90. The method of claim 80, wherein the system comprises a plurality of
material conduits that are operably connected to the peristaltic pump and wherein the
method comprises conveying multiple quantities of material to or from the material site

through the material conduits.

91. The method of claim 90, wherein the multiple quantities of material are

conveyed substantially simultaneously.

92. The method of claim 90, wherein the material site comprises at least one
multi-well container and wherein termini of at least two of the material conduits are
spaced at a distance that corresponds to a distance between at least two wells disposed
in the multi-well container, and wherein the method comprises simultaneously

conveying the material through the two material conduits to or from the two wells.

93. A method of conveying material to a material site, the method comprising:

providing a material conveying system comprising:

at least one material conduit;

at least one pump that is operably connected to the material
conduit, which pump conveys the material through the material conduit;

at least one positioning component that is operably connected to
the material conduit, which positioning component moves the material
conduit; and

at least one controller that is operably connected to the pump and
the positioning component, which controller effects the pump to convey
the material through the material conduit and the positioning component

to move the material conduit;
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conveying the material 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;

accelerating at ]east the terminal portion of the material conduit 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.

94. The method of claim 93, wherein the decelerating step comprises ejecting

the adherent material quantity from the terminal portion of the material conduit.

95. The method of claim 93, wherein the adherent material quantity is
conveyed to the material site without contacting the terminal portion of the material

conduit and the material site.

96. The method of claim 93, wherein the material comprises a cell suspension

and the method minimizes shearing effects on conveyed cells.
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