CENTRI FUGAL FI LLI NG OF SAMPLE PROCESSI NG DEVI CES Field of the Invention The
present invention relates to the field of sanple processing devices. Mixre 5
particularly, the present invention relates to sanple processing devices and
nmet hods of distributing sanple material in sanple processing devices.
Background Many different chem cal, biochem cal, and other reactions are
performed on a | variety of sanple materials. Although it nay be possible to
process sanples individually and obtain accurate sanple-to-sanple results,

i ndi vi dual processing of sanples can be tinme- consum ng and expensive. One
approach to r €EETRIFUGAL FIELENG QBSAMPLE BREGCESSING DEYIEESanpl es is to
use a device including multiple chanbers in which different portions of one
sanple or different 15 sanples can be processed sinultaneously. This

approach, however, presents sevl%ﬁlofitﬁ?_%% Fé(% ated to distribution of sanple

materials to the multiple cha ces. O her problens my be
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processing, which nay |l ead to erroneous test results due to cross-chanber
coht anmi paticuelarly 2be Presastrigvenfion hedatentoesanipbprbicesspgekseices andmethpdhofr ovi des

met hods ,an evices, for distributing sanple. material to a plurality of
processdi§ ggamﬂlea{n%tgrgp&pbsampgecg@gpﬁ@gdlg\y}c&g by rotating the device about
an axis of rotation. The process chanbers are | ocated al ong conduits
extending from a |oadi ng chanber and, together, the |oading chanber,
conduits, and process chanbers 25 Bockvrpfmicess arrays that are aligned al ong

a length of the sanple processing devices. The process arrays are unvented,
., access Mann diferent ehemagal, pinchigmicet, and ethsr srastiansare agdomed i | abl e only
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sanpl e pouedsg agd egensiee.i ncl udes a pressure sensitive adhesive |ocated

bet ween two i ) i . .
One approach to reducing the time and cost of processing multiple samples is to use

a device including multiple chambers 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. Ot her aspects of the sanple processing devices my

i nclude, for exanple, elongated processing chanbers, feeder conduits

| 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
processi ng devices of the present invention may be capable of custom zation

by sel ecti Vﬁle%ﬁiga'lé‘ﬁro@g@ r%rde(} ce%dinﬂie@fa présdind sBRdiliSe hahekB | RaREERBwe e 1HAY'S .
In some nethods of tentrifugal loading, it may be desirable to conpress the

sanple 10 prgwesddsnd thteddvieso dssidt igsaating bl te doodsit gniifig eahifley defedmegomor
elimnate | eakage fromthe conduits and/or process chanbers as % result of
P

the centrifugal Qh@@épecéﬁ)%}l%g%m}g}ﬁ PEREFSSURRATYASaS TR BElnde Har e amblGhen used
in connect | g]onoat oce srn'] f&%ﬁlbe %%h&%éﬁﬁuﬁsal@éﬁo & Eh%(r;per‘&sesgghaqi%/e'rf 3t for

construct ed usfng Bress e EEns The invention al'so

includes, ifegen®nASRABESs with tRSHRHNONATH of]le8S{Han S0 @@ﬂae@ etéhS> sanpl e
processi ng device attached to the carrier. The carrier nmay integral with the

sanpl e processi AGegendesearrdys & sanple peocetsingioniaded tesprasest mykstiosmanbe i cl e,
or the carrier r.eusa The carriers may advantageouysl.y .i ncl ude
Cails to su BRI GRS IoRTiFAN R R FEICE o SOl Py ST oS i e rocess

processi ng Og, openings to allow for nmonitoring of process chanbers on
the sanple pr Cessi ng devices, and other features. 20 In one aspect, the
present inventi ofdn pasma!méﬁﬁ)daofreéﬂmﬂlg@]ﬂoddmgnt hayibeglesizaipd @ compiressithd santpla
sanpl e processing deV| ce by providing a sam %i)rocessl ng device with first

and séBond BifsEESIRHdeHers dyHAS éﬂtatF‘é’a@tﬂ&%%C@HVé %FB@&%‘? kakags frove $di ng a
| oadi ng Ch@&t’cﬁflts 8/%& E%c@gs d?ﬁ'ax%%%n% a réler%-sfu'lt ?%tthee‘?&rtnﬁ:g egoﬁ%g{ptr? L%E‘% dng

towards the secon r 0OCESS °C ers

along the nBé @aﬁf@nmuﬂythelpmewmnmsb@ﬁl fﬁ&inlct?cﬁl mmelenhttlfu@l mda‘nlgwfdmnple
comuni cation with the |oading chanber and the plurality of process

chanbers. Theoogssimgdevicastchastricied| usthgspressuri seusituerpikesiveserial in the | oadi ng
chanber of each"@}‘ﬁ t_hen rog& rra%{}B Sand trans ortin % t@ ?rrp e. ma rial
to at |east sone Of AHE"PYGLLE AISOHOHHAGss 5pPmesk ?tﬁ’gant EEEMSE & Cf.‘)rln&:%‘ ng
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sanpl e processing device, wherein the process 30 chanbers are | ocated
further fropradessiaxievicd, 1.eottasdydre irbaded hea kioplkti usg adivdeyive the. carrier may be
reusable. The carriers may advantageously include rails to support the main conduits of
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 Joading chambers.



-2 In anot her aspect, the present invention provides a sanple processing
assenbly including a sanple processing device with first and second
opposi ng ends and at | east one unvented process array conprising a |oading
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 conduit, wherein the main conduit is in fluid communication wth the
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chanbers distri but ed along the nmain conduit, wherein the main _conduit is in
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chanber and of the oces h
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conduits that are |ess than 90 degrees. These and other features and

advant ages oh amhélepase)semthelmmm m@mtaunandelslcerab@dplelpedwwmmdmtmect ion with
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cross-sectional view of ohe process array on a 5 sanpl e processing devi ce.
Fi gur e c3nidsit aneedlhg[@miw&retseaindoands$ndsmphurajnabf proemsssaﬂaamlbers plnmhssd array of

Figure 2 depicting one nethod of sealln mai n condui t. re 4 is a

pl an viBHRe SHan @KL PHgEISIPS TRHD FER %l@éﬁ %Htﬁi %P@Cﬁi%‘{é’é% devi ces.

loading chamber and the plurality of process chambers; and wherein each of the process
15 chambers is in fluid cormmunication 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 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.
Figure 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.
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30 Figure 5is a plan view of a portion of an alternative process array.
Figure 6 is a cross-sectional viewtaken along line 6-6 in Figure 5. -3
Figure 7 is a cross-sectional view taken along line 7-7 in Figure 6. Figure
8 depicts an alternative set of process arrays for a sanple processing
device. Figure 9 depicts an alternative set of process arrays for a sanple
processing device. Figure 10 is a perspective view of a sanple processing
devi ce in which figgrel igdichgs-seetidiahbenstakerealbeg lige 3aTagwed 6f rom t he

remai nder of the sarrpl e processing device. Figure 11 is a rspective view
of the sanple prEJg@@sﬁ dﬁg’mﬂ%w aléerpdtive sgwfeplmgesamiéys fOEééﬂliﬂﬁg Plﬁegﬁﬂéd&@cﬁ‘»s a

pl an vi ew of angélher I’OCGSSI n dtew ce. ure 1 L side view

the sanple proc g’i“ﬁg? @fcrﬁ?tb‘(?r t ZPIQFP{S@PHP%! %Il ﬁ(jdef?R‘ﬂ%eSﬂB%%ﬁE‘ém% ong
a line separating M&elo'IQng&ge&Mfow%f5@%&%&@%@3&1@@@%@@ the J5h&iEe 14
depicts a sanple roce55| evice |ocate tthin a conpression device.

Figuré 15 ichambpisaine bmﬁg\/sep‘araim ﬁbhﬁﬂhua&maAﬁd@mfm}uaemmmmPﬂmmsﬁ% dd?mc@ure 16 is
a cross-sectional view taken along_ line 16-16_in Figure ) gure_ 17 is an
expl oded per spediiByE Mi 1éWP6¥SP%1V§s‘§%Wf§PBiSﬁ‘ElP@Fdeﬁ@eSémgéjﬁﬁ%Cé of fﬁuﬁ? 8% &4 ng
devi ce and a arrier. Figure 18 is a perspective view of the carrier of
Figure 18 t°3 érhgfromthe side of the carrier facing the sanple processing

device. Figure I8ghg @1@@3 ldnpbiew (@ ssomeciingabroct@mgadevacesanpl e processing
devi ce and carrler i ncluding an optical element. 20 Detail ed Description of

Il lustrative Enbdginrelitis asidetiew ofterinple fioecyinggisnice iof Fegwe &7 afierdoldies a
sanpl e proc vi ce. that can be used in cessin f liquid
ool hat e a8tk 8Ps &or Ahaefiait F LB E PRLES R U BOP) PRSI ¢ pl o
process c ha”ber SFxgﬁleOM (fypfbtéj§§drﬁﬁg pﬁ@&%flg)&éwceeiogated E&%‘Bx@&r@&m&e@&ﬁ 8&Vice.
Ilgase 25 chain reaction sel'f-sustal ni ng sequence replication, enzyne
ki neti c studies, Flohmmigela@dnmwbwgﬂrad abltiemdiimgcasmayson dmdceot her chemi cal
bi ochem cal, or other reactions

Figure 16 is a cross-sectional view taken along line 16-16 in Figure 15.

Figure 17 is an exploded perspective view of an assembly including a sample

15 processing device and a carrier.
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.

Detailed Description of Hlustrative Embodiments of the Invention

t 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
muliipie 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.



that may, e.g., require precise and/or rapid thermal variations. Mre
particularly, the present invention provides sanple processing devices in
which sanple material is delivered to the process chanbers by rotating the
devi ces. The nethods may al so include 30 sealing of the sanple processing
devices after sanple material distribution. -4 Al though various
constructions of illustrative enbodi nents are descri bed bel ow, sanple
processi ng %‘Mﬁcﬁ%ﬁ WfiohdEorREBSRAL of NUB ML AeABYdiRRn BRI Aaetibédsklawcor ding to
the principles described in U 'S. Provisional Patent Application Serial No.
60/ 214,580 lef rbettsing deﬂmso%gs pEOOU 1avm1t1tontmaydae|mmmwradcaw$5mg® v CES AND

METHODS; . U, S. 5 Provi.si at en C tlon er, 42 filed
on Jundsiplesgisscrihag ’Pllﬁ)ﬁz%" M)ﬂt_%a g@ﬁl%éé%@gi%%éﬁﬁ B METHODS;

and U. / fryked on
oct obe?“ﬂ?ﬁ%joog)b g W@@E@@E&%@E@%@&@g APMETHRES: M WETrcDs.
Thte dodrioeipional Beait ApeidawdoyaiadNo. d082¢Hh 642 fled/ i atey280R000 &rfdetitdatt
constructions of 10 sanple g:[ocesm n devices that could be used to

manuf actAVELERRPEESSBIEIIE N ki ActBPAYIF HRDE nandol iSnBroyisanads t he

presenty, i nyent h. Aan ssing

devi ces &eé]\s{%fppbggh%e %faﬁ)ﬁangb/zﬂ ?%?%%%Q dégmg%fhészlto@gé‘}m?aﬁ% gAgé%g%ur e

sensi t|m@gggmeVI@@/|sqe§rmstmDmgqﬁ@Dg nvention could be manufactured
using heat sealing or ot’her bonding techniques. 15 One illustrative sanple

processi ng dBwd deungntsfidattiiicddbaccat disolgse mvaﬂm@yp)if drffﬂrmt@snstmfctlomeofpr esent

invention is illustrated i.n Fi and The sa ocessi hg device 10

i Ttl ud e€MRLe PIRSSTING Vlc&ﬁ Hlabi:%g‘gi’%f’ 9 “b‘i‘ﬂ.’ﬁf%ﬂt?‘?ﬁa@ﬂ) 8£%§§E§FY’& 20. Each

of Lhe RO 0 A AN QOFBh%g)?&amflh%Ht OcFRk el Miithsf Athnd 2 inar ds the
of ['e 3 e E

second en rocessi ng vi ce 10. 2 protess arrays 20

are demanipwpmsedsmgnipvmabéémnbéch]hdrymmﬁ attdobked usmghelhﬂfswear(as ghgesant on the
sanpl e praocessing device 10. Al thou t hi,s arrangenent nay_be referred, it

will bescnHHEs adlssiyetn devigenol die RIRFEREREN R ﬁ?tﬁé@%ﬂ@nﬂfﬂ&%@@ﬂ% $alresults in

their s‘é?ﬁﬁ@grtétﬁérl?dfigﬁ;@%@ﬁgmen the first and second ends 12 and 14 of

t he device
15 One illustrative sample processing device manufactured according to the principles

of the present invention is illustrated in Figures 1 and 2. The sample processing device 10
includes 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 pfocessing
device by rotation 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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25 Alignnment of the process arrays 20 between the first and second ends 12
and 14 is inportant because sanple materials are distributed throughout the
sanpl e processing device by rotation about an axis of rotation proxinate
the first end 12 of the device 10. Wen so rotated, any sanple materi al

| ocated proxinmate 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 ixggl BlordfBASd 1P BadOFIhEProtBRIBEYs RiludRlon $&Sd 108M8e cHRHLE
condui t 40,%%%@& E’?e{gﬁt yto Eilor]ocessﬂlcharrbergS 50 uocogt}gd aIOongggach rlral n

conduit - 53GHhnd ditly oeeymiain EmabardOe d Hetmocesadinndiers b apriodesd cemmagsationc] ude

only one | oadi ng chanber . 30 and only one main conduit_ 4 The SS
chambers 50Wih &g Hapconenit AP Hhy HP%lhfqeé‘ﬁ C‘Wi‘ElFF eAﬁﬁll?F%%Gd?‘l‘dlgg al‘?%&ﬁaq)i

feeder cond etaa}g?the A'?oc%ﬁ ﬁﬂé)stm i§ ﬂ?ﬂhﬂ%hﬂﬂuxﬁ?ﬁm%ﬁﬁgacht% t%@?{:bcggs the

process arrays conmuni cat 1 on ocess 5

chanbeg s SO0cHapgtesh 13t abdalong thhairceuhduit 40 4éhdk tﬂ@ldaﬂldvf'telahfbaﬂ?)m%&hanber
30. Each of the process arrays 20 depicted in Figure 1 al'so i ncludes an

optional dreithe @mmﬁ@m age 20 depigteddn dtigure é abpdndadesyn epiionakcdramuahamber. 225ach
of the | oadj |nclude an inlet port 32 for receiving sanple
mat eri al |n Sg'fﬁ tgbaﬁﬂg%f‘ﬁﬁ?’rﬁé?n he sanple material may be deli vered
to port 32 by  1f,abf (§blidadhletHhBBRR EﬁH‘ﬁcl%H&U é?fmféibbbﬂ@%r re%eﬁ’?h&lestaﬁﬁlell s
depicted in Figure 1, but is “onl'y one technique for |oading sanple nateri al
i nto the | oadienigl mtmtﬂnbémz&in@cha]ﬁirm:rﬁﬂpéﬁlbearﬂqﬂe m:aynﬁiemagpbf d&liadxaalﬁnqnaﬂtl&ig bcyr

may be part of an automated sanple delivery systemfaor i ng the. sanp
mat er L@l i ntwy wawprﬁf@ha}%ﬁ@@ﬂ/@l 39“1§ln§ahp‘f*@lﬂ9ﬁtééé§§ﬂﬁ@c‘&éw Eguml ‘E&@wn&f the

process arrays, .20 1 t% Foaaﬁ‘x sa%l %Eg&sl'sd %) HEMLERS %l? Aert Q? h@{]ﬁé‘f)gﬁe 112

i nvention are pre I'n conn 1 on resent

invention, ghy be'éﬁéiﬁt@ﬁ%‘ihnuﬁﬂ?@?ﬁﬁy%ﬁﬁﬁ of Sin AuRHRR&BSani1€ @Mweny te%hfdl he only
ports | eadi ng |nto the volune of "thé process array are |located in a | oading

chanmber of idadingrloresplamatyial info d;maldmg shamipers 3G samaple pradessipg davessslOchanmber s
w thin an unventﬁ frhg ﬁess arrafl gﬁng e materials nmust be a %I vered to the
| oadi ng chamber t# © BrYGETAAYE a0 & e 2R PoSThsHE ERiihal of Searse y, 20
any aig or %@ﬁt’ionf drtl Pfi:fér%@tﬁ%meﬁ hian uTsElfml%ﬁﬁé‘ﬁﬁm%ft@ﬁmet}%é?:h?m'v%ﬂ}n Ngh Wi th
sanpl e materi al al so"escape fromthe process array through a port or
ports | ocat éldmenteﬂ’hprobmdlrmg 1s a process array in which the only ports leading into the volume
of the process array are located in a loading chamber of the process atray. In other words,
to reach the 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. Jt 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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chanber. In contrast, a vented process array wuld include at |east one
openi ng outside of the |oading chanber. That opening would allow for the
escape of any air or other fluid l|ocated within the process array before

| oadi ng during distribution of the sanple material 25 within the process
array. As seen in Figure 2, the process chanber 50 defining a volunme 52 that
may include a reagent 54. It nmay be preferred that at |east sone, and

pr ef er akibals|s0. ah ahdtRerpragiagss, sopleadttibe srdedss dhatnbersd@unsemch@deafredgent pr esent
invention contain at |east one reagent before any sanple naterial is

di st ri Byt sdhile DHers éagenin St anefhesaafiptiard diffarentrpredses praveessSBuiaghamber 50 as
depicted in Figure 2. The reagent 54 is optional, i.e., sanple processing
devi ce<LORRIRHAIRATL8EURt | nvention may or may not include any reagents 54

in the procesge; fe@nfiél}ggaﬂéd r0he kmgrg%-gﬁSfiﬁgeEﬁ&é 0 areSOf R ﬁfa%&-@ﬁl&%ocess

chanbers 50 may inc a reagent e others do not. Ih yet another
var i at iaad,a deddemati side 08 pisswedawhihahdOohmye Scafifiracass dhdrhisar &ltis r eagent s.

O her features depicted in the sanple processing device 10 are a first major
si de 1dommedinllsg depistsAdn Figuse 24s a@ondn afdeqase RoRdicA? ussd 1 8¢liNes saypplef

process_chanber. 50 i s or so _depicted, i i | i on of

f eeder r{:%tﬁ_ﬁ i (P t_ﬁezpli?é%ga c{;gmﬁeﬁrﬁ%ﬁhegg%g?aﬁ%ﬂ? 3]?%1 Q; gf%‘%t‘%é’i‘% r@é%&gec hanber
50. Theangmiféuzidgany bR htefhl sM8alBYiksC BxARpRB Y Batabl@mdfeaalsun@giof any
suitable material or materials. Exanples of suitable materials include

pol ynerpadymetiematirsls((e gg polypodippersppbleascr, polyyabomate, potiteyliderisontati e,

pol yet hyl ene, etc.), netals (e.g., netal foils), etc. It nmay be preferred
tﬁgt at%f"@gs(?-goﬁ’éet@ffoﬁﬁeaﬁ rst and second major sides 16 and 18 be

cqnstruct ed Rfmef} Hég;&gf%ﬁ@% %Iﬁg al{ﬁ%ﬁﬁrohglo? tﬁerl?xrst ﬁﬂg‘%&@fﬁ ok ¥idkt 263 {8

el ectromagnetic e el ected wavel engt For exanple, 1t may be

pr ef er riedcdnbaticted of fnatekial i materiaRdhstasobsiantig)tnsaitdds trbmagheticldheRs
constructed of a material that allows for visual or machine 15 nonitoring of
f | uor es¥esslestedrvasiosthe hEpgeampleHi may he prfseet hatonafabs sy and secepd al so be
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chanbers 30, nmin conduits 40, fee
It may also be preferred that at least one of the first and second major sides 16 and

18 be in the form of a metallic foil. The metallic foil may include a passivation layer on

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 stmictures such as the loading chambers 30,
main conduit 40, feeder conduits 42, and process chambers 50. The second major side 18
is preferably manufaciured of 4 metailic foil, e.g., an alominum 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 Jeast one of the first and second major sides 16 and
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conduits 42, and/or process chanbers 50 to prevent contam nation of the
sanple materials. 20 In the illustrative enbodi nent of the sanple processing
device depicted in Figures 1 and 2, the first najor side 16 is preferably
manuf actured of a polyneric film (e.g., polypropylene) that is fornmed to
provi de structures such as the | oading chanbers 30, nmain conduit 40, feeder
conduits 42, and process chanbers 50. The second najor side 18 1is

preferably jgu E, hitat i AdheSive 1ayeR N0 BE BIEVIBEN G thet her
netal foil ISTE}[{eH.}lf'Z'1 %E&gg?ﬂ 1?& fe?ljsa rt)retf er ablleyvdeafygr mabl g gs di scussed in

nor e det ai Imdielliooil Bl endjorrssde Bﬂad second mgj or sides 16 and 18 may be
attached by any suitable technique or techniques,

. , t
ul trasoni c wel dlﬁqmlé‘r}’@ aphesiygy maydnaised. altheus At @F%eﬁa%ﬁe@ %&%‘#Q"st and

d b
second 1 QLo BAEP 16 AokS DB LASHSa 5100 DR G b Ser SEIERRR 1
30 adhesi vgodied intth oé@@s &raﬁfb%{srﬁﬂ TiRb féh&s RdNBS| wge {vﬁmre %%ﬂeqneémmged

as a continuous, roken | ayer over the surface of | east one of theé
first and Seedwes nlna;mal wiliesaslie, @gdpolymcme Chmnrragptloﬁ@nd ezilppprocebses. The
preferred tggt .the adhesiyve | ayer g rovi metallic.foil of
maj or si de A8ESIYESIHRY s e-gahanGLe li’FéB’eEré: aa S’c"ﬁ%@éﬁs’é‘r‘?ﬁm&ﬁm@esl ve
sel ected shy ngvgpeccapable of withstanding the forces generated during
processing of any sanple materials 5 located in the process chanbers 50.

Those forces mayAhnpaliggrevdies ensigivg adhdshes piap aesienged imsaheeiont Wigh thel
cycling as in, e.g., polynerase chain reaction and sim|lar processes The
adhesi¥es rapplmpiogersingdayices phhe mspnnewﬁ@ﬁlwﬂe%e ﬂtﬂﬁ? éhi]l[ aregeyigtapiedug! br essure

t dh t
e used 1 n EonrabFom Ehire R Tufbsrautt BeREOR HEuRHEhy RIS oSO
invention aefsitiDOagndshial. BkEmpREbLEIAN slibl sglhconteaim@&@{em&sseﬁmv@um dity.

It may, for exanple, be preferred to use silicone pressure sensitive
adhesi ves. &ﬂmwmﬁ&sc@ﬂusnnpobukmabﬁ@oshbn&mnkmbdseunp¢gssbﬁé%@EMS5ﬁ6Mé34
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It may be preferred that all featmes, e.g., loading chambers 30, main conduit 40,

feeder conduit 42, process chambers 50, and drain chambers 22, be formed in the first
major side 16 while the second major side 18 is substantially flat. By locating all of the
features in one side of the samp]e'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 promote intimate contact with, e.g., a thermal block such as that used in thermal
cycling equipment. Altematively, however, it will be understood that features may be
formed in both sides 16 and 18 of sample processing devices according to the present
imvention.

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



It may be preferred that all features, e.g., |oading chanbers 30, main
conduit 40, feeder conduit 42, process chanbers 50, and drain chanbers 22,
be formed in the first major side 16 while the second major side 18 is
substantially flat. By locating all of the features in one side of the
sanpl e processing device 10, the need for aligning the two sides 20 together
before attaching themmay be elimnated. Furthernore, a flat second major
side gige Adys fybﬂ«‘ onmedintg thermaaia conditibdd, with the aghegive hymh@rlmte%b%wels uch as

t hat Uﬁed in thermal cycling equipnent. Alternatively, however, it will be
under stSSHOSHES: f eat ur es may be forned in both sides 16 and 18 of sanple
.processing gevifes. ﬁ%%?ﬁa@héh@l L@qt ﬁd Pﬁ:ﬁ@%&@ in th@‘é&rﬁéleﬁﬁoce%énﬁa%&%ﬁopm enti al
feature of the sanple processing ces of eln tion 1S 1isolation of

t he profesprabanhetsti@Omby leat oswags thlaeusé biiptspat bavayivel adhedies fdeviiecces 10.
Referring now to Figures 2 and 3, the process chanbers 50 may be isol ated
aft er adhestveilyari lan%&iherampl@émswm‘feeadhsmye b%/Plééfm?é bﬁﬁ“ﬁ@nt{h\?ef}/@b@@nd maj or
side 18 sug h that. ext oth t he .mai.n_ condyits 40 or
The  t estred ek migds 16U B e Boisting G B B by TR ST plS

|11 ust rahRSy MRl LasHE %rmh@@@to%% ort é?&&ﬁ%ﬁ%@é def0§11§d g, 18 i's
deforned into the main conduit 40, with the adhesive |ayer 19 | ocated

bet weeThat dukesion nsaydmhanc‘Efmydeﬂlmgen tsherpreduced|Uyyths daformbtirind Patiteadys in

t he sanpl e processing devices 10 of the present invention nma Iead t owar ds
the uséoTdTerpPds seilias SRR TPOR KHkedcpdhy Eﬂmli‘lﬁ@l%feé?d%g‘?‘(}%eslaé%/ rbepged where a

0 o ik e ;go&fssﬁg'?@%h%ﬁs éu%h%E Oﬁé&lﬁ% f@lg%ﬂ?eJchBﬁ in33kn ;ﬁagcond ) or

sides tRe device e second nmaj or de 18 may

resul t ji gﬂ:d@ﬁirhﬂﬁﬂ @videetyeetert Kieh bidsSiretdhs acap duety @krrﬁmc&Farﬂsﬁmand 18 in the
deforned area. That adhesi on may enhance any seal |rr11]g or_ closure produced by
t he def or matAftsy. dispreutingeef safpie m@tﬁmlﬁum%l@famorfigssm&y élSrﬁeréC%mBﬂle‘@ when t he

sanpl e FBay ngsesn%%': eVI Sth%rﬁgoéﬁ(s)s C g&%&gﬁgolp%l "\ %H her ISB{&%%%%%‘&/%?J?E‘;“ ons

such as,
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After distribution of sanple nmaterials |nto t he process chanbers 50 is
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For those sample processing devices that include 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
i 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.



acconplished in a variety of manners. For exanple, isolation of the process
chanbers 50 15 may invol ve deformation of the feeder conduits 42 and/or main
conduits 40 within each of the process arrays 20. For those sanple
processi ng devices that include a netallic layer, isolation of the process
chanbers 50 may involve plastic deformation of the netallic |ayer to close
the nmain conduits 40 and/or feeder conduits 42. If, for exanple, a pressure

sensi L1 ve aghesoks At bk oAl 201 oMol B4 36R0R1 GBLGImS des

16 and 18 of e processing device together, that" sane pressure
sensitive ddhesitica afaye majw axneuit 46 Iseatd mgxohaterdierioadiog didrlser40. and/ or

feeder conduits 42 by adhering the deforned first and second major . sides 16
and 18 toget her Sepkingabof e meain sarduit Yoy Inene Vi sidesnkh andolfplogebesalgeg of

e RO iy OO PSSR e T o

required. require hat or ma
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pat hway sufficiently to provide the desired isolation. In one nethod in

whi ch the ptadigsglne ponpionzg thy mainl eaduit 4Ptiethati¢igier npoe Plovnlpf smeHrmgpent of
materials int ocess, ch ers 50,. it e necessar o deformonly. a
portion 38“35%“?‘{1%13575!#08%%%& I F?niﬁ{%(fwall f;‘i{,ﬁ‘l“‘}/“r?étoéﬁ? fqaglqggﬁa%herof

the distri ?g’gi on channel 40. -9 Were only a portion of the nmain conduit 40
is defornmed, it nmay be preferred to deform that portion of the main conduit
40 | ocat ed pr oxivetheds siaditteibdiingsahgaerter®0s biSaahtinpg sintple prdchssimpdavieeondui t
40 by forcing the sides 16 and 18 together along the |ength of the caonduit
40 mef pr odredmgva teayesens prgniaen gill pev peasserioed vath wEaes AW 45 AT n
cognduit 40 . i.nt e j e nat i ;
novever ,  of 00l proRSls itk AR et Brel PR cBE RN Do BN O 12

none or onlajda4samhlat méﬁ&es@ﬂﬁfﬁ bt Mighed Béthhabn tRGAHEU21 dhd e of@ien
conduit 40 would be returned to the 1 oadi ng chanber 30. Methods of

di stri buti lgvisanpl.sampleanitetisl hyy bodaiveryl ta tbapjsressphambersidAipdby Preess 10

Floure 4. APERR B BUftind! SoihBf atn v stipricoee iy et M GREs *°

firstisand e0GPsk QBERS ARty 800%itl 2 single loading chamber 30’ connected to the process
chambers 50’ along two main conduits 40°.

The amount 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
Ioading 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 materjal 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 107 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
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and 14" with at |east one process array 20" aligned between the ends 12' and
14" of the device 10', sanple material may be delivered to the process
chanbers 50' of the process array 20' by rotating. It should be noted that

t he sanpl e processing device 10" includes 15 only one process array 20' wth
a single | oading chanber 30" connected to the process chanbers 50" al ong
two main conduits 40'. The anmount of sanple naterial delivered to each of

t he | oatiihedoatingblessbar30t kel inte theaesin tOhdutsyd OV dorydeliveryrtayhe provesser , be
preferred that the volune of sanple material delivered to each of the
Ioadin@hﬁﬁ%ﬁﬁéps is no greater than the conbi ned volunes of any 20 nmain

di nepei _ volum 20 min
The. | oadi ng ERARBRE kyting W85cBAR ETTERATAGE Bl et O 590 00 211

is | ocaleqdcatbd flither Boft @ik aRRMIObtalibe 1 PLOGEHS |@ddudychahiber 30D WHe safpfanpl e
material delivery to each of the |oading chanbers nay be increased to

cénpenprcessing devies Hds taceitdlonveoplattes 15t thaheotpics 8wy thearriaiys’d ket ateeam f r om
t he Io?.%iﬂrrllg ch nbﬂﬁi’ 25 fte% t he .| oadi ng chanbers cont ai.n %he dﬁ&i red
sanpl e ¥ PETCTaply e CaRnRip OF arhitPERg ROTHiMep OB SUPRIAPHYEEEE 57 EhE pr ocess
chanbe it 0Gess arrays. Referring to Figure 4, the
distri E%ts}{%%ﬂ%%ogg%%?e nn’éal{bgF ?%F’Q?S. effected by rotating the sanple

processi ng déwiccentfion ab dietsaaplapiosewingrdet el edlathi’ to tlecatieof takinist e t he

first end 12' of the sanple processing device 10'. Rotation of the device

10' ab&uroticridicaly provideditBatdhe prpcat chamipisiare lpcated dpthey figm theraginft i n
ntrif I rees ..o S | e erials lgcated w.thin the |l.oading

APanbero3hin 131623 uRlle fie SRURNSL CESDRRIAT, RN 8 sulhlhSeidBr b8P 0Y 10

of, t he 1boadh gk idndrersuBftant@dl flAtardting FBtR, Gerdbd b5thd @irstfenn 1debfery to
the process chanbers 50'. The sanple processing device 10" is oriented such
t hat t kempleguessssingdabier $050ay baprentod sutstantially perpefdiontat tegharkis obf rot ati on

Lo T SR R a7 BB PRI S 08,10, 13
o Co B P B e 8 I e o of the
slanpl e pprovsasg dergeal 8 Aasultigicetdf weientatioheofake firgfend 02 atelaive 1&the axis
15" can be envisioned between parallel and perpendicular, all of which are acceptable as
long as the process chambers are distal from the axis 15°relative to the loading 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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is not critical, provided that the process chanbers are |located further from
the axis of 10 rotation 15 than the | oadi ng chanbers. For exanple, where
the sanpl e processing device 10" is in the formof a substantially flat
card-like article, the edge of the first end 12' of the sanple processing
device 10" may be oriented substantially perpendicular to the axis of
rotation as depicted in Figure 4. Alternatively, the axis of rotation 15

may be substant -al 1 ( r. e g fa.d he first
end 12' of the sanp %t}@siogpggleaggcitenmé %Sé‘%]iugré&%datla{& ﬂrlwlﬁl?éta% tr%tg% a‘gﬂ ﬂ%‘rﬂ?eﬂrﬁ ations
of the firshe@nds d2therpetsahi Meeitivnirhey dxd smplhy twoan mhee ansdlaadoededetatan
paral l el and perpendicular, all of which are acceptable as |ong as the
process chagiseassoassstdn disaiibutionref streplgiaends figimthedeadieg ehmentiesn@i thy
chanmbers on the devices., .Because the process arrays qf.s | €. brocessing
devi ces acc@Pﬂ?Sﬁdﬁ!‘?@leﬁe ‘Aﬂg&%ﬁg acceiet ﬁ%?ﬁf%%e%f%}loﬂro g (iegﬁg,e ‘E}ﬁ{i‘ ﬁ? %ﬁogs
descri bed @sseflisy b ihOfnBie SRS HRRHIAAA cbRduit ARl RERERSBAOGRTDET S
may be di f?i?%%l ?Segdelioﬁ]?he ain?m%r ot her flul;%lhds 1t rcappueld within the Sr ocess
chanbers. Am)dntbhpeodess birinchees It hay alsaybeldeipfebd thoaamskiatoniandtr decaldsatioron of
the sanple materials are selection of the materials used to construct the
sanpl e proc¥&dppg- Thevpiadon iy alsgdreiPGhloInInAE &t PBg rgcEion KB ItdBHpPE nat er i al

(e.g., the &ﬁ%s t!:(ar}, &Fom@ surfactant to 25 reduce surface tension in the
sanpl e mat erfital”)’, & pul ati on of the viscosity of the sanple nmateri al

(e.g., by heatinghe agh6l acE¥Ieradicy and agRlRhtiGentdsichagvdry berdiont Wiiesadpl e
materials into process chanbers is the ability to rotate the sanple

proced8i ng fhetdrsenchng tempgetie, isize of éha menpdd pecesmg duvideatize pethe edndfits and
rotation to determ ne whether saopple n rial has heen.adequat el

T eET | but eqcHen e e G DB eI Bal § P AF R GRS o SNBSS act or y.
the sanpl e i j £ I i td |y i Sf act sanpl e
vor oy o TAFREEORRVLEE pRaRdt 1 Al it Luaskig) eEiEY o2

sequent i al exiapleof asipefal accokatendparlaatby cydie mayehdlodksaminitidh ecqeissient to
invention may al so e two or nore acceleration/deceleration cycles to
Ey

assi st in drR¥¥ABHR r%?vlllg%né PRI dPHoved Ry ferelerainn WgberatiPiremieyet he
D 0639, CrARLFor P8RG0T RL R B o co
condui t and1f@Eedets agdMOD S 4t If second intervals until a sample materials are distributed.

In addition to constant speed rotation and acceleration/deceleration cycling during
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 rotatjon 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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any) into process chanbers. It may al so be helpful if the acceleration

and/ or deceleration are rapid. The rotation may al so preferably only be in
one direction or it may be in opposite directions. The actual accel eration
and decel eration rates nmay vary based on a variety of 10 factors such as
tenperature, size of the sanple processing device, size of the conduits and
chanbers, distance of the sanple material fromthe axis of rotation,

materi g ﬂla?eg %@gréc@ss ORRHeACT 3R vIHan LR YirEaS duﬂé’rﬁﬂﬁ{ dligB8d Bétufegﬁf tiapR] €

mat eri al viscosity), etc.” one exanple of a useful

accel enad smﬂndemdk efmhlsampb){nbceasmgdewcé ude an initial acceleration to
about 4000 revol utions per m.nute Q?n fol | oned b?/ decel era‘gl on to about
1000 rpm ovdngurs Speércr BEPIEH f@gg&onﬂugse hat g preteae]y angledgiof themeain i onal
speed %on mF F%@ acrl‘]g r%cesl gmfqu'l%g%t ?199911 dp{{}-%% b% fﬁﬁﬁé}gn?efe Ler val s

until & sarmp e re ut'e to con Speed
rofati %t@lﬁ@fe@@@xedcﬁaake o ﬂe&eh@ﬁ@bes@, RhENBEIsNGOGY EHen@id clddkatd e futshe met hods
of the present invention nmay al so include vibration of the sanple

pr oces shagf deviapeplt pragssing davivet(Wbicliistthéislore.ghe e:fxd afthp peocgest @ramdles | nt o

rocess, cha ration, such a , h fre
bsci | 14 frtd%g}%sesﬁéo ‘%‘eﬁl&ﬁﬁ %fge‘iag?n W%r%&aﬁpﬁ Ugﬂf Eﬁe&ar SHHOSHE 67 88° | ocat ed
W thin ﬁé“gro%%déﬂm%e& %Se%dfiﬂagﬂﬁaaﬁﬁate Y053 bP Bir %hir{‘ﬁﬁe cg%ﬂéx% 18600955' ng
devi c oye ore or aft rotation, or it e enpl oyed
duri ng dueihgtibatingf the sarrpl e processing device about the axis of rotation.

Al t hough the process chanbers illustrated in device 10 of Fi (%ure 1 appear 25
slibst ant i al I”l}hfbfeﬁé‘ill%?ﬂdlﬂlha@i%l&el e..ithe kibuled apaledpapedsheyecn ﬂh&t eadée process

chanbers Vi ce of .the gsent entlon may

t ake arfy™St ?ﬁ 5@!1%"(15'%”%@“]%@%&2%9%%%%5 anﬁF g {)) %pg%:g]sos D0680i cted in
Figure 1550%} MohRink AR RARGESS thd AFDRMSay] G exd lé Be ‘phﬂ’e&&f ﬂfrhpthe Q¥ler shapes
that are elongated along axis 151. The axis 151 is preferably generally

al i gned-onitih angle berdéss tlmrﬂﬂﬂdgt&b&ﬁnomsnrefere@éw]ess tl1ah§531ﬁg®e&51iha/\feleﬂergener ally
30 extend fromthe first end of e sanp| e 0 i n ev. its second
ond. wPROYA NG A1 AR TiRSsH DB Lt tlanb e e tBo AN Ig2aaNE | ar qost

di grensign,, yAHANROAREENPEME BELL 3 £x§$the?ﬁ§i’n%§&d¥ﬁﬂléﬁﬁds of the sanple
processing device. Figure 5 a depicts feeder conduits 142 that are

preferably afgbiedr pdténtoflllytadeanm@geous optional feature illustrated in Figure 5 is the

longitudinal offset of the feeder conduits 142 on opposing sides of the main conduit 140

(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 1s 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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conduit 140 and adjoin the process chanbers 150 at one end. It may be
further preferred 5 that the feeder conduits 142 neet the process chanbers
150 at the end closest to the first end of the sanple processing device
(which is, therefore, the end of the process chanber that is closest to the
axis of rotation during loading). Entry of the feeder conduits 142 into the
process chanbers 150 at the end may facilitate renoval of air within the

chanbers 150 duFighg 8 BadichemadOdikhanf Beserinpomdticr anngietnehBioripratess drhwys
i ncl uded angl e formed between the feeder conduits 142 and the main condui t

140, may al @ﬁﬁ&méamplplpwrgsmg ti%féceﬁroéélﬁsw%%}%e%@maﬁ@ fﬁ%lmﬁﬁ HRRIECRE t he
renoval of the

d
condui t angf®"B 10| \ggh P‘r?&ﬁ“g%“’éég?@&‘& tﬁ?ﬁ)t ? ?e r%’%‘ pl%gé"é ﬁ%wer?ig:)e(rjegr ees.
The feeder capdidicanglg a"gtiécel%'d"x‘ﬁﬁﬁoxﬁﬁ gﬁ%ﬁ? %?ﬁv@ﬁié’\fe%&t)‘ bespatide b@fwéeﬂe

feeder conduit 142 facing 15 ‘Away from't first end of the device and t
mai n c@ndwpmdsk@chﬂnbérhémpot ent| al 'y advant ageous optional feature
illustrated in Figure 5 is the ongi tudi nal offset of the feeder conduits

142 on opposi ng Eﬁf@e%f the Iqaﬁé]grﬁimﬁlb% ﬁé@laisojm‘d“d?sa%loéﬁlﬁéspéﬂ %3¢ apg @ vent port
Cross- Conduﬁ’ot/-l wf 1?‘ té h;ﬁnci £ ﬁm%rof %Qqu%ﬁ cﬁgm'b ?@ Higﬁ&)jdm%g%hﬂm%&f set

bet ween t he polnt's pasi ng con

condui t ZOSe%éQté@dlmQﬁ@lc%idg'@oE{ @aeﬂai:- hid €0 @c%dﬂ%@mh ©P HeaBhdiag biRintsldr i Ng
filling and/or processing igures 6 and 7,” in conj unctl on with Fi gure 5,

illustrate %L anot her opt| onal feature of the sanple processing devices of
the present inventi ur.e cross-sectional . of Figure 5 taken
al ong¥ine 6-6 iALH ’ulFe@t Q%Ctﬁii&hﬁ’éu‘f ?&S tﬁe E‘?‘E?géggté%l“é’ WEHIEWF BF° ?%
Figure 6 takomiglon l'ol:%ﬁ@d {ohg e@c}F 6IQH§ ﬁlaﬁx coﬂal‘?utg h@Hr Bl pitisitshiadessiboe

smal | er cross-sectional area” of feeder conduit 142 ‘as conpared to the
mai N condui proded chdhberd 260 ¢y mnfuid mmmunmnbn ol eaah etheohiohp enagrooehduit24040

and vi ot he ARAETRUL M BFHIEREST OBL VTG IR A P PRGFarbaBpYSe-
s L T T
limtihg di ﬁ&uﬁtﬂ@,ram@ﬁ&f@ﬁk&l&bﬂﬂtaﬁ@ﬂﬁ;&m dlatﬁibonomagltlmlsmphenateﬂalcﬁwht be 13
provided. For example, the reagents may be contained in a wax or other substance within
cach of the process chambers 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
vt 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 conduiis 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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Figure 8 is a schematic diagramillustrating anot her arrangenent for process
arrays 220 useful in sanple processing devices of the invention. Anpong the
features depicted in connection with process arrays 220 are the staggered
rel ati onshi p between | oadi ng chanbers 230. Such a staggered rel ati onship may
i nprove the density or spacing between 5 process chanbers 250. Each of the
| oadi ng chanbers 230 al so includes a | oading port 232 and a vent port 234
which may facilitate rapid filling of the |oading chanbers 230 by providing
a pat hamgpprempée hicatidy dinrtthebifaasiongp ot tTiEapefod vakvies 34bmegdupyeevéur i ng
filling of the | oading chamber 230. 10 Another feature depicted in Figure 8
5 t hebsaided e SR RO BRaiPBRBaRBEN TdSsPBELS of SRTRS PEBE N Teat od al ong

each of..t i i L F i K hanbers 250
o AR IR0ER: e 0. AR RaRR e e S 0 he o
resul t exanipléyf wicialy entdesaibedtih elic padre npplicatianeideatified biswat ed wi t hi n process
chanmbers 250 before distribution of the sanple nmaterial, then sone

nechani sm oByteisgsrsamizable process avayh 34y Hreavbapowible oyevidgsamplel s duri ng

LRHE SRR ML o N (I S e

or er s ance wthin ~each of the

pr ocesgivahaEdengy 88 Sountl if WhEatRlityTo fedie b B d16me io@@irﬁglbinhdtétﬁl matddddbyyet
anot her arrangenent of process “arrays 320 that may be used in connection

wi t h sexptieg pireonesisr nf pdeescemmberst35€ tprvdsdnthat 2Gnplaveteriabmaykech of t he
process .arrays, 320 in¢cludes a | oadin hanper 330 that, .in tur i ncludes a
| oadi née%"(?}'%' ﬁ?laﬂalegw‘gﬁc %B‘rggmg'éﬁa O%ﬁelq%‘geé’&i? Weeﬂlé%éﬁ‘f‘s"%%r%‘r“e influid

nmunj i i1t.0 9. ryal | fepr 0 i conduits
S0 "R b QBB Bl Bl o B S e B B olch SRR OO0 o
val vesis3tfivakogelebe intbdRingahe uimber3dQestEpatorafedt he mai n condui ts 340

bi farcates to_an individual 25 subset of_ process chanbers 350. By
sel ecti vel yRefsaimspowto Eiayes hey anpideraptiens] sagie ghthérpresgalinpentimtiper cl osed

or opep._when ufact.ur h ivery of sanpl ternial to.each subset
of pr ovepdlfidp TEMNE BELHE BlmbelS 4 SF bR s BATROTEBERE Blork B2 ™",  “one o

the vatuess RA4SdpardiRRdf Y 1bedihp oRfoRRIF tNd el frbckSsid @3e@ 4 10ekdMery of
sanple material will be effected only to one subset of process chanbers 350
¢ & hr outite poheoropemaiviak ke Bpgyss chambers 450 may provide advantages such as, for

example, reducing the size of the sample processing device 410, reducing the thermal mass

of the sample processing device 410, removing any sample materials that may remain

within the loading 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
ieakage 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 ray 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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30 It may be possible to achieve the sane result, i.e., enabling or
preventing delivery of sanple material to a subset of process chanbers 350,
by sealing the main conduit 340 at -14 an appropriate |ocation after the

bi furcation point. The use of valves 344 may, however, provided the ability
for automated control or custom zation of the sanple processing device

i ncl udi ng process arrays 320. The valves 344 may take any suitable form
sone  exanpk@s &fanaihedivareadeRsl drigibrintatbhig. Paicemdtiveppbd ig atdieios b tenkd &f ed
above. 5 By using customi zable process arrays 320, it may be possible to
provi de sanpi edhepivecde ssiungthdevilcedd, ithaay ber desirable ¢9.cog. aheat beal gsisetl 49 ise for
particul ar testing need Q her dvant ages may be found in the ability to
reduce the ¥ %ﬁ’éﬂ}ﬁ DPROCRRg oy Fce4é§ded by reducing the nunber of
process chanbers i TRYp

Al ternatively, mﬁg%lkgﬁmﬁg?]%%e fﬁmcon?gggﬁlgg IYs ré ujicgg%bhl?ﬁéeﬁgfam?/es
344 105may bhadimgehehbess E]3|®dhﬁﬁ$1& Itehmrnianbéme(smnpta)pmscﬂ;smtga:}WEB§leﬁﬁtyt o which
sanple material 1is delivered, thereby increasing the number of tests

per f or med. R@it&erfp}@gnm@wsw@ph ryosassing devige ShR Alongt ¢-8n aFParatipnding 4. tT hat
resent inv t el rs {

P ) ?ﬁ@fﬁlgq)ré) ﬁl%g%{S% c'lo%@ tl?fI mgh conaali fgg aggﬁm% S alﬁg?rf rﬁéﬁ% 3“5;: di ng

remai nder rocessi ng arati p

portion of the ﬁﬁgrmé Snaldi OGRMTk Isgodﬁ\éhqméli@sﬁédqevéﬁsdlmomray beaciiertai ni ng
t he process chanbers 450 may provi de advantages such as, for exanple,
reduci ng t hbetyiege thef propess Qhﬁpb@S pEoredenhlirdevdefermaipn e oF thy @@ t her mal

nmass f the s ess Vi ce . 410, renoving any sanple materials

t hat nay reﬁ‘é‘?“ﬁms\%ﬁp ?nh ’%Eéqlgaﬁﬁ? i"'ﬁanbers 430 after distribution to
process chamber sy4a0y b@H&Sna@%R@r h@@a%pflﬁealée@,aﬂ%ﬂgcs@é@ﬁttﬁé ﬁlté@&tﬁ)ﬁ&%ﬂ thoe
sanpl e proce55|ng devi ce 410 may involve, for exanple, cutting the

sanpl e processi ogdiéy i5ée Mﬂﬂhalfmidglgtlhe 5§éph;[ta11ct wider Ianahehadlb@veaﬁladem cted in

Fi gure 10. Where the | oadi n rs 430 are to be | par at ed
fromthe reRSTAHIGIIEROLiARS %&9&3@% sfé?lﬁbatﬂ%‘i}‘iﬂ@g‘ad% eF?ﬁUﬁéﬁ}@ﬁ\&r&m y

preferable I )
separati on | ﬁg& ;@’% mb’?é@gﬁt ?: Hﬁé%egg? ecﬁ,gg%%{?é l'?"ttgerll a 3}%‘{11% ancm%snd
after ithe seqapailHea ﬂﬁ@m&'sﬂowzﬁaﬂhemu&e t@fhemcwse&smusral Slefustildw m:a@dlflem ve

within the main conduits 440 (see Figures 2 and 3) may be
partlcul arI;?“Iﬁ@%“&fltﬁpqléo’é%%ﬁﬁl@ﬂt@éfééﬁi #5841 ing of the main

The centrifugal forces developed during rotation of the sample processing devices
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 Jayers 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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ti 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 al so be hel pful
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 -15 form of an adhesive

coated foil Mgo %d]hﬂiedfiﬁftlﬁﬁ(ﬁh]]areﬂi@rﬁcﬂ@@ddM@iy a®asd PoAREdnt@OWitE thdhie use of
an adhesive to secure the se 444, it may be desirable to, heat seal

e.g.,
t he sealppdsidg pide of kKleecampie pmegmgﬂeei%rﬁd@es@ithgﬂd@fwln@meterRég& pichg now t o
Fi gures one, alte Sic arati.on of the, 5 |oading
chanber&e %@6%?‘%‘% }PﬁécdrtBW&f% lemttﬁ‘g?%ﬂi nge &?&ﬁ 2ORlG PEREGISEE ey
'ncl udeg SR SorRfREESShRY HaM BRI 1Bt 8P BrevEntdeaka SEBLLAL | ON

i ne 513f0%fﬂ Qﬁ |?§Bpr cgié)ﬁess may] 98 So cl osyz trllle ma r?vc})n%lufaé 5461%acr 0SS
t e sepampld mmehanemS dBtheyprowss nfmmﬂg:rst treothai fiuid pathw ays dbdbg rasatom dfhiat a
desired | evel isolation naé be achi eved between the process chanbers 550
Wi t houtsampla precesgiRgieniseidH- of any of the main 10 conduits 540 or the feeder

he i nt or sectieora bR SRHPSL s e PR8N ARCuFd b onblt Qe PP sL8E1s Tt

are W dericemdoshalih@weds ahhagutiifes seh 4 Bﬁlis@@hﬂﬁbéxt@ﬂéoﬁult@W&ﬂjdﬁrﬁg 540 to
facilitate crinping of the conduits 540 during folding. The w der,

shal | ov@berefrmmplawgldada@mu@@osmsm‘meeThe mse béd amyybepgoovedief anycr oss 15
sectional area for siml|lar to the crossectlon fluid
PG ar i ot stk BRIDR G bR P SHRCURS SRPIPRORA OB Ug0e The

centri fﬂgﬁévlé@éﬁ?ﬁcﬂﬁ%ﬁé ApeGaduring rotation of the sanple processing
devices to deliver the sanple materials to process chanbers may chall enge

t he seal i ng Afpottiven ofmmdtesrsatwbanﬂnpresmmdeﬂt:dm-:srdefpianedjmpiagmyﬁ andl€ach of the
process arrays. The challenges 20 may be_ especially acute when the sanple

pr oces sfMGEHOp wigh A §1Q98$§s‘%1\aﬂ\’5’Féé5Q1 sﬁﬂﬁ@oﬁwn %fc?h%%‘ilfiié‘of“émé@‘pac Hheo | ayers
toget heﬁlterrﬁﬂvﬁ%h@&sﬂoﬁ Bedile i S&R1dnDE 1 Pfrob i RERERS STHRNAMESicd Ml vREher fluid

pat hwa
15 includes a shaped compression die 662’ that applies pressure along a discrete area or areas

located about the periphery of the process chamber 650’ and the feeder conduit 642°, The
compression die 662’ preferably acts against a base 664’ located on the opposite side of
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
reiatively 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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sanpl e processing devices during rotation, it may be advantageous to
conpress the major sides of the sanple processing devices together during
rotation. Referring to Figure 14, 25 the sanple processing device 610 may,
for exanple, be located within a conpression device 660 (e.g., in the form
of a clanshell or other suitable structure) that conpresses the najor sides
of the sanple processing device 610 together during rotation. The

Contact  wi EROBHEC e S o BB M gl DR B0 SR P o

contact w one si vice cont or mabl e
mat eri al 663ihePYise §&1£t@lfroﬁ¥§@lhh@1 &ﬂlfl%ﬂf&%h] mmhmgalﬂn ddvisd Ti0 @ra egdpasiet i on.
-16 Also included in the conpression device 660 is a base 664 in contact
with the o@&bmmgtamﬁe S@mptdwos@mg@em@@éwlaﬁgr aigeetiondor pecesing.

conf or mabl e rrate 662 4 are. biased.to ch_other, the
maj or si des of t e%%ﬁ"ﬁ* %&EW}X% Fﬁ%‘ gé‘?/%@éam@ﬁ‘?opléi%ss’@éﬁiga ?gﬁgm?’mnel
compr egsi on uIey ) IRk EARILYIS0AY BE FeiRba Ry diflRKADCHl BRCSHAB s

mat eri al s out o process chanbers or other “fl uid pat hways during
rotation of 71(bleA1t61aaﬁ{rcﬂy,p:raokBeam&:n@S(dm\ay bep&hﬁhneﬂhﬁammhﬁd)tmbinglermwtﬂ al 662
is preferably located in contact with the side of the deV| '?C{Pgi%

i ncl udes anyiosessingdpvis slgéﬁda@labragéé‘é%e Both bt nRIF PESAERINE C‘B?eo ¥
therefromto_av ng}drama tt% 8 structures. The base 664 may be forned of
any 10 sui t SBHE Bri%y e may be rigid where no structures are
protruding from trie sgipie p@éceshng BevieeyiERap bO niactparedes dasab&bibovd Phetion
of an alternative conpression device is depicted in Figures 15 and 16 in
connedi on witier 2(pmeg astudehanives f@60¢s wll apgmlleonpfmﬁna ‘Teddhatrare predhuiatly 642" .

Thy | t " .0V
Compr asst on REFRCETLG RS Qnéﬁﬁ%ﬁ%@@&%bﬁﬁ hoabiire 4B B PRt S mies
pressure al agy i BenRl £t ea bl PPl 1RILEEH ARG LIE A9 Ay Of the

process cha condui t 642’ conpression die 662
preferably anicsssigadavide 'HOHa&ﬁg ﬁ%adlﬂdsoed)mmhthmtmppcopnotvﬁhsg the pidiralitty boé

sanpl e processing device. Departi n fromthe e5| n of th corrprﬁs)si on
device  depFRFEHORERITESYFRdS ?4ma‘@4f Brps B¥EFD ]6‘8?“&}1&[ PaeiRYabl y be

for meq SOf atl%.QSIﬁlg£§é ?dﬂ'élécq}clrﬁfagrnla@é &d%toﬁ rlf] ﬁ'le desired wavelengths. As aresult, it may

be possible to use a carrier 780 that is contiguous over the surface of the sample processing

device 710, i.e., the carrier provides no openings for access to the process chambers 750.
The carrier 780 illustrated in Figures 17 and 18 may also provide advantages in the
sealing or 1solation of the process chambers 750 after loading. Figore 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 prc.:vidc
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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Figure 17 is an expl oded perspective view of an assenbly including a sanple
processi ng device 710 of the present invention and a carrier 780. Because,
in many instances, the sanple processing devices 710 are manufactured from
materials that are relatively thin, it may be desirable to attach the
device 7 10 to a carrier 780 for a variety of 25 reasons. Anong those
reasons are the need to provide an assenbly having sufficient thickness to

be pro ﬁaa&ﬁbxﬁ&ﬁﬁﬁfrhﬁh@taﬁh@h@ﬂhc%%ﬁﬁ?ﬁsﬂﬁ &Q%H"ﬁﬁﬂl’érﬂ%lgﬁoc%sﬂhgbﬁum of
nDdlflca ion to thdt equipnent. By providing a carrier O that "is separate

from t hemglampdterigls Qe:.gs polygetse ichain Tdddtion tdie ).t Aesne, tlmmlmf780hnaysMI e
processing device 710 can be m nimally ﬁ%ga as 30 conpare

manuf a@h@ﬁl?tﬁ@zqdn@clélﬁmgr cbcaélawﬂ?%lygs%e%w g Sample RAP‘%GHSIHD gﬁ Viekness
suitab |730be we%nqg%?lscﬁnn&nhﬂltg 258}%3%11 ?1{%%%11 e 4 anpr%nedb\gﬁﬁ I?l?e mgﬁ{t %H&Llu?sl

advant a carrier e processing devices 710

gy exiyqbi Thavberderssd Eé@w@éﬂﬂhe@ﬁmeﬁb&g} MSte @@mp@tﬁoéers@iﬂg depbanas
configuration. Attaching the device 710 to a “@8}' carrier 780 can retain

t he sampﬂyénep)cgewdubwlrdfé\m@ghﬁr@ﬂpﬂnaﬁm/owﬁm neshlgting sntgsiabeessi ng. The

carrier 780 be..att ac e55| ice i n a manner

S hat | al L onikeP ARBES B PR e 6 GO e hAA S Gt Sanmpl

pr oceS%hﬁ&ufé@\{h&%lgn ?H@sanﬁ‘lé BfdRBLnsEleYice 8aBReBAVE tfihe Zﬁ&emo e wRerfanent |y

attached to a singlFe sanpl'e "processing device 710 such that, after use,

bot h t heustares|teatpligs elesassgmbleif cemplk prevedsih devxcaf] 10 end 7Bfledsy @lasiar ded

ta]&g)et her. The sanpl e processi ng device 710 may be nmanufactured as descri bed
ve. e qéleélaﬁlrmreﬁesme speEem; Used t?déew}yw@erréézﬁualéén HGEAMRY carri er

open n%?ogfg% q‘%‘h%ﬁ]e pAﬁir?@ﬁ‘xg'I%{ag Ald gng anf i chéeQFoﬁw%% c!letté/cn%n sPueiCp

chanber vice provi carrier openi

proces Sfopmﬂlr lpSthel PR s€rR obabwnea\@pla felavted ;iiﬁl)&t ﬂﬁth@fpr@dtgs &amﬂees 79 ocessi ng
device 710 faC| ng the carrier 780. One alternative to Erow ding the

plurality ofltmea pé&feﬁgbihﬁh@@ sygpleipgogessinanarise /4P e ehgnedaelalive to7de of a
dos: 1 oq it arTRyoaRld oo R gl BB R0 g ot Bt PO & i B0 1 er 70
th:at | Sn&iektkd HUPLSOVA! Tofewit fARSENAI u‘aéﬂ @arﬁﬂ@%@ce@i&% esatdg o davivee 710,
i.e., the carrier provides no openings for access to the process chanbers
750.  to the carrier 780, at Jeast two points of registration or contact are required. Because the
device 710 and carrier 780 may be subjected to temperature extremes during processing, it
may be desirable, for example, that the sample processing device 710 be fixedly connected
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 cartiers 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 8§88 is depicted as
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The carrier 780 illustrated in Figures 17 and 18 may al so provi de advant ages
in the sealing or isolation of the process chanbers 750 after | oading.
Figure 18 illustrates the 20 rails 783 in the carrier 780 that extend al ong
the length of the main conduits 740 in the associated sanple processing
device 710. The rails 783 may, for exanple, provide a surface agai nst which
the main conduits 740 of the sanple processing device 710 maybe pressed
while the ¢ it 4 g t Ol SQ S0

seal the cgﬁ%%?&%h@Hgﬁ%gé%?ﬁpbggggﬁbZﬁ§ﬁgﬂ$ﬁﬁﬁﬁga ?ﬁgmc aﬁgéPééggﬁﬁﬁégﬁ%the
devi ce 710. nid§ bepréddid aONsdpardidgiticleus s idlunaohgd deflerdamidr@3oof the main
conduits 740, the rails 783 may also be relied on during, e.g., thernal
processing to apply pressure to the conduits 740 (thereby potentially
improving the seals forned along the main conduits 740). Furthernore, the
use of rails 783 al so provides an additional advantage in that they provide
for significantly reduced contact between the sanple 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 inportance of reducing
contact between the carrier 780 and device 710 -18 may be particularly

i nportant when the assenbly is to be used in thernmal processing of sanple
materials (e.g., polynerase chain reaction, etc.). As such, the carrier 780
may be characterized including a carrier body that is spaced fromthe
sanpl e processing device 710 between the main conduits 740 when the rails
783 are aligned with the main conduits 5 740. The voids fornmed between the
carrier body and the sanple processing device 710 nay be occupied by air or
by; e.g., aresilient and/or thermally insulating material. Various
alignment features are also illustrated in Figures 17 and 18, including
structures that align the sanple processing device 710 relative to the
carrier 780, as well as structures that align the assenbly of sanple
processi ng device 710 and carrier 780 relative 10 to, e.g., a therm
processi ng systemused to thermally cycle materials in the sanple process
chanbers 750. Alignnment may al so be used in connection with a detection
system for detecting the presence or absence of a selected analyte in the
process chanbers 750. It may be preferred that the sanple processing device
710 be aligned relative to the <carrier 780 proximate a center of both of
those articles (center 781 of carrier 780 being
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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
subj ected to tenperature extrenes during processing, it nmay 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 attachment 20 provide for differential expansion/contraction between the
device 710 and carrier 780. The al iCioABMS structures used to align the
assenbly as a whole to, e.g., thermal cycling and/or detection equi pnent,

i nclude protrusions 774 that are preferably designed to extend through

al i gnnent openings 776 in the sanple processing device 710. Asa result,
alignment of the assenbly is based on structures found in carrier 780. One
advantage to 25 relying on the carrier 780 for alignnment structures is that

its constrlucti oA devide (19,01 i0a21§, 310410, Sb@r6d 00710 830,013 0) forase il proeesging
accurate as ¢ are.d t _t e,sanpl e, processing device 710. Figure 19
illustrate QO‘E?“ ‘i?rf‘g?“ﬁ‘@ re of carriers used in connection with
the present i nvs%afaamgﬁﬂngarﬁrsmdm@ 115, 2F6) 8t 5P ahadhéditordlselBid Sidé (19, enent

888, e.g., | ens t may assist in focu3|ng el ectronmagneti c energy
directed |M¥)2tlﬁe Wocess chanber 850 or emanatl ng fromthe process chanber

ggg ;-Ihtehggtglhcﬁlt“si*oiug é| %‘ﬁ EEun ers oodhﬁﬁha'g ?'ﬁ re\Lé’rren¥! %ﬁ& C?r;;/l g(ra
e
in pr ocessF?ﬁ %@ﬁp‘*@%@{%a{@ 3%“@9%03@’88%&?5&1?&%'&%%9 ?];Orgﬁ?"r S¥ng a
first sidechavibebd {50, 36@ 5081§0c,aoaameﬂsa 956 450) @RflibttédcalédPihe midisd condbi,

818),; a process array orned between the first and second sides, the process
array conjwhergimthed oacbwmy:uypmmmce@munmonwh thenlm_irsno 'Progess 430,

2 il g - 1 00 20 0

a deformable seal located between the loading structure and the plurality of
process chambers, wherein the deformsble seal comprises a deformable portion of the
second side of the body, the deformable portion extending along substantially all of the .
length of the main conduit.

2. A device according to claim 1, wherein the deformable seal comprises adhesive
(19, 819) located between the first side and the second side, the adhesive extending along

at least a portion of the length of the main conduit.

3, Adevice according to any of claims 1-2, wherein the deformable seal comprises
conformable seal material (936, 936").

4, A device according to any of claims -1-2, wherein the deformable seal comprises
expandable seal material (1070).

21-



- chanbers (50, 50s. 50b, 50e, 50d, 150, 250, 350, 450) distributed along the
mai n conduit, wherein the |oading structure is in, fluid conmunication with
the plurality of process chanbers through the nmain conduit; and a

def ormabl e seal | ocated between the |oading structure and the plurality of
process chanbers, wherein the deformabl e seal conprises a deformable portion
of the second side of the body, the defonnable portion extendi ng al ong
substantiaglly . J )2 €4 B J1: ' ' '

accordi ng%lt'o C%Pﬁ%ﬂ% %@?‘gk&%ﬁ}e&fg{'@ﬁaﬁ@&%?&%]%f%é agﬁl\e/és%% (19,
819) | ocatpiuralitytofipesccshichdmbers jssn doidemhnicationowith theraain doadeif Heeugha

ext endi ng ,al pn t lea oft i f.the length of the main conduit. 3. A
devi ce acég?‘ﬁrﬂ%n@(agy%igﬁazﬁs%géz%erei n the deformabl e seal conprises
conformabl e seal material (936, 936"). 4. A device according to any of

claims 1-2, wherein the defformabl a seal conprises expandable seal material
(1070). -&L S. Adewdoe¢ secondiog tolamcof daimsyl-5fwhereinthe lpading sructrecamprisepr ocess

chanmber of th ural | . S chS A ' lcation with
tho mai n_ cuietPe CeaFBmga, . BECER 236,330, 40, 536, 43 b B BRbRRN, 0 '
A devi ce agiipth@imdntonddiy, of clains 1-5, wherein the |oading structure
conprises a |oading chanber (30, 30', 30",130, 230, 330, 430, 530, 630) in
fluid conmunication wth the main conduit. 7. A device according to any of
clainms 1- fur . T ; Q eﬁlbﬁg’%@- Ade 1) one of
t he proce?s' cha%bﬁg?lggg@rgﬁgggl eo%"ggcﬁ)&r'dlfg’g 0 any ‘o %atilbrf‘ét%#gﬂgrei n

t he | oadi n§4%inrat deast aneonfithbe pexeess chatobewaped | oadi ng chanber (30, 30")
conprising first and second legs, an inlet port (32, 32") l|ocated proximte
a distal end of the first leg, and a vent port (34, 34") located proximate
a distal epd of Aldegice ascvrding@d anyof daitidt 1P Owhérelnithe Radinistudtiet Compiss i al s,
the nmethod conprising providing a sanple processing deyice éhl,o 110, 210,
310, 410, %Ycshapedjoading: er (30, 307) comprising first and second legs, an inlet port (32,

32") located proximate a distal end of the first leg, and a vent port (34, 34") located
proximate 8 distal end of the second leg.

9. A method of processing sample materials, the method comprising:
providing a sample processing device (10, 1190, 210, 310, 410, 510, 610, 710, 810,
1110) that comprises:
a body comprising a first side (16, 116, 216, 816) attached to a second side
(18, 118, 218,.818);
a process array formed between the first and second sides, the process
array comprising s loading structare (30, 307, 30%, 130, 230, 330, 430, 530,
630, 687"), a main conduit (40, 40a, 40b, 40c, 240, 340, 440, 540) comprising
a length, and a plurality of process chambers (50, 50a, 50b, 50c, 50d, 150,
250, 350, 450) distributed along the main conduit, wherein the main conduit is
in fluid communijcation with the loading structure and the plurality of process
chambers; and _
a deformabie seal located between the loading structure and the plurality
of process chambers, wherein the deformable seal comprises a deformable
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1110) that conprises: a body conprising a first side (16, 116, 216, 816)
attached to a second side (18,118, 218,.818); a process array forned
between the first and second sides, the process array conprising a |oading
structure (30, 30', 300, 130, 230, 330, 430, 530, 630, 687"), a main
conduit (40, 40a, 40b, 40c, 240, 340, 440, -540) conprising a length, and a
plurality of process chanbers (50, 50a, 50b, 50c, 50d, 150, 250, 350, 450)
di stributed al ongdriien sfthe secvnd side ofhike body, tH%Q!e@iﬂib@?dﬂhﬁeit&ndih@afohgi d
comuni cation with the, | oa in,_sﬁructu: and the plurality of process
chanbers; and a JubBaRtially, ¢ jength fthe,pmalmsonduite | oadi ng structure and

the plurality dg&m—-ﬂgg &f}ﬂ;ﬁi&ﬁ o afRasS "2&% %rﬁb&? I ses a
defornmabl e -22 porti na§¥ t he sgggﬁd S|§ga8?b?h %@5?9 e dg¥g§§g@Fe
portion emamebindyital ong substantially all of the length of the main
conduit,, distry buting l,e materi to at .l east sone of e cess
chanbers throu sPﬁé‘QgﬂéﬁﬁR‘tbﬁﬁaEﬁtl?’?d?*°6@wt‘éﬂé‘HB?'S‘PH&S??{'E%’P% def or ni ng
-at | east porfionof giv sebordsidélef depedye portion of the second side of the
body; locating; the body .in contact, wwth a thermal bl ock; and controlling

t he t enper at ur locating the hodu im gontgetovith sherealiblockyamd s in contact with the
t her mal bl ock. ﬁggL S 31 ' ol12) 2S04, « .Fﬁﬁ sw.second
opposi ng ends; "a pul?ll" |t§/£8' %éﬁ@%ﬁ?c@ggarréﬁ%ﬂ%géﬁmo : gugtlhocess
arrays cotherthaewmadblock] oadi ng chanber | ocated proximate the first end; a main
conduit extending towards the second end; and a plurality of process
chanbers distributed along the main conduit, wherein the main conduit is in

fluid conpgini catiRme WriddsdidiadvhRadbhgrigh@noer and the plurality of process
and _

chanbers;

first and second opposing ends;

a plurality of unvented process arrays, each of the process arrays 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

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°.

11.  The device of claim 10, wherein the process chambers are elongated along an axis

extending between the first and second opposing ends of the sample processing device.

12.  The device of claim 10, wherein the feeder conduits enter the process chambers

proximate the first end of the device.

13.  The device of claim 10, wherein the sample processing device comprises first and
second major sides attached with a layer of pressure sensitive adhesive, and wherein at
least one of the main conduits is closed between the process chambers and the loading
chamber by the pressure sensitive adhesive adhering to the first and second major sides

together along the main conduit.

23-



wherein each of the process chanbers is in fluid comrunication with one of
the main conduits through a feeder conduit, and wherein the feeder conduits
formfeeder conduit angles with the main conduits that are | ess than 90.

11. The device of claim 10, wherein the process chanbers are el ongated al ong
an axis extending between the first and second opposi ng ends of the sanple
processi ng device. 12. The device of claim 10, wherein the feeder conduits
enter the process chanbers proximate the first end of the device. 13. The
device of claim 10, wherein the sanple processing device conprises first and
second maj4or Sﬁlﬂe!svﬁébadhﬁdlwmﬂnheacbmyﬁsingﬁ sephrtion tite hemsd betweerathbesi ve, and
wherein st one Qﬁgﬁgrq_condU|ts is closed beﬁmeen t he process
charber s | ?fhn% el PEgreptrbapbersiif senaration ding exigeg i ve

adher i ng fki:bsghﬁrﬁalﬁ%&ncﬁngoﬁe&ﬁ%@tﬂz%wesssaﬁ% together ‘along the main
conduit. -23 14. The device of claim 10, fdrther conprising a separation
line | ocated between the | oading chanbers and the plurality of process
chanbers, the separation |ine extending across the main conduits of each of
the process arrays. -24
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