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PCT/ US01/ 501611116 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 distrnibuting sample material
to a plurality of process chambers in a sample processing device by rotating the device
about an axis of rotation. The process chamberé 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
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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.



WO 03/0, 7369 PCT/ USQOL/ 50114 I n anot her aspect, the present invention
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with firgl ard-s6cond opposing ends and at | east one unv]e@.}c{%gmp{oqﬁess array
conprising a [oading chanber |ocated proxinmate the first end, a nmain
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of 20 the present invention. Brief scription of the Drawings Figure 1 is

a pl an thd prwcess apnaps pahmding ploeding shargbatdodate] priokguate ti first end; embaam ged parti al
cross-secti.onal view of .one progess array on a .25 sanpl rqocessi ng device.
Fi gur e Conut eilendip Iyt B sfcand €Ot Sl RAP RIPESH Ghartne® (RBRie arr ay of
Fi gur e »2on d6Phizhd HhdaSwNBENAMe Alaib &b gs IhgnilRbMnaARcoh wifl @bre 4 is a
pl an vi ew of one centrifuge systemfor rotating sanple processing devices.
30 Fi guosihg timmibep haditheipduyaify of ppatets dnndkersaandmbereiatichef iecomesssar r ay.
Figure 6 is a cross-sectional view taken along line 6-6 in Figure 5. -3
15 chambers is in flnid 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 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 enjarged partial cross-seciional 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 21 JUN 2006 PCT/USOQx /50134 Figure 7 is a cross-sectional view
taken along line 7-7 in F: gure 6. Fi gurg 8 depicts an altgrnativ?ﬁﬁmn%
process arra a.5anmpl e processing device. Figure 9 depi .
alternative }SG‘Z?B%H%VOC%S arrays for a sanple processing dev%@i{&ﬂ}ff’“g]ﬁfe 10
is a perspective view of a sanple processing device in which the loading 5
chanbers are being separated fromthe renmai nder of the sanple processing
devi ce. Figure 1Figus Aispenrspeetiioml viesntabén slheg baaptiangigaedsi ng devi ce of
Figure 10 after _sealing. Figure 12 is a_plan view of another sanpl ,
processi ng devi cEISUEs Yirhicty an pllergaldyeyiet of RRCHY AR %&%F@Pgﬁe‘é@%ﬁgeﬂé‘?ﬂ ce

of Figure 12 aft . e : - devi j L NG ;

| oadi ng chanber sg#grui)e(r)r]é ? ‘%@&Sp? %%é%l@ﬁé%f‘%éf@%k&ﬁ%ﬁ%f@ﬁ S%@gﬁrc@ Egbé&&g&%g&
processi ng devi CRigheCH] 8d pardpbitivedview b 8Smblerpro@ésiag devibe gLwhichthd wadingl an
view of an alternative conpression device. Figure 16 is a cross-sectional

vi ew thken @hasry apbeing samuratad foguthe remainder of dheesanple groghsseygeyirsd

per spective view-Qf _ LV [ : i j.ce and
ot e Fi gor oo TLRATSERA LY A i AR RoBesh BURERTRAR BTHET R0
fromthe siggligg the carrier facing the sanple processing device. Figure 19
is a partial cross-sectional view of a sanple processing device and carrier

i ncl udi ng an opt Figgre B isgdhan view abenaiheesanmde procpesingrdeyfcel | | ustrati ve

Enbodi ments of t eulenilse.ntai on Tge resent é nvent i ondeﬁrcovi %esu glggggrlie din
processing devi c& & Fat” €31 45e" 0l & 2P Y PISCeERESatly® 5F T4t nigldne
materi@l s (@ RHIRLRNFRAIREIsBpEaBTH theildithg dhambeisOvdi dhd procBdlchhRb&spr ocess
chanbers to obtain desired reactions, e.g., PCR anplification, |igase 25
chai n reaction (E@ERe 14ddpictsasaaplaipieressagidendes Joepkil pathion compreysien févieti ¢
studi es, honoge; %OUeSﬁ i %i?d bi ‘Q,di n Eli;utssaysécand_ ot her chem cal ,

bi ochemi cal , or OEHeET r At TONE qf t ﬁ%?,we.odp?m?sé?fh??vécepreci se and/ or
rapid thermal varjgld fga MYs8efdddal Giehatkoh albhElind (636N Fighyes. i on provi des
sanpl e processi ng devices in which sanple material is delivered to the
process chanber sFigpre bt ataheyplobed pevpactise vieheofrmat dsexisblyancledisp aisamplede

15 processing device and a carrier.
Figure 18 is a perspective view of the carrier of Figure 18 taken from the side of
the cairier 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 Nlustrative 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
muliiple process chambers to obiain 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.



30 sealing of the sanple processing devices after sanple materi al
distribution. -4 WD 03/057369 21 JUN 2006 PCT/USQO/SOLI4 Althouph ME00bus

construp{\joqgﬁjsgwi | lustrative enboqi nments are descri bed b]e ﬂyys(g@{mpl e
processi ng devices of the present invention may be nmanufactured according to

the principles described in U S. Provisional Patent Application Serial No.
60/ 214,508 filed on June 28, 2000 and titled THERMAL PROCESSI NG DEVI CES AND
METHODS; U. SAlthowghomiistooaistrRatoanof Appireidat ¢trobodmeh@larddesc6Bddiedo®42 fi |l ed
on June 28, 2000 and tjtled SAVPLE PRQCESSI NG DEVI CES, SYSTg,IVS AND METHODS;
and U. SaMpGRIosessingldevisss ehibe RpsenldRYSRSRN G4y b MARNagBIed 2pcRFBErp ted on

et O A5, NS EEOERPOR ST (PIRE Apulerrcon

const r Uik QBS2000 andQited MHERMA0CERO UG ST BET ICHRIAND MEBTHODSS 1St 0
manuf act ur e, sang%e processing devices according to the principles of the
priesentPriowigine] Baentpplisg asial Bot A4 hoAAAedAn fune 283&(5)&9 adgtldessi ng

Censi ©1 Vo LR CER SRR SRS AR VBT HONRS BT PR act ur e

usi ng headnt AARACchie SHri0NBek0/bINGT NHlddeshDiEba, 2800 hetiiléd SiIsMmats ve sanmpl e
processi ng devi ce manufactured according to the principles of the present

i nvent i RROCESSINGIRE RIS, iSY HIEMS N2 MhdH2DSThe sanpl e processing device 10
i ncludes at l.east one, .and. pr.eferab]y. luralit f. process arra 20. Each
of the pr oce’t%e AGPPIPLs lg?f‘t Pé‘&‘a"se ;ftd' éﬁgﬁgco‘")‘(f%et%xg&ﬁef C‘é‘?fgmiriori%‘%ar ds the
sgrond s%ﬂﬂwlelﬁrogésgin@ede%ﬁp{h%t C&lﬁ@&?ﬁ@dng rl?‘lﬁl\{llfzféﬁjrégfﬁmg@ IO sRhPasasesar rays 20

are depicted as being substantially parallel in their arrangenment on the
sanpl e gerodagstionbe pewdiples 40the ptasemugventions Far exangpleenthonglymbey opthef erred, it

wi Il be understood that aa _a,%{(ﬂ%gerrent of g{{ocess arra ? 20 that results in
thei r SEBRISHOPST S (o ioRb Ao Rer Rt effcetaoped Usipg SdieDRt (ohomesiend 14 of
the deVdeﬁﬁti\lQa&h%siv%%t BEGERTE th es%}t ARERRNN Quld B@nﬁh%@t%%ccﬁgﬁx?%yﬁeago bet ween

the first and second ends 12 and iI's 1 nportant because sanple nmaterials
are di sealimgoreahérthoodgizgaedhnidues.sanpl e processi ng device by rotation about

a axi s of r8tati on proximate the first end 12 of the device 10. .
ne 1llustrative 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 proccssing
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

_5.



When so rotated, any sanple material |ocated proximate the first end 12 is
driven toward the second end 14 by centrifugal forces devel opeddusjNzi he

rotation. 30 9f ,the process arrays 20 includes at |east g oadi n
chanber 30, g{%"a‘%@é‘g{“"one main conduit 40, and a plurality of "g&{}@ff%“”

chanbers 50 | ocated al ong each main conduit -5 21 JUN 2006 WO 03/ 057369

PCT/ US01/ 50114 40. It may be preferred that each of the process arrays

i ncl ude onl ¥0. 0 enaly®@Ghireferred eHabetch FQhapees layrapnigicimie Pnbosnduohdidg chahtter
process chanbers 50 are in fluid communication with the main conduit 40

t hrough f eedfeindyiyape maypcondyit 40y ddigiprocephehampg Hyaghn et copmupigalioneh of

t he process ays ... ISl j uni i ] C . he e 5
chanbers SOWﬁéé%e{@%l%ngﬁugﬁ ’??l{eﬂrﬁ%% hfegm}@ﬂ%o@e%éd%‘ E%Sﬁﬁ’otﬂg E@adﬁ%c I Jlél{t-g?’&c anber

30. Each ofn dabigoPihe pescesdrtA) 2020 iflBRkdGoininicdiiog Wrih dacBlohiahé prbesdes an
optional drain chanber 22 |located at the end of the main conduit 40. Each
of théS | oadéhmmbetsaitberaiedalong themiemn condirini@leagmgttodie fogdingsbainberty. Haahl e

material into, the | oadin anber. .3 Th anpl.e. mat eri.al . be del iwered
To port 32 TAe Bresned 2BPECREIR Mayte T aRf AR o hbbe T bl 261 7
depi ct ed i N Ehi@8 b8 Rd endBE iheSnARLY¥n@RE4d.€chni que for | oading sanple materi al
into the | oading chanbers 30. The pipette 11 nay be operated manual |y or

may be Ipa_rt of I aﬁzgauﬁ@hlfﬁlo;a;gingaﬂnpgbedéﬂ iv]elngessigns'tlbnp@m& fbmdd:ilg'glgtsgmpbaq)l eh
material into |.oadin Ther.s S e processing devjce 1Q. Eac t he
process arrZy&rs nfont%? %%"é\%ﬂ]aéﬁa"&' g@egg? ﬁﬂ“ﬁ@ﬁ%@éﬂl fgayg* Cleﬁlé’e‘ﬁaé%g?ﬁ % gl")

i nventhon a ‘ : sed: g - Lo Wit b tih t
vents on, 4 RREETHMGuIERE Euipent SF Bink e £ 8 MR e RS E R o
ports | eadi og teelindquelfer laliingesample theripl incehs leadimpyclatbetoflat Bk pipete 1ioadi ng

chanber of the_ process array. In other words, to reach the process chanbers
within an uF¥RE eperpied Feanally pugpay ba part of Amprpngied snple ddiveRelysle@r el to t he

any T or DURSE U G ekl P FRLAR nbotE 250N, GREER Rl 0PN i

sanpl e materi al Exohsif thd frocesSeapss L0 amhehempleqeasssiap dayicéNrdol)he prepant or
ports located in the I gading chanber. In contrast, a vented process array
woul d13 ncl uieeniton asepieiG Ay BEentad Heissdda connectins Wil REpseMaRTaHoD. FRat

Spem 0 YUl B S, SPE RS 8P Bt SRSE Ll b 1
25 wi t hi n tfahppeeesunakadylocated in a loading chamber of the process array. 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. 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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As seen in Figure 2, the process chanber 50 defining a volune 52 that may
include a reagent 54. It may be preferred that at |east sone, 93anmn 2006

pr ef er ablyy Blek73,9f the process chanbers 50 in the devi Ceﬁci@sgﬁﬂsoﬁﬂe present
invention contain at |east one reagent before any sanple material is

di stributed. The reagent 54 may be fixed within the process 30 chanber 50 as
depicted in Figure 2. The reagent 54 is optional, i.e., sanple processing
devi ceschambgrs ft%nelnﬁp@@@rn*fariaﬁﬁmom@rpfﬁh?pmcewawbtﬂ'ﬂi@dp%@c G 2reggeint s 54
in the 2SS, 0 31057369 .21 JUN. 20 PCT/ hanbers 50.
I n anot égﬁgéfﬁg?fg%?gégﬁgéﬁpopﬁgv%?%%éégﬁgléi gggg%éuﬁé%ﬁﬁﬁ%ﬁﬁ e a reagent
54, whidogifh BEfSededdphis. | N yet another variation, different process
chanbers 50 may contain different reagents. Qther features depicted in the
sanpl e pr oce@tienfeatives depicidl wrtbe sarthplegiroceasiog device1Q are SSfimshaajer sdedfd maj or

side 18, between which the volune 5 f process .chanber. 5Q i formed. Also
debi ot AT SRS g 18 TVETORbaR P bl e as e 08 el | ver
sanpl e foﬁﬁé&mgég&e ictdd8n @iglﬁ@g%% ]gBaﬂmfonQed&FE&dﬁﬁMQrusiéa g9&1l6r apshid 8 of the

device 10 may nuf actur e any suitable material or materials.

Exanpl esawfiaktoithaptoeessebanbel 3. | Tied mdjer siged ohand 15 ofsthe dewlcs 10 eay.be
pol ycar bonat e,. pol ye etc. 10 netal s

pol ypropyl ene, polyester t hyl ene ..
Ce. o, TheRURCtieRias pny witable pakris) GanpiFailsr EEHMPIE DT Sitap gk hodene i r st

and se | Qlarciiaflee 1 beiGanst FUGL Lk hiidnRl 05, materials
t hat sﬁgjg?!ggﬁg{afy tﬁaﬁé Dg}ggﬁ’ c?nrebﬁ%gnetf]é gner ay e’g)f)ggelﬁegt’e% '\5/\’/avel engt hs.
Fto exanpia, (eigt, mayl fois)pstef erred that one of the first and second major
sides 16 and 18 be constructed of a material that allows for visual or

machi ne 15 ntmraydicnigfesed thapalleas one ef e fup) a9 seerpdgeajonsites b el Hor ocess
hanb | . . £ d
chanben MsudlieBY, BhafeRs BLELSLIEH shhBln @l hARSH PR Bhabit hESY 2

met al | i of sklicledRByvelengihbldBoreRagat, Ybinap Be bayf@redahat dneefshe fincasd debaitd f ace t he
interiors of the |oading chanbers 30, nmain conduits 40, feeder conduits 42,

and/ or TBRIOE 8igss Ehamb it ke gmsiracipd of @ materin tharihews & vénial pemadvgst e materi al s.
2f5 1n tlggnikérgn%g%fgﬂg{r%?%ngg??gbﬁ@fian%]:as gi&ggas@gﬂo%e&r bafribe slnﬂy.de‘“ ce depi cted

in Figures rst naj or I's pretrerabl’y manufactured of a
pol yreri c filtfay(a@scthe prifeligd iyl Rag Jont bathel firsi pdecbridompjooyvidelel Ganduct ur es

such as the | oading chanbers 30, _ )
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 structures 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 @ metallic {oil, 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 & continuous,

unbroken layer over the surface of at least one of the first and second major sides 16 and

-



mai n conduit 40, feeder conduits 42, and process chanbers 50. The second

maj or side 18 is preferably manufactured of a netallic foil, e gl th'h
al um num or &bﬁsfggggal foil. The 25 netallic foil is preferabl% dé”_%mabl e
as discussed I’ ibre’ detail bel ow. The first and second maj or PETAEEPai4ng

18 may be attached by any suitable technique or techniques, e.g., heat
sealing, ultrasonic welding, etc. It nmay, however, be preferred that the

first and secondayrahOExsiple elfefafted it BR adhédedRgerUS higpradides by the As
depicted in Fi gure 2, the adhesive may preferably be provided in the form of
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adhesi ves, adhasalkkectadhesi ves, pressure sensitive adhesives, etc. Anbng the
pressure sensitive adhesives that my _be used in connection wi,ith the 10
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conpositions as described in, e.g., US Patents 5,461,134 and 6,007,914 or
| nt er nat i ofgNsitPigrdhesiveso Exmpleadisemesusable pdicorwhisad presswesensiivent | evel 15
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may be pre? ares,te. ading ¢ ers in-conduit
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formed in the first mjor side 16 while the second major side 18 is

substint i alf {ackifpng resin loprideghedesited tackimess iogdhe pespositione si de of the
sanpl e processi " mg)er \6{3 %reeféLr(I)éd tthgtealpf%gt%rgs%.g? H(i)a%gnigng]ahl%%rstﬁ,(‘fmsaiug onduit 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 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 prdmote intimate contact with, e.g., a thermal block such as that used in thermal
cycling equipment. Altemnatively, 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



20 together before attaching themmy be elimnated. Furthernore, a flat
second nmajor side 18 nmay pronote intimate contact with, e.g., qgnqqm
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may enhance any seaFing or closure produce or mat 1 on. e need
foo heripgien@abgaltaheneyctidas vhespept polwherast bBait asgetion dhededsinyy devi ces
are to be used 10 in thermal processing reactions such as, e.g., polynerase
chai n rlgaidsiiphe deyiegnicam exgrihighipespuies pmtherisalg Sup txdheradl s&Restom| gh
pressures on e:se - | f ISt i.an. of

sanpl e nmat er%%%}sdlgtﬁ?gﬁ?rﬂgpsﬁr é%@g{egﬁgﬁﬁéﬁggéﬁ?%?% d@gﬁﬁ%ﬁrgﬁ gdg E‘le te%‘rc“l(lt%ayltbe

desi r ahhsy beoddsrablatie idoltfe theGeesss caiteay 30 HOmfdaohoare hIsolakies maydel ati on may
be acconplished in a variety of nmanners. For exanple, isolation of the
pr oces scediaplirdied i vadetywf manpers.y BoiremBiphn t odeiasr ofithe prosesgshambeig 30t s 42

<1911 0 DGR bR P BRER 48 NORY PG RuPbIE N e G o5,
the process arrays 20.
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
conduits 40 and/or feeder conduits 42 by adhering the deformed first and second major
sides 16 and 18 together.

hould be understood, however, thai complete sealing of the deformed portions

Its
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.



process chanbers 50 may involve plastic deformation of the nmetallic layer to
close the main conduits 40 and/or feeder conduits 42. If, for e;fmgljlelﬂﬂ&

pressure sensiid hesive 20 19 is used to attach the first c
"l e

maj or sides of the sanpl e processing device togeth at’ 'sane
pressure sensitive adhesive may inprove the sealing of main conduits 40
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chanber 30. Sealing all of the main conduit 40 by forcing the sides 16 and

18 toget her30al ong the length of the conduit 40 may provide advantages such

as driving any fluid.located j.n the 5 in.conduit 40 back into.the | oading

chanber 30, -owe YELErR PERS ol 802 niTibur O e nglhRC it Sueridon o
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material locatedin the nmain conduit 40 would be returned to the | oading

chanmber 30.provitingdssaofplalprotessingtdenged@ithae invhitdes fiadt andgeqood appeomgngesiaipl e
processing device_ 10 according to th

. Joresent invention wll no
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device 10" dbpk 1bf1<‘smgfesm£&ﬁ§1tm NEe SERRRG ﬁnm@ioe&s%ﬂ%béi%'so’mﬁe %&ccswi th at
| east one process array 20° alidgned between the ends 12° and 14" of the
devi ce 10' ,ansgi?Pf by nubtérg. dl shosyd benoted ithet tledsatipld precersogeksiceHAbehgle$0" of

t he process

processi ng OcS‘é‘gir)r ¢ r?éeosls imf%ﬁ' é@é@fthggg}gk‘%ﬁg ‘Oglﬁgﬂgg?g%gt%g’é‘iﬁg% t eet l?f%é Slésngl e
| oadi ng ch%ﬁgﬁgeg%, GRAPSSS Ghid Corddifts RHOcess  chambers 50' along two main
condul s 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
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. f
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
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The amount of sanple nmaterial delivered to each of the |oadi ng chanbers. on
the devices 10' nmay vary. It may, however, be preferred that t Bl W of
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optional drain chanber (see, e.g., Figure 1) is located at the distal and
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chanbers co [ Ld e I tal nmust be
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the | oagl HGuiheHRAekoi%on abbieacensri fugal forces will drive the sanple
material out -10 21 JUN 2006 WD 03/ 057369 PCT/USO /5011 A of the | oading

chanber 30' Tardrientation bé theskmploprdadssmgdvickorelabkity greyaxiooftrotatipndééss

chanbers 50'.. The sanpl e processing device 10" i riented such that the
pr oces s RU&MYiSRLs PEYIded {hal the Riocess C%ﬁ‘ingﬁrélarﬁf &’B?FFT‘ E‘ﬁ%ﬁﬁ'ﬁ?% eagtAi on 15' than

t | oadi T I | i ted on a
ot e e D o A S s ae e el y
be capabil s infthalcepifiarsgbstentéaltyHaan candeilsamitle, the odgesslithe lide end &271€ the f or

si mul taneous rotatiqgn about axjs 15 . The ori ?nt ation qf t he sarrp*e

pr oces $PRBledEOTSERE HEYist | U emp bF AECHHS] substanHak wperpendigplar todhegtis e% i t cal ,
provid - C a - d the axis of 10
rotati gﬁaﬁi‘g&?ht %ﬂﬁm? g’ﬁggﬁﬁgﬂg g?rttl)‘ge?gthiég%?g gggﬁ%ﬁ@@m@é@ﬁ he sanpl e

pr oces subgardeVly aignedOwith e.g.nparhBelftoy e eflgaoftibsirarhd a1 §f the sadmplar d- | i ke

article, the edge of the first end 12' of the s%g])l e processing device 10'
Ny bePHEERRSECYtHET aATRHEEMPe 9 Pperatiens ofithe Brst prd bxjslagye tg e akison as

- depi ct gg L §d @HiGodka YehhERRALAINE Wd pdrPEndiXir, B of b A0 adeptaBRYasPe
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 matesials 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 materiais 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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substantially aligned wwth (e.g., parallel to) the edge of the first end IT
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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 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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chanbers, distance of the sanple material fromthe axis of rotation,
materials used to manufacture the devices, properties of the sarpJuN 1006

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

accel era iogﬁi{gégéél eration cycle may include an initial acBETEPWINH to

about 4000 revolutions per mnute (rpm, followed by deceleration to about
1000 rpm over 15 period of about 1 second, with oscillations in rotational
speed chapdiefgesesechiaaibseerbo ODQ thamagst 4dhsiquralighedlbaweantheifiter val s
until a sanple materials are distributed. In addition to constant speed
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devi ce y -he enployed before or after rotati of it may be.enpl oyed
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substantially circular in shape, it shoufd be ‘understood that the process

chanbertbe pvedssi chanmbarsplS aptleced saydadBuicemof] ohar pitbeighe chambns i 8h may
take any suitaple shape. One exanple of an alternative shape is depicted in
Fi gur e BHPR10#41%% t he process chanbers 150 are in the formof oval shapes

that are el ey AbRAG: %ﬁlfﬁ,ﬁé:thJH‘éluﬁé& ﬁrﬁi?%oninﬁedﬁfe%@&%qgélféﬁd%fneral Ly

al1gned with € main con AS a res e axis 1 general ly
30 ext epddiitoM2 41 the bfin @nduidfl40 heawsspbehapee GHas) ofghdpoces chambés second
end, with the oval -12 21 JUN 2006 WO 03/057369 PCT/USQO /50114 shapes of

pr ocessOEhymsameting theygyiopey of Mg #ir- | I mgasior grampls; barisfargddbat tls (ed# t he

first : fant i i I G | so

tep: ot PR ERAE R SRS AR o NS TRLE pRIGEERALIANARYS Bbrels, HkTphc? 20
condui teodddlt angle ad)l alwayk Ibe npanaes BetdRaitRl sdeldiOha feedtreconttht 142 fisme be
further preferred 5 that the feeder conduits 142 neet the process chanbers-

150 at 2me¥ feard the fiskend efghe Aevige angithepwinogondyt 198l e processi ng devi ce
nd. of the | osest to the

xi's of ot doreneamigF sdartyol e PR G TR R e M2 Thio” the
pr oces Joghtanes SfEad e febder @BeiuIBY 40 agidppbahg sidesor b ntfin 8briduid 140 N t he
chanbers 150 during |oading. ) .
{as opposed to the cross-conduit aligntent 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 140Q. 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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10 The feeder conduit angle 13, i.e., the included angle fornmed between the
feeder conduits 142 and the main conduit 140, may al so enhance 9f{ [N 2086 of
the process ¢baighersgy 150 by pronoting the renoval of the airp ersmgy,]” or
exanpl e, be preferred that the feeder conduit angle be |ess t%

degrees, nore preferably less than 75 degrees. The feeder condwt angl e

w |l always be neasured between the side of the feeder conduit 142 facing 15
away fromthe fl}r:kgﬂree&& %?Chﬁfﬁé“‘a@%féél Bugrating apather agarasent Iy prosges aays

potentially at JypEl

| ongi t udi na%wgﬂh L@ﬁg’p(% %d({:\%‘?\e &??ns? 1&1/%&%)%1 éﬁg%‘lé‘? %‘g%ﬁs oﬂflacﬁe mai n
condui t 140c0rﬁ16c§hdhp@@1$ gﬂ)cﬁ:@ drhgs SP@ &S 1RO eitckedlel gidiEp befweeh @oddagder
conduits 42 in Figure That offset between the points at which the
opposi ng fedumbemmu&ugh asmgeoied relponshipimapiopiove zolepsity prespaciag petveen

preventing cross ontam nation during filling and/ or processing.
Fi gureé 6 alN§ees Cﬁ?fnaﬁ%ﬁj&aﬁrcti on with Figure 5, illustrate yet another

optional featuregagfy f&ﬂ&loﬁéﬂ@'cﬁaxﬁﬁ&ﬁ@%@hﬁa nﬁ’cﬁﬂ&&%ﬁo%mé P@rt@@?%ﬁ&‘& vbﬁ\ﬁﬂt' on.
Figure 6 is a cross-section view of Figure 5 taken a l'ine 6-

Fi gure 5 antB4Rvigichendy faslietcrapgbiikiog of drdbadingvhahbe2$250 g]apmVBimgkeathwapng
line 7-7 in Figure 6. &2 figures illustrate the sggs_l er &’6383 secti gnal
area of theSPEaicromib flmgmﬂa”éilé%awef&cwf qHwetiiing ebigdeidingehampge
different cfgps- sectional area of the conduits 140 and 142 is achieved, in
the illustrated enbodinment, by different heights and widths in the two
conduil®s. Provi dingheofeduid Sepitedindfiffueréeis thescoiabrel sRaikhiphatwean eRspivagss| 1 m t
di ffusion of sanple material fromthe process chanbers 150 into 30 the nain

condui t 140chembers Z9dpeatedigpnsgachiqf |t1ilen@alnwnﬁmﬁﬁ 40 FEashmrif gpccessive
hamb 00
057 057560 P ST AR PR PRt A ERuREal GEURR ack dierdlory Ml (iBatfEaac

anot her arrangessentiftoy repgaﬁeesotaelrzamna]z%fb tostef latatedwithimpprocdss obasisirng
devices of the invention, Anbng the features depicted in connection with

process ar raykbeforg digtgbytinm %ftt%ijfé’i*@%l nyagqriaditheis e BethueE pogehmgcivanber s

ot ol 5 B v aaE et oF AR B el B o B Bhte B SR R
i ncludes a progidedgFPoetamples) tikndagenvemby potdntaiddd inbivak omehef adistant@tvethinapi d

filling of the | oading chanbers 230 b rovi di ng a pat hwa
d cach of the plocgess chambers 250. y P J P Y

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 tumn,
‘ 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. Lach of the main conduits 340 bifurcales 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 materia) to a subset of process chambers 350, by sealing the main conduit 340 at
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separate fromthe |oading port 232 for air to escape during filling of the

| oadi ng chanber 230. 10 Another feature depicted in Figure 8 igﬁjﬂﬁ] e i al
relatio i yeen the process chanbers 250 | ocated al 'h_of the

mai n coﬁzgi‘)ﬁgp@%\é Each pair of successive process charrb]g&guggg”"i'1§l influid
comuni cation with each other along main conduit 240. As a result, if any
reagents or other naterials are to be | ocated within process chanbers 250
bef or e adiapprophateilosatioh aftkreths difptoatiompeint. alhe tieeof wbres 3de alrgnheweer, t echni que
for 15 preventing_renoval of those materials during distribution of the

sanpl e PtIgsd the apiligy fos@utopmasid ¢dErol BosEORaRpQn oft the SAEBl§ARESTHRY be
tai . ] t Bl _ . hanb
560, “rieEtick ohidiflp@ted dlibs SHPSHANGR QD iy ERE Mo fuilalR BB SERR, D oment of

procesexample@¥t wBRB ddadsciiByd Hehdpent HpEONTTRE idefifiet Boveanpl e processing
devices of the present 20 invention. Each of the process arrays_ 320

i Acl udes a |Byawsingrcuskamidele paoesstarays B20,tumay b pessikle $0 provisgdemgleoort 332
and a vent port 334.. The | gadi.ng.chambers 330 are in fl.uid 0 ni cati on
Wt a TIGTATE 9576 P e eUO BN BEROm 20 oo Rt Bk der P CHY. - one

f eat ur gavdnabet Laled i ERNAEEBilIBNo W dilte ThaB18MR df SatipR AMtehidlireBdf byval ves
344 along the main conduits 340." Each of the main cohduits 340 bifurcales to

an i ndirsdugingl the B8mbedgroass phamess3 Khianbldck tiessamply ngaseiead maydiey openi ng or
closin he yvalyes 344 (which,.may b i ther, cl osed or en .whe

manuf a%f’ﬁ?’eé : ‘f*ﬁﬁmatéY‘?A}Y/’e‘?’ B h@ﬁ%‘legcelrfﬁltcgpﬁgq’m?ds @%Hcd’gﬁ%‘?&es *orocess
Glpambe g, IRG IRV REnERAR! RO nehb& & %@Qcha}ﬁ%er@%% Which §ar? %n@eftmfizhe val ves

344 is open ile the other valve 344 is closed, delivery of sanple materi al
wi || bes dediveedt telrabyliycreasinghe aulnbet ofabstppadaswedchanber s 350 (t hrough t he

open valve 344).. 30 It may be possible to achieve the sane result, i.e.,
enabl i ng or%?"é' ﬁﬁlpwdocfégqrez%an%sw Q%Waé?‘??&lrép He RreseRt WYHIN 8f process

chamberss a?%%&%giﬁhfn@%hmﬁe@w fl%i}[‘&%irémﬁﬁxﬁeﬁéf théé‘?]ﬁe{ﬁg:ﬁféc%ﬁm 21 JUN

2006 P aft appropriate location after. t urcation point.
The us@eaite ¥al.vEspasatibniafthe lawmy @bitionwfaké stedplt peocekdihg devidect1 Cafidranat ed
control or custom zation of the sanpl e processing_  device including process
dPr ay s tEpprtigm eontainingdths procghchampers 430 mayi Rramide 2 BIHaEeS Spd aSeftinpl es of

whi ch ar 6,88 Seah8EE tle kit 6t BalaRbie BRRELGR ARAS 41F Mdubing InReMEal 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 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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5 By using custom zabl e process arrays 320, it may be possible to provide
sanpl e processing devices that are tailored at the point of use?fiQUN 7006
particul ar t j geds. Qther advantages may be found in t i | L to
reduce the vgﬁ}r@gg sanple material needed by reducing the ESF;{?@M/’&P%
process chanbers 350 to which that sanple material nay be delivered.
Alternatively, where a higher |evel of confidence is required, the valves
344 10 nmay femafenadhdsovel dqvateddsid of bthenmateeial. oA ltpmetedy or oaddare B3k wse ofhi ch
sanple material is delivered, thereby increasjng the nunber of ai)gfts

per for med. RABETIVaLP 6Werthe msaydid ipay hn Q?%‘@Pledgt F-8nAralsedlihe abrit Re

present i n\é@9‘§ei1°§’n‘é’§§%‘r‘§ﬁg’%&%§§€rﬁ%‘f’icg Qﬁ)_l oadi ng chanbers 430 fromthe

r emai nder roce device 410. Separation of the |oading

portion of the smérrehﬁ?mow&ﬁsfgﬂ@sd@\ah@e3,4&& dltenintilb té plgysial tdparationnf gieni ng
t he process chanbers 450 may provi de advantages such as, for exanple,
reducihg t hleading ehaspbary §3Q fiep be peroeiady| A dhardpinle ProressipedrYdsentf OvRY t her nal

mass of the l,e. processing device, 410, ¢ Vi n . tenials
that may r ool Re R FT Sttt D0 B 0 TP g
process chafghiiisprbebss eiyCalsSelpad Bkintdin Odnduesd0rebs thedtpaneios 148613 bpm t he
sanpl e processing device 410 20 may involve, for exanple, cutting the

sanpl e pr ocwyeping thitempinsondwisai4dh guahtibatregsaired leyal isplatien ne3 bgsackiepidct ed in

Fi 10. W he | oadi h 4 to be.physj cal ted
From e ol HIP BiocPRe BEHEE sttt g et el Suobr s pRREG T
prefef@bl e cdnhais $41For M RecatNHidhss 440 be seal ed across at |east the

separation line 413 to prevent |eakage of the sanple materials during and
after the separ alt oy berdssisade tBoTite coiswing argapdslopited seths iintessectingh esihee

ithin th i duits 44 . €. 0cp, o Fi 2 b
bar (1 cul ar 1 9andepRar 149 i thedS e o sranm g S e e dedei s 11
addi tion t oyrRindiig PoAfA tcornml.s, SUD €0 Hethtk bﬁﬁl@g@fﬁmy @8nMids B0 dugy

Q
conduits 440, it may beSdESI rable to further séal the main conduits 440 by,
e.g., the adpplingafhowidsf, shhkbawvcramihipng prees §4fr éo,thevsyer prdferablypdovide gksed.

30 If additional ,sealing.is required,. it al so be h | to cqver the
ends b1t el Seader ieid Tt hebisguieria MereSrstradorl il HRwisfeitabes s The
seal may besu&roﬁﬂdiﬂgﬂonﬁmgof tHeMmAil€ondBisdhoJ UN 2006 WO 03/ 057369 PCT/ USOL
/511114 form of an adhesive coated foil or other material. Alternatively or

in addition to tTe wswifogal farvendtrediped duong ewatien bhibe seapleqdsesiing demicdse

de§| rable ttg defivét the pa%%gle %?ériat]sht% Iigc?clss g'}f'adfnge?s 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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pl ace on the sanpl e processing device 410. Referring nowto Figures 12 and
13, one alternative to physical separation of the 5 |oading ﬁ@aj[q‘ggﬁ@ 530
fromtheYvre0 L{lgg of the sanpl e processing device 510 mai( i hel™l ol di ng
the sampl'8 '3P06%8¢si ng device 510 along, e.g., separation PFHESEHSITTHat

fol ding process may al so close the main conduit 540 across the separation
line 513 by crinping the main conduits 540, such that a desired |evel

i sol ati on naAlsd@chateider de congiremem dehve@6c0des basehaalie conG&Ovith tHeout furt her
deformati on of any of the main 10 conduits 540 or the feeder conduits 542.
It may 9FECHRS RGBT BretsgmploRrPass B dshich §18r dadhsapipirablerpatgtial ¢ and

inters 1 f i i 4 I, f i i {.hat are
w der s SREFF aeised TRviEEARE LS (26 Matlrsliel BEUE Sotb It AfnR oyt

faci | i teaarcedmprengdoThhh@nsrediin Mapdenidiaintigredhicd ¢tiprevent akydedsrany
shal | ower crinping areas 546 do, however, preferably provide a cross 15
séct i orampigrraaterigls ob off the prosgss dhambess asiothar 4id pathwayscdwingre@bon ghtie 1 ui d
fl ow area {%f t he rr.oug%ng portions of the main conduits 540. The

s
cent ri fPUGRI® FOFcE22§EVSt Sped during rotation of the sanple processing

devi ces t o TdRldoRImiabR ARERAIBETES Blef@hisly I6aRidAE @SHtabNRTR EHeSidiof thhal | enge
the sealing of the process chanbers and other fluid pathways in each of the

pr oc es glezice §)8 thavfrchedes lahe plgecsuize syrines peocespeluimticrsorgandeitsprenuding sanpl e

processj ng. devi ce i,s. constructed using.an, ad ive, tQ attach to | ayers
Poget haPoen e dFald Ua PR e mP o TERe S AR BEL ot FRriSAL ABhd o her 11 ui d
PR hwaysgititile hidforiad ARRIEMAY PSRRI witkrél 8Y kGRS uRY bt ol QdiRE TR thelsid®f be
advant ageous to conpress the major sides of the sanplé processing devices

t oget hehe daméengl O fatiagitbnbasRébérring to Figure 14, 25 the sanple processing
device 610 nmpy, for exanple, be |located within a c essi o evi.ce 660

Cor e s Tt MR PPRioh a5 & GrTE IOt HofCooh Pelisied 18 Frees o bt

conpr es3GgectiBf willPd g{océds@ﬁémﬁér_ 4908 15 @ PBien BE 258341 Ahadf\g4ee PYD toget her
during rotation. Th conpression device 660 may, for exanple, include

conf or rithinetiveat @npiaksiGid2evice B aesigodd toyirdVidopressireleThé compresampleviger ocessi ng

O o0 el LIERL e B o o T 0k RSP b s oo
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
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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Al so included in the conpression device 660 is a base 664 in contact with
the opposing side of the sanple processing device 610. As the conformble
material 662 and the base 664 are biased toward each other, t el i 266 si des
of the sanpl WQi3d§e¥8i ng device 610 are conpressed. That conpEELSSIHGHINAY
significantly reduce or prevent | eakage of any 5 sanple materials out of the
process chanbers or other fluid pathways during rotation of the sanple

processi ng GeYd:cR04d that &@%a&%@ﬁﬁé@@h@ JBREES T m@fgxﬂiﬁitBrt&{&hé’;bﬂokul'l%at ed in
f the e i nc

contact with the side o vi ce 610 t hat udes any structures such

as process ahamierdviate romcaplasarpoofigurdiiony Atthcdhieg therdevise J\Oitala dgiteginey
t hose structures. The. base 664 n@/ bg f.ormed ,of anﬁ.lo suitable materi al
whi ch may b&UGgireapHbe s2Tpple HOGEEIDg 68V IS 18 ARIARY CAPHGTRPHORIQIREOEIMRE of  t he

devi ce 610 faci aa% ' . L Dr '
device is depi c?ghdﬁt {“Hr?ln i gurrg%%%ﬁéaﬁgééi%ﬂpen%%%lﬁ r?g(%:‘%elg%ﬁg \Ell\llé tlﬁc gﬂ%‘rﬁoa?g%gfép
chanbes 650hatedwpdbi theratfer 380 acbterensaindith naG4 Aifferditesampld prooating devices
conpression device is designed,to provi de pressure. The conpression device

15 i ncl udes’ 18- SHigsRY I EBHBR $0anmeE permaredlyAtiagheddpacdnglesapRing a
di t . i
650" and ¢ 0T SRR IERRR 210 SRR Rt usk WouPle BBl BLesilS, SHLREDTS BT

agai nst a basgerf84 ard aairést eethie opposite side of the sanple processing
devi ce. Departi ng fromthe design of the conpression device depicted in

Figure 14, the ¢ ¢ pioceisegaByicerd() mpydicapamifyctiedras dasagibed aoveo The

substantially.rigid material Figure 17 is an expl oded ective view of an
assenbly i NG TARORASRE vt BRueh e PEeRR L RV BRESEREREE N1 on
and a carri zﬁfgn@@@z&tl@ﬁ&ﬁfﬁ?ﬁity bprdRERE chhfBdrans@n tHeRvRRMRbE H%ﬁ’@@&ﬁl% RErrier
devices 710 are manufactured frommaterials that are relatively thin, it
may be desiombings 782.ah¢ poletsivhanbeis 760 £40be vieved dram ¢he si@0Dof the sanplari ety of
25 reasons. Anong those sons_are th eed t.0 provide an assenmhl y.having
Suf {1 1 ent PIOTRORBSECE 31§ BRpRIBESTat 150, earstierH NP Rer pis sy b ot

equi prent  WabherdpBhiRp gl Rfto iRdiLhfaiHeQari® 7BOBF a S RATREL maB¥alR) OVi di ng a
carrier 780 that "is Separate fromthe sanple processing device 710, the
ther ni} madsanomisshe te aleptrempgmtiesadingomievhe destie0 veanlepgthel dismaksit, dfhagct ed

o5, 30 oA S LR, TR SeLUEL B D AL SO £ BLncesRing, eyl ce 1D v
potential agdypata6e; &f m@ carlibr 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 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 sampie 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-wide
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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WO 03/ 057369 21 JUN 2006 PCT/USOL/5011-i carrier 780 is that tc\f Sﬂg’gm@
processing devices 710 may exhibit a tendency to curl or other %ej ate
froma planar_configuration. Attaching the device 710 to gi.d carrier

8 Bty

780 can Y@{H T the sanpl e processing device in a planar Won for

processing. The carrier 780 may be attached to the sanple processing device
710 in a manner 5 that allows for the carrier 780 to be reused wth many
di f f er enty sapapli eulprip oepaiang wien ileessentd is @l tearsadin thetyal parehsivanf i er 780
maybe pernanently attached to a_sjingle sa pracessi ng devi ce 710 such

|
that, aemgl Tﬂéfé}‘laléd?-ﬁwPHB%%I%“BFB%%‘Q&%g)-gé\?ise@’ﬂifbc%ﬁ'"" Rénayds rier 780

are di i I 7 - A& panuf act ur ed
as des ?%%gﬁgg%%ggh%a 3-Afgmcszar itgz}t% g%ﬁr‘%ﬁ%n@?&%‘%%&% ?%%%MT gg‘{l{sjgries such as
carri er7iopetdrasthd 8dir balduis 24@naee trlhls 788 argrgidnad whh tieempih woadluitsy of

process chanbers 750 in the device 710. By providing carrier openings 782,
t he pr odBsdhevaidsdeamadbetwaen the cermenbedy ashibe samplegiogmsipp dey

d0sJhe amscomnabistuat BE omreny ity | desgnple
Phe. ot uparte Gebpa bl 8300 g, AtaSRLl 800l HRm i bR TAL P e 760 of

a material (Wiridmtatighmes)fedtbrdsrads1p BRist@ed th Blgedsr1gragnst ineludadi ation in
the desired wavel engths. As a result, it may be possible to use a carrier
780 t hatrupigresdhat digodke smple prasessinef deyicedfl Orplatisagpthe cprigt é8% iapgelldevi ce

710, i.e., the carri rovides no openin sufor.a Ss,to.t process
ehanber Bty nidiien e B b T PloRRERisIRe uffigh F EE Mot RORRED TS <.
PI®Vi daoady antiReS] hidcdiRg s?ﬁ@h' J3sd & thbﬁ@il%tdy@& Rhtefilie iPHRGESpleChamber s 750
after loading. Figure 18 illustrates the 20 rails 783 in the carrier 780

t hat extreeds chiamnigers RE0.| Ahgiemfmayhasaled wsed om donrestidn @ithr delretiomsstan at ed
sanpl e processi ng device 710. The.rails 783 may, .for exanple, vi de a
sur f acdORUETHEE iR PERCTCH 0 ABIACE B tLed 23t Tt he PEogist GIapBISl! ng devi ce
710 may be pPhR§IRIrBitEHaPBGARIN frodSsiHE 1Y iEEY 16 Be LB ALBaliNRROCESS
chanmbers 750 and/or seal the conduits 740 prior to separating the | oading

chamber@rr#3086 roowitriate dleenter @f Bat. of2bosknrtadel (cemar 791 ofhmimer 786 beingi ng

def ormation of {he j.n_conduits 740, the rails 783 y .al so be relied on
dﬁ% i ng,m@r:a?e? in ﬁle%%”f’)p Fré’d’é‘é‘éfi“ﬁ&’ti“&’“a‘ifﬁp?s RIS PTRCEssing thdccodaiatye 740

oS Bd)  RSRY 5, BSE  RAcELOSRE Tt
advant afyeice 110 hat ctiney 780 omy de subjecicd toagempecant lextremeudwthpgopoteasinghet ween
the s aanszbcpéc%frg l%i {cl)g cg%{)lg,e chitl t e%erl]nqpl% g?oc%gsrirrlé gfr:ViCC 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 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
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30 780 while still providing the necessary support for sealing of the main
conduits 740 on device 710. The inportance of reducing contact thkbm‘ihe
carrier 780 and device 710 -18 21 JUN 2006 WD 03/057369 PCT/US01/50111 may
be particul aMA"{%p¥Pt ant when the assenbly is to be used in PREUREYS0114
processing of sanple materials (e.g., polynerase chain reaction, etc.). As
such, the carrier 780 nmay be characterized including a carrier body that is
spaced fr onintdgeal satithe cptiee 886 iahlgonkevit sleould hdubhédrsvesad thah thermiticalederdknt 888 740
when the rails 783 are aligned with the main conduits 5 740. The voids
formed bet viahbe provided as arsepialy aghrie Hrbissyashed tptoeeaEetPtevi ce 710 may be
occupied by air or by, e.g., aresilient and/or thermally insul ating
material. Various alignnent 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 processing device 710 and carrier 780 relative 10 to, e.g., a

t hermal processing systemused to thermally cycle materials in the sanple
process chanbers 750. Alignnent may al so be used in connection with a
detection system for detecting the presence or absence of a selected

anal yte in the process chanbers 750. It nay be preferred that the sanple
processi ng device 710 be aligned relative to the carrier 780 proximte 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 |least 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 alignnment 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. As a 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 construction will typically being nore dinensionally stable and
accurate as conpared to the sanple processing device 710.
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Figure 19 illustrates yet another optional feature of carriers s'g%l oG
connection with the present invention. The carrier 880 is dep' Wth an

optical {heARAL;:688, €.9., a lens, 30 that may assist in ggﬁgag}g“
el ectromagneti c energy directed into the process chanber 5 or enmanati ng

fromthe process chanber 850. The optical element 888 is depicted as -19 11
JUN 1006 WO 03/057369 PCT/US01/50114 integral wwth the carrier 880, although
it should be understood that the opgl_ﬂw el enent 888 rmay be provided as a
separate article that is attached to the carrier 880. | } JUN 2006 WO
03/057369 PCT/DSOt /50t t 4 Clains 5 10 1. A nethod of distributing sanple

material in B sanplifetpb@eLasirnmtidg vample thdierialiphamplopptdssing devipe,ahd di ng a
sanpl e processing device that conprises first and second opposing ends and

at | easmetbpé compasingd pr ocess array corrprl sing a Ioadl ng chanber | ocated

proximate the first = d, a main condui ? ﬁ‘&? Od% L rqs hecosgcond end,

and a plurality B %%g@gﬁfﬁ%‘:ﬁ%n% 3 ]?ci‘ e R 5(53 YHE ﬁ% i condui t,

wher ei NodRginBRhis &;smqéatst oile%ﬁ%nféd%ré’cc@?ﬁ'i‘?%}"&&ﬁﬁﬂlﬁﬁ' W dRidBalmdadi Ng chanber
| oa

and the plurality of process chanbers e material in the

| oadi nglocttedpraximite gbehirsbend, Iaen@m@c@@st @zﬁma;r@g tcamds thasspodendgendiie sanpl e
mat eri al. t | east cess chanber ratati t he. sanpl e

b oces G HHEYS oD 6B oS distoutd AEREhe SR Gonawt oBbsh tis Bap Bl ot ©end
of the gsaMMh@ AnAEESSAS VRN fCloadEERIMbdNRd PROpRPRitY Bepiasdss Cﬁa{rﬁbérQC at ed
further 15 fromthe axis of rotation than the |oading chambers. 2. A nethod
at@ordi ng to cl ai hadingfsamphemateonapnitsd lngdingesampet drfeaanhpﬁthemvdaﬂ ts between
t he | oadi ng anbers and the plurality of process chanbers after

t ranspot @™ he sanple material, wherein the closing conprises folding the

sanmpl e 20 processj
° hgpnber : agd ces %%Pgﬁﬁg;tﬁe QAIHQJQ datdridl fo hOEAL %&@%M%%}o&éa?cﬂa%?&mgy

rotating the sample processing device about an axis of rotation located proximate the first
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.
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process chanbers. 3. A nethod according to claim1, further conprising
separating the |loading chanbers fromthe sanple processing device after
transporting the sanple material to the 25 process chambers. 4] 1AUNZilhod
according to claim3, further conprising closing the main conduits between
t he | oadi ng chanbers and the plurality of process chanbers after
transporting the sarrpl e materi al and before separating the |oading chambers.

30 -21 2 1 JUN 20 d ac to cI i furt

vibrating the san%6 g&B};ﬁ@é %@or i '@%’@P“’W&S%é’ §3Wfﬁ E'E %%85& ng
devi ce about grfi@sand devibe WRlAttathg th@Qﬁﬁ;ﬂé’prc@éﬁiﬂ?&@néé%oﬁt ﬂéta;&r&‘raanéme
sanpl e proceSS| ng device. 6. The method of claim™, wherein each of the

process chanﬂma‘sedmomna‘htmedirst(nmmuj'mh@atn;ﬂmpmcedslntghtl:VMI n conduit through a
f eeder conduit, and further wherein the feeder conduits form feeder conduit
angles with the main conduit that are less than 90 degrees. 7. A nethod

according to clairgl, WiRIGkModBE clraf?ﬁ at WH&eﬂléabﬁ‘S fl{ejﬂé&ﬁﬁ E]‘nzﬂﬂ%etr?ﬁ in fiGAP! €
material conprises at |least two accel erati on/ ece tion cyc
communication with the main conduit through a feeder conduit, and further wherein the
feeder conduits form feeder conduit angles with the main conduit that are less than 90

degrees.

7. A method according to claim 1, wherein the rotating during transporting the

sample material comprises at least two acceleration/deceleration cycles.
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