;vwxye3e| LZ"6XT *159159* AUTOVATED PRECI SI ON OBJECT HOLDER BACKGROUND OF
THE I NVENTION Field of the Invention This invention pertains to the field

of aut omiegopmahani cal syst e, orNbL?eZ\@ﬂm\i\\M\IW\l\tuI\ ohne PrEeRRy ANt on

further automated processing. Backgroun Ma{}yl dndustrial fields require the
preci se positioning of an object for automa egl processi ng. The success of

t he human genone project, for exanple, is due in part to a transition from
traditional |aborat oAYrPOMATED P@@iﬁf@N‘DﬁﬂEﬁ:TLﬁﬂﬁml ught hr oughput
systens. The studies in genomcs and proteom cs that are required to
interpret the data obtained fromthe human genone project wll |ikew se

require inproved hi ght hr ouBASIKGBOIINIOF WD INNVENIONIt systens are al so
used for synthesis of |arge nunbers of conpounds and the subsequent

. Screeni ”gFOeflgﬁgﬁhei i gﬁﬁiﬁﬂ es of conpounds. To increase throughput, these
aut omat ed m cal synthesis and for screens and assays

typically enploy a fhiviavérton pendinsahe field)ofpluaineatedlinechunivabdyistears. PNatees

can be used, for exanple, to hold nultiple conpounds and materials, .to

conduct necifisally dhe atesedinymbon Felaipy © v ated systen fof pregisely RosHiqyng an

t hr oughput, . i te the production and testing of a

| ar ge nun%gr%%tﬁFglgﬂn%r %@Snﬁ%(@%?%%%s?ﬂﬁi ter plate typically has many

i ndi vi dual sanple wells, for exanple hundreds or even nore than a thousand
wel | s. EaBackdrouhd wells fornms a container into which a sanple or reagent

is placed. Since an_assay,.or . synthesis n be, conduct.ed L n each sanple

wel |, hundreds or tﬁ%’é’dﬁ@?@ﬁe&gf%@&r&ﬁﬁweﬁ‘é?P%?‘%Hn%lgfﬂb&ﬂecgif%l e plate.
Mcrotite O N i ,
o comma T o e B B AR gl S R R

pl at es ar e atranditidy frofrtoaditichal laboratopy Benchitep prexesbesetoimare @atomatedrhigh- Box

953279, Lake l\/ar?:, Fl ori ga 32795-3279. The plates generally can be heat ed,
cool ed, ofhrawghpuhsystems dne sludics ecemicsand profeemics T ais realgradde wmiswrel

oty Sl A TP SO LT R ot
01/ 96880 Birddbp0l 4 ykoids: High-thiighguiesysicm3ard alss ued fassyatiesiswf egd nutibets of

di spensers, can receive appropriately confi %gr ed microtiter plates and
deposi t s&pppaundsand theuhseguenisereeniag of sich lihaames of cpmpeundsown aut omat ed

equi pnent facilitat . r | i stgn@ i . d
mcrotiter plates. Ierrﬁl) %%}gaes:% t@@ﬁ%@u?%}rl%ggu{?ﬁ%#(?%rs %Bné hpu eﬁ@%%éh\i}mgﬁugg&ﬁi gh
degree of férgkieahd hid dss@rdypicslBadnaploy b iierotitee (v PbcitenpplglepThe syGbERY Nneeds
to accurately, quickly, and reliably position individual mcrotiter plates

for proceplatdsgan beused Soraxampls tor kald matinle serapounds endmagrialsetp Gondustsel y

der 1iquid.di ble the |jayid. dis: ' !
or 1 eagentuile RRESH Bpt SuoRnhwalie |t SR Rhalpts hiBALY 3R O°
f ew t hous gagtidiste e SOdheOR a3 rﬂesﬁlﬁg CIE) 1&% RUrfGeTIf Sarfiples. FAGR Riicrdfich Plate

di spensed into a wong sanple we Such a m stake can not only lead to a

failed tesypicabythas munyandividualicemplewéllsafor eyampledundieds orevenmorg thag avhi ch

ot hers may rely, upon_fqr itical decision makin such as a nedical

Cr eat ment teusd SRR B ofohe Wl ForE SSu e Bih M 8T oo ooty

cause a n@agkenQksalyio? sPhthbdi€canl HEboAdSHGIIARAEN sdnthl6é R il A Qs dr Wedubarls ot her

surface, thereby danmaging the liquid dispenser. Current, conventional

aut onat ed tgstssian beperfgried wsiwsa single piate. Misvatitenplapeargtcenfigurhd suhegtandystry

positionin ceuracy to reliably and re t abl si.tio i it

i ar ot | t ePRRTY Fopeilanan e ooRyeRRE Ruptd albi s Bo gt LI Wbl

convent | 0@@‘&%&%%&@11%1% TRont) §oiehdirple, @hh6Y AmRrifPSbip., FNOMBok 95BN L ek

about 1 mm t hough such a tolerance is adequate for sone | ow density

m crotit eMgplflesda 3245-327% I The phates gepenaliycar e hidted, Covledioglshalendo t y

. plates, s Cglj..as aéola e wth 1536 wells. Indeed, a positioning error of 1
mm for a 25 QSHEL PECPSer pl ate coul d cause a sanple or reagent to be

deposited entirely i Jrotitef plaRYSBHIAIRERed frobbisi " such

as to needles or ti gbugpﬁ%wgq{g?a%r%ilsp%nsgr%ﬁ Due toetﬁrg Ji%%rrp e %glilﬁlgn in

pl acenment endblethersyhiliesis apd/at estingsifigndedy efithoosaalls éfsavaplesyin baingle degdi t i onal

precautions are generally taken to avoid undesirable test results. For

exanple, tests or screens may be conducted using manual i rvention to

assure plates are properly positioned prior to perform ngMMBm/lMMWIIM| si on

task, such as dispensing sanple or reagent into sanple we : nual

i ntervention, however, dramatically slows the automated procédseoand i s not

hi ghly repeatabl e due to the normal inaccuracies and uncertainties relating

to human handling. Alternatively, tests or screens nmay be performed using
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" identified as co

WO 01/96880 PCT/ USOL/1927.1 1536 wells. By having fewer sanple wells the
need for accuracy is decreased, and the repeatability and reliability of

the test wWayoigsdonproved. However, by using mcrotiter pl qi(eﬁuég‘lhﬁ -5 ewer
sanple wells, the overall thr oughput froman automated systemdranmatically

falls. Thettﬁ&ﬁtte@teqlﬁﬁﬁlamam@yaslaetdnrutédet@cﬁmidﬁpetsersn@dﬂ reddil e appRspriabedy | ar ger
wells of the | ower- denS|tE/ plates require |axger volunmes of reagents. Such
an i nef f i chefigured miwotitey platanand dopastisgmples noteaemtyutt@thel pjate wehts.Othemanci al

st andpoi n but ma resutt i e del ayed di.sco t ant

bi o1 et hno gyt GRoRE Eab e S afeS W ERsPHEE SUF FbiRe ot AR RIS nedpadsth 1 ¢y

in conventnluglrg,ﬁteri,ya%serrs several sanple wells in a mcrotiter plate may be
rol wells. These control wells are strategically

posi ti oned such t hatln bfdeatspeforofa high t]acmghpat wagowdrhets}égli degremgfi reliaddlityhi | e

the plate |t|oned the control well receiv rei ulali) known

. [
sanpl e or afliéed’éhttgg gy, the high dropghput Fﬁtetnhﬁeeﬁlﬁ & accyrate H’eq“d YrBe ri0l% are
tested to
e oducedorapn Taaidl hioRR plgrcof rokRAR, OBt AR IR puss e
i denti fi egplawsd precisoly undenliqaid dispethsers taenabl@sheldiguaddispgserad depositisamplpabded.
For exanple, a mcrotiter plate having a control well that fails quality

assur ance Tegents patotheeareest sarple telshAgesitinring sren of %lyéé‘ﬁwﬁgoem@ﬁfamd all
test r esu'lﬁ(ﬁlé B%gutltqﬁta sML%r'rE%enﬁhﬁ?ﬁfdlkl%{ﬁ%f ?lvtr Ou ?é'&l 12550 em

of fers sone assurance ol ere f or

entire syshigfaké arl 188 vaBehY 1d Hfxiled g butcxfucnelntlstake@un 1eaﬁtoa§c@mt fest reﬁﬂis| S.
Further, the system does not recognize positioning errors until later in

the proc esvghlﬁgotbyr@ ey sk mmm@l@tyabdﬁm ’@alsl}lg»tsélﬁh 2@ 8 siedical Feptmefmafhued

B o arso quctpRieth BRIk eR s P FERRhIA Wit puRERL R AR R e o

obj ect be dxpefides & drafiPimtd h QAHGr 3fér Rtk rtﬁ@tewdahh@gm@qel lHguehdisgeakerexanpl e,
a robotic systemfor machining a part to close tolerances requires that the

part be hel d in a prégies copeationsl autsated positipningedaviashare vy kuewn tes.

Ther ef or e, need.t o provi object holder that .c

accur at el >ppe§a WﬁﬁFV%C%?H POSIHTNNS 2 BECY 1 Wﬁn‘ﬁ‘ gbﬁéep[eatahf Roﬁlrttoﬂgrhl%f ocessi ng
in an aut %ﬁtlgﬁtnﬁy&ttwlaéher zﬁft@iﬁ@t@& prod¥RiHg. Wor Exdrhple] §pichRSAvaRInEL LB6tic
needs. SUVMARY OF THE I NVENTI ON The present invention provides positioning
devi ces f oystpmegersedlly emdmvtelaqmsmgnmgmlcmuc@ ofabopt hmem.ohltzough Iﬂmh’at toleTinee
positionin evi ces hav Iestaflrtall n menber t

osi 1 oned® MFER SO M o RSB I OF RpissyES B HIPRRoq e Speccsee dprhieh

m cr ot i { elohliglfaies shth & S16Rid @i PO WIRNIRRCA, A cSHRRRI crro B 2 TR fo

enbodi nents, t nore al i gnment nenbers 01/ 9&x380 PCT/ USOl/ 1927 1
are positilddéeellanicrntitergtlate couldghese b sampla/mlrbageﬂt tolte dqaomtwdlenerebpﬂnahe when

the mcrotiter latels n the srred osition on the, sugﬁé Vé‘af{]e use of
a i nner warengwellper cange mta@rto eaftyéte%‘s 25119 § or §ips P 1§RpHSCr.

I ncreases the preci %t%nt aqi‘éél&t} E@n‘fén%f ﬁt%roﬂe?%%tés%sﬁﬁg%bﬁ\}eﬂﬂgﬁlal0n
the support, thereby Taci er processli ng t he Sanpl es
cont ai ned lqnuwhrsystams,radmttoaal pn’eee&ﬁonsil' dtre gpoesally akemy deid wekesicable estredudts.

include at_|east a second alignnent nenber that is _positioned to contact a
second wallior xample, te$te pHEGTEAS n}!ﬂ)’alfteém%ﬁ‘é‘ﬁedt wrngmnanyal ipterveniiofy tg apsurg Prlafeﬁ e

d d
Nl or ¢ R ploBRLP oMYt perfitei PHGR BrtBidn (B B B il sheite’
devi ce f orori@igantihtogampie weldd. | Sih nkdnablenieiventidr Hiowasiep) deindtionlloslows gieppor t .

The retaining devices include_a vacuum pl ate which, when a vacuumis

appl i ed, Hglamatedpropess apd jig rat highly eeppaiable dugitasthe agrmal dnacewiaciesmrd vacuum

pl ate, i nu%géﬁalﬁrggqglhgg?toshmgﬁshaig hé]t erior surface and a lip surface, with
the interior Surtace ng recessed Felative to the lip surface. Also

provi ded by the i nveAlidrativeby, ddtsddscreiis May Beperfamedneiigdewyr depsityt i oni ng an
obj ect on a support. The obj ect holders include: a) a first usher for
novi ng thenmrqtlt@cnlatpmwethrfrswetsamplee\&@lisOrin&tat fega¢d, éherphyacalaﬂlz«tﬁf wellig f ace

f th bj,ect t, of db
2 second pireRet b PiGoRaptabloniie Shien s nibre IRER 48 poPBEEAG cIREPFRE; 7 )
second al i GRMBIRL a Bdsf E0K Rrfdried atthgabtat@mta@hg/ P W61 Ath&r@hartf meREdedEe NOr €
al i gnnent nenbers. |In presently preferred enbodi ments, either or both of

t he pushers includes a | ever pivoting about a pivot point. The | ever can be
operably attached to a spring, which cauges the pusher to apply a constant
force to the object to, for exanple, nove the object in the first direction
against the first set of alignnment nenbers. The object hol ders of the
|nvent|on can aI so |ncI ude a controller that flrst dlrects the flrst pusher

o " o, =, o -




. retain the obj ec¢t in

WO 01/ 96880 PCT/ USOL/ 1927~ The invention al so provides obj ect holders that
are constructed to precisely retain an object in a desired orientation To

facilitatgoyiRessne and efficient positioning, the object 1‘?1?%'
retaining c(i)q’\y/t@ce on a support fixture for receiving the objec )lil rst and

second al i gRBERAISTS ?bﬁ(/ﬁl}g%‘é@e 1SIARIS ek BB nbdiErof hafdu%cg%/ ik aécreee@%attwg Wi th
respective alignment surtaces on'the obj ect. The obj ect is deneral |y
poOSi ti onedep@taiwhtyend mhahihtgnfrélnttem@csmpmvﬁdrHtowpu&hby upigg enicratitged t o

nove one al.i t surface ai.nst the first alignment
Torber - adieds YaR e soeats v el berordgl Ryl dorhe snmtdidmaont
surface of t effﬁ,n‘g r ng
t he obj ec(%rglgtgtec% f?fs Fﬁ??%%gg%@%gﬁ??%ﬁ%g%@g%a{}vt ’ tfgleé%FgrcV?g%rc{e@ésel y
in the desloweraldm1t§epta&tsnequ1reelaxgenleuiﬂeeof @aganvaSech ddmeffdiantnsangf sgetcm:e to

ect holder in the desired orientation.

use, the dsf%t%.l%mﬁ@ﬁ %Sﬁy frogyp fin stgRdpaint, butapay wsplh ithe delayed ¢ he

al i gnnent nd pusher nove the obj ect
into the cfgm red orj éﬁﬁm{tk{o&néc}ﬂ*@@?ﬁeﬁgg cétﬂﬁ?% %g’ew ce is activated. The
obj ect hol ders are, Ihanstherefishdadissmetreliabdita it eshvemtidias kystents, svdrdl eluaiple
mcrotiter plates. Soth the first and second ali ﬂnment surfaces are

general | y Wellsiin urietitar pate may belidentifiepe pasitiol siellp| Thesa conteol yelerwml | y
subst ant | aﬁtxlat/e {c%%l? sqy%l?ed’ qu‘ﬁ hﬂu # & q%tgen %ﬂgrﬁ e¥ ?roc%Ss @}ﬁﬁlple‘igi lfllllg

al i gnnent ‘sur face -axi's ‘wWa rst era

wi t h anot hisite ¥s RidpSsithehdd, th’étbenﬁemﬂdreaéweywpdﬁmﬂwmm Saniplé beidagmt. aAt a
x-axis wall, and the second pusher cooperates with anot her x-axi S wal | .
Mcrotit erlatsr timedn tequoesen dheasanyroh wells am testaddo datermingrifitherpadioubsr knewn, t he

Chner val (<GB rgpntges Rbgudediafithe P Dwefin B Beaieforftidanfige' "°
pref erred ;asptide Rhving Bodmidendibd Sid & w&%aélyatw@gh&déaem%ﬁmﬁﬁl@ a

bé
received in an area befween the outer Rf and ‘an i nner wall. The object
hol der s camicrotgénplage heviegaicontrolewéltthat fads qualty essermnee walt beirenpivat dronhthe
cooperates .w th a.bottom of the well ecu haol.d the.pl at
Advant agediEt ot fenme emendaiars reyl BoR e tiriraaing ined
al i gnment g %ﬁ%ﬁcﬂ@éﬁ%ﬁoﬁ@é'sbh@%%@%f e rEl?a%l‘ItSJ o@arté‘ét %fotﬂgtl.pht kg tHE
positioning tolerance.” For exanple, the obj ect may be positioned using a
robotic dearﬁmswstﬁmabdmed by i mmllﬂmraﬁcdl,s raqtdredhsnomtmi cells. Bwthehdhelsystenan
nore preci elﬁ orient the obj ect. rdl n(%h t he, obj ect Bohder may be
Used | coHeaHECTEIEnEER-IOBINE ST B G R Rr TS BRI WG S IPE 4G5t or o
precisely are net hods of
recei vi ng %ﬁb Fﬁlﬁlﬁg&%ﬁc c())ﬁ\Ic g@%ﬂeﬁﬂ&g%&?’oft& olrs?laeﬁr?t%z}% lg{r% The objects
have a first ali gnnmeRdébosids ﬁmtattamdtedpmm System@@réAl6® a8 0n B(hEt fdimntie@27. 1

alignment surface, and the nethods involve: a) placin the fi rst aI i gnmrent
surface ofOfteis St sysiems|reRus thatzu obigek he placwtlwpsapngﬁ fhat angd

pl aci ng t u

second al r%nﬁn%%t%%ﬂngle g%ﬁr%@:ékﬂgﬁ | r'af }Lﬁﬁgag’hﬁ g%gilogés)t?oq % t&@?{gé g%t

t hat the fthepartbbh@ldmeat)remseflammsdhlédedofﬂnermhqmmggldmbest he f| rst alignnment
menber; c) noving a second usher, agai nst the _ object so_that the second

al i gnnent surface i sihesefare brefﬁVﬂﬁgainﬁ%dttotPﬁ‘é“@%%ﬂ‘?!eﬁIh%‘iﬁﬁéhﬂt carpasuratelyng
d) cl f
ot oper 1y DSHENERS Wity A el it nchérpeolifly BRECMRRI S PThe

directing Iﬁ-e@ﬁmwélﬁfontﬂlfﬂﬁrthége%ﬂ oﬂ-ﬁﬁﬁ&d@ﬂd rel ated net hods are al so
provided. For exanple, the invention provides A softvvare program oper ati ng

on a controller, inplenenti ng the steps conprisin recei ving a signal
that a mcrotiter pl ate has XIQETI‘E onavacuumplate b)
generating a y-axis t flvehtiG1BVdE twﬁﬁ A¥Kdes £6 [BGLely Podtichifiech S

. piston to cause the@ﬂi XI senpl ston to n}t)velglﬂl >§ys pt?sher}g evee)ttﬂ?ntlo o

t ensi oned mmmtttelcpiate oh arsapport.i The msrsmgmgldevlheethatvhat leasha Srspaliginarent memben S
properly tensioned; e) generating an i s,signal nsmtting the
x-axis si gfaiis pesitoped- tq Fpelach aniippr rpLof faesmicRes Etﬁtee)’ltﬁnstﬁswreﬁt‘?ﬁg@t%ﬁ
X-axi's puserqdtidy H&d&h&n%ﬂtﬁ?%@%‘ﬁdh{)&?ﬁ én?rgbduﬂ}nté G55 o‘f'n'i'&e%h Kki%} the
X-axi s pusher pinis proper ensi one generating a vac S|gna
activate a vacuum source that cl anps t he plate firnzly agai nst t he vacuum
plate; i) generating a ready signal that indicates the plate is precisely
positioned; and j) transmtting the ready signal to another processing

devi ce. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of
an object holder made in accordance with the present invention. FIG 2 is a
top VI ew of an Ob] ect hoI der made |n accor dance with the present invention.
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FIG 4 is a bottomview of the mcrotiter plate shown in FIG 3. FIG 5 is
a cross-sectional view of the mcrotiter plate shown in FIG 3. FIG 6 is a

di agr ammedigrorfsegoesent ation of an x-axis pusher and a y- aﬁﬁ?/ﬁ’élﬁhﬁ‘{u
positioning a mcrotiter plate. FIG 7 is a block di agram show ng

el ect ri calare pesititHen to attactialsingddé ﬁﬁl@ﬂﬂ@l@@fﬂl@@ﬁcmﬁteﬁ}& Abjvaeh tRahidatiteradgei N
accordance wth the present invention WO 01/9G880 PCT/ USQOL/ 1927-4 FI G
8 is a parisimthe desired posidionemghe wwamo"fhewsp of ziignep weaillenf theempigrotitaxielateras an

d th th t L ded vi f
e bt ot o mreHVERET EER D b Pyl uhish e PR hcnce wi tn
the preserjositiaH&Néh B suﬁ%&t tA&teb P LBl RARG NG pYé(ﬁ!‘élﬂ%oﬁtlﬁé s@ithRs BoHiAIREd IneVer

made in accordance wt present invention is a diagram show ng
part pl acehemicrofiter hleteu r’i"hepgmtiemog da\nceslsjaefmhm irgbdudersd drast ises liggrent wi t h

th t Fl G, 12 h I

e P o Sl G Ao HBSTRLL B Bl s Rl g
thod of j

e 100, Of JATR: Al SHl P AR IE v ISRSRE G S

preci sel y themiidrotitetr pigteobj ect s on a support, and for retaining obj ects in a
desired position on a support. The devices are often used. in conjunction

with automated syst g, lngﬂﬁwnéésoms%é?sca Iipiniagdevien r retaing empTAKpIRlate

pl acenent ar
exanpl e, rlgbc?t% %]{:e(a? Ogﬁité)r%s used OE%?F%?:{' 3%?‘;&96&%1{1#1%2% m rhg(t8 ?‘tﬁ%érlp%hgt es
as cont ai nevasuilimts aqmaﬂeﬁolamme maa@atﬁr@lata”imetherdéﬁimﬂlpbauoﬁlHiee&cmtﬁplab@ in
precisely p05|t|oned on the appropriate support in order for the_ other
conponent SSOBYe eMpodiyentahag an e spsfacernd edin suffach Witleths dptsrieisueiaer b d i n
the m CrOtﬂeée%ﬁed@%@{ﬁ?(%eﬂh[eilp ﬁ},g}é arly, a device of the invention is useful

for positioning hi ghly precise mlling work. Positioning

Devi ces The inventi qXise peotiidaishynls idvieatidr g ad @bjeeElolli@r foPpReisel§lpysitioning an
posi tioni ngb an obj ect
object on a support The object holders include: a) a first pusher for moving the object in a

first direction so that a first alignment surface of the object contacts a first set of one or more
alignment members; and b) a second pusher for moving the object in a second direction so
that a second alignment surface of the object contacts a second set of one or more alignment
members. In presently preferred embodiments, either or both of the pushers includes a lever
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.



on a support. Once an obj ect is generally positioned near a desired
position, the positioning devices nove the object to the precise desired

posi tion. wsgRédsdgl y, the object holders of the inventionp&ppshGosned I N
conjunction with known, conventional positioning devices to nore precisely

position objects. FoThexaepich alSopreeidbs 6bjedt holdetyhbicge 061sh0ERd (SpRbisaly

known robotic posjitioning devices, can Eﬂlﬁa_ce an obj ect_on a support. Such

pr eyi ousl yfel@#ibmo?lé@i?ﬂi e@é@ﬂh Feaniaiion. thbt ﬂ’éi#tils P:Q%Pﬁa@?ﬂ effwen’mfmhgmaadhe

positioning.an.object such as a .nicrotiter at e. wi t hin _about. . mm

Dol er ance. AT pRtr s ST Byl 2 ety e dptine e ek d: TR 1 on

., the mcrotideid ai PrhetbRHPRRE EilppoRted o iR M@hreFBP@IRpEraihg AthirepeBEvd he 7

WO 01/9G880 PCT/ SOl/r119271.'1 precipspioon cr)equi redefor posiati%n_i nésékﬁegh density

rln5§ g ot i It Ier almnmeasiurﬁcpm_em theiqb{ewg ’élluerc:hjeomis ﬁ@raﬂmpbsitioaedﬁe@*hwdmugmn@?t tg :

; wel |l or greater) mcrotiter ate coul d.cause a sa r. reagent. to
e deposi DO, ACKEP PHTERLS AHPBRE) Ve cOp SRS Sui R OLtE: HE Spenehe
such as t ofRegt@fn®meites, Al alsBCmnlipibied isdarﬁa@lge@%mow&e%&gﬁgmw ShuFa

the invention generally include one or nore alignment nenbers agal nst which

a surface ofthanbjettjagenist ths secondalig@nent whepnber Hbereby mewing the bbject mtedsalyihto

posi tion on,the. ohject ho r, The alignment nher,s .are arranged _such t hat

when an obf &estred QERntaEon, e BEpeiely Tghe Aprediorieniatan i conEalFear ¢ he
al i gnment ¥al o] [ : raf hiather

processi ng%g%g%ﬁgg%ﬂéﬁgﬁgg%‘g% Eoorgﬁa%gﬂﬁg@lgggngc&ﬁc%%ﬁ?g g%lf_?lv&h% H&(l:ltgﬁvgnt i onal ,

known r obobrihtationt &ase, s olfea ipgeerallfpogjeiomsdain fhe fixture rdlaiyerayhedigamente

object within 1 mmof its desired orientation. However, such a general

posi t i oni nJrBees: Heefirst Rshercanddhe sesonst pusheranovhihe objeckinihgdesieddent | y

preci se fof.hi t . [ NG ter the object is generally

posi ti oned(,gn%. agfbgb%]gdgt;ﬂgE%.d%r%%&ﬁ?ﬁ%@m@.ti on is activated to nore

preci sely position tige obeetdoldedd ark,un kgt eidbogiasmits) gdaptedl to[posicibs and retain
positioning along two different axes, the obj ect holders of the invention

gener al | y Wigretitenplates. Bethdhafirshandesseonderiigamenigusiagesctie pensralhyhwall sfaggeef of

aut omat eq P et PRGN P16 R R Al n PR FRL Sl -

Obj ect  hol ggg. Thds, 3B GfstlaliynB@R R fERTad bé b §takiewald, b FROfifst Pgsher dodbadatisng
device 20. The protrusions 25 and 30 function as alignnment nenbers. The

i |1 ustr at ewite phefbiereaxis ovall Bhe sgspadalignpienbsurfage hars thende pn axdxis walbtanddheons

30 and an x-axjs protrusion 25 supported fr the. fixture 15. Accqrdingly,

Lhe y- axi s PEPLsRopSrte 1ifth Suie xoais walk Misrosiserghues g dinp i divs 8R e

rel ative tgnéhealy acdabrEAH811L3Re oktBowit @ﬂe&lly%ﬁ&ﬁdﬁ&h@%&’iﬁﬂéﬁi] SRpedf 11 ©
an

constructed to cooperate with a y-axis surface of an object (e.g.,

y-axi s wal platsf aral the inner iwallrgepératlgiefining & welllaecaondhe plags. dn presénsly mrsfeired
i & e f R et FraesCpason e B Attt D sty 2R
exanpl e, | ®eahiePGaliand antifkRs walll FELEShjedt BERRASEN iféluds WithtioS HESi@CHat and the
like. In presently preferred enbodi nents, the alignnent nenbers have a
curved surinsludes hwacuum platedbattcaoperates With apotipmrdfithewell aicatestcotyly bald theThe
use of a cuyrved surface mnimzes the effect of, for exanple, roughness of
t he obj ectP Grface that contacts the ali gnnment nenber. The use of two

al i gnment nenbers al ' ' e second
i o ae shown 11 Fi o o R R A P

ef fect of dignhmeatsurfaceguding b pogtionming ddwcgiraviey a rimiveiydaige gosifioning talbjancd. .
The 8 WO_01/ 96880 PCT/USO /1927-L,object is in contact, with three points
. along the &8 eAMRigyt %e@,wsraa)p%mh%%l Yring agobaticdsyicg apithabant I mwdn t he
entire obj r NG : i i

appl ies sp@geltr |g’a y %lgmgﬁge{c?gﬁ?%cagﬁmr}n&g%%s?@er tf)lfg{eé)qs)jk% 1,:5\ @%ﬁg@%@t&tt&e

. pl ate 82 i sbhjsdhtrotiler mafibglusedinonfunciasrdwiih kiidven Moaveaitiohel pgsitdhingdizvipensy al | y
conprises a well ,area 90 whjch has many individual sanple wells for hol ding
sanpl es an@oreaERSRLE Positien 8bicelEr pl ates are available in a wide variety of
sanpl e wel | confi guragd : ] Is gﬁrg% ' : -\ 96,
382? and 1536 wel ?s.ﬂﬁétoo%aylfléﬁgglglgﬁﬁ%gﬁate ng a?gﬁﬁgg%%ﬁ?gﬁﬁgﬁlggkg}l e
avai | abl e btjednimadasitedi oticptatich THeshjettctiaeiarfirat alighinghtysueface il 4 geord | ons.
The mcrotiter plate 82 has an outer wall 84 having a registration edge 86
at its bot, om The mcrotiter plate 82 has a bottom surface 92 bel ow t he
well area on the plate's bottom side. Thes bottom surface 92 is separated
fromthe outer wall 84 by a space 94. The space 94 is bounded by a surface
of the outer wall 84 and by an inner wall 88 at the edge of the bottom
surface 92. Although there may be sone | ateral supports 93 in the space 94,

S ~ A N o ~ o




WD 01 /96880 A. PolyPro 1536 Plate (in positioning fixture) Table 1
PCT/ US0111927~ Wel| PositionAxisPlate 1 ,Plate 2Pl ate 3Pl ate 4Pl ate

SRangeAve®o 01/96880 PCT/US01/192
1X- 0. 342- 0. 337-0. 337-0. 334- 0. 3310. 011- 0. 3362Y- 107. 195- 107. 196187 Bb6- 107. 2

00- 107. 203Wgrdeht $@facéDthe methods involve: a) placing the first alignment surface of the
48X- 0. 106-0. 108- 0. 104- 0. 103- 0. 1050. 005- 0. 1052Y- 2. 640- 2. 638- 2. 628- 2. 628- 2. 63
10. 012- 2. emgetdposely adjacent a first alignment member, and placing the second alignment surface

45X68. 8936889264, 19960, 90368 ,9950 W3SRAIRANR: 48 hed 3% bl Bl 2 72
. ééﬁiosﬁéggxg b 58%%&2??2%%%%8& #8683is BN dl) g ABAAOArsB BRorhtbht 389- 107. 3
18X33. 13456MbEn 3 NoVES: SerRBdpushena @it the DdfRLYsEOAUEE s60nd B8R 508, 456-
. 69.4570.007- 4548P . . .
32x33.203§§F§g§§§b§¥%§§?%ﬁé%%@ééb@@@%§§§m§6%eﬂmé%PE@@H@%Fﬁﬁgg%éﬁ§©4-38.294-
38. 2930. 0Q&4 fztﬁé’* ArdViRd E&98 plhsad) aﬁ-p@é%rl@%ﬁ@éneﬁhﬁe bbldeSdeRMIER tBel aRfR. Al
and A48104.5674105. 75D st ance Bet ween FF1~And FF48104.6448105.”75Di st ance
Bet ween Al And FFl6SoﬂWﬁ_ﬂﬁﬁog‘r§m’s fo@imﬁﬁga vexpuidd® oamy @Fﬂ&ﬁ@a@%m 75 B.
o e b b B e Vol LR g0 2
1 0. 361- 0ucie 00302 0: A2 A AR AP e aB LB e 3 9eckEn 2 Tgh - 107 2
48X- 0. 106nficrbti@r Platelfasthedn Qelbra BidsHibAedon 2 GaXuin PRR; b) aEratinghl-4xi§03- 1. 60
20. 014- 1. 604QFF - o o o
48%69. 6128818HOdANSIYIEDE the1 woxis signalde pesaxiepistento gause therpaxis pistu to reave.a; . 70
00. 009- 1. = . . . L .
X6, 35758 55 Fgheyderes ings adensinned oot ey Yasorlving? sigvd 4 ey E BRI, 107 4
77-107. 47 88ePRpropdly.ténsidifdd; e) generating an x-axis signal; f) transmitting the x-axis signal to
18X33. 47833. 47633. 47533. 47733. 4800. 00533. 4772Y-69. 121- 69. 129-69. 130-69. 125-
69. 1260. 0aDx-@gispgowto cause the x-axis piston to move an x-axis pusher pin into a tensioned

5203, SSS30RR,AUTH ARG T CRBRRTRS Bty iR Btasdl o0

A48105. 63923807 Sgidl to ad¥06l4 DLRBBR ok AL @1BYMREPlaleHim AP dodifid $helidizuih80
105.75 Distance Between Al And FF1 89.7180 69.75 Distance Between A48 And
FF48 69. 7RBR; BBepsrating Pataytsignehidatiindatps theeplgte is proeibely pesitipned; sndije) Vel |
Posi 10N (hnifthi¥ e Feall Sgharto Thathér froblkdh§ fbvibhat @ S PCT/ USOL/ 1927~ Range
1X117.089117.093117.070117. 085117. 0970. 027117. 0868Y-123. 704- 123. 747-123. 746

-123. 755-123. 7420. 051- 1 BRASPPESCRIPTION OF THE DRAWINGS
48X117.019117. 041117, 060117. 032117. 0290, 041117. 0362Y-18. 058-18. 093-18. 090-1

8. 100- 18. 0860. 042- 181G@gE®m@merspective view of an object holder made in accordance with the
48X186. 73 %ggég%%gg 780186. 752186. 7500. 041186. 756Y- 17. 949- 17. 991- 18. 015- 18
.002-17. o780 85 T %866 EE

1X-186. 810- 186. 813- F8E. 7 R2r tb8 §ieBOS ahlshjétl H61dePrmhad Sl RBEokdadcd IvithSfhe pedent83- 12
3. 807- 123, 795- 123. 7660. 077- 123. 776P

18X150. 818Ws0i®@r5150. 819150. 814150. 8240. 011150. 8196Y- 85. 481- 85. 528- 85. 537- 8
5. 538- 85. 5150. 057- 8 o) : o
32x15o.792150.80715%?§%g%§899§§T€H§§8§5¥8§T¥§5:8024Y—53.989-54.038-54.046-5

4.046-54. 0230. 057- SFIQ2BH Biiofravig® of M midréifter pllxesBow R HLUFIG 3denonstrat e
that the use of the inner wall of the mcrotiter plate results in nmuch nore

preci se and repr odufi®| Eisppoupssisgeiiong! viewrafdherniaretiter pleteshaws ivRIG S upport .

. Further, by having | i ghnent nmher .g. ,calignment. protrusions 25
and 30) cooperate wﬁkg @Wq‘ﬁ% m"qllﬁfr%%(#‘teapﬁ%bf)%i‘%”g?}‘s FAPNEY -5 uct ures
are neede @d}p@;@}ﬁnégﬁli%ﬁ%g@t@f the plate. In such a manner, a robotic

.armor other transport is able to readily access the plate 82. Having the

protrusi ons positi ofEQ. hisjaddeck diagram shawmgledtri@d, wacewreiandiagici | i t at es nore
il t ti t.h - at . _Ho it Wil i d that th
b ot r s oftereaeg s 3 an ot Ehgider MR BipptineF ite BPRPREHFFRASH | (ate (e

preci se positioning of the plate.




The object holders of the invention generally include one or nore novabl e
menbers. The novabl e nenbers function to nove an obj ect agai nst one or nore

al i gnmentyBRYgss. For exanple, once an object is placed iprhhg/gBPer al
| ocati on o?%t he al i gnment nenber(s), the novable nenbers (ter rreo( “pushers”

herein) nove the ObFeGtg & fdnidl cadds-a8bdtDAREVIEw 98 b fytikes fishéreva@bpftini s i n
contact with one or nore of the alignnent nenbers of the object holder. The

obj ect hoheterdange whdthe pigséns inveflden. posi ti oni ng of the object al ong one or

. F , bj.ect hql de. i ft
busher s that “poer £ ECxaRoyret Shpfed Bewdests S8R And BEr SR RGN | ona
pusher s t hak pRGR hidB it A oddhnce YMPHRISGRBMVBATHISOL/ 1927-4 obj ect al ong a

" y-axis. The pushers can be nobved by neans known to those of skill in the

art. For exanple, sHIGnisis prospeaive view efs yarmguehss levgerraddim seerdaneriwithe
~like, or conbinatjons.thereof, are suitable for noving the pushers so as to
move the PIEsent IMYERICN- desired position. One enbodi ment of an obj ect

hol der having pushefggf Pfis%%ﬁér&ﬁ@h&gin%ﬂ&t?égﬁgkgfo%@%ﬁd&%ﬁ@%fgﬂwje&he

x-axis and the y-axis Is shown I n Figures en the mcrotiter

pl ate i s pekler malyinparsotdanceawitinthe pacsent invérgion. and y- axi s protrusi ons, the
bottom surface of the mcrotiter plate is directly abqove the top surface 22
of the vacuum pl at e F3@: I%Sﬁw‘%laﬁ@g%mg@e?ew%e 1SRN BSSHIARIBE GA OE]egﬁ ot 40
in the fi i ply pressure to a y-axis side wall of the
m croti te?&%@{l@@gﬁ’{?%?@ﬁfg}t%?be is applied to the plate at the plate
contact 45 to push tHI€. 13 Braghéthed oPleiowirgaplastirdnden ybjaxt volduroh attdirdanse 30.
When the microtiter plate is pushed against the y-axis protrusions 30, an
x-axi s pudtérthepresqiiieyendgiends t hrough slot 55 of the fixture, is used to
push an x-axis wall of the mcrotiter plate towards the x-axis protrusion
25. In such a manner, the mcrﬁtﬁjfﬁL@gﬁéﬁIMately and precisely
positioned relative both the x-axi's and y-axis protrusions. It is sonetines
advant ageous, al t ho(ile imantioe peyiis devites foapecisely positioning objectshm paupherts
contact an inner wall of a mc¢rotiter, .plate rather, than an ouger l.1. Wth
this arradBdiEielamipgobieets g Slrﬁ%ﬁ%’?“g“ %asmﬁefﬂée a‘?"éc‘ﬁr?ﬂ%? %‘Esggﬂ‘he
mcrotiter j eave ' '

ol at et ocoBpRbion it Bu RS bR 3ATAPUbEALARICAR, LREreBNREpRloe MlackiiEnt
that, for o€xmBbjeet thitiaeebd diubdjastedto firtler ppocaistngdFoi Hianply pobdtic shemsbedect
hol der enbodj ment shown in Figures 1 and 2 has a_vacuum pl ate that

f unct i ons imBiotechpelagyPHen WRSUTICEOties PREPLasEoptadises foy spaRles AhEaeany et i n

t he desir [t ' : V- axi - A1 usher
50 appl yi ARCIenR P et pnétesny phSinkn B ot R Rlpr e BBork Bt ™2
vacuum sogiRe componaitooithe sy3Rn RpraperCintoradt ivitubd sangslesicontaingl m3he nt o
vacuum hol es 60. Referring nowto F|G 6, one enbodi nent of ,a general

pr ogr essi GHCHLitgsPate wv@Hs-rémdnﬂbt?j dewiceiof thejavession ds usedi des Posthiqnanglaek i hed.
It is rec | Z t t he.obj e¢ der can enpl oy neans that are

equi val en?’%@aﬁﬁ%rs}ggl{llmpgescﬁeﬁ@gﬁg(‘g&#bve an obj ect into a desired position
on the surface. Simlarly, although the figures denonstrate the positioning
of a m cr @okitmind Bbeicks" particul ar, one can readily adapt the arrangenent

of the obj ect holder conponents.to positjion objects ofher than mcrotiter
plates. FIG 6 shows'B$ IEYWPPPF%’AJGS@PE‘HWSQWIB?S T RieEISEYY ROSHoB g A ch

resting o s 1 1 Etd on
wher e T he SRrarBbAE et fegt Rlen IR Phgif ikt ARRAR pRLORTAO oY O
and y- axi flepiced hosé tieobilt antle Blecisesiregereitioh] Acqoedinglypthedbjechkolders obt i t er
plate 82 is 12 WO Q1/96880 PCT/ USOl/,%927~ positioned such,that the
y-axis pr &g nyeRsion can bgused mCenipREIomWED KReWBroRYenjiogal RASEIRFINEHEVIPSRI% edge
of the m i.tek . - = axl r ' ' ' ¢ pt o the
epace 94 3188 @il AR AR pf: Bebbb cBhtetfbhh ofibpleted EARIARRN S, |
. this pres&nbivy rebaticaiosiidnitighiesices; Bhn blace pi objetivnansippse. huehiprédowdly knovirhe
space 94 between the inner wall 88 and the outer wall 84. It will be
appr eci at sebatisadeviose aergsnerally sanableaf ragiine argd Rosifioning WOMEL S s plate in
alternati i.gur at.i | ac ' s j I
posi t1 onedisfititnedith ShlofpSaha oo 1 kel Be it BoRERSlaRls oin
pusher 35 gafékalliiBositicu ihe npitidr phlle ot & siysisort, boree navisapatile offadHieving theot i t er
plate 82. Referring nowto FIG 6b, the y-axis pusher 35 is noved so as to
contact an outer y-axis edge of the mcrotiter plate 82. As descri bed
above, the pusher could also be arranged7to contact an inner well surface
of the mcrotiter plate. The y-axis pusher 35 is noved with sufficient
force to firmy force the plate contact 45 against a wall 84 of the
mcrotiter plate 82. As the y-axis pusher 35 is pressed against the

. o, ~ ~ o - o o, o S . £ 3 -




13 WO 01/96880 PCT/ US01/ 1927~ As shown in Fig. dd, when the mcrotiter
pl ate 82 has noved into position by the x-axis pusher SO, the mcrotiter

plate is Wealssgey positioned for further processing. Wthdheshhddh
preci sely positioned, a vacuum source (not .shown) is activated, thereby

securely girasbios rédigrediferpRkitlonngigh €erBdy afabtifet pRitdsas Pesitidhitgerror of one
Accordingly, the mcrotiter plate 82 is securely retained in its precise
posi tion, Tmeioephight-dengitn (e ackiBoaved] emgreaten) iniplogiter platthequld paise gspmple or

Ret ai ni ng Devi The i.nvent.i on. al so _provigdes retajning, degvices faor

et ai ni ng "Heegfoohs APRHIRGRbITY 8 SrBhE el chib P 10 B8 s, Betaninng

. devi ces ofpdeliRs bPMENSGS tBOliMA digenRr.vacuum pl at e upon which the obj ect is
pl aced. The vacuum plate generally has a top surface upon which the obj ect

to be retained is plHueehjeahelders aftheinypativinrggseratly inslusteame of mave glgnamént h
. air can be wifhdrawn fraomthe_space between the top syrface of, the vacuum
bl at 6 and PHEDBSAEORTSURPbE UGS OhEn SBiecids th contast Hpem e bt Byl drtedban be
connect ed - WY, : i i [T t he
cuppor t - aricrlGRMY ShBetoifer TG RnORERELr afy 1SR LR ARG
obj ect anduthes ¥ atcrotitep bletesis inikisldy paditibned neirehe bligoent mentbers) dsi abgatt is
position. For exanple, | he object.is_a mcrotiter, plate, the bott
surface ofSPRE lweﬁlapmde'{or %P@ieép GFI5H1En Sudngengy Host‘ﬂ%m?%ﬁlaé’&’ﬁfaﬁ%‘énﬂfsg%e
vacuum pl I L ' Of ot R ' ' in
Frguros. 1 G SOy AR ol b0 SO ARk haich ine d8fre MG TIre dndy oA
surface 2Zhebbebt withiariahinyofigdesiriasicntationt Haweven] sich aigeadralpdsfionitg of the p

area 67 W >ich are separated by the vacuum groove 63. Wien the object is
gener al | y 1pissotiteiaplalg or ethenebigelds insutfisamitlyipsesisedobbigh Srrpughpub pwoessingn After

chown) st 885 8 RetoRisPheBfimho e bifed et E bR Fueion R AT B 7™

vacuum h0|@-§ci%§ygbﬁﬁbﬁ]t}ﬁ%}b@ﬂfﬂr@mﬂdﬁ@mﬁeﬁﬁhg’j vacuum groove 63 which
generally is positioned inside the perinmeter of the vacuumplate 20. In

such a manner, the VB@uuesissffosiioning alengisfoctiffergnbaxseibe obiectdipldareoigbe i met er
of the pl atg. A% ther gaﬁuung effecotred.aws he %tt%n suarcga ?heeOf oth% 8{3' eect
towards tH8 Iglb) SIPFECE 127 B AL LB M 50 OthE 6}? PV &S 8t R hed
by the vacenjestfFireamplel Figured a Al shewbhe@nfbotiitgent B6F &1 siRbmYRd WbjecPhaltig 69.
In the exanple illustrated in Figures 1, 2 and 8, the retaining device 20
i s provi delf insiceordencearithutha presatunyantion: @bjeetitolden 10 gandrally eompiises adisturact ed

| th i gt h. . Thj ticul | ate 2Q.i i zed d
conatr uct o RBPEUBBA RN Svick AbThonrenics 2 gt 40 hRot e diesindit oL o
retain thenglh LRl tREM Rt A EeribsdtinBhofaBRbE8dt hldeP PO A4k twoi2aBd hRARRGNS 30

£
PCT/ USOL/ 1927. 1 surface 22 of the vacuum plate 20 when a ‘'vacuum source is
act i vat ed. anflree xraxis protpisiand S shpportedfrdre thediftiguse A ceadingtyathe whkxiect s ot her

tha~i mcrotiter tes. FEor ex l.e, the yacuum pl.at.e.can be shaped to
oo o sodnplRL i T preEt e Y 45t REshlnRp Red IREES R B6 SRR Bt or
exanple, ¢ y‘-‘a%@sd] ; fbk i : Langd

surface. letgl}{rﬂ g 11 sk?g%ls gﬁ%%ﬁ%{gﬁ%'ﬁ&%%rﬁﬁﬁg@%@g{eﬂﬁﬁl\aﬁggvi ce é()lfﬁlfatc %gf

i nvent i on.anfobjet eigy, 810 vaxis Walbof asthionetjteculatel otliletthe x-agisyprotnisien 238 whi ch

connects to vacuuminlets 240 and 235. The vacuymline inlets 5 and 240
are dir ectqoysm%@tf@ep?rﬁ&ew%@hﬁ-ﬁ%ﬁ@}l&cmﬂ%%%éﬁa» me/awqwglﬁ@f Yacuum

pl ate and i wi th the vacuum groove. In a presently preferred
enbodi msntl,ﬁ %ﬂe&v@g{ﬁ'm hol es are positioned adjacent the perineter of the
vacuum pl ate and useTke sipnnent grembes dan be,doneningié, dodabieg pasytabs,aidgesd t he
perineter of the vacuumplate. |t wll be apps eciated that other.

. posi ti oni ri§eeses: pra Wal gurasonndkthg hike Jnpassenity nisirsred sribodinets thedlignment

| mprove t efﬁggrg e %?@sﬁﬁﬁgmalt ;é ) cBﬁtaH W%?(?%fb;b@l? h@éiﬁ?ne@ébﬁn&tt.sﬂ%e use
sonet | nes ave [ ower surtace 1 nperfections that - can tertere th he
. formation ¢ffa @fivéd dufagdinirsitides g s Nof, e exampleNtdughiads afi thetdbgecobyréaxt that

surface, Such in‘tgerf,ecti ons can include, for exanple, warping, height
vari at i onscongsts the plignment meshsr-aYhe; us of free tligiment membEsEAMEOTaFE FG WM

surface of ] i |, r I fsd on
ot ho. i e R BE B SR IRN, B K PR Ehnd 2%, Rt pBRb 07,
pl ate. Accwrinfifizy thd éffstichsuafaboitRguikifiteon thePréies gositioning of diobiecn|Thice 20,
t he bowed portion of the mcrotiter plate can contact the interior plate
area 69 and not allow a perinmeter edge of the plate to fully engage the lip
area 67. In such a manner, when vacuum i g applied to the vacuum channel 63,
a gap sufficient to avoid vacuum sealing may renai n between the perineter
edge of the mcrotiter plate and the lip area 67. Wth such a gap, it my
not be possible to vacuum seal the nucrotiter plate to the vacuum plate. To

- o, o Y . o, o,




the interior vacuum surface 69 nmay be recessed slightly bel ow the vacuum
lip 67. By recessing the interior surface 69 slightly, the probability that
the peri my@pfdge of the mcrotiter plate will fully cont ohdyp area
67 is increased. The depth and ot her dinensions of the recﬂggUaPﬁlkdepend
upon the exfestiesh confacbivith ffred poihilRQldiptthOobjestshied, 86 pioper abindtdhsis not
Typically, the depth of the regéss f?gietméen about O?O 1 and 0.01 inches.
For mi cr otdapendest sperstheepirejobjest susface heimgnegara i s preferably positioned
about 0.002 inches bglow the to urface of the || 7 .because it _.has been
found that the. 0. 0o Pt wars SF i) ARuRpmled Seca B P ROSHERRERE ' or up
. the sanpl emysebtiter p¥aRS A hficrotier platd &7 iskhawe in PighRaled, dnd 3. MEneakvstitrlflate VWO
01/ 9G880 PCT/ USO / 1927. ~ plate 20. Anot her appr oach b{ which to avoid
di st ort i on8%genetrdlysiomprises a well arse & yddclhasanayringividual sanile wells fardopslieg el v,
. filled with a.porqus najr] terial or other.su rt nbers (e.g., ribs)

that *pr ovi e ReeBls WiOBlst pofes ot ualToitt ety BB chmmns wll |

al | owi ng f yriflit8n g inAubRE HotS ith8e Piafes Hittfocs YBROMH 1856 Wl LIDRiIVEE Of
a recess ofng%gate?’g%p%hﬁglf degs%g.% T g rgtégﬁtﬁg dg@ices of the
i nvent i on apprecidtedthatmmiardiitcslates ag aaildbdé femor vaieheof maarfactiuers in@nsiriaty of
whet her a va%uunLeffgﬁ% i.S presggt tween an ?Eé ect and the vacyum pl ate.

Fox exanpl @niigpgipas. Themygrotiser pats, Berasan et vl eSBAvingn? eagistatipm pége 56 at

par ti cul arusegmfe% "%@Hniicfot%ﬁété enRsk Aot sBBRE 99fbe{o‘§kﬁth%%$éfltﬁ¥éé9&%\éﬁﬂa§§s
The vacuum swtc ol e co nicates the vacuum level to a vacuum sensing
sw tch, whbattoncsidé. Thebaettaw fifrifave OBts sepamkedoffon delineryealbdd By hisgacel9pedhe | n
such a manner, the vacuum force retaining the object can be neasured and

moni t or ed SAFG &4 isthoudeddat a swface phihsamtes Jealltd andihy apdangriyl 88 & thoedgeroft he

vacuum | ev .S &) e [ ' ' L. o4O

Lot | oyl ALY 2 Dok AERRLA S LRAEARPRALt: 1 BLSRTL
posi ti onedspaseldis deptiailn ofertbetwhéiithe inen lallr8asyl ah Ginek MirtfiRIof IHOARESVAID .-
Conversely, if a vacuumis sensed, the switch can signal the controller to
proceed wi&h further processing. An exanple of a retaining device that

i nclud [ devi ce. i h i.n_Fi 1. which |l h
bot tom si de of a i xkbiois o, MRt pti Sy tielsh nostil o RFARERA AR e op
surface of alidhgneht MchiibBrslo? the'BHj&@ U pREBraB1P aRQirfaRBed/ioWobétatel with drlinhbe

vacuum plate is not visible, dotted Iine 21 shows the general positioning
of the vacwalirSPohthe migrasiteriphase.citeanneriverll & is advantigeously usesl, aghe simey wiall is
vacuum swi t ch hol e is positi.oned in.the vacuum groqve. . vacuym swit ch
ol o conmiNPRATEE S SaORek PERepEi PR oS BRaEs "D ety bt om
SWi t ch 2755 HiOWe aMACABNSIMdIHB ahioRer 348 of TREHINRBYHRh S \WafiiB42 A2cordingly,
electrically connects to a controller 105 through control |ine 280 for
comruni cat #lrgping the gycrofitey platarelatiye ah énnep watlpduich as innpr wAH B8y ie ganatally he
controller_105 4 ceﬁéﬁs aﬂﬁéﬁna* wh nl%¥fficd_ tTvacuun1kf a%hieved at. the
vacuum pl BT Alning With e ouier Sl puh s pral il TS meTRR S B PRE PP gl e
The contr Odhgteig oé&%eﬁ%{}yﬁl@%%ﬁ@ﬁ%l%ttﬁe hifrinitat %«gf&e m&eybgﬁb\é@e @8&bf Ol

| ine 225 and opti onal to a alr supply source escri bed Vi a
control | ilmgh-Z2nsityThieraiiert platks, anchl sl S3awedl Hates. dsashoendn Tableilothease of amd
status information to other system conponents via sysiem connection |ine
285, " once PG VeIL(ERPSUONEE OR HADBBRNRER A} BICRASBTERCR léﬁgtvvﬁt%enlatﬁf ssulter

ot her obj egt i , i tqi . y .

per or med PaTRARrSRprepiS HARHACHEPRE coi § I pepl AR S RN i g
of the m cspringtclip fixhatesuwh as whae pravigusit kriosvnlifi the D 01/ 9G880 PCT/ USOL/ 1927-t
conpl eted, the vacuum source is deactivated, thereby rel easing the obj ect
. fromthe vacuum plate 20. Integrated Obiect Hol der Systens The invention

al so provides object holders that integrate two or nore of the devices
described herein fox positioiung and retaining objects on a support. For

. exanple, the invention provides obj ect holders that utilize pushers and

al i gnnent nenbers to precisely position an obj ect, and a vacuum plate as a
retaining device to hold the obj ect in the desired position. These

i ntegrated object holders typically have an control systemthat coordinates
the actions of the different conponents of the obj ect holder. Figure 7
shows one exanple of a control system 100 for object holder 10. Control
system 100 generally conprises a controller 105 connected to a plate hol der
120 through a plate holder control line 215. The plate holder control |ine
215 may termnate in a connector 210 to facilitate connection to a mating
control connector 75 on the plate holder 120. This arrangenent facilitates
connection and di sconnection of the conponents. The controller 105 nmay al so
be connected to other system conponents in a high throughput test system
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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 ayopidskdd air supply line 135. The y-axis air suppdriiddifods0 1S
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 svm'tqrabf@ptrol | ine 185. Wen the
controll eral 050|ng.roe|(53§ptame(.,yp@m‘ﬁ,.@ r switch 140 to an open position, air
pressure is reagieyed into the y-axis piston air supply line 150. The y-axis
piston air supply line 1S0 is connected to the y-axis air pi ston 160, which

. drives a ywaxpssitddn 140s bl || phife PP Mgkt ehidibat PLECE NREPRANT SE MRY
be used to 17 V1' O 01/9G880 PCT/ US01/1927-~ activate the pushers, such as

hydraulic gams, electyomagnetjg,actu S, gear r| ve or rrpl he
. y-axis arm 70 dri ves a |eVth$1 22 a,raagf 437 ,6@2’33 qgeafl \4\4)10;233 he
air piston }$0|s actkvated 01 yal %4 3’@ 3m

at - rest po ion. Thelat- rest §sr ti- qned the |ngo(i0)56 vShIOé?l
attaches between the fever 1 nd a ngrr ng orzt §78.2P4! such

the sprind™¥%6 causesXthe | EPd93172688%; v 90I3r orﬁarﬂo%t 6 8P§1t 1079I‘3 I‘f'ﬁ@gz
preferred embodi ment ¥f the @bf*8ect BéPUer -AW2 wher3Phe -85 pi AP 1607428
not activeiFthe spriny causé86ohe yb6&864 p@ﬂsﬁ‘?ér 38.676 b@ﬁﬁ?ﬁ’m y0.@48 aBfely 10
agai nst the mcrotiteY platt7.38her d6Y.38hem01388 al07.390 s+16M.3860 |GOGRCIOAZETEd,
t he y-axi sPplisher 35 Ks noved.1i@day BB.0%4 a I&145 of33t142 nid8reé2 i t .01l a3%139%he
air piston 160 has a Y-axi s-agagbet -89usa h -60450t ha6l9.466 NMBAMUBAL €0.007aX6%45a8 Ni
position 1782to the cwntrol |3er2030S gs.a0amagsediic sizosh @ends ol d.oove 3Pwsg! n

such a manner the conyrol | ersgroegei v.gs.2e5 Si-gex®s | @izoat i Bg2bde s§@isussgiosh he
position of the y-axis arm 170. For exanple, a signal rray be pl aced on line

195 when the air piston 160 has noved the y-axi,g, ) i n a pPset i on that
fully di sengages the y-axis pusher 35 fromthe mcrﬂr?tlt |) pl ate'ét? axis air
switch 145 is connected to contr Itl 0@ through Xx-axis air switch control
| ine 180. When the controller rectscthe x-axis air switch 145 to

activate, air ur I aced iston air supply line 155. Such
air pressﬁ 'b‘i% Epéeegﬁtéarzd& s ar %i?g%{; ﬁ d9%-axis air pi ston 165. X-axis
magneti c sopEedy BENSCRGRHOT Exfes t19488# r ol9%® 105 through magnetic switch
control |ifEang@eeenéndndfEl a si gR8iI00that 89§ cates the position of x-axis
arm 175. ImStan%rB@fV@eﬁédeéR%ﬁlb‘Iae tIﬁéOQ‘l"axr $9Br piston 165 is configured to
retract the x-axis pusher 50 when the air piston 165 is deactivated and to
force the x-axis pusher 50 against the mcrotiter plate when the x-axis air
piston 165 is activated. Wen the x-axis air piston 165 is activated and

t he x-axi sB.puBdlgStyfetie n 536Piatedin gositishingdighire)st the mcrotiter plate, the
magnetic switch 205 nay generate a signal on line 190 which indicates to

t he contr albiePosktiddS t hat PlaR 11 CpRid 2 er MAtaBe Phtd s PRt Y PRAghi OAQE i N
the x-axis. Referring nowto FIGS. 8, 9, and 10, the operation of the

y-axi s pusher is detayled. T axi ush 51 gen, |y ha
menber havilhﬁg a vertrjp(al porgtalezgg 17§§3ﬂd %QJ,ES%I P e 6%& dﬂ(ﬁ %16

contact coqpector 186x|s posr 1|0 ne éztheot B engg t§81g.;rt| zﬁ pq)rirogn

173 for attaching the,plate act 45 ° The riz ﬁ p&s ext nggls
at arlght le fromthe vertr on 1 é ds

arm cont actFa%Z The Arm corﬁsfé gg) 8>9 cofr?sqqzuc And %8813ingf o 094
cooperate with the y-axis ar rhsf‘IO of \{¥e y 1899 18 01/ 6690 0.009 "1 6985
PCT/ USOL/ I82%- L axi s i st on %8687 | n6%3%Yr efH38d £238PgefBAPE t hed-91axG9358¢ m
170 ternminates wth ah adj o¥¥féht FECAShI-40R474r 1&@]4L7J§tt1ﬁé4i’ﬁre I 1074768 he

. y-axis arfi18he hori zZ8ntal F8éBon 3¥476f IXAT5| eBB471723B480 a 1985t 3BAF72or
recei ving a pivot pinYthat &9dBles -6H#29 - 268.B0puNeRS 3569.029Hi vd1008b AR 126Re
pi vot poi M32.74. The Xori zor@B&53por 83.640 178.%46s0 PB&HS2a $pHOhg dBNGecIHE0484
for receiving one endYof the7$p2i ng318R. T37636t hed7.6801d -B7.63Pr | YOOY 7 E37.6354
connected to a stable support such as stable support 178. In a preferred
configuration the spring support 178 is attache@getrsngelt®@ny- axi s goo7 pi ston
and the fixture. When the spring 176 is connected between the spring
contact 184 and the stable support 178, the spring acts to draw the arm
contact 18FcthQWaiofhel RS aRd Aaddi St ONypd 88ao ASqgsiyst he il lustrated exanple the

| ever 172 is configured to pivot about pivot point 174, the plate contact
45 is rotated in a direction generally away fromthe air piston. In the
illustrated enbodi nent, when the air pisten 160 is not activated, the
spring 176 acts to press the plate contact 45 toward the y-axis wall 187 of
the vacuum plate 20. If a mcrotiter plate (not showmn in Figs. 8 9 or 10)
i's general I y posr t| oned on the ‘vacuum pI ate 20, the pI ate contact 45

. " . o, o " o, M 1



WO 01/9G880 PCT/ USQOL/ 1927~ protrusions 25, the y-axis pusher 35 maintains a
constant and stable y-axis force. Skewing is also avoi ded by constructing
the pl at ey 45 to have a lowfriction contact point

mcrotiter |L9t@§§° Al t hough in the preferred enbodi nent, thﬂg@&a)x}ris pusher

is confi g'a'Fté’éPeaB:?t"&eeﬁrFFét“i”H F%ver 1057784 | 105% appreci ated that ot her

conf i gur aPiFtaRee BeiweeR A1 AEdT 0 noveBOT 189 cr AYH%er plate towards y-axis

pr ot r usi opistanqedietwsenddp &nd FRE8 pl att®@.798ht aci®- 45 coul d be directly attached
to an air piston armwith the air piston being driven by a constant and
stable air force to nove the plate contact stably and constantly toward the
m crotitec. pl akdyStarene 1636 Piatel{h sphidy @lip fistureje has securely retained the
mcrotiter plate against the vacuum plate 20, additional processes may be

perfor nedwegbbatidy andisaprts At elpraté @ t hRaiacr Gidbar Plad §. KA pPraveessi ng
. of the mcrotiter plate is conpleted, the vacuum source is deactivated,

thereby rgheasing thg m C”i”f')és%r ph%@a“ﬁ%fd‘% H'?o@’rat eoé’@r 117.0868
Subsequently, the x-axis py 574; eI 2% ~3X1 S PHs hel,z3m91 S

rel eased. th the vgcuum nd m t|

pl ate can gge easily |fted? 1% thf% %93) 79%? 17t0 E th%6ft H%ggi
processi ng. Ref erring now t J‘3 BL rre rang 2partt%
shown foraff obj ect fiol der &' 39FI d 6'2599 %?%9 Ill8 Ews 98- 7B0t t o4l déd 0%56t he
fixture 1 ~ with the vacuurﬁ7?4§te B si{1§-Blred-&P%ne- t78i56sur9 e -bF98%Re
fixture 157 1Al t houghXf r om= #8100t BB} e\lpfrhg?lzl 6§6.808 r198.808cuudPey| al@6-4%K
not visible, dotted Vine 212%H8ws-18&83eid- 817 pEH1Bon2Bd6Sf t He N\ atdBuife

pl ate 20 BA8t he ot heX si del%¥816he 1BPRREIr 450.819 A'Hioaﬁ"l"r sBGiBge ( nGP11sAePN96| s
connected to the airYsuppl y88l48 whi85/528 un85.5@ner8dl. 933 o851 peld.057et-85.5198
the fixtuPe2to the yXaxis &50.792uppl50.807 na850.8(3 ardd.79%B8e 60302 S a0.021s dHPB0O24

| ine 135. The y-axisvair supgdap |i+52.0380 -sn0deeCct®l 048 t 158.023 axi GOsA I-540d84cCh
140 and the x-axis air supply line 135 connects to the x-axis air switch
14S. The air switches 140 and 145 el ectrical | yweoanfmm)i 2 €l egpqd cal 1ines

185 and 180 to electrical connector 75, and then connect to the controller
105 through connect Bkeso 1esulipdemeniat thpt the useiof thexamst Walh gf the niprotites mlate| | er
can then pi st ons.
For exampl e Ein ghitf ek pFdidecRR o it hBlohe BPAE MR R B0 ) ULl

t her eby pmg@smr|2|ng yaxrs air supply line 150 and driving the arm 170 of
air piston 160. VWen the arm 170 is driven, the |ever 172 pivots about

pi vot p0| nt 174 anﬁ%@@&h@l@g@ﬁﬁkmmemwawdl,gnmeatﬁr@ Hesionscinand
plate. ctoﬁger% 1&1 H@Be %??gtéﬁ{h% 1&@%%&%@ sﬁJuEnEe‘@a& dﬁ‘ 214c9ad Qée‘ht

bl eeds fro pi's e sp |ng chi's

bet ween s loﬁ&tdé@f&l@@;blaﬁéSHl ARH aFhAREE 2 FobR drmbf Bther &ARIPOAS tﬂble tc)/readilyi
pusher towards the vacuum plate. l\/agnetl c 20 WO 01/96880 PCT/ USOL/ 1927~
swi t ch 20&cewsrthupleteaiZe sHavdng the psefrusiansipesitipns! adicsuithe doer well 8Bithkmeeno0 f or

d h N
i ton 1aBeHiRoRHERTY s Re ke AR AL TS U ST A e 15
for drivi p@trhiéienscadteSpladed nELZﬁerﬁtnoe itidndhrd RilSfapilitt&the pheiRPdsitidhing dfhe

X-axi s pusher 50 is propelled toward the vacuumplate 20. In a pref erred
embodi menthe plate x- axi s pusher is di rectIy attached to the x-axis ann 175

It wll be appreci d .t.hat her.configuration rrang enment s

used for attachi nga#ﬁ Ol%eash E&eﬁﬁ%@?“ﬂ?&t%g?e én P OnFo R &ya pace

the x-axi efbelsOThd ﬁoaﬁmaﬁteaﬁﬁrmntttatmhttﬁve%r&oﬂezﬁagaind@Hhé Sinbrtafichivent

pi ston body 165 when air pressure is applied to the piston 165. en

pressure msmbejseﬁgemtmmlﬁaoacenam&tﬁemnaﬂaded in thesgenerah lncatgan offthe alignment axi s

_ pusher 50 is sed from an tain [ at.e. C switch
205 connefgdd rZ @'ﬁtni“b‘tai’ meg er§ tﬁm?‘ﬁé’ui Sglber‘?lﬁg’fnot’hgwé@r’ﬁc thr@tr‘mlOS can
recei ve aalfgn?dbﬂt surPRE of B objé@X issmQHﬁtQ&rw@poﬁeSorfr%ﬂe)bf@ﬁlﬂﬁ%ﬁﬁleﬁﬂzﬁbﬂﬁ&s e

.mcrotiter plate. Refernng nowto FIG 12, a nmethod of retaining

a, m cr ot i the objechdd&0Thé sbjstichwider kan hd\mqinsmwortphatmnmg@tf theanbjqek albag one

[ t | at t t t i .
Pacr! i o o RateE Hoe EAaRIe Buete sl oW VLORER ME B Ot Bosshers B ai o
pushers a?&ltﬁﬁlsdrf[dtgm glo‘i%}i {-43ah 8 Sndb B atdﬁftloﬂhpﬁtﬁheﬂs P g&ﬂ?&?{h‘%r red

enbodi ne arr piston'is active and e X axis pirston not

active to position the protrusions away fromthe plate. It will be

appreci ated that other arrangenents nmay be substituted. The plate can be
general |y positioned using any conventiqm neans, including robotic
positioning. Al though such general robotic positioning nay be sufficient to
pl ace the plate adjacent the protrusions, such general positioning is not
suffrcrently accurate for hrgh throughput autonated use. Cnce t he pIate IS

) o o o 1 o,



. the x-axi s pusher

21 WO 01 /96880 PCT/USCQOL/ 1927~ constantly tension and nove the
mcrotiter plate, the systemwaits for the systemto settle in block 315.
The y-axi sy@pufheso may have an indication of when the y-axigcp §S in
position. If such a indicator is used, the indicator may beCaMgz\‘/]\n?{gczzﬁ whi ch
cl oses whegbjtdialongd PapisSTies pishers BaPBSmbl &by Ricar®s Iiomed tiesbe AN il et art. t he
switch is a magnetic switch coupled to an air_ piston noving the y-axis
pusher. |t Foi example, apypnascpigtons, eleshromegnals, geamdvies, and th ke ar eembinatjontse
substituted. Accordi. bl ock 320 checks to see_if ,the.switch i.s cl.osed,
and 1 1 ¢ hetteropart faHleon fioviedia PushhS 55 s HomorS el FLirate FFoiEH BeRSSe,

. If the switch does nohe eh®s8indht bih @d'é&hbﬂ@rhdﬁﬁ% ﬁdnsrs&m?sﬁﬁdn&%wtl fied
that the mcrotiter plate is not posifionable in ?Qck 355, and t'he process
woul d t ypi madrbtitehplatetadonaslenth Wiet kraxih endcthawiaxipisshewn e Figuessdopndi?. Wheokhg 25,
is.nmoved toward the .mcrqgtiter, plate, there i tioning
the i or ot PRPHEY Bl f BTG Ca e Afaccet Sk i G St onS, BT e
mcrotitergpkat 8f {2 n&i@%ﬁ%&ﬁ}éﬁ \ﬁjcgif]&%ﬂ&r hBdVeTRY t a8 PE6f RE vaduuhd Plate 200A

systemwaits i n bloc y-axi s pusher, the x-axis pusher nmay
have an i nghagmtposhen3Syvbichtelvéends txovghpusddtalO in she fixtoteyl S, is ysod itd appiy pressure

Accordingly, block, 335 _checks .to . see if this indicator_switch js closed,
and if it o ¥-RES sife Wallokthe migrptitsrplate. Suttigiant (hipeis PRIw Bcke plats at tRsRlgiar |

if the sw . s nQkd £ . t i ot
positio nabf’%ﬁ?c?\ gg ?%@%hggéﬂﬁﬁgntef] glgﬁe@%@m ﬂth% g n‘i\?%écéjljﬁ %qsslgﬁgfgcoé \’P@enﬁc&?#n\%ﬂgéﬁ?
causi ng t hplatsie pushell iapsiasttthe yiakisgiratrusions 305 anx-akie pustent 50) whish extendsthroligh
vacuum source Wi || preferably cause the bottom surface of the mcrotiter

plate to bEoHIAhe 5&% iy yecdmppsheans-pxis Wallead thesmipspfifer platerawyrds thers-priat e

may have a A f.o 1.6 . .Gl . n
Cr vat ot oPEEHHRS M it Hhpllet SRl DREL S Mg KRR BRiaHEE
not cl osedreldtive doth the lk-aXddardll y-8€ib roifisiony, It B Fvinetimes Adiahfaeshis] itougnaotp! at e

is not properly positioned. However, if the vacuum swi tch does close, this
i s a posi t hecsssaps e haveomerdianore pbthgipyshery eantach prinmer wall jof pinyicrghiter plaégi sel y

posi tioned,_.and therefore Ssystemis natified in block 350,that the
Dlate 1o r ) HaRR it ST AR tmaR e e At R 1 o
of rel easi iHcMi¥MathathBntiétitdrlat® T Flehvies HasSats QfFbunditigthe éfefSiSoFittd Fihle\rdehe
reverse process of that described in the nethod of retaining the plate 300.
Bl ock 405 efpregusionsthatnould ethenwisedntepferet with ather devieasdbptpion examplaglansdhe he
systemis notifi eglﬂi hatt the mcrotiter plate can now be renoved. In bl ock
410, the v R DieE e f“gsﬁ@?’f&i vated, which shoul d open the vacuum switch
shown in FIG 415. |fpé b6jesifdidd eﬂﬂ@&in%%ho“hﬂﬁ@i%ﬂ@shﬁ'd%%a@bl%&{miﬁlate
deactivated in block 420,” and after a period of 2 VWO 01/ 96880

PCT/ USQ1/ 18rviuctionses atrbtairdng devicd to holdexpregerlnpdsitiaicd 48iEct i thedésirgdt hat t he
X-axis pusher.has .noved.. |f the xaxi her has nov hen the.y-axis
pusher is B%?‘i‘%t%%‘g? ??}ﬂﬁ]&‘?/%'af‘ﬁé’uéle ;’? ég%ﬁ’s‘?ﬁ‘é?x‘% F g@?ﬁpﬁﬂgcﬁ?@cﬁﬁ fo&;e to
plate. Aft grecidelpPldce thedhidrbir plafd€a Sl sobR@Yhsk DBHA) hibtite§ BYaduiel SRS gRI
the y-axis pusher is noved away fromthe mcrotiter plate. If the swtch
does pr opeviopumders, 65t intrvacaemsddsédh i s notified that they plate is ready to
be noved. Accordingly, .another robotic system can be used to gr.i he pl ate
and nove the plate tée@rqﬁ%g(govgfodﬁqc;ﬁ, RSt ‘B‘P?fﬁ]’élg’%ti‘}#é‘.gepﬁagﬁﬂ? S1¢ 8%svm' t ches
do not indjgat s iboti : ' ikt %ﬁi?ﬁet &1 S not
noveabl e |h5ﬁ(§%%%g§& ‘?&r%n?lﬁi(%bjércgggragf,sﬁﬁigﬁﬁad%igél't%;s\el\tgcnc% ondvt\n Iﬂmporaog%ébl y be
used to rehuider dahenpleyt meansthati an eniivadent &0 thosgilmeirated teagos ad bbject dutd a
conputer software for prograpmng a controll e{l?éo automatically carry out

. the descri Betred BPHEen g the Sustars: giatahe Altheuelihe Hautss demenstate the pesitiorane
h in A E QN . ]
cro ot hEPy BRAAERRR RTINS SR kb Sufl 6 AR o b P,

nore of the positioning a u [ S un at the
. exanpl es acsinpsneoditopotitionl ebjects bedr thah @iicrotite plaves. 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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illustrative purposes only and that various nodifications or changes in
light thereof will be suggested to persons skilled in the art and are to be

included wé bigssghe spirit and purview of this applicationpapdssi¢Rpg of the
appended clains. Al publications, patents, and patent apprl cations cited

her ei n ar epditioalby sudhCBAPRE HR ek fHYtritdRI e rdceived inko Bi& dPRARE 94 4fong tHDy-
01/ 96880 PCT/US01/ 1927-4 Reference CharacterslOprecision plate
hol der 174pisibedesiof shamicratigr platesind thepoesis pratusiont 2517 6scpivied ire therapred 94

i nel78 ' .1 22t f f | at e180x- axi [ i tch
control 11 HEARERRRES feiell it mi ot ntsh st e ot eGPl RSB | ng
. protrusi 0n&ﬁlﬁ’oﬁ!%lnﬂ&h@9fdfﬁ1§foﬁ§){fe§?ré%iiﬁloﬂé§ilﬂﬁﬁé &b 9 bEtwitkh t&%ﬁ&mﬁ%ﬁiﬂthe,

| i ne40sl ot 186cont act ctonnect or4 er plate contact187y-axis wall50x-axis

pusher 190nawerevalt84wittval beappreciatedithe Shsprotrigibnegay toapesané with tiecomioratiter

. i ne60vacuym hol e200y- axi & magneti c sw tchb63vacuum groove20Sx- axi, S ghetic
SW tch67valiiﬁltﬁﬁlil F‘ﬁ‘?ﬁ‘% Y?o‘iﬂ’i‘gé't‘ 1185 tqeplace dhe RucLotitay g‘?@d@ E@S‘Il?{fﬂiy HQﬁlté‘é}eggont r ol
| i ne65vacuyant s 220 dr, ©54RRliMeaBihS bolH RS JORHL plshBERZRUARYA!

control [|i ne75c10nt rol ercr’otﬁnectl%ge%%g%mm ﬂPi %g%%%/%%gum sw\&tacgﬁy%ﬁg%ﬁ%%%gguum

| i ne inl et 82bbsitioddt avayplrarh eehilicactiternplhte88. i nl et 84out er wal | 245vacuum

hol e86r egi strati on edge250vacuum _hol e88i nner wal | 255n0t assi gned90wel |

ar ea260vacuum swi t chRAGIEEMDY Po‘ﬁhé?sft & ¥-2gts Rusher 3rig BwEsd 5@ A coRiaetan

i nl et 93sup S 21 I; ' j

out or 275varten £y PR el bR AR B B e aiso be

syst en285sygingad osvmERt b innet well Shicaslof te rmicsétitsilflae OTH phkie pistass is

suppl yl15vacuum sour cel20pl ate hol der 125air supply |inel30y-axis air supply

| i ne135x- aRP¥edawith suffisiont fareretofuylyiaree te plagreniact 46 againsts wall 84 of the

neer D, . A adie e |
ety oA R 3k PR bl 38R kBBl Rl HRE', e
ar mL72| evenicfaiter lbeas nideed,iiPRebédany, tozfmhlgpobitioh tiR inRd walVEE il sD BR80aME

CLAIM PCT/USOL/1927-1 1 1. A positioning device for precisely positioning
a microt i trEptrpdiense3 b msghe youspusher 3Mgenerhily cordagiothety-anis edgeddticoniceasitpr i ses

at least a,fjirst alignnent nmber that. |s 3 positioned.to contact., an jnner
val 1 of ¢ edidp sPr O dRE ot EPateds PRty i O 1928 g
posi tion ofuck AenMuBPSEtmicibtifer pli€isIRAIY X FeligbPositienef inGhéyakik, wherein
two or nore alignment 2 menbers are positioned to contact a single inner
wal | of the m croti t®hthshemicratiten plateesS 23fimmly positioned iplthe w-akis, FIE. thehawsi r ed

position on the support. 3. Th osi tionin vige aof claim1 erejn
Phe. post t | B HE oA isher Ay R povad aBiinit ot Sendi i f B8 aceaftdh il 2 nficiveh &
member t hahardrer ﬁﬁ%&-ﬁkiﬁ?ﬁ&xe} 90 GRVEAME nBicHARR ’ﬁ;@'@téﬁ‘@b ko ﬁ’Js_iti’b_nttﬁé iffeftvall BB er

pl ate when the mcrotitfer plate is in the desired position on the support.

1 4. The pagainst thaixAgxisiprotmeion25 cWahilertls:, x-mbie pesher 606 medog dndvadlflingfthe plate?
mcrotiter pl a{&ei s an jnner wall. ihS. The §108i %i oni.nqg devi ce of claim 4,
fs A fi

wherein t Xraie plighmpant givgber dheyy-axis g Eymaiag firmplymrgsseq segpst
angle. 1 ; I b el ey ki ST : .
ol Cgniment B Janiar e b e FRE pE % Tt kIR R olile 82 R in e

m crotit erdipicioerelatme the coreactt45ath8 comtactdtSds prpfierebily corstinetedits bpadow ifidetanh t 0
contact the secopd inner |1, when the mcrotiter 4 plate is in the
desired p RSt O PERD IS Priricon,conigeh PGk f4 Ffm’%@o‘aévf g2 spring-loaded;
wherein o t i i : rface
that cont aapber Bfirten'ah RLORRRE Rroca MERP B ERTRG 148 2 B UAIBGETD
devi ce of micedtiveriplatstiebeinovedin the xraxichphetidxispishansn Fighreredkigswes aonpr i ses

a locating pin., 25 VWO 01/ 96880 ) )
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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PCT/ USOL/ 1927~ 1 9. The positioning device of claim1, which fixrther
conprises a pusher that 2 can nove a mcrotiter plate in a first direction

to bring wofdifogdgel NNer wall of the microtiter 3 plate int q,(q%rg(,@ﬁ;27¥\/i th one
or nore of the alig~.:ment menbers. 1 10. The positioning device of claim

9, wherein the posi tAdshoRg il . 68, Wh&DIlB iisRSitet ph€ 8D HadMs &Y intd Wsitfodbyove
the mcrotiter plate in a second direction to bring a 3 second inner_wall
of the mi dhoxpxigpupherts, therwcwbier abite isiprescisshepenitionsd dorfurtherpra¢esgingeyiths

menbers. 11., The.positi.oni ng device of claim10,.wherein the devic

Conpr 1 ses (RIS PAFSIEH BRI THSne S o e et sDY R e TVaEdh BREY TPLEY nner

- wal | of  agmEwingthd @icrofitet Slad B2hghiA8 SvdbulmQlatk €M cBd@lR1Y, $he MicRotdaSHIaR®
position. 1 127 The positioning device of claim1, whérein the positioning

devi ce 2 dosponieberstainedindispirecsedmsition, thhiebf atlewiigrnscurhte amidgelibia farthpt at e i n

. the desired Eosition on the 3 support. 1 13. The positioning device of
claim12, PB%h the retaining device 2 conprises a vacuumplate. 1 14. A

retaining device for retaining a mcrotiter plate in a desired position 2

on a suppqiettainma,i@est he retaining device conprises a vacuum plate w vch,
when a vacuum 3 s applied, holds the mcrotiter plate in the desired

position. 1 15. The Thetigventiog alse pravadesfretginangyievaces fipraretsining Aeoljaeiunm pl at e
S co_nnec'kiesd 2 to.a vactﬁum so%x;z@. 1 t16. T({ue. r et ?@@' n\% gevi ce f_ cl aim 14,
wher ei n t RESHFLARDSHIOR o 1Be gamors Lidse zetaining deyjqes pr g ipveplon felude s vacuyms o o

with the gﬂ[ﬁt@ﬁ'&fwﬁwhftﬁ&@ojb&ii@ abRICTRS fatunf] Flate\RnérllY NEs BtopisBriddd dppme. 26
WO 01/ 96880 PCT/ USOL/ 1927~ 1 17. The retai ning device of claim16, wherein

t he dept h vatichiieobjeachty benetainadris plagad: One or inpre epasigsduré prebat Weevetowbh

s 2 bs ISy Hehs ThGe oo s o b b SOFRELY,

T ace, LYUPRRENE, bRPBSSITIO i o s i BUEABES ) PAAMAS e

r et ai ni ng When the obfectisgiropetly, positienei on the supleort ol avmrpunss spdied, an airtight

vacuum actugted swich that, when the mcrotiter plate form. an. airtight
desired position. For example, if the object is a microtiter plate, the bottom surface of the
microtiter plate forms a seal with the top surface of the vacuum plate.

An example of a retaining device of the invention is shown in Figures 1, 2
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 a 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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3 vacuum pl ate, generates a signal that the mcrotiter plate is properly
positioned. 1 20. The retaining device of claim19, wherein the signal

notifies worARkssal | er 2 that the microtiter plate is readpdQisohidher
processing. 1 21. An object holder for precisely positioning an object on a

support, ZuMiterad of thé facuheslhteP0Olvileh aCaR NI S6ice & dtilhte! THYISbRIM fplate ABY I NY
the object in a first direction so that a first 4 alignment surface of the
obj ect cent beeenfigured totretain olyectpethenthamnyierotiter platasntorrpxamplos theaiaguign g

d f ' h bject i di I, hat b
2CE0n PURIRE S BHALD A B EE il B AP SRR PR B o
al i gnment f%roéui%ﬂ%t e, ean %‘ﬁéeﬁ'ttﬂ réimgﬁro% édt hir8nd h TElrePYARAL 0PMABE1 Ses a | ever

pivoting a pi vot point. 2. The object holder of claim2l, wherein

the | ever is operablFigattldchess twe @nbodipentaf thduietdiniog dedse ofthe pushtion.to
. apply a constant force to the obj ect in orde 0 ve the 3 obj ect in the
TIPSt i r SEeTRsemes frot ShommeoRatctsdg e fing rabHbihsanastts ©pagunt TS

obj ect holde6n@b35! ¢hdVachun iR ifiets 3338nki 4Bl PHARAY EAMBRIISAS VAchBW héles
friction contact point which contacts the object, thus facilitating

novenent ofhicthextady thedughrih8vidoemgdate and domehicate voigh theeasimoow gobopeshez . 27
w0 01/96880 PCT/ USQL/ 1927-L.1 24, The obj ect hol der of _.claim 23, Wnergi n
the | ow f PFEERibyPredTeslqmbodiment; the yacnumyholgs are posigonedadiaspnicibe PHYMEISF Oby

claim 21, é@é@e\[ﬁﬁgﬁl élg't@ aﬁ?hgefﬁ Bércﬁg%[#hg&eqycbﬁﬁtﬁﬁﬁ%gthg#éﬁl% fnd .ect hol der

of claim I'n erth of the'firs nt surface and

t he secongedetn BE e widiira Eaté. SIt il b apprewiated it otHee poditsrdhg bbthe Phadun 1
27. The obj ect holder of claim21, wherein the obj ect holder conprises
one 2 or reles agd pihsr srrangemenistcan be tiped todBiprovsihevacyR® ssplingeapabilitst efdhe
pushers, QJQ 1{1&9%41 geeterm' ning 3 whether the object is in a desired position.
1 28. The ‘objec 6l der of claim 21, wherein the object holder conprises a

2 controller that fioskctsksfietifiestta®e idwetsufacdiipetfoctitny ehdt ban BRirfeeetvithn a
first direction, then directs 3 the second pusher to nove the object in a

second di rteeformatiomatiansaifight seahbetyeen theoaguem plateand the abjeelsirfaes, Svche

g(r:t | vat ed 'im%er%gc'tioﬁg cgﬁJ ltngﬂl%%,ef(cj)r g a%%p Q? vIracl)'{)in ?ﬂééﬁt @mqgtiorHspar}fdtot}fl&usgﬂgt%al assays
imperfections. For example, the bottom surface of a microtiter plate may bow slightly so that
the center portion of the microtiter plate extends below the perimeter edge of the microtiter
plate. Accordingly, if such a bowed plate is placed on 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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2 reactions in mcrotiter plates, wherein the automated system conprises a
positioning device 3 of claiml1l. 1 30. The automated system of cl ai m 29,

wher ei n t gy dueedpt ed system 2 conprises a robotic device §ofuiA6s#19 a
mcrotiter plate on the positioning device. 1 31. The automated system of

cl ai m 29, pMienei Andther apptcuaR b thhsakSto ol diﬁﬁﬂfoh%‘fﬂleaoﬂiédﬂ,tthéiréib&ﬁﬁﬁﬁeﬁrcaﬂhi ch
can deposit reagents in wells of a mcrotiter plate 32. An aut onmat ed
syst em f orbepartiabiyrar egmipleiply ﬁﬂﬁéwghmoramwxma@al enethenspPPH mgnabess i t er

pl at es, er ei n e, aut rrat ed s ai ni of 3
Bl & m 1. (55 ribgh g R ARE e DEtE oL i ot ShRe itk S 4iSsk, o
. claim 32, mhesifinbifaRaciih ERIRLL &%Y@@hﬁpo%ﬂl&"xﬂsiﬁéus% df%%éds@oﬂgféhﬁ?déﬂl&
placing a mcrotiter plate on the positioning device. 34. The aut onated

syst em of iffesined32, wherein the automated system 2 corrprl ses a liqui d

. di spenser which can posi t. ents in wells of rotiter plate.
An obj ect hol der forﬂreefé@fw% & renyimiign gan els? udesensig Syfcs of

orientati nd
a1 1 gnmont e aan RaREhsREhe Hein kbR BRIy A ecte @?ur e 5a
r et ai ni ng vdewurn @lad Folnexdmple LE‘igt;Lrea shoivs ayacwalni g\mzﬂnholaﬁﬁbelnch upﬂm)sr ted on

the fixture and posbé)tloned to coop tﬁ@ate with the first alignnent surface

of the objRsgiculay eqibodupey l%ﬂqsﬁ}?ﬁé%ﬁ ROt ipsHIaETRYetHe T YAGHIE! and
posi tione oTolel-1d ct;
10 a fi rs%“%@s%er supp%?lgaé%g %ﬁ@n}sl tr}?g%lglr:\ aV| ngléw@g’ﬁg%e glgfs‘?%n
and 11 a tsaffidiendsieposvdcuam, behéw:h tHerabljecnusn bedh ameamngetle vacumao frcateaining h
the object to nove the first 12 alignment surface of the object firmy

agai nst t Hbe pbjeeftcan begrassired prdmenitersd while the e iststainefRgamsiihy ¥ac b m t he

he 1t ookl e Ktk IR AT R AR, R sl S AT BRE BN 0L or. "L

second pusdagfroBér! angathintmcpeRedrathat metobjeth@ nobpropérly posiiRd bid/ohetsisednd
al i gnnent surface of the pl at e fi rmy ai nst the second alignnment nenber

as the 17 asddhusds pgfstt@édy foz ﬂnﬂxﬂenrorccmg nygbedy.dfia pesiun issenssds the swidelsi oned

position; 18 &G trol erab cted to. the retaining device, the
first pusﬁzé\“r'1 12p8 ﬁﬁ&Ol’t‘tﬁﬁ{%gc%‘ﬁ&eeﬂl}%'ﬁ‘éﬁ{f&sm S0 Wkerein the controller
directs the first pushekadsle bf §rdtARS g%@ﬂeﬂ%iﬂchﬂ@s a $dnstg @&ide it Bovaemond
pusher to its tensioned position, directs the clanp to be activated, so
22 that tHegwwjldcwhich geatrallygwvisa bdt@nomjieof a fintugelS with shareasupwaplate 20

orientati %rc])smzoned on the top surface of the fixture 15. Although from the bottom view in FIG. 11

the vacuum plate 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 vacuum switch inlet 265,
which connects to vacuum switch 275 through vacuum switch line 270. The vacuum switch
275 electrically connects to a controller 105 through control 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
controller 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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WO 01 /96880 PCT/US01/ 1927~ 1 36. The obj ect hol der according to claim 35,
wherein the object is a 2 mcrotiter plate. 1 37. The object hol der

accor di ngwig1@egdom 36, wherein the retaining device is 2 gpyvagsHyPLat e
connected to a vacuum source. 1 38. The object holder according to claim
36, wher eidonipliged) ifec@icuins sdurde 18 ddaolivdt&, thpretlyarelehdlihg thirobjectio the @acuuand

t he vacuum pl ate cooperates with a bottomof the 3 well area to securely
hol d t he mlﬁﬁg()- 1 39. A nmethod of receiving and retaining an object in a
desired orientation, 2 the object having a first alignnment surface and a

second al ilﬁ Ned .fe ol tepg god 3 conprising: 4 placing the first
al i gnnment MMO%I y adjacent a first 5 alignnent
menber, and pl aci ng Thednestion dlsalprovidesnibjestihdlders tioft inthgratejpvect maeséthe
adj acent a

6, segond, alignnment nenpber; 7 noving . a first pusher, agai nst the
obj ect sdleiet qsri'éb# fredein dp5 RASHioRngand fptpining ?tgeqﬁwaaﬂ?ﬁnﬂw %arg%aﬁgﬁe,ﬁ%
first ali ; I : g i j&et so
that the Shiggn FRRARoRANKIAHR AGR,CRERGS Y ARG A Blcer BT SR
al i gnment poeitiogfan objedf) and h@adminhpldteads aakainihB@svisstte heldxtht lobjareinthelddsived her
conprises verifying 2 that either or both of the first pusher and the

f
second pusieaitions Bhese pearripd phisptholders tiviraHy hgvesan spntishxstam b porsdingtes
al i gnnent tggg@gﬁ&ggfﬂiﬁ;a;ﬁerlﬁeco toﬁgﬂs 8fm%|o%iegla$o%%ermere' n the nmethod further

conpri ses a retentron device ol ds the obj ect in the

desired orientati On-Fi%méZ/-shéwﬁeflé ¥R 608 EcHitolBystdin QD@ &t @ecPholder 10.
controller, wherein the 2 software directs the controller to inplenent the
met hod of @andtohsystem 300 generally comprises a controller 105 connected to a plate holder 120

0 A0 B8 5 S0P, e i pon B 5B it % -
I Np* 0>% * ! cohRdckorN 046 ¥cilablecohtrliea e ahfaghe adlifd L edlcer) 73lonaheplheaididsr] cRa]

ca] ca] ca] ca] ca] ca] cha] ca] ca] ca] cMa] ca] ca] ca] c<al] c<a

6! F! #2$} 99420GjThjs grrangemeg 44l 666 63Tegtien and discapingtjon] fdhe edrpdneaiscBhea] ca ¢
ot (o7 SR PN Ao RS T RO TIRERN o BB P BT ] ca
ca] ca ca] %?Lteﬁ]tﬁﬁiugﬁ %‘}s@éﬁ%@b{&h&@hﬁ@bfﬁ] £l ahpR] HRlceakoiRdadb aihal] cal ca] c
ajcalca]caJcal QGRNTSTVTTTIT#Y UnYY]]]]1]111]1~"" " aaaabb%b{vgke ZU gb] X] cal] ca
] cal] cal] dajtne}iond from|acabfralaboat] syajereddoeparbitetab jrfaimatidnaajretadnc a) ca] ca] cal

G+ bl ol Cel eober ot TAPRITOWs: 1058 Fiin by SBSBHIMAHH YEGBPRPERE ] Sa) ca) o
?Lgﬂgg} g3}1@2@‘?gg&ﬁ}&@u&:ﬂ&%Mﬁﬂiﬁ@iﬁ%ﬁ%ﬁ%&lﬁ%ﬁﬁbﬂs%ﬁ%Fﬁbﬁ@lﬂl@)&i&ﬁ} cal ca
uOwt WRz Xz estipplyjcohtEbiNiriél 2D 2 Ba syhf anider,ahe edutmllleadanaiceait dadthucidsajreetd a) cal ¢
o r | ~#
S 51T Vi A POTTCAPS 1 & Bith P BHA L L e ] ST RRPL A CRpaY s ca o
ral.cal.cal.cal ! 5d- v5 | gb
o] cal call A A R A AR B AR R LT cal ol call cal cal oa] ca] cal cal ca
] ca] ca] ca] ca] ca! In some embodiments, both the x-axis pusher 50 and the y-axis pusher 35 are
WUBQWIt h_ W\ hxy8>BK} wr mhc] >q£i]] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal ca] cal] ca
] ca] ca] ca]ashyded by pie pjsteisc Ahe alf sunpdn] Heprexidespreajucizpe air uough@ysupply line
W vyt oj e’ . . .
Y e ca] ca] o CpE B ARPEEREGOAAE A SIS AR RIC Bl £akS Ak T Hhe b5 o] o2
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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$ i
_tz{vagl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] calwalo§Rksall cal ca] ca] ca] ca] ca] ca! p=8_; k $ 1 perusori9274
_tz{vql gb] X] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cofivad ieahsids ahcaicrldallitahns-dectbiRMdtic(ctuald¥ink ger-dfives, for
Z10%&' () - Sf 10%0&' (0)- Nylo%nh&' ()- 19°110%b& ()-4? i K-##10%& ()-G
"10%&' () CE@PBYDE ()- " 10%& ()-10%& ()-  10%& ()-#10%& () -

AP0 Sl o B A PR

3+ 10% U& vihen the air ﬁ?{/ﬁelﬁ%O(ﬂ; activated, the 3 axis pusher pin 35 is moved from its at-rest
10% u& ()-f10% u& ()-y% sT21! F4"10% u- u& ()-L3b10% u& S_l) -1F"10% u-u&' () -
c

F" 10% u- u&ogition. E‘i‘l&@%eat-mit(o)n-ls defined by the spring 176 which attaches between the lever
-#10% u& 10-u%' | %] 1 F4" 0 0 ;
-5 10(y: Eg (1)72 agé aé(;;)ri@é ﬂ} port617 g')t?c a nlwl.an%l%% t f/:esgx%né )1763 c@fxs 1e%ev(e} 1J7: f%op{vc')“% 0

10- u=s10%gig, fl))vo?ﬁén{@/ i’iﬁ)ﬁldd g’eﬁ% J:ngbdlh’ﬂegg/ﬁ% @)Jegt%'léé}%u&héﬂ ﬁ))ejaﬁ%éi& ()
F"10% ug& ()-y10% & () - FS#i XM FA" 10s' T 10%<& (

160 is not active, the spring causes the y—ax1s pusher 35 to be firmly engaged aoamst the

microtiter plate. Thereby when the air piston 160 is activated, the y-axis pusher 35 is moved
away from a wall of the microtiter plate.

The air piston 160 has a y-axis magnet switch 200 that communicates y-axis
arm position 170 to the controller 105 via magnetic switch control line 195. In such a
manner the controller receives a signal indicating the status of the position of the y-axis arm
170. For example, a signal may be placed on line 195 when the air piston 160 has moved the
y-axis arm 170 in a position that fully disengages the y-axis pusher 35 from the microtiter
plate.

X-axis air switch 145 is connected to controller 105 through x-axis air switch
control line 180. When the controller 105 directs the x-axis air switch 145 to activate, air
pressure is placed in x-axis piston air supply line 155. Such 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 retract 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 plate, 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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10-u=10% u& ()-F@"10% u& ()-LOf10% u& ()-F.f10% u& ()-!, o, b00044dEnbC! F4"1

0 . 109%& fbroYob@y& ()- 109%& ()- Y- #10% USo11927
& ()-YY-#1006& ()- Y, Z10%& () - AN66666667xmbCl F4" 10s10%@& ()~ 102 ' 10%

10<=t 10°/°<8dx(s)7pi§tbﬁ 1860 %88% ﬂefer?eﬁ(m/ﬁ&g&ﬁent the #?'-axis arm 170 terminates with an
Y0" 109%<& () - 77k799==dEnbC! F4" 10%4 0% () - #10%& ()- 10%& ()-," 10%&&' ()-," 10
%@ () - adjustment mechanism for adjusting the length of the y-axis arm.

"10%88 () - =>. Cl F4"10. "' 10%@&. (). 10%@.8& () -, . 10%a& ()-*10%a& ()-)1
OUE ()~ 104G () TP BRIV s R A pVOL {74 ok iecdivings ()

10@ >t 10%@*’(‘%&3 AP ok 1KS P11 'e&)SS‘EfoBivot about the pivot point 174. The horizontal
10%@& ()-." 10%& () - E@@aAYAAJEYNC! F4"10 10%&' ()-F 310% & () - GLOW& () -

z10907&' () -patdenr &7 3 Also hakCRapsing corudsaBBBBAM YRR FHAL dAe end of the spring 176. The
_1 200/%&&( % 5 _S %%%@%Eé&%& )péf%%g%%-%o g)st_aglels(l)qg/g-égflt §3c'h as stable support 178. Ina
Tovae: ()- AT ERH oty opi sy ST ARl v il snd e 10
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contact 45 is rotated in a direction generally away from the air piston.

In the illustrated embodiment, when the air piston 160 is not activated, the
spring 176 acts to press the plate contact 45 toward the y-axis wall 187 of the vacuum plate
20. If a microtiter plate (not shown in Figs. 8, 9 or 10) is generally positioned on the
vacuum plate 20, the plate contact 45 contacts a y-axis wall of the microtiter plate and
pushes the plate toward the y-axis protrusions 30. For optimum positioning performance,
the y-axis pusher 35 needs to provide a constant and stable positioning force to the y-axis
wall of a microtiter plate. To assure a constant pressure, the force exerted by the y-axis
pusher 35 is determined by the spring 176. As springs inherently provide a constant and
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 to 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 the 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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Although in the preferred embodiment, the y-axis pusher is configured as a
pivoting lever, it will be appreciated that other configurations may be used to move a
microtiter plate towards y-axis protrusions. For example, the plate contact 45 could be
directly attached to an air piston arm with the air piston being driven by a constant and stable
air force to move the plate contact stably and constantly toward the microtiter plate wall.

Once the vacuum source has securely retained the microtiter plate against the
vacuum plate 20, additional processes may be performed reliably and accurately to the
microtiter plate. When processing of the microtiter plate is completed, the vacuum source is
deactivated, thereby releasing the microtiter plate from the vacuum plate 20. Subsequently,
the x-axis pusher 50 is released and the.y-axis pusher 35 is released. With the vacuum off
and the pushers released, the microtiter plate can be easily lifted from the object holder 10
for further processing.

Referring now to FIG. 11, a preferred arrangement of parts is shown for an
object holder 10. FIG. 11 generally shows a bottom side of the fixture 15 with the vacuum
plate 20 positioned on the top surface of the fixture 15. Although from the bottom view in
FIG. 11 the vacuum plate is not visible, dotted line 21 shows the general positioning of the
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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The controller also controls x-axis air switch 145, which when opened
pressurizes x-axis piston air supply line 155 for driving the x-axis arm 175 of x-axis air
piston 165. Accordingly, the x-axis pusher 50 is propelled toward the vacuum plate 20. In a
preferred embodiment, the x-axis pusher is directly attached to the x-axis arm 175. It will be
appreciated that other configurations and arrangements may be used for attaching the x-axis
pusher to the x-axis arm. To conserve space, the x-axis piston is arranged so that the arm
175 is pulled into the piston body 165 when air pressure is applied to the piston 165. When
pressure is released, the arm 175 travels in a manner so that the x-axis pusher 50 is released
from any retained microtiter plate. Magnetic switch 205 connects to controller 105 via line
195 so that the controller 105 can receive a signal that the x-axis pusher 50 is fully engaged
against the microtiter plate.

Referring now to FIG. 12, a method of retaining a microtiter plate 300 is
shown. In block 305, the microtiter plate is generally positioned relative to x and y locating
protrusions. To facilitate ease of general positioning, both the x-axis and the y-axis pushers
are positioned away from the microtiter plate. In the preferred embodiment, the y axis air
piston is active and the x axis piston not active to position the protrusions away from the
plate. It will be appreciated that other arrangements may be substituted.

The plate 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 against a y —
axis wall of the microtiter plate. In a preferred arrangement, 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 a 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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The y-axis pusher may have an indication of when the y-axis pusher is in
position. If such a indicator is used, the indicator may be a switch which closes when the y-
axis pusher is in position. In a preferred embodiment, the switch is a magnetic switch
coupled to an air piston moving the y-axis pusher. It will be appreciated that other sensors
or indicators may be substituted. Accordingly, block 320 checks to see if the switch is
closed, and if the switch is closed, the x-axis pusher is activated in block 325. If the switch
does not close in the allotted time, the system is notified that the microtiter plate is not
positionable in block 355, and the process would typically be aborted.

With the x-axis pusher activated in block 325, the x-axis pusher is moved
toward the microtiter plate, thereby positioning the microtiter plate firmly against the x-axis
protrusion. As moving the microtiter plate in the x-axis direction may take a period of time,
the system waits in block 330. As with y-axis pusher, the x-axis pusher may have an
indicator of when the x-axis pusher is firmly in position. Accordingly, block 335 checks to
see if this indicator switch is closed, and if it is closed, the vacuum source is activated in
block 340. However, if the switch does not close, the system is notified that the plate is not
positionable in block 355.

In block 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 a vacuum 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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#109%&' () -axis wisherdias oved fimnthe yaxdopuashern is agtivated to move the y-axis pusher away
from the microtiter plate. After a period of time, the switch should open thereby indicating
the y-axis pusher is moved away from the microtiter plate. If the switch does properly open,
then the system is notified that they plate is ready to be moved. Accordingly, another
robotic system can be used to grip the plate and move the plate to a next station for
processing. If any of the switches do not indicate properly, then the system is notified that
the plate is not moveable in block 455. In that regard, manual intervention will probably be
used to remove the plate.

The invention also provides algorithms and computer software for
programming a controller to automatically carry out the described object positioning and/or
retention procedures described herein. Also provided are computers that are programmed to
carry out one or more of the positioning and retention procedures.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference for all purposes.
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15 fixture 175  x-axis arm

20 vacuum plate 176  spring

21 control line 178  spring support

22 top surface of vacuum plate 180  x-axis air switch control 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 not 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  control 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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comprises a vacuum plate.

1 14. A retaining device for retaining a microtiter plate in a desired position
2 on a support, wherein the retaining device comprises a vacuum plate which, when a vacuum

3 isapplied, holds the microtiter plate in the desired position.

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

2 to a vacuum source.
1 16. The retaining device of claim 14, wherein the vacuum plate comprises

2 aninterior surface and a lip surface, with the interior surface being recessed relative to the

3 lip surface.
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2 that the microtiter plate is ready for further processing.

21. An object holder for precisely positioning an object on a support,
wherein the object holder comprises:
a first pusher for moving the object in a first direction so that a first
alignment surface of the object contacts a first set of one or more alignment members; and
a second pusher for moving the object in a second direction so that a
second alignment surface of the object contacts a second set of one or more alignment

members; wherein

00 3 N U Bk W=

wherein the first pusher comprises a lever pivoting about a pivot point.

1 22. The object holder of claim 21, wherein the lever is operably attached to
2 aspring which causes the pusher to apply a constant force to the object in order to move the

3  object in the first direction against the first set of alignment members.

1 23. The object holder of claim 21, wherein the first pusher comprises a low
2  friction contact point which contacts the object, thus facilitating movement of the object in

3  the second direction by the second pusher.
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27. The object holder of claim 21, wherein the object holder comprises one
or more sensors that detect the position of one or more of the pushers, thereby determining

whether the object is in a desired position.

28. The object holder of claim 21, 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.

29. An automated system for performing high-throughput assays or
reactions in microtiter plates, wherein the automated system comprises a positioning device

of claim 1.

30. The automated system of claim 29, wherein the automated system

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

31. The automated system of claim 29, wherein the automated system

comprises a liquid dispenser which can deposit reagents in wells of a microtiter plate.

32. An automated system for performing high-throughput assays or
reactions in microtiter plates, wherein the automated system comprises a retaining device of

claim 14,
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2 comprises a liquid dispenser which can deposit reagents in wells of a microtiter plate.

1 35. An object holder for receiving and retaining an object in a desired

2 orientation, the object having a first alignment surface and a second alignment surface, the

3 object holder comprising:

4 a support fixture;

5 a retaining device on the fixture;

6 a first alignment member supported on the fixture and positioned to

7  cooperate with the first alignment surface of the object;

8 a second alignment member supported on the fixture and positioned to

9  cooperate with the second alignment surface of the object;
10 a first pusher supported on the fixture and having a relaxed position and
11  atensioned position, the first pusher arranged to cooperate with the object to move the first
12 alignment surface of the object firmly against the first alignment member as the first pusher
13  is moved from the relaxed position to the tensioned position;
14 a second pusher supported on the fixture and having a relaxed position
15  and a tensioned position, the second pusher arranged to cooperate with the object to move
16  the second alignment surface of the plate firmly against the second alignment member as the
17  second pusher is moved from the relaxed position to the tensioned position;
18 a controller operably connected to the retaining device, the first pusher,
19  and the second pusher, and
20 wherein the controller directs the first pusher to its tensioned position,
21  directs the second pusher to its tensioned position, and directs the clamp to be activated, so
22 that the object is retained in the object holder in a desired orientation.
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1 39. A method of receiving and retaining an object in a desired orientation,

o

the object having a first alignment surface and a second alignment surface, the method
comprising:

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

moving a first pusher against the object so that the first alignment

surface is held firmly against the first alignment member; and

O o0 3 & n N~ W

moving a second pusher against the object so that the second alignment

10  surface is held firmly against the second alignment member.

1 40. The method of claim 39, wherein the method further comprises verifying
2 that either or both of the first pusher and the second pusher are properly positioned to hold
3 the object against the alignment members.

1 41. The method of claim 39, wherein the method further comprises

2 activating a retention device that holds the object in the desired orientation.

1 42. A software program which operates on a controller, wherein the

2 software directs the controller to implement the method of claim 39.
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