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BACKGROUND OF THE I NVENTION Field of the Invention This invention pertarns
to the field of automated nechanical systenms. More specifically, the
present invention relates to an autonmated system for precisely positioning
an object for further automated processing. Background Many industrial
fields require the precise positioning of an object for automated

processi ng. Wktigasstess of the human genone project, for emcurpsodnors due in
part to a transition fromtraditional |aboratory bench top processes to
nore automated hi gh- throughput systens. The studies in genom cs and
proteom cs that are required to interpret the data obtained fromthe human
genonme project will likew se require inproved high- throughput systens.

Hi gh-t hr oughput syste@%@mﬁEﬂfﬁEﬁsl%%&lgTﬁOb number s of

conpounds and t he subsequent screening of such libraries of conmpounds. To

i ncrease throughput, these agieRRESURHOLTRE Refpgal synthesis and for
| .

screens and assays typically enploy a mcrotiter (or specinen) plate. The
mcrotiter %Igtes can be used, for exanple, to hold nultiple conpounds and
material s, t_e ve i pl e assays on one or nore conpounds, to
facilitate high throughRUhvenEbesstae (AREALIR of ARGRMES AebhabilS sﬁ}étaﬂé!%ﬁén and
testing of a large nunber of sanples. Each mcroliter plate "typi-cally has
many i ndi vi dipgsifiediypthe prasent inventinn relgtaniola ahtomated dgstan farpewisalypesitidrng s

t housand wel %Qg }gg f.-orms a container into which a sanple or
reagent is p%bz%c(tag? Fhoe ant\égéljggeﬁs%%' synt hesis can be conducted in each

sanple well, hundreds or thousands of tests can be perforned using a single
pl ate. M cr oBadkerowndat es are configured to neet industry standards. For

exanpl e, some commonl . . d_plates have 96, .384, or.1 536 wells.
Such plates are avail é%#z?ﬁu%%%r}fd%{rs rgﬁ’gﬁ%ﬁeé{recﬁﬁ@?ﬂg?%aiﬂ@éﬁ&éb. , P.O. Box
953279, Lakeautdukated, prédessing) aTHzRdQBss 32 I huhia® geloddeqsoi 8@ N labiple; RMub & freat ed,
cool ed, or shaken.to _facili.tat gjba desjred process. Coupling the use of

mcrotiter pPar@esiten fiom tpditigral FopralopEResrhipp Syesesaso RaTe pxtamptRd highmt hesi s

and/ or testipg h ( - | | ; 115
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li quid di spehadataobtained from dhaktwmap geuvpreipagjedt ywill likewise require improved high-
throughput systems, High-throughput systems are also used for synthesis of large numbers of

compounds and the subsequent screening of such libraries of compounds.

To increase throughput, these automated systems for chemical synthesis and
for screens and assays t'ypically employ a microtiter (or specimen) plate. The microtiter
plates can be used, for example, to hold multiple compounds and materials, to conduct
multiple assays on one or more compounds, to facilitate high throughput screening and to
accelerate the production and testing of a large number of samples. Each microtiter plate
typically has many individual sample wells, for example hundreds or even more than a
thousand wells, Each of the wells forms a container into which a sample or reagent is placed.
Since an assay or synthesis can be conducted in each sample well, hundreds or thousands of
tests can be performed using a single plate. Microtiter plates are configured to meet industry
standards. For example, some commonly used standard plates have 96, 384, or 1,536 wells.
Such plates are available from, for example, Greiner America Corp., P.O. Box 953279, Lake
Mary, Florida 32795-3279. The plates generally can be heated, cooled, or shaken to
facilitate a desired process.

Coupling the use of microtiter plates with automated processing systems
enable the synthesis and/or testing of hundreds of thousands of samples in a single day.




configured mcroliter plates and deposit sanples or reagents into the flate
wells. Oher known autonated equi pnent facilitates the processiﬁdi%ﬂdﬂm
testing of sanples using |loaded mcrotiter plates. In order to performa

hi gh t hroughput assay with a high degree of reliability and repeatability,
t he hi gh throughput system needs to accurately, quickly, and reliably
position individual mcrotiter plates for processing. For exanple,
mcrotiter plwbegegsst be placed precisely under |iquid dpepesmasssto
enabl e the liquid dispenser to deposit sanples or reagents into the correct
sanpl e wel | s. Attqootdtequipinagt, sich o autémased Kqual dispansersocAnaertiviepPPPPEAELY | nch can

result in a sa e qQr .reagent. bei di.spensed intq a S I 1. Such
a nistake caﬁ°n$iﬂ"egr‘ﬂlffoﬁ‘gﬁglaieﬁmh‘{]‘%g?ﬁlt@gm@qgss‘fr,ma&eﬁ% %%gggrtﬁ‘g akgth%gn | ead
to incorrect kgsin ffshdtéSequidtheatifabilibies ShePRotedsttipind pting ciisartipled isipllogiedi si on
maki ng, such as a nedical treatment path for a patient. Further, even a
m nor positi omiergtiterplaes.may cause a needle or tip of the liquid dispenser
to crash into a wall or §71& - i t 26 ek bEdiishili
di spenser. Current, co%&gh??%)a %ﬁ%gﬁ%ﬁg@ﬁ%@§¥?g ﬁ?%&m%§V? es are ﬁé known
- to operate Wwahdrepestdbility,eid hipb tirdughpit systeacmedsio wedueatelp) quidkl yy awdrdliabdpeat abl y
position a high- density mcratiter | at e for_ aut omated processing. ,For
exanpl e, typi @8"!‘“%@‘&#?16?1‘8@“%3]5@ T PIOGEF RS obg’ffé‘}q’i ’Fﬁ}crgétﬁf @%‘85 'ggm be
positioning t giaesmsﬁscg_fmﬁgﬂs&{uidldjeﬂ&meﬁ th @%Q‘h§ﬁlﬁi\? &ispeabe tadepOsit dafipRelogUat e
oti o]

for some | ow density inicr er plates, such a erance i s unaccept abl e
for high denséagsntpinte thecormgtsample wells) Atpositipning s ef iy p few theusapdfhs of an
positioning error of 1 .nm for - | | 4,824se a
sanpl e or read®¥Rt*R% s%temﬂes%%lg]iefé é%f%g%ﬁ]éﬁ%%sa n %ﬁ}teég\;\%%n%lﬁ%geﬁ%ﬂbrgucause
damage t o t he nfistsiteetn natwaly lasd foa fatddése utanck 4 pistaké cantlead tb dueiodted tesprendier .
Due to the inprecision in placenent, of mcrotiter at es usi convent i onal
known syst ens Vhidgthersgnay “’B’r‘ﬁ’é’ﬁ ricgfeal decisiqndpaking f'{}{’ P&%Eﬁhﬁf?}r@ﬂeﬂt path

undesirabl e t ggf, eﬁa&aﬂ.' Fiirther, E06n £2310Pp&itiohRE kfForthayS@n Sl eediB Yr B0 BN H4iEd ed
usi ng manual intervention to assure plates are properly positioned prior to

perforning a Wisgénsprieciast ofp 2 welkor ashar surfage, dhesghy empgng tigpinuid dspenselagent i nt o

sanple wells. Such manual_intervent i . @% t he
aut omat ed process and il@urﬁeggc ?vﬁﬂ?%mféﬁoéﬁe\aﬁ%%gﬁ%gé 0 t%%@h(l%%/krjrﬁé#ﬁ%

i naccur aci es apétate witheuffitient p@Rioningatdurgy torelabigpandrepeaiably positvn ehiplat | vel y,
tests or screens_nay be perfagrmed using | ower_densit m groliter plates
with fewer safgsdy wagrplter plate forgutomated prpcessipg. B?ffé?lea‘%’ tﬁ“ﬁ‘g CBIFVGPW@E&Sﬁ?uC’l s

larger so thes%@éys%&ﬁéﬂ chRNE QB shirphsibaRel of Bt € ndrh, KthbuftPsubli ® @déianck he
correct well. For ‘"exanple, a test can be perforned using a plate with only
96 wel |'s, rat fieadequatafonsomsrlowdlensity micretiter gates, euch@delemppye0d papsamtpble for high

PCT/ US01/ 192 7lcliensity plates, such as a plate with 1536 wells. Indeed, a positioning error of 1 mm for a

1536 well microtiter plate could cause a sample or reagent to be deposited entirely in the
wrong well, or cause damage to the system, such as to needles or tips of the liquid dispenser.

Due to the imprecision in placement of microtiter plates using conventional
known systems, additional precautions are generally taken to avoid undesirable test results.
For example, tests or screens may be conducted using manual intervention to assure plates
are properly positioned prior to performing a high precision task, such as dispensing sample
or reagent into sample wells. Such manual intervention, however, dramatically slows the
automated process and is not highly repeatable due to the normal inaccuracies and
uncertainties relating to human handling.

Alternatively, tests or screens may be performed using lower density
microtiter plates with fewer sample wells. In that regard, the physical size of the well is
larger so the conventional automated system is more likely to process the correct well. For
example, a test can be performed using a plate with only 96 wells, rather than a more dense




1536 wells. By having fewer sanple wells the need for accuracy is df@g\iaﬁed,
and the repeatability and reliability of the test maybe i rrproved.1 lr
by using mcrotiter plates with fewer sanple wells, the overall throughput
froman automated system dramatically falls, The cost of each assay is

I ncreased dramatically, as the larger wells of the |ower-density plates
require |l arger volunes of reagents. Such an inefficient use of system
resources i sWOL9¢80y costly froma financial standpoint, BIUSBHP2Hesult in

t he del ayed discoyery of inportant biotechnol ogy or nedical the ies. In
anot her ef f o_r1t53§ 8’_"9% ﬁﬁ@v%{?ﬂﬁi SP?‘P&'? "Y"'ﬁs g’&ﬁ?@f?’f %?ﬁ‘é‘l“%’;’?gf%rﬁ%"?‘i %@@Eal sanpl e
vell's in a mgelalbiigf an@'r@ﬁa%ilgfl%f A8 tesTABAY BelimPrOvES 1TAVER) |by‘ﬁ@iln% micrdth@se

control wells are strategic y positi‘oned such that if a step of the
aut omat ed pr qlgsswithsfewensaimplecuelishthe evertlbthrouphpug from aiagioowiedispies, t he

control well receives rticular, known.sanpl.e or .r nt,. tinme
Tt he pr oceumtickTerfl ARE ST Pt 8on MRYE kBB kBT BE b Bhor Sl L 1
known sanpl gowér-deélggttesvoguite Targorckonesks onte@genteS e indffiviedtuse dffsysem t he
mcroliter plate wil|l be identified as having been m shandl ed and may be

appr opri at el yeuuEesisaerndy cqsHy fremainapcialstandpaint dyyt may reshlinthedelaysd a control

wel | that fail. b ] 8 fromthe high throughput

screeni ng sys%l%%%éflgfbpﬁ@g&%gﬁ%}}s& ror%t a%ﬁﬁ%fcrot iter plate ignored.

Al t hough such a syst entrodnbtheseffotte assiscbabidy of cohemtiosd] ispdténhs, seyemi sampleest |

t hroughput for the entire systemis reduced by the nunmber of cells required
as control cg‘T’?l mn tﬁlﬂ??fgﬁ?lﬁtgglaggfg{%H?E%&&OWBYWP@CEB%FQ@@E&% Bhing errors
until later igdfafeBiBalRffociondd iclEdad ia sthblihe MASThASA préadst BompRyedtviiile GRS OUTr Ce
for continued processing of a m shandl ed plate. Robotics and autonated

processi ng syRateisgnispositignesy thesentrol webireraives yppriqular kgown sgmnleor reageht. A&t ens

require that g @bl ﬁ(‘tﬁe @%ae@%?@é Sk AR ket AARG0 ﬁ&gnﬂiﬁé i%iﬂ{b?lrdcma} wn

posi tion. For exanple, robotic systemfior machining a part to close

t ol erances r esgmple@s rdapeait was Introganet] ite the ebmdrol welh Hsechsmidrageatplamwillieat i ve to
t he machi ni ng  devyi ces. Therefor ere exjsts a need.to provide an pbject
hol der t hat ggwtéé‘gﬁsrs@f@g@?‘m ?égﬁ?”?iﬁlai?gﬁﬂt’ﬁfﬂpﬁmteﬁ’o%frﬁ%ﬁ 2 oﬁﬁﬁ@gﬁ’ or
further proceggiditr bﬁw&ﬁvﬁwﬁt&%ﬁ&&d‘reﬂw s qUAGy asPir@fR Ml ibB Yeitive® frothud i | | s

t hese and ot her needs. SUMVARY OF THE | NVENTI ON The present invention

provi des positighofoughrassaresaingrsyster apd alkiestyesyis from S ﬁ)gcr_ameml&tﬁ_&ﬁﬂpfeér pl ate
on & suppor t . AiHiGaPORh b sARLAGIEE WALSBRAE ofthe HHEBitPor d 8 mALUBAIBAinc TEMDEr

that is position to contact an inner wa crotiter plate when the
mcrotiter pleatie sysemisrednate by thecupbei dficelis roquirethas guprpboells. Furthen iy system
enbodi ment s, c{o\é\gnocerrecorrgr{igc ;?c)ls{t%g]rxrx%%}'roge um%l £t§ri§t]:gép?oc%sEs%g2c9y%ﬁa, %‘&9%&3&880

valuable system resource for continued processing of a mishandled plate.

Robotics and automated processing systems are also used in other industries.
Often, such systems require that an object be precisely positioned and retained in that
position. For example, a robotic system for machining a part to close tolerances requires that
the part be held in a precise location relative to the machining devices.

Therefore, there exists a need to provide an object holder that can accurately,
reliably, and quickly position an object for further processing in an automated system. The

present invention fulfills these and other needs.

SUMMARY OF THE INVENTION
The present invention provides positioning devices for precisely positioning a
microtiter plate on a support. The positioning devices have at least a first alignment member
that is positioned to contact an inner wall of the microtiter plate when the microtiter plate is
in a desired position on the support. In some embodiments, two or more alignment members



PCT/ USO01/ 19274 are positioned to contact a single inner wall of the
mcrotiter plate when the nicrotiter plate is in the desired pds) Btlotlion
t he support, The use of a inner wall of the mcrotiter plate as an
alignment surface greatly increases the precision with which the mcroliter
plate is positioned on the support, thereby facilitating further processing
of the sanples contained in the mcrotiter plate. The positioning devices

“can further iwoloue@sat | east a second alignment nenber th&CTUSOIPOTME i oned

to contact a second wall of the nmigrotiter plate when the mcrotiter | at e
is in the desideResipergdie sentest 2singledinspyal of M??&WV(BW the E“"ﬁ‘i’t&?ré%l%‘igl y an

i nner wal | of i jhe. d&ﬂaﬁ&ﬁﬁﬁ pﬁtﬁétsﬁqpoﬁh?heiﬁé!@ﬁtihﬂé}v@hl%?tﬁéfr&’)éfo‘é?e?pﬁteragtaﬁi ni ng
device for retaining a mcrotiter pllate in a desired position oh a support.
The ret ai ni ng aipmeptsurfapepreatly iacrezmesthepystisive with which thdwisrotdenpdatesam i s

applied, holds the mcrotiter plate.in.the desired position. The v

o Btes i n somestsRan easorh Befhf et SO AP BREh b hmel CS AR |
the interior shithRfeitddpiaRdThé peafonig deabRlhy/Rrthe ifidhalelat ast disbaag alighinsent
provided by the invention is an object hol der for precisel% positiqniggran

obj ect on a supswber thatinposififned to eBlagtersgoand all @b the micrgtiter plate whes theynierg

novi ng the obj - ' Yol ' L SL | 3 e of
the obj ect corapti? feetich Phsifbu ik Aot ThidThoofy kbl prfiedE Ninc P UL ST 2
second pusher tlieanicrotiver piate he obj ect in a second direction so that a second

al i gnnment surface of t abj ect contacts a second .sef of .one or. re
alignment nenbers. | n%&%ﬂﬁ?@%?@?gp?sé’ﬁewgﬁeﬂﬁﬁf% fetﬂ?lfl-ﬁéfmgggrﬁﬁ?lﬁteof
the pushers ingh4688d fosttRYih a sappeRt ThOreRBRME deRict MEhdPOVRtum Place WiGWS whean be
operably attached to a sprlhn(gd@ whi ch causes the pusher to_ apply a_constant

force to the @iyjpewm isappliedshoidsihgnicrotiigs platerip thelissiregposifion. [The Vaquum Plgde. i et | on
agai nst the fi : b : r Deurphl aGitn ROt H&T L p&n

i nventi on can Sé. é%‘ﬁ?&ndclz@unéghgg%{ﬁ%g er tﬂﬂg? PI rstb’ |Ehr ects toﬁgﬁﬁaicrst gpusher
to nove the oh¢cesstd refatize td thelipdinfaget i on, then directs the second pusher to

nove the object in a second di ti,on nd .( opt,i.onal.l subseguentl y. directs
a retaining device to °Bav?‘i’7§§§h].°%°atb°np}§ 6‘5‘?"&'-‘5&3?}9@?%”?% P® r?xjél é‘ﬁ

aut omat ed proGBRSioAG shSre The bijadt hblders idRide:0d)e fivkt piEHeE fo? imdvitg tRdgiget in a

hol ders, positjoni n% devi ces, and retaining_devices described herein. These

aut onat ed pr odag o8 g that finst dlignmentgnriace gf the ehisgi|cantagtsp fpsk st GF R 97 h-
Ut omat ed  pr o e i |
mcrotiter pl dbataswondaignhjestcaurfadeaif derabject doglacts a dscondset of enetdnaorealignaiefosi t
reagents in vell s ol he oL oL LELBALGR, B8Pt ofthd SukOELHESEh et 1o
pivoting about a pivot point. The lever can be operably attached to a spring, which causes
the pusher to apply a constant force to the object to, for example, move the object in the first
direction against the first set of alignment members.
The object holders of the invention can also include a controller that first
directs the first pusher to move the object in a first direction, then directs the second pusher
to move the object in a second direction, and (optionally) subsequently directs a retaining
device to be activated.
Also provided by the invention are automated processing systems that include
one or more of the object holders, positioning devices, and retaining devices described
herein. These automated processing systems are useful, for example, for performing high-
throughput assays or reactions in microtiter plates, among other things. The automated
processing systems can include a robotic device for placing a microtiter plate on the object
holders. Liquid dispensers that can deposit reagents in wells of the microtiter plates also are

often included in the automated processing systems.
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1 5 DEC 2004 WD 01/96880 PCT/US01/19274 The invention also provides object
hol ders that are constructed to precisely retain an object in a desjFEHi
orientation. To facilitate precise and efficient positioning, the object

hol der has a retaining device on a support fixture for receiving the object.
First and second alignnment nmenbers are supported on the fixture for
cooperating with respective alignnent surfaces on the object. The object is
“general |y powowi/iessed rel ative the alignnent nenbers. A fiPCIUSHURREr s
arranged to nove one aljgnnment surface of .the. object against the fi.rst

al i gnment menber, and PESEETHED ﬂﬁ%W@Wﬁ?%Obﬁcm%é%&?t&r ﬁ%‘?ﬂ‘&e@ QPregely

al i gnment  surfiA6@n obfkctti e dedied olierARhNES fabillRteTRERAna bIfQTRAEIYsitiORIAD Alic

t hereby noving the object precisely into a desired orientation. Wth the
obj ect  preci objest okdet has aketainingreyice eme suppor fixarefonreceiying the ohieet Firstand he

retaining device.to retain the obje in th | i -desired
orientation. s?‘f?nﬁglcé)?’qeﬁgm(%ﬁg%rgfmi% pé{étﬁde?natﬁlf ;ﬁ/x%gésfﬁf%og Eé}éﬁg}mt g%?t;(%ur e
relative to taighridnk GRFERES on thelobjas eFhe obheet fsigesdralymbicionedelativedhsalignmentpus her
nove the object into the desired orjentation,, and the ret g]ign' n% devi gﬁ S
activated. Thesudisseds frsbpusherds aFanged tg moypencaligameptsHirece of ;ﬁ‘k’-@ 4HS ti on

and retain  HaGLALAES oRlRkeSoa Fbthd il lsaihndl H8FORE okt IR shiceaces

are general ly wa ces o ate. Mcrotiter plates are generally
subst anti al | yf theobjenigagabst thevsectndsaiigrment imenher therepy mpying thefphiest pre¢ieely jnfest

al i gnment surface .can be a y:axis |1, .and the f.irst. e rat es

wi th anot her Kﬁgﬂ%dso%tﬁlc.’“ﬂ%gﬁg]@é’% Pé‘?"fsgﬂr’r%ﬁh‘eed? @g@gﬁ%@o@éﬁo&%gggr an x-axis
wal |, and t hectwes adeiSnedevie @PRat 86 objedt ih the 6bjechoMerixitiss desitdd. M crol i ter
pl ates al so generally have an inner wall and_an oufer I,Iv%Wte‘Ee outer wal |

general |y deforiantagom: e upss thepbicetis 2519l PoFitiqned on Hiefixgure ¢ Hieamenh) |
general |y defj ni &?%%Wm@&&ﬁé‘dred

enbodi nment s, sglg%cﬁgtﬁcg‘ﬁﬁst!r%@ﬂeg%a@@g%%ﬁﬁ@%@%ﬁn%vﬁgﬂym ers are received in an
ar ea bet ween oriefitetion) et themdtiiniag devace is antizatedval | . The obj ect hol ders can

I nclude retention devi t.ha i,ncl udes a v mpl ate. t C W th
a bottom of the well aﬁ%‘)m%& belders 3’153/“1ﬁ%ﬁeﬁﬁoﬁ%&a&@teﬂ%g%sg%g%%gﬁt@,ﬁ t he
obj ect may qu%ﬁ%igia{eg.mmeimadd seebrit dligeméli Gurftkd g8 gaRtallywallaodsesisf ng a
posi tioning device having a relatively | arge positioning toleranc For

exanpl e, t he tanplatetMieastiter pliwes are ermenlly sybsignually sertangplag @EXW‘{SI‘?‘;BXN 1 mm
tolerance. angel il &b & hfilon e cafi Ba YRk WAICAIGHRI sk bodpifndlb] ect

Accordi ngly, e obje er y use n conjunction wth Known,
convent i onal witisinbtheny-axis seili Besetond aignnenpnefesasah yhep bs ian ks afleamddhe Al so

provi ded by the invention are nmethods of.recelvin W) aRbj ect
in a desired S6¥P4R Y%‘??P“#?ﬁ“%r%jaﬁ‘gg%xh%fg@' ng@e%qga{]%?geﬂsurﬂf%?g and a
second inner wall and an outer wall, the outer wall generally defining the peripheral shape of the

plate, and the inner wall generally defining a well area on the plate. In presently preferred

. embodiments, both the first and second alignment members are received in an area between
the outer wall and an inner wall. The object holders can include retention device that
includes a vacuum plate that cooperates with a bottom of the well area to securely hold the
plate. .

Advantageously, the object may be generally positioned relative the
alignment surfaces using 2 positioning device having a relatively large positioning tolerance.
For example, the object may be positioned using a robotic device with about 1 mm
tolerance, and then the object holder can more precisely orient the object. Accordingly, the
object holder may be used in conjunction with known, conventional positioning devices to
more precisely position objects.

Also provided by the invention are methods of receiving and retaining &n
object in a desired orientation. The objects have a first alignment surface and a second




5 1 5 DEC 200 WO 01/96880 PCT/US01/19274 alignment surface, and th eqﬂr@gnmds
I nvolve: a) placing the first alignnment surface of the object |oose

adj acent a first alignment nenber, and placing the second alignnent surface
of the object |oosely adjacent a second alignnent nenber; b) noving a first
pusher against the object so that the first alignnment surface is held
firmy against the first alignment nenber; c¢) noving a second pusher

agai nst the objpaersssd that the second ali gnrrent surface i echaisoh/iderwnm y

agai nst the second alignment nenber; and d I ng, responsive to
verifying theaJFSI‘P%?Pt ce; @pbihg gstheAvinvelye 2 Ié‘fd "Rlyﬁf%ﬁﬂsana%s P?Pé’é‘l!ﬁ ect
securely to ag, rry
out these and’ ta%%ya%zﬁ{)\%gg é@ﬁ@?ﬁ%.“ﬁhgﬁ%méﬁﬁg egu?fﬁgﬁntlon

provi des A sobfuhablgeqnﬂmgelgmdja@qne:{ adcomt@hgnmentmmhenlbb Boying Br]ﬁlmpmhbn apgirsthe
steps conprisin recei ving.a Si crolij |.at e has been
general |y posfhe %Bﬁé%f"é]ilf‘tahevéaﬁt%‘& “gf“é}‘ac ?'ﬁlél?ﬁé?‘g;f ‘éhilg"ﬁ%lhgm"g?gnal c)
transm tting bR, %&@ Qﬁb%bn& FusBer ¥pAxdt SheRbbR thal tHeabtRAd Ef'@uﬁénﬁé{ﬁﬁc@l ston
to nove a y-axis sher Tever into a tensioned position; d) receiving a
signal that tisehcyl Ly agginshidie secord/digninentmasher;| apd ﬂ)sﬂ@nmdespef)ﬂ‘géﬁeratl ng an
x-axis signal { a e bk S Bt

cause the x-axis s “on todrsr%\%lé&Eghé'a%kpéperfggg%mﬁfrt}%% %L el tosLn

position; g) r ecel VI ng Svfivagabgrichafor tiverting axdnﬁpmsdﬂwnymuntheﬁ: #nd ogiated vy
t ensi oned h) generating a, vacuum signal .to actlvate a vacuum sour ce t hat

cl anps t he pI 81"@101?1% Fe k0 prpxidsdFor pemp Hlﬁh‘f"eﬁﬁ‘%&%‘m 1195 43R BTARFAR 1 eady
signal that i &8 alcBfitrdlleRlifip kﬁleﬁﬁﬂ%%é&ér%cew il gﬁgm\aﬂgah al that a

transmtti ng t ady signal’ to anot | ce. BRTEF
DESCRI PTI ON om«m&mmwmammg@eraﬂy pesx@pnpéos p saimeplajg; ém@feraang dljjasist hol der

made in accordan th.the resent venti.on, a.top v an
ob] ect ol der SRR SRR EN ! BT B el iRl B EHls T )
view of a m cyakispashepleddranto altédsiofied fosiiolQl) rewdivitigyignhl thktehmy—mmpushar pl ate
shown in FIG 3. FIG 5 is.a cc1 c))ss secti onal vleweﬁf t he mcrollterﬂ) ate
shown i n FI G leeris properlystepsionsd &6‘%"&}?&&1&? E‘a?"éﬁ%’é%‘ {raRgrBiting fheaxis si

pusher and a ys %l plsfb‘ﬂstg'ga{usé’%ktdxﬁ%éﬂﬂl tanmvsa&wambualaaﬁ:ﬁmtﬂ fensidnddS 2
bl ock di agram showi ng el ectrical, vacuum and air interconnections in an

obj ect hol der pesittha; pirecaiving dsigead that the X tapis ppshst pints propeshiténsiencd b) generating

a vacuum signal to activate a vacuum source that clamps the plate firmly against the vacuum

plate; i) generating a ready signal that indicates the plate is precisely positioned; and j)
transmitting the ready signal to another processing device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an object holder made in accordance with the
present invention.

FIG. 2 is a top view of an object holder made in accordance with the present
invention.

FIG. 3 is a top view of a microtiter plate.

FIG. 4 is a bottom view of the microtiter plate shown in FIG. 3.

FIG. 5 is a cross-sectional view of the microtiter plate shown in FIG. 3.

FIG. 6 is a diagrammatic representation of an x-axis pusher and a y-axis
pusher positioning a microtiter plate.

FIG. 7 is a block diagram showing electrical, vacuum, and air

interconnections in an oi)ject holder made in accordance with the present invention.

.



15 DEC2094 WO 01/96880 PCT/ USO01/19274 FIG 8 is a partial cross-sectional
view of a y axis pusher lever nmade in accordance with the present 150tC 200
invention. FIG 9 is a partial exploded view of the piston and | ever
mechanismfor a y axis pusher nmade in accordance with the present
invention. FIG 10 is prospective view of a y axis pusher |ever nmade in
accordance with the present invention. FIG 11 is a diagram show ng part
‘pl acemrent on WQR/%EMer si de of an object holder nmade in acBEFUSMO&™ith t he

Posi t1oni ng an obj ect FACRLP ARG BoEHE PRI N S e RBteT Iecadein; o 4
nmet hod of rerm.w',ragma“ﬁ{hah redefithPention) ect ho! der i n accordfince W t h the
present invention. DETAIL DESCRI PTI ON The invention provi des devices for

preci sely positioning &Hfetisgpamiakexplogesbriew of éa distonrand isver meahgnismifesatys i n a
desi red posi t%@s}u@?er%ﬁﬁ%ﬂ?&#rﬂan@%%tﬂ?%i Ge3ndhfnlif en used in conj unction
ySt ens,

w th autonate such as robotl systems,m%'hat require precise
pl acement of an obj ecFIGHdltis pestectideaianbf £¢ adpisherflevet hade praoeesmiceIgith For
exanpl e, robo&li C s%iterrs, used in biotechnology often use mcrotiter plates
as cont ai ner s B PR N reagents. The microliter plates nust be
preci sely positioned ogitha @P&%&%‘sﬁ&ﬁi@ﬁﬂ?@%e@[eﬁtﬁ]ﬂ@ﬁn& idd 8t oBfelter

W

conponents of the systemto properly interac e sanples contained in
the microti theldepadeingstrdanceiith themrepentanvgatisrce of the invention is useful

for positioning block teriak. faor highl reci,.se m.lling.work. Positioning
Devi ces The invention g?%\}iﬁd%%h%‘g@ﬁafti%%?’ﬂ%a g‘ﬁ@ﬁogggp% e%‘?‘%(’:tfo%gf"ﬁggﬁ i oni ng
an obj ect  oreceordingpothe prestit énvaitionbj ect is general ly positioned near a

desired position, the Bositi_oni nq% devi ces nove the object to the precise
desired position. AccofHfrigis?2 mefhed efypmeying s platefronyan objesh hplderdn prcorlasem be

used in conj URgd e Predhdt Bvkiiign, conventional positioning devices to nore
preci sely position objects. For exanple, conventional automated devices,

such as known robotic positioning devices, can place an object on a
support. Such previously known DHRESCREP general |y capabl e of

movi ng and. posi ti oni NgTRMQRIBE d@%c b &h; i $ ut a
1 mmtol erance. In that rlé}gard, b{ he nommegfoé oe'?{s%b?%ﬁ%@r%?%ﬁ%cw %@n%?gﬁﬁy

posi tion the anil forgetaining objestsdn odestredpysisionton alsugpoetr Thextevicenmalbften wed & hi evi ng
the 15 DECZOO%onjuncﬁon with automated systems, such as robotic systems, that require precise placement

of an object that is to be subjected to further processing. For example, robotic systems used

in biotechnology often use microtiter plates as containers for samples and reagents. The

microtiter plates must be precisely positioned on the appropriate support in order for the

other components of the system to properly interact with the samples contained in the

microtiter plate wells. Similarly, a device of the invention is useful for positioning block

material for highly precise milling work.

Positioning Devices
The invention provides positioning devices for precisely positioning an object

on a support. Once an object is generally positioned near a desired position, the positioning
devices move the object to the precise desired position. Accordingly, the object holders of
the invention can be used in conjunction with known, conventional positioning devices to
more precisely position objects. For example, conventional automated devices, such as
known robotic positioning devices, can place an object on a support. Such previously known
robotic devices are generally capable of moving and positioning an object such as a
microtiter plate within about a 1 mm tolerance. In that regard, the known robotic systems can
generally position the microtiter plate on a support, but are not capable of achieving the




WO 01/96880 PCT/ US01/ 19274 precision required for positioning hi%h 8 nsity
mcrotiter plates. A positioning error of one mmfor a high-densit@ g%Z@H,
1536 well or greater) mcrotiter plate could cause a sanple or reagent to
be deposited entirely in the wong well, or cause danmage to the system such
as to needles or tips of the liquid dispenser. The object holders of the

I nvention generally include one or nore alignnent nenbers against which a
‘surface of anwabji®e#soi s in contact when the object is in amamsoeh274position
on the object holder. The alignment nenbers are arranged such that when an
obj ect such d¥easion ieawitqdifay positigriag high depsity giqrotiterdates; 4esitinging exrgreof one -

al i gnnment nen@gh ahj | I | Lk £t

processi ng. Suc %ggﬁgggﬁgggiF%é%%?ﬁggﬁgﬁ5%%ﬂ§§@%ﬁ%ﬁﬂ%ﬂ%ﬁﬁﬂ$ﬁt1 %%%%gﬂ¥ional,
known robot i c sagehigobe demisitaontyzlen thdvweroge well, ok cquesddmnagn totie rysyeny lsechens td he
object within 1 of.itg dﬁsLa d orientation. However, such a general

posi tioni ng off gs ortipg phibe figh "Bf€or other object is insufficiently

preci se for high throughgibbjedt 8618&S bifle ifbEAiRR geddhBlyQRiRIctlont or MBRAligMMt
positioned, the object holder of the invention is activated to nore

preci sel y posiménlrers dpainstsjvich a susfacs efrantebjectis mrestestrvdien therobjeckig i edesired
positioning along two.differe . obiect_ hol der | hvent | on
general ly havd 0N or thr?l?ftb'begéqopgeﬁalnégtg h"me te?lgﬁl%rsoaﬁag%%%ﬁf%u%t ag%gl %&a%éés& of
the object. Hkach &a@amiekditerpiagic attidllypositiched heantientigando diembdsis, thé oject is

aut omat ed obj ect holder., 10 in accordance with the present invention. (Object
hol der 10 gendiCBPTPNY RasHoneEE fusther preqessng. Suchgenerd)positiening may B¢ ricAgPiRtsd ce
20. The prot I ugPsvamioRdl had@mrbtek sRERRSFGHek SRITE Me JERAREIGRitioliAE nlaly pliet 1 at ed
embodi ment of the ogjegg holde{ 10_H§2_tmo_y-axi§|§éﬁiLﬁio%§ 38 ?gkd an
x-axi s pr ot r ushoebjas withpplommed it desired peertation.(Haveys, such 6 gentira glositioningofitheixi s
protrusions 3Q .and. x-axi s protr.usiaqn .are fixedl y. pasiti,one el.ati,ye to
Phe vacuam pi JFERug bl & e il e prcrSEler iR B Plral i Y
cooper at e W t hheobjechis gen&llf pusitiondd, thadbjeb) bier §fthdinvention j-aadvaedvailorof a
mcroliter plate), whi]e the x-@gi rotrusion 25 is constructed to

cooper at e th?r%eW-P&iﬁ@ng?fPF’&E %ﬁ“ﬁ'ﬁé’“ﬁ’ﬁ?sé’@t (e.g., an y-axis wall of a
mcrotiter plate). The @l goiRnbsifBIRSsISn@0 diferent Hes AXCHHER hola@s B hBI Pi NS,
tabs, ridges, recesses, or a wall surface, and the like. "In presentl
preferred embouvention genetaliy hayejoga memore atigarhest membsrealangeach efiths twe axeecfthat i s
In contact wth. I I |1 ' e face
m nimzes the(@ éEPP§§%m¥%$%§§%%p e,dgghb %%%%Q§Pﬂﬁggl%%?%%%¥§%§¥g§g&ihat
contacts the daliigaserdandeewidethe prebeat insentioh. Objert Bdldg 1 0gaderatBrdoerpsisaladixgurene
axi s and one alignnent nepber. al ong.the second axi as_.shown in Figures 1
and 2. i's anotie P&Hﬁw—@m&deﬁﬂcﬁ?ﬁ@sww A 39 FOgHoLE BFP®ul ari ti es

on the proper ROetd. ThE MRistBhed ditbo@idBESS theld¥fecBholder 10 has two y-axis protrusions 30
and an x-axis protrusion 25 supported from the fixture 15. Accordingly, the y-axis

-

protrusions 30 and x-axis protrusion 25 are fixedly positioned relative to the vacuum plate
20. The y-axis locating protrusions 30 are constructed to cooperate with a y-axis surface of
an object (e.g., an y-axis wall of a microtiter plate), while the x;axis protrusion 25 is
constructed to cooperate with an x-axis surface of the object (e.g., an y-axis wall of a
microtiter plate).

The alignment members can be, for example, locating pins, tabs, ridges,
recesses, or a wall surface, and the like. In presently preferred embodiments, the alignment
members have a curved surface that is in contact with a properly positioned object. The use
of a curved surface minimizes the effect of, for example, roughness of the object surface that
contacts the alignment member. The use of two alignment members along one axis and one
alignment member along the second axis, as shown in Figures 1 and 2, is another approach

to minimize the effect of surface irregularities on the proper positioning of the object. The




1 5 DEC zooa WD 01/96880 PCT/US01/19274 object is in contact with three
poi nts along the object surface, so proper alignment is not depenfiérit(uplin
the entire object surface being regular. Another aspect of the invention
applies specifically to positioning of mcrotiter plates. A mcroliter
plate 82 is shown in Figures 3, 4, and 5. The mcrotiter plate 82 generally
conprises a well area 90 which has nmany individual sanple wells for holding
sanpl es and msayentss. M crotiter plates are avail able in apeddsingni ety of
sanmple well configurations, including commopnly available plates with 96,
384, and 1536°biget jsdn coniachwith thsee pois¢lans the ebieqtsurface seiparer dignplentisrotar e
avail able fr | : i variety of configurations.
The mcroti t%%ﬁﬂdp%%gé%gﬁﬁwﬁc@gmw ng a registration edge 86
at its bottom The ni dmothetampecpbfiheingentivasppieh spebifivnlyunfpasidoidg dfel ow t he

from the- out PRI Plsesiy ISb BRI S s shdvn SLERoH b b THsaHoI) Cabegr | ace
of the outer gmalcher8y @nthrias ARell £8£90 WRich hé%n]&S/ ildMAd R0 Sen At welld¥er RAGHEM

surface 92. Al though there may be sonme lateral "supports 93 in the space 94,
the space 94amplegaraiesgents. Minsetiteradatescare avadatiltinerwide varieggofsaniplsrwellnner

surface of t , ¥vq| 4 | t.o {the i l,on, recl.se

position a mn%lri% I%Ieor P %’Ji cgn% ﬁ?ﬁﬁ%’lﬁg%%br%fp lrafgcﬁgletﬂé&g% 41%8 lgg? @5]?5‘ F{-é’fl gg?
pref erabl y arappatiatdtednigotiaqiaesireawsilible B86miavatéty ofmbhufSduefs if B eariety of
mcroliter platg. The ;ﬁlger_ wal | 88 iiﬁgdvant ageously used, as the inner

wal | is typiCRreYALags-d by auerelieeplgie 82 hapan ontrg wall SAhpvng ¢ mreirptionedgs fotted
with the perijgBlofbmOfheMiRrotit PRlcB2Wa b batiRPsurfise UM G Wel A RYASHNR! | Of
the plate 82, such as wall 84. Accordingly, aligning the mcrotiter plate
rel ati ve an ibeHem siggl [The beftom susfacaias separatedS®m the outerealh$4 Yy a graed ¥4 B t 0
aligning wt uter |, such wall 84...The increase 0Si.L1 gni
precision t %Q%Qigsg "o c{ug\?ll\%febaf abs#%g%el oﬁghea%tﬁrﬁvﬁﬁtm\ﬁéﬁy el % q%gaihlﬁﬁ?gcs rface
makes possi bltke bdimisuefaad 92. MNigbugehéere ayibe edmd latetdl suppbAs 5in thelglacess, #1236

well plates. As shown in Table 1, the use of an _inner well for positioning
of pol ypr opyISR#& ¢ A gc&ﬁ’i‘}ubﬁﬂ’?g’l&?’f‘i@ﬂ theinper walb 83 ahd an ipreg srdace @ the puatey Wallnch
nore preci seggositioning of the plate conpared to the precision obtained
using a spring clip fixtures such as was previously known in the art. 9 1 5
D E C 7004 WO 01/ 96880AP@TinE@the @PeioTHb precisel ApositiinnirdBaela thee in

posi tioning

alignment members of the object holder preferably are arranged to cooperate with an inner

| wall 88 of the microtiter plate. The inner wall 88 is advantageously used, as the inner wall is
typically more accurately formed and is more closely associated with the perimeter of the
sample well area, as compared to an outer wall of the plate 82, such as wall 84. Accordingly,
aligning the microtiter plate relative an inner wall, such as inner wall 88, is generally
preferred to aligning with an outer wall, such as wall 84, The increased positioning precision
that is obtained by using an inner wall as the alignment surface makes possible the use of
high-density microtiter plates, such as 1536 well plates. As shown in Table 1, the use of an
inner well for positioning of polypropylene (A) and polystyrene (B) 153 6-well plates results
in much more precise positioning of the plate compared to the precision obtained using a

spring clip fixtures such as was previously known in the art.



fixture) Well PositionAxis Plate | ,Plate 2Plate 3Plate 4 Pl ate
1X- 0. 342-0. 337- 0. 337- 0. 334- 0. 3310. 011- 0. 3362

y-107. 195- 107. 198- 107. 206- 107. 200- 107. 2030. 011- 107. 2004
A48X- 0. 106- 0. 108- 0. 104- 0. 103- 0. 1050. 005- 0. 1052

Y- 2. 640- 2. 638- 2. 628- 2. 628- 2. 6310. 012- 2. 6330 FF

48X68. 89368. 89268. 90368. 90368. 9050. 011368. 8992

Y- 2. 748- 2. 750wD.0T4@&s®. 739- 2. 7350. 015- 2. 7428 FF

| X68. 66168. 66468. 67768. 67468. 6790. 01868. 6710

Y- 107. 387- 107. 385- 107. 389- 107. 390- 107. 3870, 0Q5- 107. 3876 P
18X33. 13433. 13433, 14533. 14233. 1420. 01133 Tablsd

Y- 69. 455- 69. 45%- PeR)1536 Platedindgsifianing 007- 69. 4548 P
32X33. 20333. 2023F>*¥%33 20933, 2090. 00933. 2068

Y- 38. 290- 38. 295- 38. 294- 38. 294- 3 29 0. 005- 38. 2932 Ave
Act ual Theor Di%slLhositionar Age Plate 1o, P93 1 0 L1289 1 17088 45
And FF48104. 6448105. 75 Di st ance Between Al And FF1 69 007269 75
Bet ween A48 Al FF4869. 084469. 7838 Pof§& yr@rd’ 1596338 atr&3%ti n
“fixture) Vell PositionAx¥s Pl ai®&19® pr WéQSZPioé'tz@B 37408 4073?

| X- 0. 361-0. 361448 362- 0. 382- 0. 3690°%001-8.195160-104  -0.103

y-107. 239- 107. 245- 107. 24%- 107. 24849107, 2830 . 0662807256882 -2-631
A48X- 0. 106- 0. IFFFA80. 116- 0X109- 054890, 0 PHSER 116§§0S 68.903 68.905
Y-1.597-1.607-1.611-1. 60%- 1. 60287¢P14- 12880 #F42 -2738 -2735
48X69. 61269, 60969. 60269. 1169. §3.68! 018666098 677 68674 68.679

Y-1.694-1. 703-1. 699- 1. 697- 1. 760038009107 §8fga102389 -107.300 -107.387
1X69. 35769. 357B 35669. 35669. 3584300189.135643.145  33.142  33.142

Y-107. 475- 107. 479- 107. 47X%- 107. $9%55.07-6848D. 9950 0 76%*PEo -£9.457
18X33. 47833. 4783, 47533. X¥7733. 48608 0033301742211 33.209  33.209
y-69. 121- 69. 129- 69. 130- 6¥. 125- 6823060-308% cP8LIH2 -38.294 -38.293

32X33. 55333. 54933. 54533. 55233. 5530. 00833. 5504

Eet anf%m%e
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0.010
1 ¥8&n FF1

gﬁlﬂ ?Ogﬁ?%g
005 S

0.01 2 -28330
0.013 68.8992
0015 -2.7428
0.018 68.6710
0.005 -107.3876
0.011 33,1394
0.007 -69.4548
0.008 33.2068
0.005 -38.2932

y-37.632-37.639-37. 635-37. 636- 37. 6350. 007- 37. 6354vesgrge{mmye (mw?-dﬁ’. 007

Actual Theor
Distance Between A1 and A48 104.5674 105.75
Distance Between FF1 And FF48 104.6448 105.75
Distance Between A1 And FF1 69.0072 69.75
Distance Between A48 And FF48 69.0044 69.75

B. PolyStyrene 1536 Plate (in positioning fixture)

Well Position  Axis Plate 1 Plate 2 Plate3 Plate4 Plate5 Range Ave

A1 X -0.361 -0.361 -0.362 -0.362 -0.362 0.001 -0.3616
Y -107.239 -107.245 -107.245 -107.244 -107.243 0.006 -107.2432

A48 X 0.106 -0.112 -0.116 -0.109 -0.107 0.010 -0.1100
Y -1.597 -1.607  -1.611 -1.603 -1.602 0.014 -1.6040

FF 48 X 69.612 60.609 69.602 69.611 69.613 0.011 69.6094
Y -1.694 1703 -1.699 -1.6897 -1.700 0.009 -1.6986

FF1 X 69.357 69.357 69.356 69.356 69.356 0.001 69.3564
Y -107.475 -107.479 -107.474 -107.477 -107.478 0.005 -107.4766

P18 X 33.478 33476 33475 33477  33.480 0.005 334772
Y -69.121 -69.129 -69.130 -689.125 -69.126 0.009 -59.1262

P32 X 33.553 33540 33545 33.552 33.553 0.008 33.5504
Y -37.632 -3763% -37.635 -37636 -37.635 0.007 -37.6354

Ave range {mm) 0.007
Distance Between A1 and A48 105.6392 105.75
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Di st ance Between Al and A48 105.6392105.75 10 15 DEC 2004 WO 01/ 96888

PCT/ USO1/ 19274 Distance Between FF1 And FF48105.7780105. 75 Di st ancé 9 DEC 200¢
Bet ween Al And FF1 69. 718069. 75 Di st ance Bet ween A48 And FF4869. 719469. 75 C.
Pol yStyrene 1536 Plate (in spring clip fixture) Well PositionAxis Plate

1Pl ate 2Pl ate 3Pl ate 4 Pl ate 5RangeAve A
1X117.089117.093117.070117.085117.0970.027117. 0868

"Y-123. 704- 12N AIp688p3. 746- 123. 755-123. 7420. 051-123. 739 A PCT/US01/19274

48X117. 01911 pisRfideldebvddR PRLADSAE 1 7. 139904 14bd 75 0362

Y-18. 058- 18. BR@ndehetiian 23 addPr18. 086437947 - 189 9854

FF48X186. 739 pRGndabhion AHARDFFIB2186:07560. 043386. 756
Y-17.949-17.991-18. 015-18. 002-17. 9760. 066- 17. 9866 FF

1X- 186. 810- 186. 813- 186. 792- 186. 803- 186. 8190. 027- 186. 807
18150, 816155 62580 BI04 S5° A HAAEb B SMH 00 aros
32150, 792150 G UL 615080 98150 Bbd0. (PITR0 dhpg e Ramee Ave

Y- 53. 989- 54. 438-54. 046- 4. 04611?6390238 9&7 5409884 1“6@% 14'?8& ( Mgk 4PAched NESE

results denonstrate th t he f cr%tob{ eli2 gte

117.01 7 3 M
results in ml;&g nor e pr)@m se q g &Oﬂ‘ftd q.;&tebter
plate on a support. Fupther, 4 19 3the8 gnIeR m? 8.0854

al i gnment pr {: si ons and1 gat h_ b NG T%al I Oggﬂoﬂeﬁfhg

pl ate 82, mE structures zg ]eB t1€§7 e 306}. h_%gaete
In such a na a robptic a1r r 1t orl e, 10 r‘% ll%em
access the pPE?e 82 ing tHe rot 3Oﬁ i's € eno pe’1 o
wal | 88 ther faciliYates™ g t oo at 12 \ggver
it wll be agdgem at ed ?hat t1g ?pro %a o] gﬁm ea n ;ar1 ige
positions ang still facflitat %2 se ti he 1at

obj ect hol def€2of the ifventi'gh ne'P v 1381308 r? ‘ e 080
rrejnbers. The rmovabl e nehbers Pl P%?ynﬁv@“%n' 5?31 I ns 7f\le 'ﬁ?zaﬂnre

alignment nmenbers. For exanple, once an object _is in th ener al
| ocation of the alignment Ave ’“'Pg‘ﬂ %43(;
These results demonstrate that the use of the inner wall of the microtiter plate

results in much more precise and reproducible positioning of the microtiter plate on a
support.

Further, by having the alignment members (e.g., alignment protrusions 25 and
30) cooperate with an inner wall 88 of the plate 82, minimal structures are needed adjacent
the outside of the plate. In such a manner, a robotic arm or other transport is able to readily
access the plate 82. Having the protrusions positioned adjacent the inner wall 88 thereby
facilitates more easily transporting the plate 82. However, it will be appreciated that the
protrusions can be placed in alternative positions and still facilitate the precise positioning of
the plate.

The object holders of the invention generally include one or more movable
members. The movable members function to move an object against one or more alignment
members. For example, once an object is placed in the general location of the alignment
member(s), the movable members (termed “pushers” herein) maove the object so that an
alignment surface of the object is in contact with one or more of the alignment members of
the object holder. The object holder can have pushers for positioning of the object along one
or more axes. For example, an object holder will often have one or more pushers that

position an object along an x-axis, and one or more additional pushers that position the

11




menber (s), the novable nenbers (terned "pushers” herein) nove the OE%fCt SO
that an alignnent surface of the object is in contact wwth one or (o0t
the alignnment menbers of the object holder. The object hol der can have
pushers for positioning of the object along one or nore axes. For exanpl e,
an object holder will often have one or nore pushers that position an

obj ect along an x-axis, and one or nore additional pushers that position the
11 15 DEC 200wowD9eesté 96880 PCT/ US01/ 19274 object al ong a ycasussvisThe

pushers can be noved by nmeans known to those of skill in the art. . For
exanpl e, spri ripiect Hong doyraxis.dihe PRFISTREaH e Boveg by reans kpewn tothgse of gdflii the ag,

conbi nati ons ' [ ! e aﬂH%tEﬁflé GRo@BinktfbneOVe t he
object into a %Egﬁ%mﬂﬁs@ggé%#%ﬁd%f 'an obj ect hgﬁdlgr k?avi ng
pushers for pogérkafpae nujtahle foi movhg the pushémas@asab ange Hetohjettietoye-dasited pasition. he
y-axis is shown in Figures 1 apd 2. ‘\Wen Icrotiter plate i.s generally
posi tioned adjacent theOQ‘" Bo‘g@gyioga‘b‘iﬁ’é"tci@?%?@‘f‘%ﬁﬁhffﬁf‘ﬁgﬂ?ﬁwgce of the
mcroliter plahRrotifer Hlale@ldglbolD@Y 8-aki Gnd B0 y-2dk IAGEwH & KifurbH P antier: Wheh Rheat €
20. A y-axis pusher 35, which extends throutgg a slot 40 in the fixture 15,

i s used to apphigrotites platerie generplly ppsitigried adjpagat thak pndoy-axip profisiens) te Betig at e
Sufficient force. | S pRlie ﬁ&ﬂ; 4 sh
the mcroti tersug éstoéﬁ%gnélllcwgptf? ngagd%??tiafﬁ%tt&rcggf %#35% e‘?la%% eélr‘#e gzro g{{i ter
pl ate i s pushefaagmishet3s] Whicl estrnds tpouphraski dhin tROfixtare 15; axiel tp epgihepressre

whi ch extends through, slot 55 of the fjx e, is used t sh, an x-axi s
wal | of the m%ﬁ@rﬁxgérdemaik% @%W&Méﬂf?{%@‘ é('i%%Flgforﬁ?ﬁ@PP}éﬁgé‘ﬁﬂ’f?!&%ﬁ?ﬁﬁea
manner, the m ghatif596 pidhdhEmiRotRGpiAdgindt B aRE ﬁ%&_ﬁﬁéﬁé 30OWhtd @8 afcrotiter

relative both the x-axis and y-axis protrusions. 1t is sonetines
advant ageous, Rite ispusied against feeesdaprotrusions B e xawis Pyshor sl avhigh exteadsthemeh s
contact an inngr f . a mcroti . . ﬂ#';!_ i« Wth
this arr angenesﬁ‘ft,ﬂ%#gea fué?’lrlrnge’%f&) #’M%?@'%%W%%S t@‘?@"%‘}?}g&pﬁ?@%@gt t%ﬁxés ‘
m crotiter pl airetrusibhi2s. eacka ndneerathe miczatiterglielis acrutdidy end precisely misitioned pl at e
free of protrusions that could otherw se iPterfer.e Wi htot her devi es t hat ,
for exanpl e, pTF]éE‘ée .thel’ﬁ"’t’ﬂscﬁn YIS PrORUYoRT, 1§ SomeHiRH P4V A0 t44iR Y & Ad1 der
embodi ment  Shoyeskddy,ftb HaVeRtie br ABE of tHRPRslRrs\(BAMSEh Mri Rall bftthickdig platns as a
retaining device to hold a pro e_é:jéhposmloned object in _the desired

I

posi tion. W t hratsenthar aneonfer wall; arrangemegh dhe alignment pegnbs s M Pusbers Fp| yi ng
sufficient for regi ' ' o GGHL T ce
(not shown) app Frégat%&sgr%%ﬁ]{e?ﬁlfm&glﬁs %&@S%ﬁg}s%%&%gﬁ%ﬁ%%%gﬁum hol tg(sﬁlééo.
Ref erri ng now dferdiu§ionsithataoeldantieowiserizterfefwith ajiean desddes prat Jorewrginple, pléce the

positioning an object.in the object holder 10 is described. It is recognized
that the obj ec‘f“crdﬁlfﬂraﬁeclf’afﬂ"m{”gy nmeans that are equivalent to those

illustrated to nove an @B 6%kcthokier etbodiment shown in Figures 1 and 2 has a vacuum plate
that functions as a retaining device to hold a properly positioned object in the desired
position. With both the y-axis pusher 35 and the x-axis pusher 50 applying sufficient force o
precisely place the microtiter plate, a vacuum source (not shown) applies a vacuum through
vacuum line 65 into vacuum holes 60,

Referring now to FIG. 6, one embodiment of a general progression of
positioning an object in the object holder 10 is described. It is recognized that the object
holder can employ means that are equivalent to those illustrated to move an object into a
desired position on the surface. Similarly, although the figures demonstrate the positioning
of a microtiter plate in particular, one can readily adapt the arrangement of the object holder
components to position objects other than microtiter plates. FIG. 6 shows a simplified
bottom view of a microtiter plate 82 resting on the vacuum plate (not shown). FIG. 6a
shows a loading position where the microtiter plate 82 is generally positioned relative the x-
axis and y-axis protrusions 25 and 30. When generally positioned, the microtiter plate 82 is
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desired position on the surface. Simlarly, although the figures denonstrate
the positioning of a mcrotiter plate in particular, one can readMIyggﬁﬂmg
t he arrangenent of the object holder conponents to position objects other
than mcrotiter plates. FIG 6 shows a sinplified bottomview of a
mcrotiter plate 82 resting on the vacuum plate (not shown). FIG 6a shows
‘a loading position where the mcroliter plate 82 is generally positioned
relative thewo 014488 and y-axi s protrusions 25 and 30. WhaCTgesagmatd y
positioned, the mcrotiter plate 82 is 12 1 5 D E_C 2004 W 01/.968380

PCTI USOL/ 192 Pesitipiedispstpthaidhe yraks propsionie O yredriesved iyie iy opaniae Juelapedhe ¥cei ved
into the openiigddemhORe:iia e Miitfe £HLEpBruditte29Ms ¢4cbivid fifo thE §la8e 901d the
X-axis protrusion 25 Is received into the space 94 along the x-axis edge of
the microl it edongltieteaxip\edgsrof theghigrotifenplatai dcqprdisgytihyhippreseatly pr¢fermedbodi ment
the protrusion re sitioned in the space 94 en Lhe inn 8 and
the Pout er - wdbogend BE piastigs aladsl8pEPRRR stice iR el R B wf
cooper ate Wi tduter @l 8% CTi @il be bppréth Addahdt fheddrbtOisak hiag codefatcgwvittatbe aticGotiter pl ace
the mcrotiter plate in a generally positioned orientation, Further, to

faci litate | o3l Wgltenatve orBEyrotions & plesermigmtitgn alataie agengaly nosisAed 50 are
positi oned a"é@i}é@ﬁiﬁ%ﬁ&f‘e&% Plcfhdtt E)%.diH%’%B&l tﬁg%—aﬁghﬁsrh[af g W oL if]!nﬁ?cr%1 the
y-axi s pusher is noved so as to cofitact an olter y-axis edge of the

m croliter plaatmosBidnedisvayefem thoaucratitensate 8he pusher coul d al so be arranged

to contact an inner well_.surfac the mcrotiter, plate., The, y-axi usher
58 fo moved wi th sut { ReFEHe PER EIG Sornf RS e T Bofr ot L flefedh s
agai nst a walduteB¢-aRik eliftEof the @icRititdr late 22 AL d&ribAASbbES thy paitieBcqUbAII be35 i S
pressed against the mcrotiter plate 82, the mcroliter plate is _noved, if
necessary, tGTRRgea{ig/cqntast an wReTYRY sufere of the microbitepplateBhe s Brshsr;dg is

protrusi ons A5 - X4 , I s edge
of the mecr O'?IIQ Ter %Fgﬁélﬁfogce(%ﬁ%rﬁgfé%o%gﬁs %ﬁ:&:ﬁ%ﬁ%@%g@ﬁ%tﬁ i“%ag§4érg%ée i's
moved wi t h a mitmtiterplask@InAR thefyeaxtsgpusten 35 sipedssal ageinstdne thigeotitdr platet 82 the pl at e
is firmy and .rel.jably .positjaoned in th -axi.s. Wih th lcrotiter plate
53 1irmy podrRbliEaete i Rrkd, Hafestlfmby Pt btk Sl deYaBhe ®so0
i's noved agaipigtusidfs X0. 0% the Wakik p@hert B3echbrallyQiohiaet thel yedxes &ige of e iebtitar
manner the x-axis pusher 50 noves the mcroliter plate 82 to posjtion the

i nner wal | 8@ty Gatralderation, ShemaicoRist plaitRC S, Wit REURIE skevdng rssulher 50
s moving andy ol diey HaGnBbflerpla@ 9SS addiEldbadstiotd MMBRkigENber , the
y-axi s pusher 35 remains firmy pressed against” the y-axis wall of the
mcroliter plate 82. TWithdbs inicraiiter platesSnfirodypgsitonedinghey-82s,FbGi ¢rFhpwms t he x
direction relati,ve the contact 45. th Dt ' . cQNS cted
to be a | ow ft%tt g%cixézﬁus %‘ng?{esﬂtmf m&‘(’)drd aé%%%rtrp ’é',a%ftghvé’ﬂ ?)(i)’vh\}%rnﬁ ?@{1'&%@9@% gg %g I nt
45 can be nouidnGet thex-axis pushegsd mede the niferatier platatsd ehpasitivnkieeinna veatli@8t ant

force agai nst the mcraqtiter ate .82 whil e enahling t.he )
g against the x—axc{s protrusiOnpAS. ile %he X-axis pusﬂerlgo is mMoving and holding the plate

against the x-axis alignment member, the y-axis pusher 35 remains firmly pressed against
the y-axis wall of the microtiter plate 82. To facilitate the microtiter plate 82 moving in the x
direction relative the contact 45, the contact 45 is preferably constructed to be a low friction
element. For example, the low friction contact point 45 can be mounted on a spring-loaded
member, which can keep a constant force against the microtiter plate 82 while enabling the
microtiter plate to be moved in the x-axis by the x-axis pusher 50. Figure 10 shows an
example of a suitable spring-loaded member. The contact point can also be coated with a
low-friction material, such as TEFLON™, and the like, A low friction contact point can also
be constructed by using a rolling contact point, for example, or other means to reduce
friction. A DELRIN™ ball plunger is another example of a suitable low friction contact

point.
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mcroliter plate to be noved in the x-axis by the x-axis pusher 50. Figur
10 shows an exanple of a suitable spring-|loaded nenber. The cont ac15|58t12@"
can al so be coated with a lowfriction material, such as TEFLONTm, and the
like. Alowfriction contact point can also be constructed by using a
rolling contact point, for exanple, or other neans to reduce friction. A
'DELRINTm bal | plunger is another exanple of a suitable low friction contact
point. 13 1 5WDOEYg8®004 WO 01/96880 PCT/ US01/ 19274 As shd&ui/Usm/®Bry. 6d,
when the microtiter plate 82 has. ed into . .position t he x-axi s . pusher
50, the microliter plat F@“‘B‘r"é%igsngq\fy’%ﬁ’b@?ﬁl ARlgr RI€F8$§?%‘H%Y‘dﬂtBE%§§$‘1L':I§f
Wth the plate REESHEREYSDDS nliérofMtehlatd iR poSibised b ¥atthe PIMBIsineS With
activated, thereby securely drawing the mcrotiter plate 82 against a
vacuum pl at e. txalde piepigely potitiened acyaeuuin snurcg (aat sh@m) i astivased, thetepy sestzdlyied i n
Its precise paqsit.i -her. I . ra | fur.

or ocessi ng. - Raraing By riaGebYadies ¥t Bath e MidolefllBeSplidklerBlue sz
for retaini ngisseceblyecthinedindts pretse pedtignothedebp allawing fewrateppd edliabE e ter
retaining devices of the invention include a vacuum plate upon which the
obj ect is pl alB¥*5F8e vacuum pl ate ‘generally has a top surface upon which
the object to be retained is placed. One or nobre openings are present

t hr ough whi ch Re@difiing Ieviees W t hdrawn from t he space between the top surface
of the vacuumplate and_the bottom surface of the of%fgct . The opening or

openi ngs can be connect Bt P¥ERHOR 3139 pIRYIdesIPtaigng dgpiess EEREAn Ot By per | y

posi tioned on gtheq pURRY dn BB ShppoN ATt RirdRIRVL &G 1RInvEntiéd Bblude $PRNuMS
formed between the object and the vacuum plate, thus hol ding the object in
the desired Bt unonmwhighghe ebjentis daced. {The Hacunmplase gansrally hiscrtop purfce ppait e, t he
bottom surfac f . M. CLOL] . r ] ace of
t he vacuum pl g‘{hgc.h tﬁ«g]ngbé%gkfp‘%ee&%b%gls&gat%ac? rﬁjlnga 8%1 Oi)glﬁ% valtr%]éke%eggtg%ﬂ oﬁ}ﬁlg%l shown
in Figures 1, ai cambwihdrhwn frbinshespbadictveat thetibiesuvfac nfheplaatien gltehad tie t op

surface 22 which general OnpLi ses .a central interior ea 69 and a lip
rea 67 whi oh bt SuEer af A OB T cPRDE K OPGHOBEN BSLOTRHSH P SOBELEIIYEs
general | y posiywheamesoyjétt lsflﬁo&ﬂibﬁﬂ%nﬂ@ﬁﬁ {h Qipport aARPh VRS YS 43664, aRhiri B
object rests on the Iip area 67 of the top surface 22. A vacuum,soqurce (not
shown) appl i eeal i formeadihetwesn Sisgliogtand the vacyven plate; thesholdieg tirrhisrtas thso. The
acuum hol es : ' ' it . I -

oenorm by, e SRt ol SETURABL WALy RS SENRBA M o

generally is positione t he per I n

such a manner mitrhttevpletefonnesfafsedtwithshd topmgfage o£tte vacoumglatche entire perineter
of the plate. As the vaguum effect draws the tbﬁgti:om.surfsﬁce of .t he ij ect
t owar ds © '

xample of a retaining device of the invention is shown m Figurés
and 8. In this embodiment, the vacuum plate 20 has a top surface 22 which generally
comprises a central interior area 69 and a lip area 67 which are separated by the vacuum
groove 63. When the object is generally positioned in the desired position, a bottom surface
of the object rests on the lip area 67 of the top surface 22. A vacuum source (not shown)
applies & vacuum through vacuum line 65 into vacuum holes 60. The vacuum holes 60 are in
communication with a vacuum groove 63 which generally is positioned inside the perimeter
of the vacuum plate 20. In such a manner, the vacuum effect is transferred around the entire
perimeter of the plate. As the vacuum effect draws the bottom surface of the object towards
the top surface 22 of the vacuum plate 20, the object is retained by the vacuum force to the
vacuum lip 67 and the interior vacuum plate 69.

In the example illustrated in Figures 1, 2 and 8, the retaining device 20 is
provided as a rectangular vacuum plate, with a y-axis length constructed longer than an x-
axis length. This particular vacuum plate 20 is sized and constructed to cooperate with a

bottom surface of a microtiter plate to retain the microtiter plate securely against a top
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the top surface 22 of the vacuum plate 20, the object is retained hy bhe
vacuum force to the vacuumlip 67 and the interior vacuum pl ate 6d. 3 Dkl 1Bk
exanple illustrated in Figures 1, 2 and 8, the retaining device 20 is

provi ded as a rectangul ar vacuumplate, with a y-axis |length constructed

| onger than an x- axis length. This particular vacuumplate 20 is sized and
constructed to cooperate with a bottomsurface of a mcroliter plate to
‘retain the nvordPsser plate securely against a top 14 15 PWWBWOSEES0

PCT/ USOL/ 19274 surface 22 of thg vgcuum_pl ate 20 when 31 yacuum sour ce S
activat ed. THAWTaGE2Hahihpvatumnlale 20 WaRR HEACHUR AR IBRCT B chhgi VACUYB) RIAE /59t her
than mcroli Eﬁfbe%ﬂhgﬁed foQbtafbiBRIsRthel (En YAGUHER pIRbR 6 &afipRams banegd to form
a suction with any ffat surface” of an object. A‘rectangular slot, for
exanpl e, can plate aag b shaped tot faiom a suvtiom jwith anhfatiswdaca of 4renbjech ok wentgugdar sobir f ace,

Figure Il shqows one enbodi t of the.retai.ning. deyice of the invention. A
vacuum sour c Or(eﬁﬂfPﬁg*F@Wﬁ?“gegﬁﬁéeg?%aq@bj?fg%ﬂﬁ?ﬁ”fﬁ%éﬁc}éf}gﬁ "EA*connects to
vacuuminlets 240 andrigds 11 ¥Rfvs\uAe eBbdimBi&t of te@étainidd dedbso2Hdinaetiofi A ect | y
connected into vacuum holes which extend thr ouah t he vacuum pl ate and

conmuni cat e KRUHILSAErC Gok ShAYaY eRRpects fovaguunp resBRviychnopnesisrte Y daietent |
the vacuum NokEameys3, RAS LidBAIMhe 2SR nd'216 bR Bindied iAiB FactfiltiifBs P! Al ©

and use a vacuum groove to conmmuni cate the vacuum aroun he perineter of
t he vacuum piwhich.extend dirbughlike waopme platitand cothatmicdtdiwith pesatuvongingveofln g he

vacuum hol es and ot her arrangenents can used to i ppLov he vacuu

seal i ng papaleeF"r“tt. pgite m@ﬁ@?ﬂhﬂtﬂ‘ﬁf‘&m gﬁfseaé"t @S%H%‘{?Wgﬁﬁ@%ﬂ%?p .
surface i mpekfe8atiRnplatehdll usAvablin® Efo8VEto\Woibhunic RE tHeGadRid &Bu@ thén ai rti ght
seal between the vacuum plate and the object surface, Such inperfections

can i ncl ude, ptrimetescfithd wecuwia plsten gt willdicgnpreciated ey odbas positiening ¢idhe wackyBt ur al

| nperfection rm! ? t ) | : may bow
slightly so ?lﬁlg}f:%dt%&cen efnte%tgfﬁj‘%n %éiﬂf?éﬁ)%ggh?fggﬁuﬁsggﬁﬁégﬁ%xt %%j%ebel ow

t he peri net evaeadgeplaé. the mcroliter plate. Accordingly, if such a bowed
plate is placed on the vacuum plate 20, the bowed orti.on of. t m.crotiter
plate can contact the PHEE? BT eﬁﬁ%‘“"ﬁ?‘@gs%@“ﬁﬁﬂ”ﬁ%?“&ﬁ%fﬁ“ﬁ%&%ﬁe“? r edge
of the pl at e tfleGointtion oL RUBARNE 1261 Hetwieed BRVabim Blitte ShtPiRe ObjBRNRGEACe, StAN vacuum
is applied to the vacuum channel 63, a gap sufficient to avoid vacuum

seal i ng nay HepREfeAtigRs copimalugn dor sxamplgevapngdwishbrarighenspgnd ogher stBictsplat e and
the lip area; ' | b 0w 4B seal the
mcrotiter pf@geéfetyﬁ)&{gh%q\%g%ﬁq}%%bﬁﬁgmﬁgfa%%gg%ﬁ%r%@?@ stgckzxﬁyi n%er%ke{ggioons in
mcrotiter pkisicesterptiat éfthe mizrativérplate txtends belew ttopenmetaedgs of hagscebtenay be
recessed sli %ﬂ%el %ccl?o(?'ldi% y} i?guc 6}1 OW lpiaga is6 glhcelé%n the vacuum plate 20, the bowed

portion of the microtiter plate can contact the interior plate area 69 and not allow a perimeter

edge of the plate to fully engage the lip area 67. In such a manner, when vacuum is applied
to the vacuum channel 63, a gap sufficient to avoid vacuum sealing may remain between the
perimeter edge of the microtiter plate and the lip area 67. With such a gap, it may not be
possible to vacuum seal the microtiter plate to the vacuum plate.

To accommodate such imperfections in microtiter plates and other objects,
the interior vacuum surface 69 may be recessed slightly below the vacuum lip 67. By
recessing the interior surface 69 slightly, the probability that the perimeter edge of the
microtiter plate will fully contact the lip area 67 is increased. The depth and other
dimensions of the recess will depend upon the expected variations in the bottom surface of
the objects. Typically, the depth of the recess is between about 0.001 and 0.01 inches. For
microtiter plates, the interior vacuum area is preferably positioned about 0.002 inches below
the top surface of the lip 67 because it has been found that the 0.002-inch variation in height
is not sufficient to disrupt the sample wells when the microtiter plate is sealed to the vacuum
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recessing the interior surface 69 slightly, the probability that the
perineter edge of the mcrotiter plate will fully contact the lip ho O&C @604
is increased. The depth and other dinensions of the recess will depend upon
t he expected variations in the bottom surface of the objects. Typically,
the depth of the recess is between about 0.001 and 0.01 inches. For
mcrotiter plates, the interior vacuumarea is preferably positioned about
~0.002 inches welnygssit he top surface of the |ip 67 because pcrhsa/ibgen found
that the 0.002-inch variation in height is not sufficient to disrupt the
sanpl e wel | s paeR0t Anothirapproadhdry whic te aveid distarting of thetohiscly ¢ iensssed ares caEC

2004 WD 01/96880 PCT/ US01/.1927, l. 20. her . '
avoi d distort E%Wrgﬂﬁ{’toﬁgo%?}f%@t@eg %@%@ eve sy Oﬁ%gé%agﬁpglg%%%ﬁi%b%goﬁ 0

conpl etely fi {dgdibe) thh Rowas SgBortiidk fiebotieih efirfxab oOthe 6lijEce while prilbaltowimgrber s
(e.g., ribs) that provide support for the bottom surfage of tge ob4' ct while
still all ow niprogtinnaiaivasugs seal Thewssef & support Aipws faguss ol g recessobsteatsy 4egils t he
use of a receg oqdreater depth, if desired. The retaining devices of the
i nvention can also 1 nclude sensing switches or other neans for sensing

whet her a vacuum ef f ectThesetgining daticdsef thednveationah) elst inalude sdnsing yeidehasonp| at e.
For exanple, Figure 2_shows a.,vacuum sw t hol e , wWhich i.n thi

particul ar enBdthi ReE fqr§°Iﬁ5’§i“fqe§ﬁ‘éﬁva§fmflﬁghecﬁéfé’ée%‘ﬁ%fﬁve?e%éﬂ:ﬁlﬂ?ﬁta?aotglicle 63. The
vacuum swi t Cfadd@h$i#0 Mo afipleeBighR® shawsiaPach@i ekitdhthofe SIRGHILANIS &SI N
switch, which confirns a sufficient |evel of vacuum beneath the object. In

such a manner partigdareabadiments pesitioned pirfbaibpse ele wispum graounobd rEadUFed and
moni tored whi Lg, bRe) 'dal%st g e J‘@a&:uv.hﬁ'?eﬂiﬁg WHRh, Rhfth@odfimshf the

vacuum | evel 1s 1 nsufficilent, e sensing swtch can send a signal to a
controll er, osufficies lévehafivacyer bdnoath thetvhject hiesucivg metner, sheraacuyn dgyes fetpining

positioned and/or. retaijned and thus.is.not ready for further processing.
Conversely, i alegglf&té’ﬂﬁh? Wa%éeﬁ?ﬁéfmflﬁm%e@he g@é’ﬁlssrf’t&f?ﬁﬁﬁ gt @8?{ ot er to
proceed with puietdoclr tBE P£AHG1RQ] is MRduReRRR (R sesing shatiatanisagl deyiate 4 hat

I ncludes a sensing device is showmn in Figure 11, whjch generally shows a
bott om si de ofoniofleryerip & humappperaten, that,the abiest i ngt propaly PRY TERRMe top

surface of thg,{4IUhG r%%ﬂyefé‘ fg.g{?%fggacig%sﬁ@ g&ﬁre O&éi?ﬂ%hﬁw id £onfddGhe bkitont he

vacuum pl ate s not visi 1 s t he general positioning of
t he vacuum ptatsignaDhe rortiotierdt pecedsl with fuftherpeockistogur e 15. As shown, a vacuum
switch hole is positioned in .the vacuu ropve. . The vacu | e
conmuni cates with vacudHl SRPPEP Fﬁ?@?’%?&‘?"e i"b%udg%ﬁﬁeélf‘:’flg H}f%ggv%gﬂl}l?%qém tch
275 through VERgUHMISWhE Bererdlly sBos a DdtRm\sidelof B fisikd Lhwiti2ihb vaduasiplite20 | y
connects to a controller 105 through control |ine 280 for copmuni cating

status of vachemHaned ehte e urfare o the frure i Alhepglh fom e doRYRM S nglG13s
receives a si ﬂl@%ﬁﬂﬂﬁﬂate is not visible, dotted line 21 shows the general positioning of the vacuum

plate 20 on the other side of the fixture 15. As shown, a vacuum switch hole is positioned in
the vacuum groove. The vacuum switch hole communicates with vacuurn switch inlet 2635,
which connects to vacuum switch 275 through vacuum switch line 270. The vacuum switch
275 electrically connects to a controller 105 through contro] line 280 for communicating
status of vacuum to the controller. In that regard, the controller 105 receives a signal when
sufficient vacuum is achieved at the vacuum plate to draw the microtiter plate firmly against
the vacuum plate. The controller 105 can also communicate to the vacuum source via control
line 225 and optionally to a air supply source (described below) via control line 220. The
controlier 105 can also receive direction and send status information to other system
components via system connection line 285.

Once the vacuum source has securely retained the microtiter plate or other
object against the vacuum plate 20, additional processes may be performed reliably and

accurately to the microtiter plate. When processing of the microtiter plate or other object is
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sufficient vacuumis achieved at the vacuumplate to draw the m cro‘i i t?r
plate firmy against the vacuumplate. The controller 105 can al so 9 DEC 200¢
comuni cate to the vacuum source via control line 225 and optionally to a
air supply source (described below) via control line 220. The controller
105 can al so receive direction and send status information to other system
conponents via system connection |line 285. Once the vacuum source has
securely retwDneehssthe mcrotiter plate or other object a@&rise/vHd vacuum
pl ate 20, additional processes nmay be performed reliably. an ccurately to
the microtit EAVRIFtEE.dhe AREHD PRUEEAS g‘?“ﬁ%‘“’gﬂd’ ersbyeleruns %@P%Fb‘?%m She Ve
object is 16,1, »oDEC 7004 WO 01196880 PCT/USOL/ 19274 conpl eted, the vacuum
source i s deBctivat ed, thereby releasing the object fromthe vacuum plate
20. Integrated Object Hol der Systens The invention al so provi des object

hol der s t hat Integratad-{Dlieet eT YYSeRSof t he devi ces described herein for
positioning and retai ny 7 . ; o of f6re of t¢eNt i on
provi des object hol deﬂﬁ%@&ﬁ%ﬁ@?%&?ﬁ%ﬁg{ogﬁﬁﬁtiugﬁéngﬁ'ltt@nenbers to

preci sely pdsiitesdescabeddtepeir for pesitibningaad triainipg abjectnion asuppedi Firpgamepeitiee t o

hol d the object .in the, desired i.ti.on. These.inte | . ders
Ej y ]P:c cal | %/ ha{fe' e%ﬂ?“@&‘i%gfgigﬁgmg% eﬁgﬁggﬂgij@?&a@&g %gggicﬁ;d f
ITTerent Coppai UnSobfet, in@s bl @étainin & Rahs o ie of a
control system 100 for object holder 10., OoEt rol sysi em 100 general ly
conprises a BesiiqnoThese intepmatedphicst helders typigally have apeqriel sysiser thattoerdRies pl at e

hol der cont rﬂ%la%ﬂu%hg o?l}lg:d]if}_elf'&tQétﬁﬁcﬁleﬁighﬂﬂéol?%h&%r. line 215 may termnate in

a connector acilitate connection to a nati ng control connector 75
on the plate hol der IBgure Thicsvsamne axaepieofia coateslisistem ¢80 fopwhisethioldsr Hhd

di sconnection, of the c onent,s. The controll 1 nect ed
to other sys?@ﬂ?@é??ﬁ%gﬁ)%mfﬁhﬁwléﬁeﬁ M‘}S‘h’&‘ﬁ%dﬁg es? ct%sataﬂe%gp ﬁra%rﬁlg syst em
connection | iReugh@latERside xaftedl Eine 215 The platetdider cokfivol limet 21 5aesy teimisdte inct | ons
froma central control systemand report status informahjéon i n ret‘gée?. The

control | er 16%niestor Hi0do SieHiue FRERECtion 462 BaREIREl LORRECIE, QBH’FCP&"“?LH t hr ough
vacuum sour C??J?Ofﬁlf %m%éﬂ%%&%ﬁit&&%oﬁﬁécﬁ%dld\fscﬁﬁﬁéﬁ&ﬂ of i coRiponsidThy 110 via
air supply contro I fie . I'n such a manner, the controller can accept

i Nst ruct i ons cantrodlentds nxyaisodeicoimpciedtd wher system ¢nngponetis uafthiph threugbput 4855t em
controller and,coptrol and nonitor .th | I 100 L g crotiter
plate. In SOW%&%%H@ CHFEHOP rlfélc ggsa)%:’oggxpau%&eg?n%ggﬁtg%ﬁgp '? Rgﬂl?/@lg% S pusher
35 are acti watrediony fratra contfdl odtfirol Szemednt repoplayus iriforymtiou i egarpr essuri zed

ir thr h air ly lin ;
alr through air supp yThe cogtroller 105 in this embodiment also controls a vacuum source 115

through vacuum source control line 225 and optionally controls an air supply 110 via air
supply control line 220. In such a manner, the controller can accept instructions or send
status information to a high throughput test system controller and control and monitor the
precise positioning of a microtiter plate.

~ In some embodiments, both the x-axis pusher 50 and the y-axis pusher 35 are
activated by air pistons. The air supply 110 provides pressurized air through air supply line
125 which is directed into a y-axis air supply line 130 and an x-axis air supply line 135. The
y-axis air supply line 130 is received into a y-axis air switch 140 which acts as a valve to
open or close the y-axis supply line 130. The y-axis air switch is directed by the controller
105 through x-axis air switch control line 185. When the controller 105 directs the y-axis air
switch 140 to an open position, air pressure is received into the y-axis piston air supply line
150. The y-axis piston air supply line 150 is connected to the y-axis air piston 160, which
drives a y-axis arm 170. It will be appreciated that other mechanisms may be used to
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125 which is directed into a y-axis air supply line 130 and an x-axis air
supply l'ine 135. The y-axis air supply line 130 is received into aj §{&agi;gi
air swwtch 140 which acts as a valve to open or close the y-axis supply
line 130. The y-axis air switch is directed by the controller 105 through
x-axis air switch control line 185. Wen the controller 105 directs the
y-axis air switch 140 to an open position, air pressure is received into
‘the y-axis pi woonsesse supply line 150. The y-axis piston aigrnsuppby |ine
150 is connected to the y-axis ajir piston 160, which drives a y-axis arm
170. It will b@“&‘ﬁ%@é@}‘%@ds‘{"h&% hyslridie Tamse lentionnEncia potprionsagerrdniyes, fors D E
C 2004 WO 01/ 9888Q1,PCTI USQ / 19274 activate the pushers, such as hydraulic
rans, el ectronagn tlc actuators, or gear drives, for exanple. The y-axis
arm 170 drives a |l ever Tﬁey-amwmllw@xiwmtleiéf472&®unﬂdpmgﬂw4 Avkredingllge ai r

ston 160 is ct ated, t y- axi sher, pi noved fragmits at-rest
BIOSI tion. Tlhe e Irﬂé\fes?“%gg? Eg%% ati‘lraie&?ﬁgﬁgﬁmﬁg‘h“?‘ﬁé’]% 13%0\(’?3@093}1?5@#1”&& t aches
bet ween the | eygition 1Tie A6kt Bodiidnl i8 Beffild@ PPt spr3- 176 Whith GRache BN thd1Bves Pr | NY

176 causes the |ever 172 to pivot frompivot point 174. In a preferred
~enbodi ment of t7REndpFrEE sheragel781 dn sugha mames theispring [Foeauses thedevest 7de pixet i ve,

the spring cauggs Sy HE“'tﬁ |

mcroliter plate. p#ﬁ@?oétgf})?h when E%ﬁgc?%n%@g% i{lt%%t esc‘?g%? %\?@f gg& %‘Imé}gg?( S
pusher 35 is niddasinot astevg, thesprmgcandeéthe&akia@umcx:?sabbbﬁnnmcng@edigmnsathb pi ston
160 has a y-axis 00,,t hat co ni cat e -axi s position

170 to the corfPJFEﬂn?"ZPlea%o?ﬂ?{ gy??éﬁ‘?‘n@ﬁm&’@%“ 15 agiaf f f s n} ISIVRC a

manner the condwaglflogla ¥ACES hemicotbgdaé. | ndi cating the status of t he

position of the y-axis arm_ 170. For exanple, a signal may be placed on |ine |
195 when the air pi st onTho8r pision ABYkas aptaxis magagtiswiteir H01thef commpymisalss Y768 t hat |
ful ly disenga r axis air |
switch 145 |s%§%ﬁ%§ ?ﬁ/%ﬁ%ﬁéﬁﬁﬁhg ‘flllé)glg%nﬁpgs C%fgg@@&gllg a&'%?(:hé cont rol |
| ine 180. \Wherminner thc)mnltmllbrereccix%adugnaid:tds‘a:aﬁﬂrgh«statm of the positwintof the Jyddxist apm
activate, air rssurels | aced in Xx-axi ' nar.s ne 15 Such
air pressure dv) vg‘é T FREPIS %§?’1§aﬁ; h?lif?(%e %‘P%W%% %?‘E'%P)s(?dol?? Beaxi s
magneti c swi t ORa@OBmCITOTRIA peaicSthit GullyCRRhEQkd BE y-20ip pﬁéhépmﬂoxﬂmaﬁuoﬁtesw tch
control line 190 to generate a signal that indicates the position of x-axis

ann. 175. In é’%‘?eferred exanple, the x-axis air piston 165 is conflgured
to retract the x-axis pxsﬁgmgqnfeﬂqglsfs altkd ®Blc tegnand
to force the x-axis pusher 50 agai nst e Enc%crglﬁltglrlﬁ%tg%gg?v\ﬁ t}ﬁﬁe f>i<l‘:aX| S
air piston 16Eonisolémeﬂ&(ht‘é’h¢n ﬂlvmmotlbnel%damtsthaxﬁampamswncmﬁﬁ to scta'aw ajmt ed

and the x-axisg r&gurg 15 placed insx 9:»{1;1; f)/i%t%ntaxlr E&'ﬂp}’y h%g%gséuch air pressure drives the x-axis

arm 175 of the x-axis air piston 165. X-axis magnetic switch 205 communicates to
controller 105 through magnetic switch control line 190 to generate a signal that indicates
the position of x-axis arm 175. In a preferred example, the x-axis air piston 165 is
configured to refract the x-axis pusher 50 when the air piston 165 is deactivated and to force
the x-axis pusher 50 against the microtiter plate when the x-axis air piston 165 is activated.
When the x-axis air piston 165 is activated and the x-axis pusher 50 is driven firmly against
the microtiter plafc, the magnetic switch 205 may generate a signal on line 190 which
indicates to the controller 105 that the microtiter plate 82 is firmly positioned in the x-axis.
Referring now to FIGs. 8, 9, and 10, the operation of the y-axis pusher is
detailed. The y-axis pusher 35 is a generally L-shaped member having a vertical portion 173
and a horizontal portion 175. A contact connector 186 is positioned at the top end of the
vertical portion 173 for attaching the plate contact 45. The horizontal portion 175 extends at
aright angle from the vertical portion 173 and ends with an enlarged arm contact 182. The
arm contact 182 is constructed and arranged to cooperate with the y-axis arm 170 of the y-
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the mcroliter plate, the magnetic switch 205 may generate a signah q@lzj”@e
190 which indicates to the controller 105 that the mcroliter pla eli i
firmy positioned in the x-axis. Referring nowto FIGS. 8, 9, and 10, the
operation of the y-axis pusher is detailed. The y-axis pusher 35 is a
general ly L-shaped nenber having a vertical portion 173 and a horizontal
portion 175. A contact connector 186 is positioned at the top end of the
vertical porWOdW8B¥B for attaching the plate contact 45. THEUEFI%2tnt al

portion 175 extends a right angle fromthe vertical .portiaon 173 and ends
Wth an eni ardidsiiolt ABieTatsd srimemen iy vt Hat | AUEmHERE R Puct ed and
arranged to %U%@%Eeﬁ’éﬁe&ﬂahﬁmeeﬁacﬁusﬁﬁgﬁe%n@%hje?%eqiaﬂé'@my 18 15 DEC 204 WO

01/ 96880 PCT/ US01/ 19274 axis piston 160. In a’'preferred arrangenent the
y-axi s arm 170 term natbshenzontabpprtier| gof ﬂ?émvehg"@m BP0t b4 faHeeAYIRgd t he

| ength of the;y-axi hor ' : : ey&; : as a
pi vot 174 fo‘rspv)rloéggll t\i??t%éméesugﬁg%s Bﬁ%g{%g? Bgﬁg%%@s&%ﬁlggkogﬁﬁgh'pus hgng@ﬁlt o]

pi vot about tpoetiqui W76 hlsp hasu sptingd cotdectonti4i faaléeaiving i dnid ofithe Bprirg) 156. ihs a

oF spri g 176 cibehsenre b 1§ cetiat o GifnPRo R ety b Lo dae 1ve
In a prefer rﬁ&eﬁé&ﬁohﬂ%\%ﬁﬁ&%a Eﬁiﬁgss%ﬁqvmmw&q /B yxBlairdfdithnt el he

y-axis air piston and fixture. en the spring 176 is connected between
the spring cdinteret Whed thersgring £76sis ginectedshepyrsn thelspang egnsacs b4 ang thectable o dr aw
t he arm cont g 182t rds t LI Disto . | ' r d
exanpl e the I%e é)rrt 81%?’28%%)%&?%%?}33’ tﬁ%i-%ﬂ cv%%gtglbg%@?%”aﬁ‘?sv%% QSB#{?P Hﬁémﬁ él?’he

pl at e cont ache Wostratedreatmpledhd lover 182 iseohfignredge pirbedboyt mvepoint b4, the@lad r
piston. In the illustrated. egﬁodlmsnt, en the air. piston 160 is not
activated, tHanRePlfptatersin ctiog g5pedlly gy fomLife 2L BifOlct 45 toward the
y-axis wall 187 of themVe uthrRbddbbodZRknt Wheh Y& pkdd 890 iPhétlagtivaRAl thehown in
Figs. 8,-9 or 10) is generally positioned on the “vacuum plate 20, the plate
contact 45 contiegl™ agisyo ascssthamlate contactis towasd reivtaxis walht& ofithe vapuyenelatet he

pl ate toward 4.h - ax| r | 30.  FO |n%m( RAS bidi@ rf or mance,
the y-axis pu@hzﬁy’ﬁ%{%ﬁ%@’%&%ﬂ%ﬁ@\% d’gglgs'gb%gfghtl n s?g‘%ﬁ]tg&lf)&;g??llgoni ng
force to the vaeaxi plate®a] the pfatecconiactr4s contects p-akie wallof dzsuir®tigr plowshdnt
pressure, the forge exerted the y-axis her..35 is .determ ned by the
Cbring 176, RS TRRAS fawrit horey s stosoriaes 3 doR Srim aR R IEFPRY
force, the miadphiit Slishp T feeid lolprdiededQdhitar® ARTstiMId Posiodsi@ rcatdhepagitant
tensioning force. In the preferred enbodi nent, after the mcroliter plate is

posi ti oned t dvalkpf aynicrggites plate, Toasgng scqnganigreseupithipess cxeriehhythe w2¥iyr ce
AR i ST S : ert” e
agai nst the u%¥§5%e{errﬁlﬁlg{lgggipﬁg§/.%éf7keg\s ﬂ@gﬁh{ﬁeég&g@bﬁem&ﬁ@ms er is

activated, the x-axis pus the ate
deterministic force, the microtiter plate will be positioned with a known and constant

tensioning force.

In the preferred embodiment, after the microtiter plate‘is positioned fo the y-
axis, the y-axis pusher continues to exert a force against the y-axis wall of the microtiter
plate. When the x-axis pusher is activated, the x-axis pusher 50 moves the microtiter plate
towards the x-axis protrusion 25. Accordingly, the microtiter plate is moved relative the
plate contact 45 and the lever 172 while the y-axis pusher continues to exert a force against
the microtiter plate. In that regard the lever 172 must maintain stability in the x-axis
direction to avoid skewing and maintain a constant and stable y-axis force. To achieve such
stability for lever 172, lever 172 is constructed as a pivoting lever which pivots about pivot
point 174. Since the pivot point 174 and the plate contact 45 are generally aligned with the
x-axis of thc. microtiter plate, the pivot acts to substantially stabilize the x-axis positioning of
the plate contact 45. Accordingly, when the y-axis pusher 35 is fully tensioned the

microtiter plate, and the x-axis pusher moves the microtiter plate towards the x-axis
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towards the x-axis protrusion 25. Accordingly, the mcrotiter plate ii Hpmﬁg
relative the plate contact 45 and the lever 172 while the y-axis sz g
continues to exert a force against the mcrotiter plate. In that regard the
| ever 172 must maintain stability in the x-axis direction to avoid skew ng
and maintain a constant and stable y-axis force. To achieve such stability
for lever 172, lever 172 is constructed as a pivoting |ever which pivots
“about pivot WOmPes74. Since the pivot point 174 and the ptawscigertsact 45
are generally aligned with the Xx-axis of the mcrotiter plate, the pivot

acts to subst &FRTUEIPPS2Ss thepr-PiigRIskH S Magaing 45085 1nt avd Fiploy-axis facep Skewngéht act
45. Accordingly, a%@ég %%né&u@?iﬁgsﬂapﬁﬁ{%%m&’b? 45 & Hah L}’qv&-frféﬁbx?&ﬁa@acf PHint with
an he x-axl's pusher

mcroliter plate, noves the mcroliter plate towards
t he x-axis 19 the micioltr g4 WO 01/ 96880 PCT/ US01/ 19274 protrusions 25, the

y-axi s pusher 35 maintajns constapt an t abl -axis force. .Skewing is

al so avoi ded by constr M"r‘l@" fl’ntge WF%F&‘?‘?:‘B%@%@LZ@ Y EURBYEA F%E’Fﬁf%i on
contact point pWotifly lebd¥eit WHIE bOhgptRatdaltidh StherNohfiQirstibnk Mal BEuRRi &f R6veRd
enbodi ment, the y-axis pusher is configured as a ivoting lever, it wll be

appr eci at ed t Reerodterplate sorrrdgurds promesionsy Faexusple thoplats ventact 4hpeuldbs t er
plate towards gﬁ%@f[ao t&1d H54i R Son AR wi gﬁkﬁiﬁmh'ﬂanghﬁé&bﬁﬁg%ﬂs%g% Gyl d be

directly atta an alr prston armw e alr-pisto el ng ven by a
constant and sirdrteto move thoplate cordactstetedy tdvicopitaritly tewmtl detmistodilzr platerwhll.

constantly toward the nmi.crotiter plate.wall. Once t acuum source has
oo a Y oot the rDfedts e polres nASseirel Fipiaes s UGG Aete gt e

addi tional pr Qﬁc%ﬁﬁ\ﬁ‘matm%diﬂ@ﬁil BodBSes nfdyibe BbrYorfed réiRBlyadd SdcMratefy foliee
mcrotiter plate. Wien processing of thé mcrotiter pfate is conpleted, the
vacuum sour ce njiesotitgepiate; VWen grocessiag obific pegretiter nlge isrempictadothp vesuuss|sagree 5r om

t he vacuum pl . I - AX| | d the
y-axi s pus hgr%%agn?%edl’ %Légeagg‘g%éﬁ%e ?jh%%?gg%rﬁ% (')I? #ﬁéngér;fég %gigé%?j%ug’?%ﬁ%e éased,
the m croti t etthe xpdxad usharsOherctasid layd the friaed phshen3 3 is eeledsgde CWith te drecuufeOoff f or
further processjing. Referrin ow ta. Fl 11, a preferred arrangenent, of
p;rts isps howﬁn‘i @gpﬁsf]i'erSWf!@E‘g tﬁfﬁﬁ@’%tﬁﬁgelﬁfi@e ﬂ’ég&ﬁt{éﬂq ?egh%&glog%gﬁom
side of the fiftlifkiRr poc¥dsinB. t he vacuum plate 20 positioned on the top

surface of the fixture 15. _Althoquﬁ fromthe bottomviewin FIG |1 the
vacuum pl ate is not vi Skafersng aei tdG i e prefereed siwangemenig partsis shoedy for ¥hi ng of

the vacuum p Iogi%‘gt é‘éﬂi 2T, the 91 E%E%Fﬁ)* i!/%ﬁ% b\%\ﬁr?% t';lx'dé bHhE fidfare ﬁr\arlﬁ! the §£&Pﬁge (not

shown) is conn to the air runs generally on
peri meter of phe Xipokitivesdan théwep yurface of the fixtsredpl Wlihbugh fi@Dthabdtidrhgiew-inxi s

alr supply | bpe 138, TC V5.2 S0kl YRR RHink b7 Snckind QRS Sich Sink B~ 2 S
vacuum plate 20 on the other side of the fixture 15.

An air source (not shown) is connected to the air supply 125 which runs
generally on the perimeter of the fixture to the y-axis air supply line 130 and the x-axis air
supply line 135, The y-axis air supply line 130 connects to the y-axis air switch 140 and the
x-axis air supply line 135 connects to the x-axis air switch 145. The air switches 140 and
145 electrically connect via electrical lines 185 and 180 to electrical connector 75, and then
connect to the controller 105 through connector 210 and control line 215. Accordingly, the
controller can then direct the air switches to activate or deactivate the air pistons. For
example, the controller can direct y-axis air switch 140 to activate, thereby pressurizing y-
axis air supply line 150 and driving the arm 170 of air piston 160. When the arm 170 is
driven, the lever 172 pivots about pivot point 174 and pulls the y-axis pusher lever away
from the vacuum plate, When the controller deactivates the y-axis air switch 140, air bleeds
from the piston 160 and the spring 176, which is under tension between spring contact 184
and stable support 178, tensions the y-axis pusher towards the vacuum plate. Magnetic
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x-axis air supply line 135 connects to the x-axis air switch 145. Tbgégtr
switches 140 and 145 electrically connect via electrical |ines 185 ng
to electrical connector 75, and then connect to the controller 105 through
connector 210 and control line 215. Accordingly, the controller can then
direct the air switches to activate or deactivate the air pistons. For
exanpl e, the controller can direct y-axis air switch 140 to activate,
‘thereby presW@Ul2¢88¢) y- axis air supply line 150 and dri viR¢g/uspE19a+#m 170 of

air piston 160. n the ar c{}Bis gri . the leyer 172 pivots about

o1 Vot poi nt - PFict sominicel iR ol ulE frodgl Goneh{She 1O RRE R
plate. \WWen bhdecsyiitionl | er deactivates the y-axis air switch 140, air bl eeds
fromthe piston 160 and the spring 176, which is under tension between

spring contact 184 anbhesonislisr alsmenstrols xmgis arsiatol b5, thishyhes prenstis her
towards the e . ' E . ..
PCT/ USOL/ 192 %%ls{%%ﬁ’h%%ég@gﬁ%fyég%e@ ?05 %ggo?e%?é%%?ﬁf%g% Fough
control |i nepik®a 168r Accmdingly) thex-yxiagusher Jils hepelipddowdrd the vahemcgaie 26] Ivsr  al so

contr ol -axi s air i.tch 145, which when ened [ e rize - axi. i ston
At supply | Piskeriedsmbpiioert et pusher Brecbbaiaaied e yanisagn 175 K Rilpon

165. Accor di Befrdbiatbd'@atotReticoniUeRSHs 2 alrdngRmeRe iHaf de hWREhithdhngiBe ¥iatis Pl at e
20. In a preferred enbodi nent, the x-axis pusher’is directly attached to

the x-axis apwiher7s the x-axi pim. pko congrpyecsphegt (b xtanipistantie prranged sajbatdbs ¥ms and
arrangenent s 2 . i the x-axis r . -@%Ls arm
To conserve Lo PR hobisBh bAENG S E Bl aftRE B b it el Gt 2
pul I ed into piessupd Streleased)dye abi3 7Svirevelsin b npnaesol tat ihs xaplpusdr f®istréleaspd st on

165. When ressure is rel eased, 't arm 175 vels in a n so,.that the
O o o eBgy SethiBed Bictaier et e Ra e bl treret BBt RRil MRanat i ¢
switch 205 coon@ahs thOcdn@Blldrabb Sin rddbve\dlstnkl 18 thelBBxi$Push&rab0 it iy epgHgEd| | er

105 can receive a signal that the x-axis pusher 50 is fully engaged agai nst
the microlitagainst beanopgfeepleteng now to FIG 12, a method of retaining a,

mcrotiter plate 300 i fmﬁﬂg% td FIGPH 2 6K 3R of kGl ﬁ_lhﬂérl){it%f%gtle@?_gisi s

general ly positioned relative 1o x and y locati ng rotrusio
facilitate estwanoflnflockBas, teasictotiznplag,is gapehlly pesitionad reatiaa th % &l yloeating

h It f th I CLotit | ate. | h f d
Chmoc vent PRESob G Tk bR b b i R G AP BE R
active to posictpbsifioiddemway Gofibé ARSotddvdYatd. T Mhe freferrdl cnitddintdnt, thd ¥ axieair

appreci ated that ,other arrangenents nay be suhstituted. ,The“gl %%e tg{an be
general ly poE‘F@P%@&VﬁéﬂqﬁeéWSEWéﬁ‘t%cﬁYFtﬁé’&ﬁ%?“'ihﬁ@foﬂ'tﬁl?f&a P LT Be

posi tioni ng. ?keﬂe? Wﬂl@e%ﬁﬁ%i%@%%&&%éeﬁleﬂ@ﬂa&wE\hﬂﬂtu%y be sufficient to

pl ace the plate adjace he protrusions, such”general positioni nrq is not
sufficiently accurat e Thermpldi¢ can be generally positioned using any convention means, including

robotic positioning. Although such general robotic positioning may be sufficient to place the
plate adjacent the protrusions, such general positioning is not sufficiently accurate for high
throughput automated use. Once the plate is generally positioned, the object holder may
receive a signal that the plate is generally positioned and ready to be precisely positioned in a
desired orientation.

Block 310 shows that the y-axis pusher is positioned in tension againsta y —
axis wall of the microtiter plate. In a preferred arfangement, the y-axis pusher is released to
an at-rest position where a spring provides a constant and determined tension between the y-
axis pusher and the microtiter plate. When the y-axis pusher is released, the y-axis pusher
comes into tensioned contact with & y-axis wall of the microtiter plate. As the y-axis pusher
is tensioned against the y-axis wall of the microtiter plate, the microtiter plate is pushed -
firmly against the y-axis protrusions. As a short period of time may be required to
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t hroughput automated use. Once the plate is generally positioned, the object
hol der may receive a signal that the plate is generally positioned sgrg jon;
ready to be precisely positioned in a desired orientation. Block 310 shows
that the y-axis pusher is positioned in tension against ay - axis wall of
the mcroliter plate. In a preferred arrangenent, the y-axis pusher is
released to an at-rest position where a spring provides a constant and

“det ermi ned t ewSioppesBet ween the y- axis pusher and the micr@cirwsevptat e. Wien
the y-axis pusher is released, the y-axis pusher cones_into tensioned
contact with é"%slaégyé‘m\%ﬁme‘g‘T‘oY & THEREFrPlals, th syptem wals fop thesystsm &o sstfteriBr i s
t ensi oned agaippei 3if1e y-axis wall of the mcrotiter plate, the mcrotiter
plate is pushed firnmy against the y-axis protrusions. As a short period of
time may be required toll®ly-28s PEEr 20@hawrOadiesios of PITT thiSg-akis 9asher is in

constantly tensi.on ve..t he.m I.ter plat t he syst wai t.s f.or the
aystem o set pato PR RERibRS eEd M bRl B e A8 R YRR TR 0 B v, "o
when the y- axiasis pushBeis in position. Posprefetrad ethbodii€n, the witth Gd RAgretic sisigdh, t he

i ndi cat or maybe a switch which ¢l oses when the y- axis QUSh&ré s in

posi tion. |n SoYRedktacp agpisienduviagthe y-exe Pushen dhvillde appragated that atpgrisengors
coupl ed to an oa{picRiost ' i srald : | dab 1 i ated

t hat ot her sengigrag}mo%r@n%%gg%tg%c&o%gig?ﬁg%ta?t?{?tcg%ks YAHC%(E) rﬂl(:jtlﬁ%égiﬁ%qﬁl ock 320
checks to see clobed bl if tietswitch is clogédo thed-axiambsher istahigvatadiin block 325 | I thedwitthhe

x-axi s pusher s activated in_ block.325 |f t itch . does t. clpse in
Khear bt od £t B el Ol mds e boraBBed i ilpistRiG ot 5B S 1o
posi tionabl e ipositidmable iBbibck B95Clarid e proesessuldopicdlly ypitoakd.y be aborted. Wth

t he x-axis pusher activat&ﬁgﬁiﬂn bl ock 325, the x-axis pusher is noved, K toward
the nicroliter plate, t¥ -BESEhes Artgted Aeblaskcrdd) the Srxisputher simates

agai nst the Xt meRigblitEhING; tASoyitRfink i dibfiR bR irklAlelikind Rax¥ - axi o

direction nmay take a perio tinme, e systemwaits in block 330. As with

y-axi s pusher profmgion.- Axmeving dreaniciotiter platedn the x-axisidirgetion nudy teliecrperiné oktimsi s

pusher 1S 11 1 ok g RASL bl ifly AGCRE UGk AURE ire 3B ERERS b Qg 11 LN S
" f El S %&ﬁ}n& an |8E| l pQL Iﬁlt %‘\V Cé o

i ndicator switch-i 0sé s cl-osed, uum sourcé i s
activated in iddicatk oBwhen thioxvavie pushef is fimlyiwnpésitiond desordieglychloske’3stchecks kst em

is notified that,.the plate is, no osj tl.anabl in block 355. |n RQl.ock 340,
the vacuum sofFdEtrndetipaignis osd AR it sl AT ACPHB SOES S PRI i 1
from the vacuymcpbal. eHAF&Er, if tREswiRE R rDPsIbeCth¥kystenis BbRT ARthat AN istdoe
bottom surface of the mcrotiter plate to be drawn to the vacuumplate in a

secure manner Positioneblgicblask PiSat e may have a vacuum switch for deternining
when sufficient VacuumIH@Eck 340, the vacuum source is activated, causing the vacuum lines to

withdraw air from the vacuum plate area. The vacuum source will preferably cause the
bottom surface of the microtiter plate to be drawn to the vacuum plate in a secure manner.
The vacuum plate may have 2 vacuur switch for determining when sufficient vacuum has
been created to securely retain the microtiter plate. If the vacuum switch is not closed, then
block 345 directs the system to be notified that the plate is not properly positioned.
However, if the vacuum switch does close, this is a positive indication that the microtiter
plate is firmly and precisely positioned, and therefore the system is notified in block 350 that
the plate is ready for further processing.

Referring now to FIG. 13, a method of releasing 400 a microtiter plate is
described, which is essentially the reverse process of that described in the method of
retaining the plate 300. Block 405 shows that the microtiter plate has finished processing
and the system is notified that the microtiter plate can now be removed. In block 410, the
vacuum source is deactivated, which should open the vacuum switch shown in FIG. 415, If
the switch does open, then the x-axis pusher is deactivated in block 420, and after a period of
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been created to securely retain the mcrotiter plate. If the vacuumsw tch
is not closed, then block 345 directs the systemto be notified thpatpEpe
plate is not properly positioned. However, if the vacuum sw tch does cl ose,
this is a positive indication that the mcroliter plate is firmy and
precisely positioned, and therefore the systemis notified in block 350 that
the plate is ready for further processing. Referring nowto FIG 13, a

‘met hod of relveanistsgo 400 a nicrotiter plate is described, pariushi/iosr
essentially the reverse process of that described in the nmethod of

retaini ng t hetitps, dieawitgyis checkedinddwk 430 s verigythat thex-axis pehet kas moved: Jf R
finished proc | Egsr]g ' j j 1] MLGEOL | at e
can now be reno eug}ger n ?%E’l%h%%%ﬂ%iég%ué\}lg{:%&%ﬁgtggE%%O?J;ﬁ%gdryégip\ggit&eﬁ?aﬁhi ch
shoul d open tfhen temicotienpleeh Afleoaperiod oftife, thd Svitchfshouldepenwhdrelly inkberdingpen,
then the x-axis pusher is deactivated,in.block 420 nd.after a riod of 22
1870 B C 2U0he VB INUEbB B RO 5 iSO Rraeie, AR B ores otk

bl ock 430 to M@ thé Yysteitls nbidRedtha Me§ pRitsid edad{ hemed. AbdordifglyXamoth¥i S pusher
has noved, then the y-axis pusher 1Is activated to nove the é{iaXI s pusher

away from t Hebeficsygem em begised o erinftheplaty apdempyrdhoplateitpenest satienfor ch shoul d
open thereby | ndi i = A | ner. .l :grh']g oliter
plate. If thed r@c\%ﬁsﬁ% Ig%gsgfgrﬁ o%vér f%gglgﬁl?&c%thgﬁ%ﬁgﬁgg\gfﬁ%ﬁ%t@%n%ﬁ e {t hat

t hey pl ate i sheplagys tod niveeabbaie dloclad S itivg Fegardamarnuakbintervention wil ylsbbrhecan be
used to grip tg‘gj pl atetgfg& nove the plate to a next station for processing.
I f any of the™ 8w EheE A6t indicate properly, then the systemis notified
that the plate i s not THOMEH0R alst pRivideKalgdrhmd hdlddputeeguire RBNUAI

intervention will probably be used to renove the plate, The jnvention al so
provi des al gotPSHRBLILERFOREMSG tosqutatpaticoll carry gt the,desenbefabiget RoSHBNPE IV (o

aut ot | cal | %ol Gestiftas b ARRIRSAdcR A/ chinBiterdn AR/ i graBbeit | ON
procedures descri ereln. Al'so provi are conputers that are programed
to carry outcagpeutomewpmercoff theipositiosing awiretegtiaumrocediresat i on procedures. It is
understood that the exgnples and.emhodi nents descri.be erein,are fo
illustrative purposes @ﬁ'ﬁ%@"?ﬁg{%g{iw&? &Fﬁ?d&'g?ﬁ%ﬂ%sc%?eg@ﬁ%mﬁg%%fofn
!iglht dt ger_eOLiglwulaEvd)@xp_c&bhgg@s_ %rﬂdhit@axw smf Ecﬁﬂﬁnlsbﬁﬁ‘iabgbsmﬂglﬁltﬂeéﬁlﬂdd]ﬁbe ]EO Ee
Included wthin t spirit and pyrview.o I's, appllcatl on and scaqpe the
appended cl ai%sese&grompwiﬂﬁddﬁ&e%@m%?%%walu ‘@Haenﬂlgﬁswemwgwe t ed

C\g 8'1? J2re hang Ryplicahd AAEEIpE Of MY ap S8l | BN p@blcatitits Pa9@Ss, ardipalent DEC201I
applications cited herein are hereby incorporated by reference for all purposes.
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PCT/ US01/ 19274 Reference Characters 100 100 105 110 115 120 125 130
135 140 145 150 155 160 165 170 172 173 174 precision pl atled Bidi iy
fixture vacuumplate control line top surface of vacuumplate x-axis

| ocating protrusion y-axis locating protrusion y-axis pusher slot roller
pl ate contact x-axis pusher slot vacuum hole vacuum groove

WO 01/96880 PCT/US01/19274

Reference Characters

10 precision plate holder 174  pivot
15 fixture 175  x-axis arm
20 vacuum plate 176  spring
21 contro! line 178  spring support
22 top surface of vacuum plate 180  x-axis air switch contro] line
25 x-axis locating protrusion 182  arm contact
30 y-axis locating protrusion 184  spring connect
35 y-axis pusher 185  y-axis air switch control line
40 slot . 186  contact connector
45 roller plate contact 187  y-axis wall
50  x-axis pusher 190  magnetic switch control line
55 slot 195  magnetic switch control line
60  vacuum hole 200  y-axis magnetic switch
63 vacuum groove 205  x-axis magnetic switch
67 vacuum lip 210  connector
69 interior vacuum area 215 plate holder control line
65 vacuum line 220  air supply control line
70 air line 225  vacuum source control line
75 control connector 230  vacuum line
80 vacuum switch hole 235  vacuum line inlet
82 Microtiter plate 240  vacuum line inlet
84 outer wall 245  vacuum hole
86 registration edge 250  vacuum hole
88 inner wall 255  npot assigned
90 well area 260  vacuum switch hole
92 bottom surface of well area 265  vacuum switch inlet
93 supports 270  vacuum switch line
94 space between inner and outer 275  vacuum switch
walls 280  vacuum switch control line
100  contro! system 285  system connection line

100  control system

105  controller

110 air supply

115  vacuum source

120  plate holder

125  air supply line

130  y-axis air supply line

135  x-axis air supply line

140  y-axis air switch

145  x-axis air switch

150  y-axis piston air supply line
155  x-axis piston air supply line
160  y-axis air piston

165  x-axis air piston

170  y-axis arm

172 lever

173  vertical portion

174  horizontal portion
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vacuum lip interior vacuumarea vacuumline air line control conneqtpn C 200t
vacuum switch hole Mcrotiter plate outer wall registration edge % ;
wal | well area bottom surface of well area supports space between |nner and
outer walls control system control system controller air supply vacuum
source plate holder air supply line y-axis air supply line x-axis air
supply line y-axis air swwtch x-axis.air switch y-axis piston air supply
line x-axis piston air supply line Q#ﬂgﬁis air piston x-axis air piston
y-axis aim |ever vertical portion horizontal portion pivot

1. A positioning device for precisely positioning a microtiter plate on
a support, wherein the positioning device comprises at least a first alignment member
that is positioned to contact an inner wall of the microtiter plate when the microtiter

plate is in a desired position on the support.

2. The positioning device of claim 1, wherein two or more alignment
members are positioned to contact a single inner wall of the microtiter plate when the

microtiter plate is in the desired position on the support.

3. The positioning device of claim 1, wherein the positioning device
further comprises at least a second alignment member that is positioned to contact a
second wall of the microtiter plate when the microtiter plate is in the desired position

on the support.

4. The positioning device of claim 3, wherein the second wall of the

microtiter plate is an inner wall.

5. The positioning device of claim 4, wherein the first inner wall and

the second inner wall form a right angle.

6. The positioning device of claim 4, wherein two or more alignment
members are positioned to contact the first inner wall of the microtiter plate, and at
least a third alignment member is positioned to contact the second inner wall, when

the microtiter plate is in the desired position on the support.

7. The positioning device of claim 1, wherein one or more of the
alignment members comprises a curved surface that contacts the inner wall of the

microtiter plate.

8. The positioning device of claim 7, wherein one or more of the

alignment members comprises a locating pin.
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X-axis arm spring spring support x-axis air switch control line ammgg 604
contact spring connect y-axis air switch control line contact connector
y-axis wall magnetic switch control line magnetic switch control |ine
y-axis magnetic switch x-axis magnetic switch connector plate hol der
control line air supply control line vacuum source control |line vacuum

l'ine vacuum line inlgt Eh%wg\}géc@&iéé’gﬁqai Vl%vl“h%ﬂ fethér cofitiriipdn hol e not

assigned vacuumswtc uum switch i'nlet vacuum'swtch |ine
vacuum swipusher Vet damnmswé b edicioditdr plite ini alirst diyetiontcbrimes fitsvinnet walldd 1 5 D E
C 2004 Cains 1. A positioning device for precisely positioning a mcroliter
pl ate on the migspiex plalgrntogontachwith 8¢ of wareRf tiealignmenpmsmbess at | east a
first alignment nmenber that is positioned to contact an inner wall of the
mcrotiter plate when the mcrotiter

10. The positioning device of claim 9, wherein the positioning device

comprises a second pusher that can move the microtiter plate in a second direction to
bring a second inner wall of the microtiter plate into contact with one or more of the

alignment members.

11. The positioning device of claim 10, wherein the device comprises
two alignment members that are in contact with the first inner wall of a microtiter

plate when the microtiter plate is in a desired position.

12. The positioning device of claim 1, wherein the positioning device
comprises a retaining device which retains the microtiter plate in the desired position

on the support.

13. The positioning device of claim 12, wherein the retaining device

comprises a vacuum plate,

14. A retaining device for retaining a microtiter plate in a desired
position on a support, wherein the retaining device comprises a vacuum plate that
comprises an interior surface and a lip surface, with the interior surface being recessed
relative to the lip surface, wherein , when a perimeter surface of a microtiter plate is
placed in contact with the lip surface and a vacuum is applied, the vacuum plate holds

the microtiter plate in the desired position.

15. The retaining device of claim 14, wherein the vacuum plate is

connected to a vacuum source.
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plate is in a desired position on the support. 2. The positioning de¥iDee i
claim1, wherein two or nore alignnment nenbers are positioned to contact a
single inner wall of the mcrotiter plate when the mcrotiter plate is in

the desired position on the support. 3. The positioning device of claiml,

wherein the positioning device further conprises at |east a second

al i gnment nenber t ha, i SheoRtdihingdedcd 6f €191 aa} whereinah®dehthal Whieh thdre
mcrotiter plate when the mcrotiter plate is in the desired position on
t he supponnteridr sutfage jsas¢assasiis hetween D01 aiches and®.8] inghes.ei n t he second wal |
of the mcrotiter plate is an inner wall. 5. The positioning device of
claim4, wherein the first inner wall and the second inner wall forma
right angle. 6. The 1J0sThée eaimgg deviceof clhint 1a] whekeinvihsihpoid niapkx or nor e
alignment nenbers are positioned to contact the first 1nner wall of the
ni crot i t erapproximatelyqg thick as g depth af which the ingeries surfessribracessed fropresenbned t o

contact the second inner wall en .the mcrotiter plate is in the desired
bosi 11 on o (G tassotEce § Brevsnl B Brtioah Ry Pl e eh sl G Ava e A ef - one
or nore ofyphh&. al i gnment nenbers conprises a curved surface that contacts
the inner wall of the mcrotiter plate. 8. The positioning device of claim
7, wherein one or nore of the alignnment nenbers conprises a |ocating pin.

25 1 5 DEC 2006 9. e | ti.oni : j 0 |, al ich further
conprises a pusherE{&ha?ﬁeifgﬁldl%ggg‘gg%%‘fq%m [46&%*6223@1%%@'56@?1?{1%&% ection to
bring a fivagiun-A8@atedBivitciPihat, WiRnTh&mRirbtitef plRledbind 4 ArtiBNEAE Withithdr one or
nore of the alignnment nenbers. 10. The positioning device of claim?9,

wher ei n t hacipms platey gemyatdew signal tha iy meectiter getconpropedpositidretd. can nove t he
mcrotiter plate in a second direction to bring a second inner wall of the
mcrotiter plate into contact with one or nore of the alignnment nenbers.

11. The positioni ng 19eVTEEreRfinifl abvitd 8f cINRETE whetdie tIQYIREnGEIRAI Ses  two

al i gnnent nenbers that are in contact with the first inner wall of a

m cr ot i t ercontpdligr ghatitfermicnetited platetis teady fir dumther pracessenglesi red position. 12.
The positioning device of claim1, wherein the positioning device conprises
a retaining device which retains the mcrotiter plate in the desired

posi tion 20. An object holder for precisely positioning a microtiter plate on a

support, wherein the object holder comprises:;

a first pusher for moving the microtiter plate in a first direction so
that a first alignment surface of the microtiter plate contacts a first set of one or more
alignment members; and

a second pusher for moving the microtiter plate in a second
direction so that a second alignment surface of the microtiter plate contacts a second
set of one or more alignment members; wherein

wherein the first pusher comprises a lever pivoting about a pivot
point, and further wherein either or both of the first alignment surface and the second

alignment surface is an inner wall of the microtiter plate.

21. The object holder of claim 20, wherein the lever is operably
attached to a spring which causes the pusher to apply a constant force to the object in
order to move the object in the first direction against the first set of alignment

members.
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mport. 13. The positioning device of claim12, wherein the1c§rDEE 700

| retaining device conprises a vacuumplate. 14. A retaining device f

| retaining a mcrotiter plate in a desired position on a support, wherein

| the retaining device conprises a vacuum plate that conprises an interior
surface and a |ip surface, with the interior surface being recessed
relative to the Iipaurfiatehjedterdet o cIRER, JHeRkH RS Sih&SmpPkes? ,
mcrotiter plate is placed’in contact wwth the Iip surface and a vacuumi s
appl i ed, wHewfaciomoontaet poinbiwheh coltactsitheralfjéct,ghupfaeiicating mdvenwasof ed
position. 15. The retaining device of claim 14, wherein the vacuumplate is
connect ed thepbies) i theseeand directionby the segand Posher16. The ret ai ni ng devi ce of
claim 14, wherein the depth at which the interior surface is recessed is
bet ween 0.001 inches and 0.01 inches. 17. The retaining device of claim 14,
wherei n a support ma8rikhe adpgot bridenofdlgime2?, hiendin e lowdTidiaqt ¢ongict whi ch t he
interior surface i s recessed is present on the interior surface to prevent
distorti oROB¥ 1HORcrotiter plate when a vacuumis applied. 18. The
retai ning device of claim 14, wherein the device conprises a
vacuum actuated switch that, when the mcrotiter plate forns an airtight
seal with the vacuumplate, generates a signal that the mcroliter plate is
properly positioned. 19. The retaining device of claim18, wherein the
signal notifies a controller that the mcrotiter plate is ready for further
processi ng. 20. An object holder for precisely positioning a mcrotiter
plate on a support, wherein the object hol der conprises: a first pusher for
noving the mcrotiter plate in a first direction so that a first alignnent
surface of the m crayl t'ple gHj@dk BolIRPS At 20, WHefdin BRIobMct RHGe0r NOr e _
al i gnnment nenbers; and a second pusher for noving the mcrotiter plate in a
second dicomptisasrons @r hvat sansem dloat detett the pesitiorsoff dreae nofre bhtherpushens,i t er pl at e
contacts a second set of one or nore .alignnent nenbers; wherein wherein the
first pushsreyglgimminag whethgethe obigst isip 2 p8ted DOsSIHIODOt  point, and furt her
wherein either or both of the first alignnment surface and the second

alignnment surface is an inner wall of the mcrotiter plate.
25. The object holder of claim 20, wherein the object holder

comprises a controller that first directs the first pusher to move the object in a first
direction, then directs the second pusher to move the object in a second direction, and

subsequently directs a retaining device to be activated.

26. An automated system for performing high-throughput assays or
reactions in microtiter plates, wherein the automated system comprises: a) a
positioning device that comprises at least a first alignment member that is positioned
to contact an inner wall of the microtiter plate when the microtiter plate is in a desired
position on the support; and b) an additional component for performing high-

throughput assays or reactions in microtiter plates.

27. The automated system of claim 26, wherein the automated system

comprises a robotic device for placing a microtiter plate on the positioning device.

28. The automated system of claim 26, wherein the automated system

comprises a liquid dispenser which can deposit reagents in wells of a microtiter plate.
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21. The object holder of claim20, wherein the |lever is operably

d
to a spring which causes the pusher to apply a constant force to tﬁ{egﬁgfgﬂgf |

in order to nove the object in the first direction against the first set of
alignment nenbers. 27 15 DEC 2006 22. The object hol der of claim 20,
wherein the first pusher conprises a low friction contact point which

contacts the object 29t hﬁlﬁaﬁ@ﬁia'tédtsg feRFol Pt BRIk mp-tﬁm%nﬂmgfsaym the second
direction by the second pusher. 23. The object %10 der of ‘claim 22, wherein

t he | ow f réastionmingoictaiiter plates, mhersn therantdneated @4tenifeenpriescl) alvethnhérg of cl ai m

20, wherein Ihglobéect hol der conprjses one or nore sensors fhat detect the
posi ti on GEVishthabsomprises grvagum platswhich compasesiay Ipfarier @3 MBP her t he
object is i i.fdeon. ) i r cl ai 0, wherein
heobj ot SRR BERBRThAR botl refodfectplalfl 1o e MBquticet WAERLEY | o1

pusher to wiRWe hidfotitd 28k i Mlaged dn'thé retalhin@@eliep a pehfted ki@ Srhhe second
pusher to nove the object in a second direction, and subsequently directs a

r et ai ni ng miespititar plate bentants thedipenirfag® and\h) ateasheneat ditysiaboorhpomeptefof or i ng

hi gh-t hrou ut. assays or, reactions in m.crotiter plates, wherein the

aut omat ed pg{]gmﬁgi‘lﬁ?‘b‘?’f@@gf’mﬁsaﬂs OhEFaFHaNS AR RUCTAUT BB¥SShat conpri ses at | east
a first alignnment nenber that is positioned to contact an inner wall of the
mcrotiter plate when the mcrotiter plate is in a desired position on the
support; and b) an 38di Thoauematedpysten ol ¢lam prwharein tlae aitgmnated Rystemyhput
assays or reactions,in mcrotiter. plates.. 27, The automated stemof claim
26, “wher eiTRTPHESSA TPBM G617 ot BRFIE GABFIOGLE PLstE 8 Y13 ROSHRPINESVBE: pl aci ng a

mcrotiter plate on the positioning device. 28. The automated system of
claim 26, wherein the automated system conprises a |jiquid dispenser which
can deposit reagent Sli nThgeautemeied gystgre phelaime 29, pyharen thegautomated systgmdnmat ed

system for_performn i gh-throughput, assays _Qqr. reactions in m,crotiter

o ates.  wih Bl st ElE AN bl e in SR S R Mg DI ce”t ha
conprises a vacuum pl ate which conprises an interior surface and a lip
surface, with the interior surfallge bei ng recessed relatjve.to the lip
surface, wherein wién 4ngpierhqlderforeasiuing and refaipmgamicKuIteIRIaE M Ag devi ce

2 Perl ot P AGERN e pILEHEL DLELNRAAY £aRPIN ARG uckuhe 3UEAGS: and ©)
alignment surface, either or both of which comprises an inner wall of the microtiter
plate, the object holder comprising:

a support fixture;

a retaining device on the fixture;

a first alignment member supported on the fixture and positioned
to cooperate with the first alignment surface of the microtiter plate;

a second alignment member supported on the fixture and
positioned to cooperate with the second alignment surface of the microtiter plate;

a first pusher supported on the fixture and having a relaxed
position and a tensioned position, the first pusher arranged to cooperate with the
microtiter plate to move the first alignment surface of the object firmly against the
first alignment member as the first pusher is moved from the relaxed position to the
tensioned position;

a second pusher supported on the fixture and having a relaxed
position and a tensioned position, the second pusher arranged to cooperate with the

microtiter plate to move the second alignment surface of the plate firmly against the
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perform ng hi gh-throughput assays or reactions in mcrotiter plates]5pBO7i0

The autonated system of claim 29, wherein the autonmated system conprises a
robotic device for placing a mcrotiter plate on the positioning device. 31.
The autonmated system of claim?29, wherein the automated system conprises a
liquid dispenser which can deposit reagents in wells of a mcrotiter plate.
32. An objsg@ind AAEAIRENt MBS @S the BEorRINFish@lifindlEDfr8mThe fdixel PosibAtE 1 N a
desired orientatron, the mcrotiter plate having a first alignnent surface
and a secdtmdtenadnegpositionsur f ace, either or both of which conprises an inner
wal | of the mcrotiter plate, the object hol der conprising: a support
fixture; a retaining degice@tr@krpagélplw)@pmeg,tedéoﬁherrggaugpg .é?l‘ﬁﬁfmther%ﬁger
supportedpﬁ&e¥’%dfth%<§#h§dﬁ:ﬂgep% tioned to cooperate with the first

al i gnnent *surt’ace 0 crotiter plate; a second alignnent nenber

supported on the fiXturqhefih thR@ehiréIRR Addedts tHeaRPEBhE tWifs Rerlsimegecond
alignnment surface of the mcrotiter plate; a first pusher supported on the

fixture ampdsitian,idigcets theescamedipysher toiitsiermnahed positisn,amddigecisithd dampthe first
pusher arranged to cqoperate with the mcraotiter plate to npv he first
al i gnment bgaf?tf‘é?é“éi» &7 %Egled’a‘]‘:%'ﬁerfﬂlﬁtﬁﬁfe%ﬁfiﬁ%fhet‘ﬁ’é ct ﬁ?ﬁ%‘f A ¢§hrent nenber
as the fi ro%ntgﬁl&per is nmoved fromthe relaxed position to the tensioned
position; "a second pusher supported on the fixture and having a rel axed
position and a tensioned position, the second pusher arranged to cooperate
with the mcrotiter plate to nove the second alignnment surface of the plate
firmy against the 29 1 5 DEC 2004 second al i gnnment nenber as the second
pusher is nmoved fromthe rel axed position to the tensioned position; a
control |l er operably connected to the retaining device, the first pusher,
and the second pushdéd: Hifhier heldsr aserdingtorcdiimed2, sibeesen thewplamgng st pusher
to its teragi.oned a?’:ositi di rt%ﬁts the second pusher to its tensioned

posi tion, HE® Hid ¥ Pgmt%égg?% O AJAC §99%%d, so that the microtiter

plate is retained in the object holder in a desired orientation. 33. The
obj ect hol der accordin g .device is a

to claim32, wherein the retaini
vacuum pl at e connect:’(é'dg'ﬂ?i3 ebigt balder acsarding to claim 33, wherein the object Is a
microtiter plate that has a well area, and the vacuum plate cooperates with a bottom of

the well area to securely hold the plate.

35. A method of receiving and retaining a microtiter plate in a desired
orientation, the microtiter plate having a first alignment surface and a second
alignment surface, wherein either or both of the first alignment surface and the second
alignment surface is an inner wall of the microtiter plate, the method comprising:

placing the first alignment surface of the microtiter plate loosely
adjacent a first alignment member, and placing the second alignment surface of the
microtiter plate loosely adjacent a second alignment member;

moving a first pusher against the microtiter plate so that the first
alignment surface is held firmly against the first alignment member; and

moving a second pusher against the microtiter plate so that the

second alignment surface is held firmly against the second alignment member.
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34. The object holder according to claim 33, wherein the object is %Qﬁf 00
mcrotiter plate that has a well area, and the vacuum pl ate cooperét Q&QI1
a bottomof the well area to securely hold the plate. 35. A nethod of
receiving and retaining a mcrotiter plate in a desired orientation, the
mcrotiter plate having a first alignment surface and a second alignnent
surface, wherein ei t3ger TE me®bl oPtlalh 85 whdrbinahd seiRen further tampriand t he
second alignnment surface is an inner wall of the mcrotiter plate, the

met hod comprifysngihat gthec pnippth o€ thei firstt pushérgndéint sesond msherodre propertycroti t er

pl ate | oosely adjacept a first. alignnent nenber, and placing the second

al i gnment PSE ‘P'é‘?fjggogﬁoﬁ{]ﬂ’@ objaetagsinst e aljgnment BeIBlars, adj acent a second

al i gnnent nenber; noving a first pusher against the mcrotiter plate so that
the first alignnent surface is held firmy against the first alignnent
menber; and novi ng &7sethmaeihaod o€ clay 35 rshereindhennethod iferther sbmpaseso t hat t he
second alignnment surface,is held fir agai nst . the second alignnent nenber.
30 15 DEC %@11“5@.fctﬁﬂ‘éo%ﬁvﬁ%ﬁéﬁ‘oé‘#%gﬁg@& I dssied PRERYMod T ur ¢ her
conprises verifying that either or both of the first pusher and the second
pusher are properly positioned to hold the object against the alignnent
nmenbers. 37. The net3BedAspitwaes progsm wihieh eperatehen meonioeller.uvhdrein thonpri ses

or | ontat | OA4E SRRy CEhitonEs byPrkeet e RFb SRS cont ol |, wher ei n

the software directs the controller to inplenent the nethod of claim35. 31
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