WD 03/ 057369 PCT/ USO01/50114 CENTRI FUGAL FI LLI NG OF SAMPLE PROCESSI NG

DEVI CES Field of the Invention The present invention relates to the field
of sanpl ewproooessd ng devi ces. More 5 particularly, the presantsSoi/saenti on
relates to sanpl e processing devices and nethods of distributing sanple
material in sanple processing devices. Background WMany different chem cal,
bi ochem cal, and other reactions are perforned on a 10 variety of sanple
materials. Although it may be possible to process sanples individually and
obt ai n accural @ ERIFULAY MIPLANG S ShMPLRUROEHIRSTREOBRIICES Of sanpl es
can be tinme- consuning and expensive. e approach to reducing the tine and
cost of processing nultiple sanples is to use a device including nmultiple
chanmbers in which different portions of one sanple or different 15 sanples
can be processed sinul t aneous! y.Fiatdpo£t , however, presents severa

i ssues rel ated,to _dist.ri butij f i the. muli1iple chanbers
in the devi cegr.he&?‘?g?t m ‘?nng? g%gwaﬁggglgﬁgg%ﬁélg%é%elgsgng((ﬂeglcﬁ%‘ygfr\%’? % on of

mat & i al pafRhMAPthE PAIBRISveltior RthtesbREBBRIpIGcesiifi 86VidtBYind AREhddS of I r ONeous
test results due to cross-chanber contam nation. 20 Sunmary of the

| nvent i odisttitaitipg earople materishin semplerso¢aseing deviersds and devi ces for
distributing sanple material to a plurality of process chanbers in a
sanpl e processing device by rotating the device about an axis of rotation.
The process chanbers are |ocated alpiftgfnndui ts extending from a |oading
chanber and, together, the |oading chanber, conduits, and process chanbers
25 f or m pr ocedanyrdifigrent: ¢hamicak, biogh¢minddand other rqadtions)ate nerformed emapl e

POl or Versth ok SRste aberialy QUEO R Ry e Doy tlF Y BrcESs srypPlen il ' "
| oadi ng qhaBb&E ackiraf ﬂﬂ{géelaﬁ)pé%ﬁ{p% rebIR, RURRRAL ploB¥SRE 0P Sarifl¥s Bm®éitge-sanpl e

processi ng devices 1ncl ng conduits that can be seal ed by deform ng one
or both sonbasind atdexpsasiyel. e 30 processing device to restrict or conpletely

PCT] US01/ 5011 4meiapBrashi OB B8 BedimApIssiel MTHCI OB EINS SORRS LW ¢ ve
adhesi ve 5| RCRE LRGSR RipicMhambers in which different portions of one sample or different
15 samples can be processed simultaneously. This approach, however, presents several issues
related to distribution of sample materials to the multiple chambers in the deviceé. Other
problems may be encountered in the migration of materials between chambers during

processing, which may lead to erroneous test results due to cross-chamber contamination.

20 Summary of the Invention

The present invention provides methods and devices for distributing sample material
to a plurality of process chambers in a sample processing device by rotating the device
about an axis of rotation. The process chambers are located along conduits extending from
a loading chamber and, together, the loading chamber, conduits, and process chambers

25 form process arrays that are aligned along a length of the sample processing devices. The
process arrays are unvented, i.e., access to the interior volume of the process arrays is
available only through the loading chamber. ‘

In other aspects, the present invention may provide sample processing devices
including conduits that can be sealed by deforming one or both sides of the sample

30 processing device to restrict or completely close off the conduit. It may be advantageous if



maj or sides of the device to assist in sealing of the conduit during and
after deformation. Qher aspects of the sanple processing devices nmay

i ncl ude, Wworo3examnpl e, el ongated processi ng chanbers, feed@cTasndsilis

| eading to the process chanbers that form 5 feeder conduit angles with the
main conduit of less than 90 degrees, etc. The process arrays in sanple

pr ocessi devices of the.pre t. i . .
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pr ocess m#gbf A& oflthe 8OH®: ORENNGAS s@ling @ tHel dod@@it dlndedindGftet HefoRyath.
desirable to conpress the sanple 10 processing devices during rotation to
si gni fi cant | yYOthetaspects pf & ispnplatsodesikageyigas pant iRelude derdikampleand/ or process

chanbers, as result. of, the cent,ri : ressi

parti Utk RAaR ot pA Gee SR colfRl RURERy AR D e B o
sarpl e  pEdRE BSTIvhnGRY WG BShE RIARE EohaliR Of USE NEn PORIBSIMES ekensi tive adhesi ves.
The present invention also includes, in some aspects, an assenbly of a

carrier and &helBogeasrpirayspn sueplsiprrpesiing davices vh ieauesent inMentioampayehe The
carrier may.integral. wth th ampl e. processi n .Ce.. 1, it _may be
pr ov: de B léoﬁ?%&f‘é‘z\#é"él rStCFCSﬁ?é‘T[TB%‘?‘”H?aé‘%ZO ?C?ISB'& %gydl(ggathgr’ Et %Blf Oé:?SSTKe

carri er gy, advant ageously include rails to support the main conduits of
process arfays on the sanple processing device, openings to allow for

nmoni t ori ng ofIn spmeeesisodsivd ntrdrirgehlondiag sihmay be gesitablestp wgmppesss thesamaied ot her
features. 20.ln._one aspect, the present .invention.provides a.nethod of

ai 8111 e e iaRARIees TR roaton o Sea iy Hiee sl SRR BRIV A ng a
sanpl e RLAGEESINABrFRYdeSEMIbRrsds laSbsulBdtdhS &GAMkh cATBRSL. NDoPRSsiaM thagt | east
one unvented process array including a |oading chanber |ocated proxinate

t he fir de parttbulalytelpfubwhetuised éx cemarien visheerdgiughblosdisgntisasele and a
pl urali h% of .Eracess chanber(& di stri but ed .f’i| on(% the main conduit, wherein
the mai PTESSUBAHERETECS OO R FICH T IR CAEIER* Wt he | oadi ng chanber and

the plural it yrifpBaeReenticnANRERdes] REsoMRE 3pekts, WhntaBRmbly6t Ai6tefed S Ng
sanple material in the | oading chanber of each of the process arrays, and

t r s porstinple proecssiagkwcenttashedto the cariet. e Bl caseranayf inteigeal withgbe samplhanber s
by rotating the sanp
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process arrays on the sample processing device, openings to allow for monitoring of
process chambers on the sample processing devices, and other features.

20 In one aspect, the present invention provides a method of distributing sample
material in a sample processing device by providing a sample processing device with first
and second opposing ends and at least one unvented process array including a loading
chamber located proximate the first end, a main conduit extending towards the second end,
and a plurality of process chambers distributed along the main conduit, wherein the main

25 conduit is in fluid communication with the loading chamber and the plurality of process
chambers. The method further includes loading sample material in the loading chamber of
each of the process arrays, and transporting the sample material to at least some of the
process chambers by rotating the sample processing device about an axis of rotation

located proximate the first end of the sample processing device, wherein the process

30 chambers are located further from the axis of rotation than the loading chambers.



I n anot her aspect, the present invention provides a sanple processing
assenbly including a sanple processing device with first and second
opposi ng wWod3/051369 at | east one unvented process array compmiusbngpiad | oadi ng
chanmber | ocated proximate the first end, a main conduit extendi ng towards
the second end, and a plurality of process chanbers 5 distributed along the
mai n condui t,._wherein_the, min LEops in f1ul I I with the
| oadi ng chan&aFmgﬁﬁ"FR%“%P%PSFPﬁgﬂgﬁh%?éé@%@s8ﬁ§ﬁg§ﬁ§§§§§h§§&§§p¥ﬁer
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carrier including a carrier body spaced fromat |east a portion of the
first najoyented process attap cempyising plesdingsihagbarlpraied proximps thedirsteidedt . t he

present inventjon praqvides a | e processin i i Lng first
and secdhy® 8%%15 it ngiH& ?Wﬁr%lﬁﬁggelc?li‘@engﬁ arﬁ(?légﬁ]traggy Bf C é‘gss‘? ngdrlge%, each of

t hes pr ocgsisb@ed AbAg tHGhidicBaGAt, harebintheahaneditic a Aeiduogiidatiohhe fir st
end; a main condurt extending towards the second end; and a plurality of
process withathbdoaslingi chanmiboramstihe plualiy phprogeisichemhersi and agraticsiatiaehied toraj n
conduit is in flyid. conmunication with the | oadi .chanber an he

pl ural i tY°IPBF %}g%ggt ER ECCAHEE %Vé‘feeﬂ}?c acth ! ﬁrigqlﬂ%aﬁ%lgreg% 1%a%elﬁianber s
is in flif CoMMYMoffln aNMhovitd nNR sk of AR JMBiple sRBskdingSletREOUgh a feeder
conduit, and wherein the feeder conduits formfeeder conduit angles with
the main cordansther dspectathe presens inveation prayedys essmpipsgeessing dotierer f eat ur es
anf advant ages of the(fr sent.in%ﬁﬁﬁiqn qre pescrgged be|OM/in1¥O nection
wi tth varl_f‘?)lﬂ ng fﬁmé‘fl?l 1906 CBRYGH FHEnt $P Y Phe PETPEES ERY TGS Of 20 the
present ONRREs AfrayBhitRlliddeSIehdiRE LR 18ARAPrévTAGShe FirdUh® almhis a plan
view of one sanpl e’ processing device. Figure 2 is an enlarged partial

cr oss- sevhidwhettendiegtosfardntbe pravoé ssd;and ayplunlity of PEoossshiagbpis siEitad

device. Figure 3.is an.en]arge artial _crass:sectional view t he process
array ofaled F @ cREpitcY ?{61%6H%R'5‘?B"t ?988“%1‘3 lgg%l(fﬁmgmﬁté?%wg@ uit. Figure
41s a Hb@d}n%aﬁaw& aft e PROE Ty M PEocERSIBMLERT aldkBdrbMEaSiRBPhE pRicegkessi ng
devices. 30 Figure 5 is a plan view of a portion of an alternative process
artdy. dhagbens iGini ffnid comoswicaton withaine of thy maik eondiligmgropgmefesdd in Fi gure
> -3 conduit, and wherein the feeder conduits form feeder conduit angles with the main
conduits that are less than 90 degrees.

These and other features and advantages of the present invention are described
below in connection with various illustrative embodiments of the devices and methods of

20 the present invention.

Brief Description of the Drawings

Figure 1 is a plan view of one sample processing device.
Figulre 2 is an enlarged partial cross-sectional view of one process array on a
25 sample processing device.
Figure 3 is an enlarged partial cross-sectional view of the process array of Figure 2
depicting one method of sealing the main conduit.
Figure 4 is a plan view of one centrifuge system for rotating sample processing
devices.
30 Figure 5 is a plan view of a portion of an alternative process array.

Figure 6 is a cross-sectional view taken along line 6-6 in Figure 5.

3.



WO 03/ 057369 PCT/USO1/50114 Figure 7 is a cross-sectional view taken al ong
line 7-7 in Figure 6. Figure 8 depicts an alternative set of process arrays
for a sanwbDa3psBeessi ng device. Figure 9 depicts an altePoatisvesaes of
process arrays for a sanple processing device. Figure 10 is a perspective
view of a sanple processing device in which the loading 5 chanbers are
bei ng separ at Lenmj phe; fr i ng device. Figure
11 is a persgﬁnggggéFgﬁf%%E?h@q§%%%%§£g§€g§§§?ﬁ63ﬂ25§%§1of Figure 10 after
seal i ng. Fi gWigurd 2 defict a4l aidrnatievselof proetdreiragafoplagampcessissigg devicee.
Figure 13 is a side view of the sanpl e processing device of Figure 12 after
folding 10 thHguraddepEtsanAhigmative prt of BFsestaiys fRa SPBRIS RIgceEHARHEYSSf r om

t he process i . i p i L ee | ocated
W thin e comyEUeiny wegpRLlife HoyiRN GhiiraTRLE BHEERRPHAR iFbhERs P2
COMPI €S ThaMbéete uiindieiafed ¥orh Sherefial®ier sfibé sanplb pricewiigderiteal ong | i ne
16-16 in Figure 15. Figure 17 is an expl oded perspective _view of an
assenbl y i nclfigitad 1 as sperppestiva Bieprofdbe sqmple gugpsingeyics of iguret0 afisrgure 18
is a perspective view of the carrier of Figure 18 taken fromthe side of
the carrf&¥ acing the sanpl e processing device. Figure 19 is a parti al
Cross-sect i or@abur¥i1gu £plad veaol oHep Sa5ple PRoddimCeevaded carrier including
an optical elenent. 20 Detailed Description of Illustrative Enbodjnents of
t he | nventi orFigre 13ieaside viewvelithe sample pracdesingdeyinepif Figre 2 aberfgldiegi ce

th can, be used in the rocessi.ng,.of |iquid I teri (or sanple
mater i alqge geh‘??ea A fl ¥ %%Pgliagf}% elf)%dm%}ilefrﬁﬂb Sefr%r%g}g% %)E%sl%é:%rg{?é;fs.t o obtain
desired reactp;gmne.14Qepicts aRRp tdskigldefide Idch@asatheda eb@prssignatvien (LCR),

sel f - sust ai ni ng segqence replication, enzyne kinetic studies, honobgeneous
| i gand bi ndi fjgarsdaysa plandiest plegn disepativalcompiestipeA¢ded-, or ot her reactions

that may, e.q.., require preci.se.and/ rapi d,th l. riatdons. More
particuIarIygﬁgWquﬁ?%g@%T“$h9@ﬂfﬁ%%8%F%3¥ﬁ%gn%zﬁg?én%ﬁ%%%%%ing devi ces in
whi ch sanpl e pRERMNT7 ad &cpl&ﬁhlp}éﬁs@e@hvteenéxhefmg@@ﬁmquﬂaﬁmga shyipleot at i ng t he
devi ces. The nmethods may al so include 30 sealing of the sanple processing
deld ces pufcessing deritecandest esrtiierl  di stri buti on.

Figure 18 is a perspective view of the carrier of Figure 18 taken from the side of
the carrier facing the sample processing device.
Figure 19 is a partial cross-sectional view of a sample processing device and carrier
including an optical element.
20

Detailed Description of Illustrative Embodiments of the Invention

The present invention provides a sample processing device that can be used in the
processing of liquid sample materials (or sample materials entrained in a liquid) in
multiple process chambers to obtain desired reactions, e.g., PCR amplification, ligase

25 chain reaction (LCR), self-sustaining sequence replication, enzyme kinetic studies,
homogeneous ligand binding assays, and other chemical, biochemical, or other reactions
that may, e.g., require precise and/or rapid thermal variations. More particularly, the
present invention provides sample processing devices in which sample material is
delivered to the process chambers by rotating the devices. The methods may also include

30 sealing of the sample processing devices after sample material distribution.



-4 WD 03/ 057369 PCT/ US01/50114 Although various constructions of
illustrative enbodi nents are descri bed bel ow, sanpl e processing devi ces of
the presewbD oyBe i on may be manufactured accordi ng to thecTmsonsiipd es
described in U S. Provisional Patent Application Serial No. 60/214, 508
filed on June 28, 2000 and titled THERVAL PROCESSI NG DEVI CES AND METHODS;

U.S. 5 Provisjgnal . Pat.ent | icatipl er.i al ... 00/ 214,642 .filed on June
28, 2000 and A48l Va%ﬁﬂﬁ@‘%ﬁ@é&%%ﬁﬂ@ﬁ%éﬁ@?’d%%dﬁﬁﬁb s, and
U.S. Pr C&‘éﬁlﬂ%bessiﬁgt&iﬁg‘%&fﬁg& gﬁgérﬁ’ thveefibnadi®e nPMadudll ZccbidigtiodRe Oct ober

2, 2000 and titled SSI NG DEVI CES, SYSTEMS AND METHODS. The
documentincipdest deb¢rdah diB. RibvisiohsldRatene ApplieatioatSerial Ndi §3/2143(18 filed on

ranut acoire Lapany BEdS HERIRETIRaCEs SR BRI ARRLMETRRS LS O ¢ he
present proyieidhhOPhtedt NppBt A0 SoriaPNb Uy, 6BNN1e8 ontilige 26 2000 BndHiRSESSI Ng

devi ces described herein are attached using adhesives (e.g., pressure

sensi t i VVAMPRESKREEESSINGIIREICHS, SWSTEMS AND MEBHAODS) and Ul H Poevisional

manuf act ur ed usi.ng. heat. ~seal | t her bondi ng chni gues.,. e
illustr t%t%Ag’th)‘%@npf% 8i %E%e@{ edQR e %{eﬁ?e%é@fggﬁﬁkeﬁgw H?;

princi pl@gochbsiNg pHEReY siyRYeRis AR i Thop)st ated in Figures 1 and 2. The
sanpl e processing device 10 includes at least one, and preferably a
plurality of Preodresmentsridgnsifizdabdsamcil disclodea yariotesisliffaentapsstd@tions eihds from
proximate a first end 12 towards the second end 14 of the sanp] e.

D S eo i A PlRcHPERsT8 degiser i Conbkeased o ByeuBEs i PECeRETeE e h

subst anty ; ib1Bs 518 pres@it HARABIE NFor¥kahdpfe, SRABLR HnGR IR NI

devi ce 13{8%%@&2618%11&?}%% Sézr’rangrg?rent may be oprg%%rr’ed, ig? vvinl be

under st cathpld@bcaniygaevangdasentieddiergin ecesmcladnayg Ribediveat(cigepstmei n their
substanti al,  ali nrr,ens ﬁQqetween the first and secol%:d en?s 12 and 14 of the
devi ce 1EnfIEve Ve edgvices o feipgisrn vetiopreuld Rropaiagred USBE el ween t he
first a 12 adighds is inportant because sanple nmaterials are
distri btr}tg%l %ﬁg%ﬁ?ﬂ%ﬁe sgln‘pﬁe processing device by rotation about an
axils of rotatOmniljpstoativestmptepeodessiag device hanwfhctutvel adeariding td the priffegriess o
rotated, any sanple material |ocated proxi e the first end 12 is driven
tovard SRR RIS ENVERTOD 1 lﬁ‘g}St@E‘?ﬁﬂ?'f & ?rgf%egﬁ%&?&l%B%’&eﬁﬁﬁgi Cf?@imﬁﬂg

rotati Onpciydes at least one, and preferably a plurality of process arrays 20. Each of the process

arrays 20 extends from proximate a first end 12 towards the second end 14 of the sample
processing device 10.

20 The process arrays 20 are depicted as being substantially parallel in their
arrangement on the sample processing device 10. Although this arrangement may be
preferred, it will be understood that any arrangement of process arrays 20 that results in
their substantial alignment between the first and second ends 12 and 14 of the device 10 is
sufficient.

25 Alignment of the process arrays 20 between the first and second ends 12 and 14 is
important because sample materials are distributed throughout the sample processing
device by rotatiqn about an axis of rotation proximate the first end 12 of the device 10.
When so rotated, any sample material located proximate the first end 12 is driven toward
the second end 14 by centrifugal forces developed during the rotation.

30 Each of the process arrays 20 includes at least one loading chamber 30, at least one

main conduit 40, and a plurality of process chambers 50 located along each main conduit
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30 Each of the process arrays 20 includes at |east one |oading chanmber 30,
at least one nmain conduit 40, and a plurality of process chanbers 50

| ocat ed aWwong/ogmeh mai n conduit -5 WO 03/ 057369 PCT/ USO1PEPABA1/5404 |t may
be preferred that each of the process arrays include only one | oading
chanber 30 and only one main conduit 40. The process chanbers 50 are in

fluid co ication, w.th th i.n_conduit 40 through f its 42.
ns'n’r ookl dringibe Pente Rl BF o3 g R etk Ml Rl B R 5
fluid comiicastdremith cBn@AC40.0Mhd fBcdE BkAGSerd50 hTh €lusd SinhosisitRe al ong
the main condui't 40 leading to the | oadi ng chanber 30. Each of the process

arrays 2itlithpimpiedoriduitA0ghraagh feddsocdnduitudb sAaa resplti Gadvadireghamdpaitber 22
| ocated .at th d of th in.candpit 40.. h of the | oadi hanb 30
ol uded gt St btage 59 21 B B B ey s RE M e o BR RS Sehe T oad ng
chagrber BQmbdih80IARIdI SR BE ndlin BEMuRe0deldineioate IdAdR@IchadBer®0. EHdhany

suitabl e techni que and/or equi pnent. A pipette 11 is depicted in Figure 1,
but is ofltye mneess ewtysi Audepiated inddgimd adwriptlodessnearitional; dygip chimabir@adi ng

chanbers 30.. The pipetie 11 . operated manual ly or nmay be part of an
aut ormat acaé%dn%:ﬁée ‘g’éllq%\}é??lag’s&oggﬁﬂt?ﬁr_ | oading the sanple material into
| oadi ng chamigrg oBRhedoKARPLRVRESF SHcRdedSYintR p@)ﬁ-32@§§fécéﬁdn"g@§1}-lgfeocesS

arrays. 20 in the sanple processing devices 10 of the present i nvention

are pr efmatatidlyntothelondidg chambeed). i Thesampleanitemnalwhayhbe dedivpred seport BAbENt i on,
an__"unvented" process array is a proces rray i.n whigh t only ports

| efi ng %nPitSBltaﬁngtemlﬂlﬁFeandé‘? %H@“ﬁ“gcgspépezt??léﬂs ﬁ?@CtFﬁh&f’@qu bﬁp]ls 835? ng
chanmber qof (LdAgiqRE RGABRIAL Sple bt fito WRIE5ding ERAKIRACH0.t TR RpQKESIS
chanbers wi thin an unvented %r ocess array, sanple materials nust be

del i ver edayt lee ¢eeatéomdnuedlycitandysre e afug humnmeed sangpiaddvernsysiem fooadi ng
chanber. Sjmlarly, 20 any .air, or. other flyid |located within.t process
array bdPHIES 5 samhs MpteRAIdaRdpainatrosrs S sRlf e ceS R Vice R  he
process ar T aysdh P tilhracdf kR o0ARISS AL kel daficb ORIbNGe prbattber . |
contrast, a vented process array woul d include atg | east one openi ng outside
of 15 t he iheautiiongregivefebzily uiiteatedo penisad) invemhectin| with fherpresent ipgendioe, @f any air

or Nl LSS0 MR Ui B SCSeS, 21 Bl a) oRgt A9 LS
i n Fi gurg 1ige plbbi&s BESF S8 S0 GRS 10afin S8fdniien 81 fhe\RbLER a4, [IRBtheFW¥rdsNCI ude
a reagent 54. It may be preferred that at |east 'sone, and preferably all,
of the ppoeesshe process chambers within an unvented process array, sample materials must be
delivered to the loading chamber through a port located in the loading chamber. Similarly,
20 any air or other fluid located within the process array before loading with sample material
must also escape from the process array through a port or ports located in the loading
chamber. In contrast, a vented process array would include at least one opening outside of
the loading chamber. That opening would allow for the escape of any air or other fluid
located within the process array before loading during distribution of the sample material
25 within the process array.
As seen in Figure 2, the process chamber 50 defining a volume 52 that may include
areagent 54. It may be preferred that at least some, and preferably all, of the process
chambers 50 in the devices 10 of the present invention contain at least one reagent before
'any sample material is distributed. The reagent 54 may be fixed within the process

30 chamber 50 as depicted in Figure 2. The reagent 54 is optional, i.e., sample processing

devices 10 of the present invention may or may not include any reagents 54 in the process
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chanbers 50 in the devices 10 of the present invention contain at |east one
reagent before any sanple material is distributed. The reagent 54 may be
fixed w two3nsmsepr ocess 30 chanber 50 as depicted in Fi geca/udoy/dhes r eagent
54 is optional, i.e., sanple processing devices 10 of the present
invention may or may not include any reagents 54 in the process -6 WO

03/ 05736 0 | | atd t he
b ocess DaETe 0 2 Hict vaBIAGE b e 30 he odRGLRRAES0 Bl MiucRATeafthy L0
anot her 3damihdleiothiers db fidte lienét apothesssiatioandiéfeenbiroomy chanbas 60 diaff er ent

reagents. Qther features depicted in the sanple processing device 10 are a
first negostainfiderengreagenihd a second nmj or side 18, between which the vol une

52 of proces S%&]??féggﬁes%%ajc e(gl ihglﬁél%rplég‘gﬁ)%f:%ﬁ&i %&Eg .1b%ré: 4 Zhes gwgorisﬁieaiémr tion

of feeder condu use erial toth rocess

chagrber #d.a sEBendmpjor sidé U8 DbebbecanohitB tief vdlinge 82uf procdsd chaybdres0 ismnuf act ur ed
of any suitable material or materials. Exanples of suitable materials

i ncl ude fopvedsnlspdepigtedin Higgirg 2is porpen phfespscenduit hbnspdde deliver sample

pol ycar bgnat.e, I hylen C I 19. f,@i etc. It
may be prPagtF Ié@rtggl? e[%r%esé{; Ealngbfgt% bbrT)élbgga 9?%2&%1?5 ﬁéggfgﬂgg%gge&gj% }?SGI des 16

and 18 RanFaisltwehedsudbble nméediodimaedridRtBlandlls dfkRaiatse bateialsiiadlhye
transmt electromagnetic energy of selected wavel engths. For exanple, it
may be prodymeiicmaterials (©gepolypiopslent.olyesiss pobraienatae)dycthylenseted. and 18 be
co tructqg 3f a qgtgﬁ%sjethai allows for visual or machine 15 nonitoring
of Iuorrg%(%](f &€ 5 28 P ’é(h'anges within the process chanbers 50. It may

al so be pref ef bRy behadferddd theesleRNEnedf thé first bfidiecaiiimape oftds M6pad 18i des 16
and 18 be in the formof a netallic foil. The netallic foil may include a

passi vatheqrenbiayased ofrp mathdalymaieréds thahsubstiabalihieansmite¢cgiosnagnetiqauergyadi ng

hanb 0 [ ' 40, f dpli . hanmb
501 0. presise CRom SR B GrreRe el REHR ] iy enf BBl PRBE SRR T TV

enbodi MeRhjoPkidtdEs SAMY IR VhOLRESd S0 BiakiaPthdeNiottseor Vidual b glatiEise 1 and 2,
the first major side 16 is preferably manufactured of a polyneric film

(ely., popsigrrogyifdhe)esedrge of eolpiehapaes withindhg precess eharpkared0.such as the
B T L
met al | i c1g 8 in, th€ fdtm of AMEhIUBIHUNTRE nRtNed folleha) intlade a pddsevaion Beabh i ¢ foi |
is preferably defornmable as discussed in nore detail bel ow.
the surfaces that face the interiors of the loading chambers 30, main conduits 40, feeder
conduits 42, and/or process chambers 50 to prevent contamination of the sample materials.
20 In the illustrative embodiment of the sample processing device depicted in
Figures 1 and 2, the first major side 16 is preferably manufactured of a polymeric film
(e.g., polypropylene) that is formed to provide structures such as the loading chambers 30,
main conduit 40, feeder conduits 42, and process chambers 50. The second major side 18
is preferably manufactured of a metallic foil, e.g., an aluminum or other metal foil. The
25 metallic foil is preferably deformable as discussed in more detail below.
The first and second major sides 16 and 18 may be attached by any suitable
technique or techniques, e.g., heat sealing, ultrasonic welding, etc. It may, however, be
preferred that the first and second major sides 16 and 18 be attached using adhesive. As
depicted in Figure 2, the adhesive may preferably be provided in the form of a layer of

30 adhesive 19. It may be preferred that the adhesive layer 19 be provided as a continuous,

unbroken layer over the surface of at least one of the first and second major sides 16 and
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The first and second major sides 16 and 18 nay be attached by any suitable
techni que or techniques, e.g., heat sealing, ultrasonic welding, etc. It
may, howewer3/obmsed preferred that the first and second nmaj ®CTAiSdes0116 and 18
be attached using adhesive. As depicted in Figure 2, the adhesive may
preferably be provided in the formof a |ayer of 30 adhesive 19. It may be

preferr hat the adhesive |l.ayer b I i S, unbroken
| ayer o g‘r htrﬂ@” WP eo;begfefff%e?stp gt(%%eeg%@glﬁﬁég%?r@ﬁ © grﬁgﬂiségggh! maj or si des
16 and mefaMOrOBsORA3PGdPEE/ US01/ 50114 18. It may, for exanple, be
preferred that the adhesive |layer 19 be provided on the netallic foil of

maj or side 18\ vaierpef athgsivés mahesisedsalihepehanyadgsiva seleriethhoaklbeadhesi ve

sel ect ed shoul e a le of withstanding the.fo r uring
o1 0cess D Ok R Pt S TR Bet o LS ERE R ¢ 55
Thase f QGRY iffe RBcdsREAANMAISSE, TRos8 forck{iRap bO LRSS Whde, d.8Y Gk pescebdigg mal
cycling as in, e.g., polynerase chain reaction and sim|l|ar processes. The

adhesi véasvolees therolalidgsling agin, elgotpolymiarasgdhaivireastion @nd siglilar aeeessesy eEhe

pressure _sensitive .adhesive t Anong. t.he pressure sensitive adhesives
that ma@dBRsIEs R lﬂng‘?\ ﬁegctl}ogﬂ"eﬁ/iaﬁhes‘fW& gjﬂ)bq% ﬁ‘ﬂ‘b PECHPOERSS %%rgltﬁ\%vi ces of
the preggidsijeavgation are those that are resistant to high tenperatures
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and humdity. may, for exanple, be preferred to use silicone pressure
sensi tive adhesdnvethe plsamplsesitof adbesives dhataidyeesiskd sorranpamavigy desur e

sensitive dhesi ves .ar.e siljicone-polyurea c ositions.as . described in,
e. U.S@lpgepcr%‘fﬁs?n% dgygesofsbe %{ﬁ%fngl, Igmye gq'gg? ﬁ}%?‘ﬁé‘?ﬁ“@?{gﬁo l'i cation
No. WO t | LG8 hel RMBlred B @E stiR6K prkksage resin to
provi de?%éégggﬁsragg%%lg%{iibﬁelggﬁ ’f)fwtf%{e crgrrpgspi%ti 5?1. It rsray beIB preferred that

al | featensétsve alhgsiyes. dacinplescii aohe switz®l siliedne-twoebipressurrsensitiegder condui t
42, process. chanbers 50, and drain. chanbers .22 . be f i | r st

maj or siag}éesi‘@s\ﬂfﬁ ft C‘f“ﬁé"’é%%‘if““r?é’f’é’r”% f‘%‘gesf%g‘?dsmse(l%s ﬁaﬂ?%&elnpsj ?&aiéi By

| ocati “Qn&l%'é)o?lb 1408 ISt Pubi088 Ne! RE0 06/35088 BRNRINEaiR hQEERENOEVERVI Ce
10, the nee or aligning the two sides 20 together before attaching them
mays be ef tavkitgingdesifty progidetiieadesied tagkinsssdo e ¢oammsitionde 18 nmay pronote

cycl i ng-equi puga e Riarrdbi A G s elsie HEFpE bR SE Bl e
f eat ur egedRY cHfuit 0" PR nBAbAs $008° dkoin@AemB&s 2b, adRh&l RIBE ARSI Ng
devi ces according to the present
major side 16 while the second major side 18 is substantially flat. By locating all of the
features in one side of the sample processing device 10, the need for aligning the two sides
20 together before attaching them may be eliminated. Furthermore, a flat second major side
18 may proinote intimate contact with, e.g., a thermal block such as that used in thermal
cycling equipment. Alternatively, however, it will be understood that features may be
formed in both sides 16 and 18 of sample processing devices according to the present
invention.
25 Another potential feature of the sample processing devices of the invention is
isolation of the process chambers 50 by closing the fluid pathways in the devices 10.
Referring now to Figures 2 and 3, the process chambers 50 may be isolated after
distribution of any sample materials by deforming the second major side 18 such that it

extends into one or both of the main conduits 40 or the feeder conduits 42 in each of the

30 process arrays 20. Figure 3 illustrates one such closure method where the second major



invention. 25 Another potential feature of the sanple processing devices of
the invention is isolation of the process chanbers 50 by closing the fluid
pat hways W oBlgr3eevi ces 10. Referring now to Figures 2 amdT3iSot/hd1process
chanbers 50 nay be isolated after distribution of any sanple materials by
deform ng the second major side 18 such that it extends into one or both

of the I i i i t process
arrays 200 H BoptbrRaitode blf CBRIP0 SAREHE sande IG5 Tp@led Hefectd Cona
maj or  -tBe Wb 6idé)57369 PCT/ USO1/ 50114 side 18 is deforned into the nmain
conduit 40, with the adhesive |ayer -19 |ocated between the two sides. The
desire to herhadesap theymgticallysedl fhad Rothyays n the samspleprosessingcdeyicen g0 devi ces
10 of t ent_in i [ t . of sensitive
adnesi veon PERERane B bl Nl B e REBE PR Eadl i adRe T et ve

i s preseqihedid e 3. W helersSire 0k seBEE RNV O (s (rbsdasbiFeanthe Edstahdt he
devi ce, deformation of the second major side 18 may result in adhesion

bet ween fepend inpior siday1 & arbhohthy devied, deformatiemelfl the s¢aend meajefsidsridarasnr ea.
That adhgesi,on .enhance any. seal.in r_closure pr ced by.the

def or mat EaHCABeELAA0EE ARbrSialh e adimeiy T SeBnTa af e Rd arsene

sanpl e prigg agisdsite HBYéhatcdns skalidd@r efitre pkOdilddd bl elid B foi0i68S ThoHeed .
reactions such as, €.g., polynerase chain reaction, in which ang liquids in

t he deviloebemmstic sxading thayge peressuicethenihe srenple arosesping deyicehaeiabe vsgsansi on.
After dis%ﬁibu}ion of saqgle na%erials ibnto th rocess cha 1Ers 50 is

conpl et e T QY BE ST PabPE D ?’%p?oal?{l@e’jtaﬁeeg‘ﬁ%?é‘%éo%ﬁh &850 from
each ot hgfuidd if PhAlidvadks RBY e Rt hidk pRENIESHEMe sbal ddVYiol tBéhaPbxiBEBLRr S.  For
exanpl e, 1solation of the@;rocess chanbers 50 15 may invol ve defornmation of

t he feeder cofdendisiribgtiemel/ semphainpatedaln dip the process chambesa 8hisgompldied, pr ocess

20, t h I [ deyi t hat . i ncl talli
ayor. 138 BTSSR @ ReTe e B o TARBer o e Ty H61 Ve BradpfEe |
def or mat ic@BmpfisheAn H%ﬁét#r OEnlaAX&E. F& bR, 1S0futioNRI PreGROEHIS EfantRrsesud/ or
feeder conduits 42. If, for exanple, a pressure sensitive adhesive 20 19 is

usédl to mey mwhlveldefdrination afidie derdonebnduitod? anddersmaie candpitsgiOorithineacharipl e
processi&g devi ce tg&ether, that same pressure sensitive adhesive may
i mprove THE'SERIAWY® 6f° nain conduits 40 and/or feeder conduits 42 by

adhering t he pgfipéseBEmbiefibcediify 886QRGh TR Mide a metallic layer, isolation of the
process chambers 50 may involve plastic deformation of the metallic layer to close the
main conduits 40 and/or feeder conduits 42. If, for example, a pressure sensitive adhesive
20 19 is used to attach the first and second major sides 16 and 18 of the sample processing
device together, that same pressure sensitive adhesive may improve the sealing of main
conduits 40 and/or feeder conduits 42 by adhering the deformed first and second major
sides 16 and 18 together.
It should be understood, however, that complete sealing of the deformed portions
25 of the sample processing device 10 may not be required. For example, it may only be
required that the deformation restrict flow, migration or diffusion through a conduit or
other fluid pathway sufficiently to provide the desired isolation.
In one method in which the process arrays 20 are closed after distribution of
sample materials into process chambers 50, it may be necessary to deform only a portion

30 of the main conduit 40 or, alternatively, the entire length of the distribution channel 40.



sides 16 and 18 together. It should be understood, however, that conplete
sealing of the deforned portions 25 of the sanple processing device 10 may
not be rewoimses36For exanple, it nmay only be required tha&CcTiusel/shafior mati on
restrict flow, mgration or diffusion through a conduit or other fluid

pat hway sufficiently to provide the desired isolation. In one nethod in

which t rocess alra 20 are claosed after distri i f | e

mat eri al h'rﬁtoag'ﬁrl?f)@ré%t_ég%ﬁg%? gor?@} 4|%tIS i %gﬁterg@g%é{??etr}rgg %}d %@%Bonl y a
por ti on th3@offontdrend M HABGIHID 1t Qte@proa@mbRIthaldadRis\hatber 3tire | ength of
the distribution channel 40. -9 WO 03/057369 PCT/US01/50114 \Where only a

portion of t tfealing all efohelmiain agdui 4@dydereing the sidan]o ped by tozetheedlorpthgef or m

50 soaneg af e PRl rn Biegids fePansess SRR HE ARGALARE 15"
t oget hempgh e&mu'thﬁ)l bacR b theOhadiRg cRANHZD. ¢hePRKnBROAIVER 34 hoRkagest such as

driving any fluid located in the 5 main conduit 40 back into the | oading

chanber s&fing@mdy pportint ioftheadaiacoadyst 4thisweat eitherafone seanly agowdl amaynpef t i on of
the main conduit 40 .is that_ either none.or S | .a nt of .an
f1uid n’&f’?é?]iuéff m ‘i'?j{-}g‘tl%ﬁt‘? in; the Mg} W“@Bﬁgﬂi“f"“%g{’%ﬁg‘m% %Wﬁ‘@a@ b?rh)é

| oadi ng sghanber 30. Methods of distributing sanple materials by rotating a

sanpl e processing device 10 according to the present invention will now be

descri bed wi tMethedssofelistabutingRagylemdterialls bgrotain® e sanplg psocsssing éeviveocessi ng

device 10' that includes first and second osing_ends 12 and 14' wth

ath eastacwémﬁrt%ﬁ@ﬂesamwe%n 'We]aff fse W]tt}hg’ﬁérﬁﬂ%e tf%'lg"gﬁg' fg{'ter of the

devi ce %)Qévidﬁgmhﬁp%gﬂg%ésﬁb%H@’Mp@%’qgﬁt'iﬂﬁﬁ&‘éli 16 dnldQeIRCHPosicg andaens 50' of
y

t he process rray tating. It should be noted that the sanple
pr ocessiang ldewithat 164t ona prasdessartely 20N hijgred depyeso dlssersisrldy arD14’ wifthe a si ngl e

| oadi ng chanmher 30' connected to the process chanbers 50'. along two main
condut ¢ SoN6S 10 FpamBl g P e el & PEprorer JBREES Y LiBh BB the

| oadi ng in | 5eS5otdPihat Y sUAPI¥ prddessTBY de AVRY @holud8
preferr é‘gﬁ?ggfsfwgﬂl\? l Strr%lggp samgl e ?rat erS?“/ﬂgI‘lS Pée| f%ﬁggr/eedlt o] eacohu of the

| obEdi ng omiyaodeeprecedss amay 2 ewittea sinplaioddieg donibensd® cpohenektodghe proges80 nmai n

conduits, feeder conduits,,Land process chanbers in fluid conmunication with
t he Io&h?ﬁgeréﬁgnﬂe?gt%wgl%?dgﬁ&gnal drain chanber (see, e.g., Figure 1)

I's located atpyehnount of sample material delivered to each of the loading chambers on the
devices 10’ may vary. It may, however, be preferred that the volume of sample material
delivered to each of the loading chambers is no greater than the combined volumes of any

20 main conduits, feeder conduits, and process chambers in fluid communication with the
loading chamber. Where an optional drain chambér (see, e.g., Figure 1) is located at the
distal and of the process array, the amount of sample material delivery to each of the
loading chambers may be increased to compensate for the additional volume of the process
array downstream from the loading chamber.

25 After the loading chambers contain the desired sample material, that sample
material must be transported to the process chambers within each of the process arrays.
Referring to Figure 4, the distribution of sample material is effected by rotating the sample
processing device 10’ about an axis of rotation 15° located proximate the first end 12’ of
the sample processing device 10’. Rotation of the device 10’ about the axis of rotation

30 15’when so oriented will result in centrifugal forces on any sample materials located

within the loading chamber 30’. The centrifugal forces will drive the sample material out

-10-



di stal and of the process array, the anount of sanple material delivery to
each of the | oading chanbers may be increased to conpensate for the

addi ti onawowalosnsse of the process array downstream from t ReTIusadsa1gy
chanber. 25 After the | oading chanbers contain the desired sanple material,
that sanple material nust be transported to the process chanbers within

each of e.process _arrays. ..Ref i [ G . 1 Luti on of
sanpl e ﬁt{f’grl&éﬁng %ag}aqeégqeaé‘dﬁrﬁ%rtg% gr{alﬁﬁcgotnﬁ Higé %gnfgﬁ éelehv% ogceﬂée: 1?%5& evice 10
about aphgaxhess 9. rotation 15 |ocated proximate the first end 12' of the
sanpl e processing device 10'. Rotation of the device 10' about the axis of
rotation 30 Thewhreplegrocgssiegmdesdcant([is prienttd such thab therprpersarhaehesedon any

sanpl e materi a | ocat ed, wi.t hin.the | i el | fugal
Forces drIPet) GetPrBoSdim it R Ru G 1R B ERAR Banils 300 Beiflell 50114
of sthe bRrdisne EREORY isIBcat@Neh h Pladiet B (HRirbtagRABNLIEe 485 15°0rTidgllatwer y to
the process chanbers 50'. The sanple processing device 10' is oriented

such t ha?’ mhyp prfackly be chpablreofacseptinganere thanansgampletiiesessipg Ae sl Aixi s of
rotatio? 15'than the Hoad'n ch er 30'. The sanple 5 processing device
i s FYCHBRIEAMSOLRABPM S that rot ates about the axis 15'. The

platter 17" may oREREE6RHE the BANSIRRRNIEsiIN dAGESREIRIE: toRhEatibanNroenRNSIEI e
processi ng device 10° for sinultaneous rotation about axis 15'. The

or i ent ais wot coficalhprosaiep et fhequessss plapnahers we doqataddpithes fram theaaxisafs of

rotation 15 _is no ritical rovi ded that the.process chanber.s .are

| 0at edr‘?tﬁ'i‘?l}]§ tb?%%?ﬁ??&‘%ﬁ%@h’g rslgﬂof _8%35?@871‘”’11%6 ﬂfe grr?%fel%(&f%g;gg rclléwgélanber s.
For exafp! R.in WEofnoh§ sSRMRaIP FIRCESE1iRE aARW, B edkOof he firkt dntia 2f of theof a
substantially flat card-like article, the edge of the first end 12' of the

sanpl e pamplegsicegsitgdévies 1D maydye dreentadi suhstantiadlyipstpgndicalar (o theppedi cul ar to
the axis of rotation. depi ct.ed in Figure.4. .ernatively, the axis of
rot at i ofO@8OnN Ay Pbcéey@a:ﬁ@frﬁﬁt i‘A&Felr@aUeYFg'gﬁ'f?&‘xﬁ qfﬁé%éc.”b T?’ IB%PF% lel to) the
edge of éﬁ&%ar{darﬁ tali?ﬂabt@ with (., fatf1es dyRhSede? dPIIRCMSSInAd 20eY Hesakdle A

mul titude of orfentations of the first end 12' relative to the axis 1%
cald be emdesiimnésidretOnee mubaude bedrientatiope opthedirsiandrl?’ eglativfto e B8 ar e

acceptable as 1ong as.the process chanbers are distal, from t IS
15' rel aBisv‘éa“tl?? %W&g?fﬁa&fi%ee ﬂi’é‘?‘?@gf@d Q?ﬁpeflﬁbcug’é\ﬂllgﬁwhlgé%rgua&ep? %éé%gr ocess
arrays @fn SRRt BroREQCBERbAY aHEKIEPE0REROLHS 1 ré VNS th REEIAE chambers

on the devices.

Because the process arrays of sample processing devices according to the present
20 invention are preferably unvented as described above, distribution of sample materials to
the process chambers may be difficult due to the air or other fluids trapped within the
process chambers. Among the techniques that may be used to assist in distribution of the
sample materials are selection of the materials used to construct the sample processing
device, the addition of materials to the sample material (e.g., the addition of a surfactant to
25 reduce surface tension in the sample material), manipulation of the viscosity of the sample
material (e.g., by heating), etc.

One advantage of centrifugal loading of sample materials into process chambers is
the ability to rotate the sample processing device and inspect the device after an initial
period of rotation to determine whether sample material has been adequately distributed to

30 the process chambers. If distribution is not satisfactory, the sample processing device can

be rotated again until satisfactory sample material distribution is obtained.
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20 invention are preferably unvented as descri bed above, distribution of
sanple materials to the process chanbers may be difficult due to the air
or ot her Wbws@s736e apped within the process chanbers. AnpRgTiuser/sEehni ques
that may be used to assist in distribution of the sanple materials are
selection of the materials used to construct the sanple processing device,
the addition 0f .5 i 1 jtion of a
surfactant t a19AReR i r i et 87 SAERLETEh ELnoeck e aphigFiE Y

mani pul ahdthedsalf thdrprevdns d@hiioh @by hlke eBdip! tovo orah@e hedeldratiap/decblyratieat i ng) ,
etc. One advantage of centrifugal |oading of sanple materials jinto process
chamber $y¢lss to assishisidistrihution ofsemple mpferials forethsdepdingchambgrip e and i nspect

t he device ter .an it i i.on t e i sanpl e
mat or  alP s SEON AR Bl hus BFLbAafimd Bleifltnd RSIE ARARREOR B
di 3 ri bubdyosdsdritiallg busrtht Siaslk dideridd@raahan poadesaidigeddevonmitc & be
rotated again until satisfactory sanple material distribution is obtained.
-11 WO G8yUBrspocEsThusbas 50 may alyobedpiv] Bihe apcelsration apd/ge decgleration

sequential ro e-inspect-rotate [ T he pet f .present
i nventi &K° %ﬁ-ﬁ‘?&"@ﬁ@f‘é@ayﬁﬁ@o p&?feﬁaa%?%&gg@gllé?lg cllﬁger?;] 12§re erat %c%ﬁ cycles to

assi st igppeditetditdetibnson of sanple materials fromthe |oading chambers to the
process cﬁanbers. Al ternating accel eration and decel eration of the device
during rot at iThe Btuzhgccelesasioniang dgcaberation réesgpaipYasy heee op alvarietbugh mai n

condui t d feeder, conduits.(if.., an into proc C . al so be
el ul o EeRa PR bre it SRR PP e R R DAEARRS ol PRI T
may al sQhRmBER! @btadcedt the REnA1O nRRSIAUFORChE @Kis OF rdthtidyhabgialyuse@pPOSi t e
directions. The actual acceleration and deceleration rates may vary based

on a varhamfacyire g devicesrpropardes efshe sampple malirials Gigevispsihecte Mgl e

processi ng_device ize of the conduits and ch ers. . dista . of the
sanpl e ﬁg@ﬂ%a?fcafdr%ﬁﬁ_ ?%Cg?eé%og dc?FglF@#ﬁg? 9 ?n}’?ﬁtnécﬁllq% & 1ltjnstl(e%(ijg Cgﬁ?%ﬁ)ﬁl}? acture
the devipgs, 40003BRIIEASS fof nikife é?fﬁ?,' RIFWEEbY dbseldrtich to aBbSCIOBD iryth,ovet C.  one
exanpl e of a useful acceleration/deceleration cycle may include an initial

act®l er griiod of abous B sacondoeith ossibatiansom sotpiéenahipead ef thesleyice befwesied by

occi 1| arrBiderAdRo ronal " SREE TR uRALL Pl uRRalle 4 3BBRP Ana 4000

rpmat 1 secqnddifbfky 8bifstaaRpeed Pota@EPAR] AvBtIfatiohMed@atiliSdycling igthg | N
addition to constant speed rotation and accel eration/decel eration cycling
duri ng rotation, the methods of the present invention may also include vibration of the sample

processing device to assist in the distribution of sample materials into process chambers.

20 Vibration, such as tapping, high frequency oscillations, etc., may assist in removal of
entrapped air bubbles located within the conduits or process chambers. Vibration of the
sample processing device may be employed before or after rotation, or it may be employed
during rotation of the sample processing device about the axis of rotation.

Although the process chambers illustrated in device 10 of Figure 1 appear '

25 substantially circular in shape, it should be understood that the process chambers used in
sample processing devices of the present invention may take any suitable shape. One
example of an alternative shape is depicted in Figure 5 in which the process chambers 150
are in the form of oval shapes that are elongated along axis 151. The axis 151 is preferably
generally aligned with the main conduit 140. As a result, the axis 151 will generally

30 extend from the first end of the sample processing device to its second end, with the oval
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rotation, the nethods of the present invention may al so include vibration
of the sanple processing device to assist in the distribution of sanple
mat er i al swonBospBsdcess chanbers. 20 Vibration, such as tappiragot/siigh
frequency oscillations, etc., may assist in renoval of entrapped air
bubbl es |l ocated within the conduits or process chanbers. Vibration of the

P e BRE DL bt Beli o R R MR BT AL R O Bl R bR A OF 11

may be & i'ng rétation € processing device about the

axi s of ap@b&fon@RndSbitthe vahplt PeocRésapedessicehanbers illustrated in device 10 of
Figure 1 appear 25 substantially circular in shape, it shoul d be understood

that the prodégyeSidsoiepistusedericanduitarigP dhgs pescrisierably nalsdcd obhempadn pr esent

i nventiaon K ny. suitable sh t kve shape
o dopi conl) MO AR A AR AR L S BRI B B R iaab 2O
of pval phapekeldtdbndiit BLeRGRIRGratcafchambess 150lat tHdendatdssstkb thd Brst
preferably generally aligned with the main conduit 140. As a result, the

axi s 15Endiof thegempleaprogessing drvien (vhiclin, theectoter te cad @f Be professeippibsr

pr ocessi .device to its second end, ,with.t oV : :
bor uso hagnasestindeekd ot FaRnEMbe i’ etitine i ARy 1R
di nensi qRe AobaRRHaRBL N80 af 6 chd el faclidteSeRONL oFRHSyitin tHRehambPIsE 50
processi ng device. Figure 5 al so depicts feeder conduits 142 that are

pr ef er albluyinghefddag. of f of the main conduit 140 and adjoin the process

ch ers 150 . at one end, .|t .be further, preferre hat f eeder
cohduits 142 rﬁ@etge‘feﬁﬁomt%gq%ﬁﬁn%rlgdﬂ% %}g‘ﬁ? %gngggetgle%%@setfé 6 the first
end of tRRGSAMPLENRMRCEEH (dHE YAG endyM Sdhhiasoe Qs 6f G prodehectantbens t he
process chanber that is closest to the axis of rotation during | oading).

Entry ofl50y fremdeéng thomempya of 4R aiim tlbmay Her prapede dediefpmed hatthe fegder he end
may facilitate re al .of air within th anber.s 0, duri ing. 10
The feedﬁP&ebﬁ%ﬂ?gggﬁbﬂﬁnéﬁdF@E?%IT%%PFﬁ%%@HéﬁS§H8ﬁ§‘?é?ﬁ%df%%#ﬁégn t he

feeder oandbhise 342 aRRYs bOBichRirdl BAREM the 5H of MRYfeddes QomibamOgatink | i ng of
the process chanbers 150 by pronoting the renoval of the air. It may, for

exadpl e,aviy fpme frer firsitendrodtthe deyidecad dhe memmpnileit 4@l e be | ess than 90
cegr e, o e RSBl S5 o SRR TRl SO B O, 200 o
15 avay 155 amdihe offbdi ot et cbhimid e 68 oppshitd@deRirmeangwohddid @40 Anot her
potentially advantageous optional feature illustrated in Figure 5 is the
(as opposed to the cross-conduit alignment of the feeder conduits 42 in Figure 1). That
offset between the points at which the opposing feeder conduits 142 join the main conduit
20 140 may assist in preventing cross-chamber contamination during filling and/or
processing.
Figures 6 and 7, in conjunction with Figure 5, illustrate yet another optional feature
of the sample processing devices of the present invention. Figure 6 is a cross-sectional
view of Figure 5 taken along line 6-6 in Figure 5 and Figure 7 is a cross-sectional view of
25 Figure 6 taken along line 7-7 in Figure 6. The figures illustrate the smaller cross-sectional
area of the feeder conduit 142 as compared to the main conduit 140. The different cross-
sectional area of the conduits 140 and 142 is achieved, in the illustrated embodiment, by
different heights and widths in the two conduits. Providing conduits with different cross-
sectional areas may limit diffusion of sample material from the process chambers 150 into

30 the main conduit 140 after and/or during filling. By limiting diffusion, cross-chamber

contamination may also be reduced.
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| ongi tudi nal offset of the feeder conduits 142 on opposing sides of the

mai n conduit 140 (as opposed to the cross-conduit alignnment of the feeder
condui ts WP fsBogure 1). That offset between the pointsPat/ushi/shig he
opposi ng feeder conduits 142 join the main conduit 20 140 nay assist in
preventing cross-chanber contam nation during filling and/or processing.

Fi gures 6 andgZ, ..Jd: i i e i i i r

opti onal f oat pieare G RhHREC Rbobhy o loBHE Snther Bl oo Rhe DRIl

i nvent i o220 dsefyl fiesfinpls peocesshgsdesiet bbhalinventionv Alndnigghty featirdsalepictedlliong | i ne
6-6 in Figure 5 and Figure 7 is a cross-sectional view of 25 Figure 6 taken
al ong | i spEngCctipn witheprpgess agraysrp0 arp igrsbagepred yelatonsbin préwespdrading

Cross-segti I I f : j; ; in
condu - aBReL 2305 FER 3 subbhol FRARBRY forkie B8 dGRTRAL Snck debfer® 1
14251 s ambtsayelambdis 2b& i1l ustrated enbodi nent, by different heights and
widths in the two conduits. Providi ngl conduits with different cross-

i3

sectional ar eBachafyhe loading ghambess 430 also inghsdes a heading part 3 ¥ andinenbptess
chanbers i 1. | i I filling. By
T 3O By 08 ARBRDOE LML Ak lecRbAl AUGR0 Tt O
WO 03/ 05¢£3aQteRedrn URObA&IRE part 28D ot fr 1 dssape dueihg fitlin gCofdhaphdiny ichardbdrr at i ng
anot her arrangenent for process arrays 220 useful in sanple processing

devi ces #¥0.t he invention. Anpng the features depicted in connection with
prqgess array re the. r. tionshi : oadi chanber s
23 6 Such a s gétégrrfgeat%ﬁe%i’tl ft%cﬂ%%ﬁ%ﬁ%&;ﬂh%&e %@ergjtaﬁggsgﬁeﬁrl]\g&?@éno@gg gag |Ssng

bet ween ctanibeRCEDdofdie1645 cath®f tHeatkin@bndiig 1402 Watlgpsihafhieessizd0 al so
includes a |loading port 232 and a vent port 234 which may facilitate rapid

filling prpcashehdrpbais RS0 isHadyid eonpgunipgtiqerwiih eachgtizer piangwadin cardyilrZ#0e from
the | oadin of.t..232 for .air to esca during fildi. el i.ng
chanber o3RRG B bh o bR RERRE RO b ocelsig Mo BlockinalBely

rel at i onzo efHedREbutidheofRhOSRgSe mahbaial elich 38 hamahied alehgiqgaacs of the
mai n conduits 240. Each pair of successive process chanbers 250 is in
f1dPd cormymitingremavaliof hosaantesieliaturial dirgribrtion of dhraiamplometerialpguy beesul t |
if any reagents-or other ymaterials are to.be, laoc - WL hi

chanber SOSEHERT AT ARG SaPbeehlulit bASRLEE dhb U By RS LA
mechani s¢ich bf RGeS Endntbers 250.

Figure 9 is a schematic diagram illustrating yet another arrangement of process

arrays 320 that may be used in connection with sample processing devices of the present

20 invention. Each of the process arrays 320 includes a loading chamber 330 that, in turn,
includes a loading port 332 and a vent port 334. The loading chambers 330 are in fluid
communication with a plurality of process chambers 350 through main conduits 340.

One feature illustrated in connection with Figure 9 is the addition of valves 344

along the main conduits 340. Each of the main conduits 340 bifurcates to an individual

25 subset of process chambers 350. By selectively opening or closing the valves 344 (which
may be either closed or open when manufactured) the delivery of sample material to each
subset of process chambers 350 may be enabled or prevented. For example, if one of the
valves 344 is open while the other valve 344 is closed, delivery of sample material will be
effected only to one subset of process chambers 350 (through the open valve 344).

30 It may be possible to achieve the same result, i.e., enabling or preventing delivery

of sample material to a subset of process chambers 350, by sealing the main conduit 340 at
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15 preventing renoval of those materials during distribution of the sanple
mat eri al nust be provided. For exanple, the reagents nay be contained in a
wax or otweri3ssisst ance within each of the process chanbePrsTaABO01/5HIgUre 9
is a schematic diagramillustrating yet another arrangenent of process
arrays 320 that nmay be used in connection with sanple processing devices of

h 20 i i 0R. f . . i
| oad ng ‘BRapsets 3t P hnaes REBHRhor fyiflhcERRe 8 fEs SEphEBONERS,. 2

udes a T oadi ng por a vent

port 334yoviléd theasiligio Raisaeks atobdreubtoniikation of CewaMipleplotesingi th a
plurality of process chanbers 350 through main conduits 340. One feature

i |1 ust r alewige inclubmnprocessarmays $205 Thervalvgs 344 mpy taleranyi ssitale fapem y@18e 344 al ong

th i i ts. 340, h, of . t ' )i ' tes t
| ndi vi cdaranss ob i e e ies e pisapERght Btk QLR S pemi ng or
cloging the vl yese dftbrlivhbie BrocBRYarags 820, hehaE bOSERIH toqRevidvkeiiple

manuf actured) ‘the delivery of sanple material to each subset of process
chanber pré@5sinmjeieesahatbreiloredpt thepains @f ustoior prigplabtesiing agds.oPthere

hat o al e Bdrtauib B Al R0 SR b Be Sp Pt affilat fistel byt ©
(thr ougheffaen ORE RuMBENEE p33éhss cidfhblels TFMokehiBOERE Hindlé Makeial MEbEhe sane

result, i.e., enabling or preventing delivery of sanple material to a
subset afelipered.e Adtematingershe3s o highyr lswelldf egnfidenceds gqeisssd thetvabge 34¢ - 14 WO

03/ 057369 PCT/ US01/50114 n_appropriate l.ocati fter the bifurcation
ol | ThY GrsereBrd (apeesesRa niRge Raoyer A 908 “The! dirers ilef
aut omat qu&%&éd?'the%bryqﬂ&&&gﬂﬁog% neAb&f oftths p@rahRIPr ocessing device
i ncludi ng process arrays 320. The val ves 344 may take any suitable form

some exanpl dbefafrin‘gﬁniomodﬁignaéémniotiedoptmrtahﬁeapa@ ehthe pgseitdayanyins 1§ dent i fi ed
above. 5 By using. custom zable process_ arrays .32Q,, it be possible to
provi de SSBHBHR Ofgpﬁgqﬁggigﬁé‘aﬁéﬁséég%Eoﬁh@“eé?’@XWg?rl O%rtg%saé?%q%(ﬂrém%%}% of use
for partjecikanot l@‘sé dr&g%ﬂkﬁftﬁéloa@ng%rtjo@adsfam ?@gﬁde e PRMchdf @i 410 fidhe ability

to reduce the vo sanple material nee by reducing the nunber of
pr dSess thérpodtion sofahingmthaipradess dhambsadDaenaymprevide adyrayagse suchab fper ed.

PRSI MISLS 8 DL ADEL Lousl 0 SOl ISR B S 08
o 1 SRS SRt ik essaaizg ey s, o et
pr esent \'Niﬂ!/iﬁ mhd Joading chambers 430 after distribution to process chambers 450, etc.
Separation of the loading chambers 430 from the sample processing device 410
20 may involve, for example, cutting the sample processing device 410 along the separation
line 413 as depicted in Figure 10. Where the loading chambers 430 are to be physically
separated from the remainder of the sample processing device 410, it is typically preferable
that the main conduits 440 be sealed across at least the separation line 413 to prevent
leakage of the sample materials during and after the separation process.
25 The use of a pressure sensitive adhesive within the main conduits 440 (see, e.g.,
Figures 2 and 3) may be particularly helpful to ensure adequate sealing of the main
conduits. In addition to, or in place of, pressure sensitive adhesives within the conduits
440, it may be desirable to further seal the main conduits 440 by, e.g., the application of
heat and/or pressure to bond the conduit closed.

30 If additional sealing is required, it may also be helpful to cover the ends of the main

conduits with a seal 444 as illustrated in Figure 11. The seal may be provided, e.g., in the
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separation of the | oading chanbers 430 fromthe remai nder of the sanple
processi ng device 410. Separation of the | oading portion of the sanple
processi yodawsse9 410 from 15 the portion containing the pcoassssahanbers
450 may provi de advantages such as, for exanple, reducing the size of the
sanpl e processing device 410, reducing the thermal mass of the sanple

rocessi,ng device 410, rempyvi n n I ihal s " i
o o n o PER AR R ab B AP B AR AERLRGR o] ot ARbudRY BRI
et c. Sepahahkdspr Bfsedie tleqslig, & hagherdesiddle fo; e/p, s ssalntht seapadLizssi ng

device 410 20 may involve, for exanple, cutting the sanple processing
devi ce 4l@eahdhgsanie prmsessatg deviceldlle 413 as depicted in Figure 10. Were

t he | oadi ng nbers 430 are to b hysical | v. / r emai nder
of the sampl SEREBESOT g Ftr L H PRt g PRl oA EF & 2T e
mai 4 Coﬁgé&iﬁ%clﬁﬂﬁae%mrﬁ@h@&hﬁﬁﬁieﬂbf the aahplepeoenag asviews 10imey 413 to
prevent | eakage of the sanple materials during and after the separation

pr ocess.indtdeTodding theshmalaprossssing dsens P14 slengdrdsieparaipr HnhS Pheliphi n

conduits, 440 (see, e.qg., -Figures.2 and ma articularl | pful to
ensur e B‘é&}ﬁeﬁ gesedly OC?IIOSF?‘@E’ Wﬁ}%on@ﬂ}ﬁg‘%ﬁ ?ngsslqﬁe geCP&IE a’tul%(%;){rllf?i 8},{3 §§ in place
of , press p‘%@&@%éjh ¥EnREE &30 VRSh Mat B dBsifclge e IdUition mAAR achieved®y be
desirable to Turther seal the main conduits 440 by, e.g., the application

of  heatbeammthdhe proess whambers B6A wvithhet foghendeformasion @f a®oof the 5@l t i onal
sealing is required, 1t ma l.s e hel pful to cover the ends of the main
coﬂ(ﬂyi tscoﬁﬁl‘ilﬁqijffoﬂg]i’e’i?ﬁﬁer&én‘?‘flfs S¢rated in Figure 11. The seal may be
provi ded, e. g gxa? gg Id@ﬁrable]té Y i83LARFR8 A RCFLERRMAA it infeRetiodk ofthe

[

adhesi ve coate or other material. Alternatively or in addition to the
use of mainadidsis\vdOtvdiisibe foldingmeSd Althat 4, wider angyshislowesthamtiee to, e.g.,
heat seal the _seal 444 |in ] a on. t.he sanpl.e prqcessi.n vi ce 410.

Ref erri rﬁﬁnﬁmﬁhf%l’?‘lﬁﬁﬂ? Coféﬁléﬁgf(i@&a%ﬂ@tea?rgg?lﬂﬁtof@jg CtOBd]fJI%;gll cdélfmg eparati on
of the I%ldli%dfﬂégwﬁl@ﬁ@Hﬁfcﬁvé_%Qn{pﬁrfgrﬁréeﬂ%‘%%@h&ﬁ@er,ﬁfrekﬁblﬁﬁ@ﬁh@ aRE@eessi ng
devi ce 510 y include folding'the sanple processing device 510 al ong,

e. 85, sepaiaial ara forrfid 8w tiitas sinfilbr th thg cprsesedipnabiuid|foy abaefdhe he mai n
conduit 540 agross the 1:sje[)lgarati on ligg 513 by crinping the main conduits
540, sucHTPHRFNg Pedons afithe &alp condisP?qn nay be achi eved between the

process chanbgfes.canud Fes ddwidpbe Hux?f? R At FMhePdandfly pRtessing dewicss 10

conduits 540 or the feeder conduits 5 .
to deliver the sample materials to process chambers may challenge the sealing of the

process chambers and other fluid pathways in each of the process arrays. The challenges
20 may be especially acute when the sample processing device is constructed using an
adhesive to attach to layers together.
To assist with the sealing of the process chambers and other fluid pathways on the
sample processing devices during rotation, it may be advantageous to compress the major
sides of the sample processing devices together during rotation. Referring to Figure 14,
25 the sample processing device 610 may, for example, be located within a compression
device 660 (e.g., in the form of a clamshell or other suitable structure) that compresses the
major sides of the sample processing device 610 together during rotation. The
compression device 660 may, for example, include conformable material 662 in contact
_with one side of the sample processing device 610. The conformable material 662 may,

30 for example be a resilient foam or similar composition.
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It may be desirable to provide crinping areas 546 | ocated at the
intersections of the nmain conduits 540 with the folding Iine 513 that are
wi der anaowehalobmseer than the surrounding portions of conagrtsobai4 o
facilitate crinping of the conduits 540 during folding. The w der,
shal | ower crinping areas 546 do, however, preferably provide a cross 15

sect  onal - ar e ol iyl Qo an d5yish b Ara o bBRUFERRSE Sagtional {1 uid

fl ow area of surroundi ng-portions o e malin conduits 540.

centri f uppbsihi@sidesf thevainpleasdoctssing devicd G0, ok thie cohformablp netqrrab 663 aichg
devices to deliver the sanple materials to ,gr oceEs chanbers may chal | enge
t he sealthsbpseP64 pee bipjedde¥ard caahpides thednaigt HETs 91 the SRTRIE RIASGTSIMEFELER of
the pro s_arr h TRY e L he
sampl o proesesiiSust; TunBHEIdER 28 SRMGORITIAREL S DR RN T

| ayers tsa@plehfiteridl® oassl thé pwictds chirbasal bihgr fiflidtjachvwrys dessg mitaivinenf sheand
other fluid pathways on the sanple processing devices during rotation, it
my be adraletrigesssisgdeviedf?-ess the major sides of the sanple processing

devi ces together during .rotati . Ref b ' : npl e
processi ng dré%eccé) ngof@aﬁlgﬁl at 6arl%§>2< é%fﬂg?i : eiﬁc%t%%? 1&e%jjﬁ’vtvlgctt hjwlzhrll1 tgé%lg%gf 1Zlgsi on

devi ce GRQick 810 that iftlidee ahpEtiacdireasuchasphietds dambtRer condiitaprernslinguct ur e)
that conpresses the nmjor sides of the sanple processing device 610

t oget herthefairpmgo eweididapngingikose shHepEs s The bare\iodanayey feaped ¢lgnyexanypl e,
i d f bl i 66.2 | i . S| . |
br S esoi SigRUE prE 1R be G b BN flure e BrgRBISY Al Ue GBELETD €,

a resiligoliefi@a¢MOfacihk Mhd Bdse eaposi tion. -16 WO 03/ 057369 PCT/ US01/50114

Al'so included in the cog])ressi on device 660 is a base 664 in contact with
the opposi ng A pdaiosfofanaltematyecommesing; deyicgdyflenicted g Figares hé apd k¢ 8t nabl e

material 662 .and..the base, 66 » b ) e maj or

si des ofc_oflﬂeecngﬁl%fhea Progess Sh ergéres\?)i %rleaa&g%ﬁ 581%?/\%%%8%%%2%@%5@ T%’? conpr essi on
may si gniiflfaaté l:amp@gigs@d&ﬁcdairs%ﬁ?ﬁed B8 pKAGE: Pessary Phesawmpressivatderical s out
of the process chanbers or other tluid pathways during rotation of the

sahpl e pindodessi shgpetbednepresian diFi9e2 cbaifapphetrressia denshi disestei e s abl y

R B L e
avoi d damRgegion s 863 tpreetlests damsDabae 864’ wayed on tiar oppdsief sidayf
the sample processing device. Departing from the design of the compression device
depicted in Figure 14, the compression die 662’ may preferably be formed of a
20 substantially rigid material
Figure 17 is an exploded perspective view of an assembly including a sample
processing device 710 of the present invention and a carrier 780. Because, in many
instances, the sample processing devices 710 are manufactured from materials that are
relatively thin, it may be desirable to attach the device 710 to a carrier 780 for a variety of
25 reasons. Among those reasons are the need to provide an assembly having sufficient
thickness to be processed in existing thermal processing equipment with a minimum of
modification to that equipment.
By providing a carrier 780 that is separate from the sample processing device 710,
the thermal mass of the sample processing device 710 can be minimally affected as
30 compared to manufacturing the entire sample processing device 710 with a thickness

suitable for processing in conventional equipment. Another potential advantage of a
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10 suitable material which may be rigid where no structures are protruding
fromthe side of the device 610 facing the base 664. A portion of an

al t er nat iwe osos3sEsSsi on device is depicted in Figures 15 &00/UB61/50114
connection with a process chanber 650' and portion of a feeder conduit
642' . The alternative conpression device is designed to provide pressure.
The comy, 655408 1sdt?1%(t! € seglgf%lk [Sﬂ%clé devidiengd Hf:dg %Rﬁfﬁﬁsd t@ﬁ'dé?l'cg tP&AI ort hat
appl i es pressure along a discrete area or areas ocat ed about the

per i phergthelvisieviateot@a S pliranbenfigit@ionandtathiag tlecdtsicectfdaiatrigbéi@iierThe
conpression die 662' preferably acts against anl%ase 66?' | ocat.ed on the

opposi t e/38jcgw rejpin tbm@ng&wogesarwgcph@aa@@%@ IBEISHPR (A PreesHi®-he desi gn

of the conpression. J i L Fi . i ie 662
may pref or abl s, sa e FRa G UL B occhsink WEVEPTRY ERSRINCE © 257
an £xpl agadlipet SRt caueierTENoMe raiked satnhhny diffetentsangpla psragpsing depicocessi ng

device 710 of the present invention and a carrier 780. Because, in many
i nst ancel0. tsrrativplyecashseniss 73 mas pr peananeptly peacheacth i 18P SHPEom

materials that are atjvely I i I 3 t he
devi ce ﬂﬁcef%n%g%‘ﬁ???gdrSufgglaft’oarﬂegh%aﬁ)%lttggé‘ @%g?%ggéso &evkﬁoﬁgta? ﬁ%’see
reasons @f&rwggmgcagdbdm)%a(h&e an assenbly having sufficient thickness to
be processed in existing thernal grocessi ng equi pment with a m ni pnum of

12)

nodi fi cati on Ehe samwle prgesspimgdevicsy | hmey be mpguiiciied asedesqdpdiahaye- j Eesepar at e

fr t he sa racessing. devi ce 710 - : |l e
pr g(?es si %Ieﬁgﬁggayﬂgui%‘ﬁgf% > \rfi?anllﬂﬁ’sa%qc{/l azsi%%glg{ g@%@sggﬁ (%:%artrgfae réar t o%np
manuf aCthgh&Qwﬁtth@}Blhfaﬂi@y SEAPTBERs PhAGRSST SWindRy Hedce/ 10, By progididy @kiess
sui tabl e for processing i n conventional equai)rrent. Anot her potenti al

advant agepeoinga782, e poces cbanbas 7HEmngoniesed fram the side of theg@mple t hat t he

sanpl e processi .deyjces. 7 nay: i bit C . . erw se
devi at e FPoH'8S g%ﬁ%ﬂ@%ﬁﬁ%ﬁ?% i %rﬁ?%Aﬁnéac Fl}}“g“‘ﬁtg %go %Kg&gé@@LiBR% %htg'b?i gi d
carrier caf@Q opafing€4s3 R t ARnsABRLEHhD cACRs I8MEF Agiiceial (of nttdqdlaishar
configuration for processing. The carrier 780 may be attached to the sanple

pr b essi trapsuiissivedo gleotrpmagnefig rafiationsn thepdestipd wakelengths. nas ¢ Egsplt-df M280 t o be

d with diff t | . i i | g ly,
oen oot msBRo i b ERFRLTRATRY 8 BLEIBRCLIG (EMLAES of flQumple SRRV 0LV,
?ﬁVi ce 7dRicual, tdahe cateLprovirRs nbopdhihdefos athstoPlicop@ssss dhamigyrs ¢80.710 and

e

The carrier 780 illustrated in Figures 17 and 18 may also provide advantages in the
sealing or isolation of the process chambers 750 after loading. Figure 18 illustrates the

20 rails 783 in the carrier 780 that extend along the length of the main conduits 740 in the
associated sample processing device 710. The rails 783 may, for example, provide a
surface against which the main conduits 740 of the sample processing device 710 may be
pressed while the conduit is deformed to isolate the process chambers 750 and/or seal the
conduits 740 prior to separating the loading chambers 730 from the device 710.

25 In addition to their use during deformation of the main conduits 740, the rails 783
may also be relied on during, e.g., thermal processing to apply pressure to the conduits 740
(thereby potentially improving the seals formed along the main conduits 740). ‘
Furthermore, the use of rails 783 also provides an additional advantage in that they provide
for significantly reduced contact between the sample processing device 710 and the carrier

30 780 while still providing the necessary support for sealing of the main conduits 740 on

device 710. The importance of reducing contact between the carrier 780 and device 710
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carrier 780 are discarded together. The sanpl e processing device 710 may be
manuf actured as descri bed above. The 10 carrier 780 may include various

f eat ures woab/osmsecarri er openings 782 that are preferablyPpcalisgnsdia t h t he
plurality of process chanbers 750 in the device 710. By providing carrier
openi ngs 782, the process chanbers 750 can be viewed fromthe side of the

sanpl e Efﬁéﬁéh@ﬂaﬁfﬁhﬁ& abt GnEAR HeGsdnlity ?s%rUe%rsecf B0nel i Rﬁicéﬁf fl Ve 1o

providing the plura carrier openings 782 is to mahufacture the
carrier Safplomawriast(eig, polyfmrasewhan |ralcs§>n Jﬁﬁic 1 rAmsmnhsﬁle\carrteo 780 exybenagnet i c

radi ation in the_ desired wavel engt esu ma be ossible to
use a ca%araéperli%ﬂtc ing %C%ﬁﬁw&dﬂe 1%%13@?6 E? ﬁ%&e Boce e
processi ﬁﬂ)be‘&?é!é ng[i]a cdndglts AOFhERE L s ﬁﬁa‘f{: ﬁﬁ%eﬁ%ﬁpﬁﬂa'n{'ﬂéc&%né“ess

to the process th he carrier 780 1| rated 1n Figures 17 and
18 fray al4o lﬁremmdidoadethbﬁtwgasthe catrieebodyeald thg sample pedcassimgdenicet 1O process
chanbers 750 after loadin Figure 18 |IIustrates the 20 rails 783 in the
carrier T8OLE PRI ofi ng St RaCsligng Ere/oF th ereallyeipflegdnedal7 40 in the

aSSO.CI at ed Savajl&lspdﬁl ﬁl%%ﬁtl fg g@‘é&'@t ﬁSO 1:1'1951:1'3-.":9(?1 J.II%S ;gg (’fr?y uﬁélﬁém XalTp' e,

provide a surface agai nst Whi ¢ e nmaln con e sa

pr ocessi sigicthess thet alikd theganiige ppeesihgdewlt [7¢0 treklatlmndhe tartier 786§ w\nﬂ@ asI 0

i sol ate the process. chanbers 750 and/or seal the conduits 740 prior to
separ at | HECHIRs thefeiendhacararmply of raypple parrcssies v 6lUand. capier TR0 BRI on to
t hehr us 069 783 may
al gg be t‘r%eﬁggég%%ﬁﬁgmog%yng%&émtuﬁg%ngb prog%ggl%%azég&l%%g ?/Eagllrlﬂel%sure to the

condui t sprédfs chdnissre50. patigihéritinhay alsvbeqised th tdieatal with aderctical yegnt he
mai n condw ts 740 Furthernore, the use of rajls 783 al so gr OVI des an
addi t i onf@X defasting the Bresence 19a ebseRes ot wlactsd anplyke i thaprocessehpgbers doe:

cont act bet 780
com sl et vty i OB B GESERURB A1, A0 PR DA

condui t scafdét 780 préi@itiatea dehler of bethi ofpiast aﬂmﬁaesc(temedmmdma@@ﬂwmelbgt ween t he
carrier 780 and device 710 -18 WO 03/ 057369 PCT/ US01/ 50114 may be
paf®i cul Beicyted apBiaugst Dwlerpreveat edafionatyhg sample processig deyice{ap ﬁ%lﬁtlve

processi g Ol 8%1%§5%1’ ﬁ&%ﬁ ofr 1stra?%h§)¥§&?t?& cﬂ?%?e Dirl A8La QR mELC. ) - AS

such, the ¢arrier aracteri zed i nc acarrler body t hat

is space@bvidecvm)taha caipl780 mragaeesstbjétgede\/tbmeeraﬂﬂ@emameimrmgeroasassmgc@mduu ts
740 when the rails 783 are aligned with the main conduits 5 740. The voids
formed bEWeedesimblectyr exapplpohyt thasrmple Pg%fﬁiﬁl@ drvireedl9ihedixgdlyi cornerissl

to carrier 780 in the center of the two articles, while any additional points of attachment
20 provide for differential expansion/contraction between the device 710 and carrier 780.

The alignment structures used to align the assembly as a whole to, e.g., thermal
cycling and/or detection equipment, include protrusions 774 that are preferably designed to
extend through alignment openings 776 in the sample processing device 710. As a result,
alignment of the assembly is based on structures found in carrier 780. One advantage to

25 relying on the carrier 780 for alignment structures is that its construction will typically
being more dimensionally stable and accurate as compared to the sample processing
device 710.

Figure 19 illustrates yet another optional feature of carriers used in connection with

the present invention. The carrier 880 is depicted with an optical element 888, e.g., a lens,
30 that may assist in focusing electromagnetic energy directed into the process chamber 850

or emanating from the process chamber 850. The optical element 888 is depicted as

-19-



may be occupied by air or by, e.g., aresilient and/or thermally insulating
material. Various alignnent features are also illustrated in Figures 17
and 18, iwoloa@sTsge structures that align the sanpl e proces®cagsdesiiee 710
relative to the carrier 780, as well as structures that align the assenbly
of sanple processing device 710 and carrier 780 relative 10 to, e.g., a
thermal . ! . I tet i i anpl e
pr ocess iDL BB e R R ot

det ect i anayplyspremdedl as a dgiaeat anigld thet ipatmdad e the cabzeA8® of a sel ected
analyte in the process chanbers 750. It may be preferred that the sanple
processi ng device 710 be aligned relative to the carrier 780 proxinmate a
center of both of those articles (center 781 of carrier 780 being 15
indicated in Figure 17). To prevent rotation of the sanple processing
device 710 relative to the carrier 780, at |east two points of
registration or contact are required. Because the device 710 and carrier
780 may be subjected to tenperature extremes during processing, it may be
desirable, for exanple, that the sanple processing device 710 be fixedly
connected to carrier 780 in the center of the two articles, while any
additional points of attachnment 20 provide for differential
expansi on/ contracti on between the device 710 and carrier 780. The

al i gnment structures used to align the assenbly as a whole to, e.g.

thermal cycling and/ or detection equi pnent, include protrusions 774 that
are preferably designed to extend through alignnment openings 776 in the
sanpl e processing device 710. As a result, alignnent of the assenbly is
based on structures found in carrier 780. One advantage to 25 relying on
the carrier 780 for alignment structures is that its construction wll
typically being nore dinensionally stable and accurate as conpared to the
sanpl e processing device 710. Figure 19 illustrates yet another -optional
feature of carriers used in connection with the present invention. The
carrier 880 is depicted wwth an optical elenent 888, e.g., a lens, 30 that
may assi st in focusing el ectronagnetic energy directed into the process
chanber 850 or emanating fromthe process chanber 850. The optical el enent
888 is depicted as -19 WO 03/057369 PCT/US01/50114 integral wth the
carrier 880, although it should be understood that the optical elenment 888
may be provided as a separate article that is attached to the carrier 880.
-20
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WO 03/ 057369 PCT/USO01/50114 dainms 1. A nethod of distributing sanple
material in a sanple processing device, the nethod conprising: 5 providing
a sanpl e woesesSshNg devi ce that conprises first and secon@®CTamposiimg ends
and at | east one unvented process array conprising a | oadi ng chanber

| ocated proxinmate the first end, a main conduit extending towards the
second end, and a plurality of proceggnpshanbers distributed along the nain
conduit, wherein the main conduit IS In fluid comunication with the

| oadi ng chanber and the plurality of process chanbers; 10 |oading sanple

material in the |oading chanber of each of the process arrays; .and
transporting the s‘gﬁ‘ﬂﬂtg‘)drﬁti ?tflngi%sag’cqu paefia ’Sr?esaﬁ?fp?? W@C‘iﬁsﬂ\éé@%‘cﬁﬁa‘?‘mer s
by rotat] | e processi ng device about an axis of rotation |ocated
proxina?%H?E%EQﬁPégﬁgend of the sanpl e processing device, wherein the
progess chanbers aprevidiged ehfleptosessinkSlelico mhdt kemaxises fobt andtsetondn t han t he

| oadi ng chanbers, A nmet hod according to claim]1, fﬁé&,er conpri si ng

2.
cl osi ng YAPEsiRARAAS adid ifasionsainyeriad PIECISSHY FMBHERB S DRRReh urality
of proc t I ANSROES : L jn the
cl osi nge%gar%%@ﬁgggﬁ%%ﬁ{& f%t ?Iﬁégs arrpf&eddgg e%{égg%gg?‘kgrdc%ﬁrg%&g eél\r%gﬁ%ﬁ i ne
| ocat ed fletatiBest proeess claahbegs dibrivhrdslagdhd mainpdondait wiyereih thpmemesaduit
chanbers. 3. A nmethod according to claim1, further conprising separating

the | oadisiyiluidramsainication yithibe degdiieschamberand thy PHEYIE 81 Bfoces ChamhdPor t i ng
th | terial t. : O di ng t
e T m sy Further dgadifie sifple TR BiAEFRR IGARE Aidbefior ARt IaGEPL ) 09 10

chanber sarguyel dnie plurality of process chanbers after transporting the
sanple material and before separating the | oading chanbers. 30 -21 WO
03/ 057369 PCT/ USO1¢&spaming she sampne magriallo st Hiapigpofns of|ths progess fhamplbras by

conpri si f?)gat%\i% fefﬁea;a!ngg% g_{&%%ﬁegpd&ic@ gp&@gggggoog%ﬁsn YWhide8 pF iRk fifde sanpl e

processi ng Vi ce axl s
end of the sample processing device, wherein the process chambers are located further

15 from the axis of rotation than the loading chambers.

2. A method according to claim 1, further comprising closing the main
conduits between the loading chambers and the plurality of process chambers after -
transporting the sample material, wherein the closing comprises folding the sample

20 processing device along a line located between the loading chambers and the plurality of

process chambers.

3. A method according to claim 1, further comprising separating the loading
chambers from the sample processing device after transporting the sample material to the

25 process chambers.

4. A method according to claim 3, further comprising closing the main
conduits between the loading chambers and the plurality of process chambers after
transporting the sample material and before separating the loading chambers.

30

21-



| ocated proximate the first end of the sanple processing device. 5 6. The
nmet hod of claim 1, wherein each of the process chanbers is in fluid
conmruni cawD@a/owi3bh t he main conduit through a feeder condwctjusanshifiart her
wherein the feeder conduits formfeeder conduit angles with the main
conduit that are less than 90 degrees. 10 7. A nethod according to claim

1, wherein the rotating during,transporting the sanple material conprises
at least two accel eb ageerdingrtarclayn 1cipsihegconpprismesvibgsting hesaplei ng
assenbly -] S|NG. : i i . LS ng.: £l -and second
opposi ny HOEHhE UMce AR RAE BTN SR EGHL SEVEOYL BRI SRABE] 2

| oadi ng dbedtdiprokinmtd the fpstend BatiR sample prodessingdekicea mai n condui t ext endi ng
towards the second end, and a plurality of process chanbers distributed
along the main conduit, wherein the main conduit is in fluid comrunication
w thethe | oading c I | of » pand a
carrsler attachégd tgﬂ?ﬁ%pg@%@?g}ﬂﬁgg%k% h°£t‘§‘%§ﬁ§?§3§6§%§€é§§s§%ﬂ§@vi ce, the
20 carri ejon@ifidatish Rthah€ Mainl hdo thyowghaceeddr condudf, ah®Afthecawhereinithe of the
first major side of the sanple processing device. 9. The assenbly of claim
8, wher eifpedeneonguits farm feedas cordit angles withl the paisfcondwit that aredpasﬁhatg%{ t he
plurality,of carrier openings aligned with the plurality of process
chanbers qegree§5 t he sanpl e processi ng device. 10. The assenbly of claim8,
wherein the carrier conprises arail aligned with the each of the main
conduits on the sanple processing device, wherein the carrier body is
spated fromt e sa:gmtlmdcn&e@rglingqoam d ewhereingbe rotafing-duringtranspastingithet s. 30
11. A sanpl e, prqocessi ng.device conprising: ,,-2 03/,057369 PCT/ US01/50114
First andomOleaTtoa sOBPRtF ehras Bt P oy desPEANPR RS pr ocess arrays.
each of the process arrays conprising a |oading chanber |ocated proxi mate
the first end; a nmain conduit extending towards the second end; and a
plurality of [ ocesA sahplaipeycsssitigsassanhly eanptisingy t he nain conduit, wherein 5

the main conduit is in Eluid c.omguni cation.vviéh t he | oadi ng.cha er ,and the
plurality of a sample processing device comprising first and second oppOsing ends and

15 at least one unvented process array comprising a loading chamber located proximate the

first end, a main conduit extending towards the second end, and a plurality of process
chambers distributed along the main conduit, wherein the main conduit is in fluid
communication with the loading chamber and the plurality of process chambers; and
a carrier attached to a first major side of the sample processing device, the
20 carrier comprising a carrier body spaced from at least a portion of the first major side of the

sample processing device.

9. The assembly of claim 8, wherein the carrier comprises a plurality of carrier
openings, the plurality of carrier openings aligned with the plurality of process chambers in

25 the sample processing device.

10.  The assembly of claim 8, wherein the carrier comprises a rail aligned with
the each of the main conduits on the sample processing device, wherein the carrier body is
spaced from the sample processing device between adjacent main conduits.

30

11. A sample processing device comprising:
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process chanbers; and wherein each of the process chanbers is in fluid
comuni cation with one of the main conduits through a feeder conduit, and
wher ei n tWe oBeguer conduits form feeder conduit angles wpPCH/USOES0TE4 N
conduits that are |ess than 90. 10 12. The device of claim1l, wherein the
process chanbers are el ongated along an axis extending between the first
and second opposing ends of the sanple processing device. 15 13. The
device of claim1l, wherein the feeder conduits enter the process chanbers
proxi mate the firstiirgrand sécon@pesmgends;14. The devi ce of cl aim 11, wherein
t he sanpl e processing dgvi ce co I ses first and second major sides
attached with a | aﬁléﬁ“r&ﬁty pﬂ%é‘g‘é‘ﬂgg{%r%?F FITQNS, 8%9% itheoprogeny apays gasinsisigat
| east one 1gdditd GhaforloeARM hidimd® td MSEMALE IGFL I REAGRE ToriATRE S and
the | oadi ng chanmber by the pressure sensitive a esive adhering to the
first andecadend amdjaqlurabifycd pracegethamberaldisndbitétalong ﬂlectﬂm{ld Ubﬁdui%ﬁlbler'éhﬁ
devigce of, claim 11, furgher conprising, a separation |ine |ocated between
25 the | LAY ceR ﬂ%h‘é}ﬁ&Omﬁélﬂﬁ%?'hmtﬁ%edpafb%e@%beé Aedriheplurality of
separ at i Qp,debdWafitbb@Nsid"d across the main conduits of each of the process
arrays. -23 ’

wherein each of the process chambers is in fluid communication with one of

the main conduits through a feeder conduit, and wherein the feeder conduits form feeder
conduit angles with the main conduits that are less than 90°.

10

12. The device of claim 11, wherein the process chambers are elongated along
an axis extending between the first and second opposing ends of the sample processing

device.

15 13.  The device of claim 11, wherein the feeder conduits enter the process

chambers proximate the first end of the device.

14, The device of claim 11, wherein the sample processing device comprises
first and second major sides attached with a layer of pressure sensitive adhesive, and
20 wherein at least one of the main conduits is closed between the process chambers and the
loading chamber by the pressure sensitive adhesive adheﬁng to the first and second major

sides together along the main conduit.
15.  The device of claim 11, further comprising a separation line located between

25 the loading chambers and the plurality of process chambers, the separation line extending

across the main conduits of each of the process arrays.
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