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THERMAL CYCLER W TH SELF- ADJUSTI NG LI D CROSS- REFERENCE
TO RELATED APPLI CATI ON [ 0001] This application clains

wo b@obexref it of United States Provisional PateP€T/US2009/034012
Application No. 61/029,128, filed February 15, 2008,
the contents of which are incorporated herein by
reference. BACKGROUND OF THE I NVENTION 1. Field of the
I nvention [0002] This invention relates to | aboratory
equi pnent used for perform ng sequential chem cal

o an oxaml e THERNMAL CYCLER (oat cs
and appar WY SELEFADTESTINGLIDT 200

of a multitude of reaction vessels in which rapid and
accurate tenperature changes are needed. 2.
Description of the Prior Art [0003] PCR is one of nany
exanpl es of chem cal processes that require precise
tenperature control of reaction mxtures with rapid
and pr ecCROSSeRBFERENEENQREEATEDWAPPLICAEONt
stages of the process. PCR itself is a process for

[0001] a”ﬂhk bppiRatiéMNainhs Be belﬁ’erfﬁ Q¥ Onited Sukds H}b%sﬁ)‘ﬁm Iea‘ierﬁpr'i‘)hcatlon
DNA sequence froma single strand bearing t

- No. 61/@8adéﬁ,cféled Peluary 1Sy g00%Ithe/cqnéentoefmelich are mscnrpumﬁlserem by

referenwat provide reagent transfer, tenperature control,
and optical detection in a nultltude of reaction
vessel s such as wells, tubes, or capillaries. The
process includes a sequence of steps that are
t enper at ur e- SBATKGROUND OFrEk INvalSTPONNY per f or med
atdifferent tenperatures and the sequence bei ng
repeated a nultitude of tinmes to obtain a quantity

L. Flelﬂa’lf&ée@ﬁ’@l}@ﬁnfor anal ysis and study froman extrenely
smal|l starting quantity. [0004] Wile PCR can be

[0002] pélrlﬁmhweniidn“reaiﬂes to @botdtery eqaimednt usad foi pWEdniAL seefubitinl

at es arg g\h% reaction vessels of choice h many
chemic] RGtoRE PhISIChpberelymsease ghata geaction (RUR) iameamble. dn partioular,

this 1nvE§l?6H TeRilesth )fﬁéffn‘iﬁcaﬁ:;iﬁse fcg'%ﬁéﬁ Fe%t:forénﬁﬁl %ﬁ?et@%&&ﬁw&gﬂaratm for

he process, usin etection of
controlhmgjﬂnﬁe&nmraﬂuye inaggk df & pmittitede ofveadton weasdls mwhiellrapid asd

ans of ~anal ysi s ot her
accurate temperature changesyare nee ed

2. Description of the Prior Art

[0003] PCR is one of many examples of chemical processes that require precise temperature
control of reaction mixtures with rapid and precise temperature changes between different
stages of the process. PCR itself is a process for amplifying DNA, i.e., producing multiple
copies of a DNA sequence from a single strand bearing the sequence. PCR is typically
performed in instruments that provide reagent transfer, temperature control, and optical

detection in a multitude of reaction vessels such as wells, tubes, or capillaries. The process

- includes a sequence of steps that are temperature-sensitive, different steps being performed at
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applications, DNAis withdrawn fromthe nediumfor

separate anplification and analysis. Miltiple-sanple
WEPgRIpeIeEesses in which the process i s perfor nmedr/us2009/034012

concurrently in a nunber of sanples can be perforned

it PO SRETSORLE i ERFHELL TR A dvin s sy

large eamlghl ﬁobm&ﬂysm;arﬂi Judefiphes ekfedelymulintdriag qedntity.
environnent in each step of the process. The sanples

c
00200 3 e T TR on s e
reaction (Vﬂ&ssks of abdice ahpxheny atm;hahﬁcﬁlanER\t@pérﬁ)rmthm V\&bl-tlﬁla’l’@hcﬁthe

es are indi |du sti¢ tupes hel d together
T eaCt‘°$ JBEUFs e P ¥ &P? ‘?A @F ﬁ?utl th?iPKPiC%aP*’rl?/g &eai@@ﬂtl‘i’fh‘)f light

o 0SB 0l AT S by 0SS

app llcatlgnq; EMNA i mth@x@@mﬁ}om thettheditmforsdpafa@rampisficatior ahd analysis.

N M AT e
sample§ 68 bSperfoRa bs pPcitdeddcs )ia.r\‘i?ltz hn 6n§§1€ﬁ lof ainfl16 WI or plate- like

or a series of individual astic tubes is pla
structureaid gnulidnepusihequilienatiag alb Bmlbdes fﬁhecd.nhmomﬁienhhbmmmﬁment in

each st e(?fta{:rﬁg %%gssm%gwﬁ tsggrrl gl% P% 5?1%18%4%?({ he y {eg%g}?ﬁng ts

&multaﬂédtﬁky tofproduds la@emp&ratuldy g dichO£26ks! caPsdnhslbl An alternative to multi-
heati ng/coqling systemthat circulates a heat transfer

well sapple platesarg angividhalmlastis tabastickibiazetherdst haubg Irankkar shpport or simply

i e B B0 R A R e

block” (debdritied petowl)rthancohole pigy Rin@eratukbe t her mal bl OCk makes
intimte contact wth the plate vveIIs or the tubes to

0001 SRR PSR Ip A AR T RERE B0 GBS0 wets

an 8x lljam@l byt qiﬂ@&Ines wmﬂhl latger drssphdller ﬁux’ﬁbérs af nedbmith sﬁhﬁl'é in each
errml conductivity. The]glastlc itself, plus th

well or Pﬁ?%fiSf 15dnglgdssticiubss inplpred imieaniapwith i hernal hiacka(The
thennalml&‘?éﬁs he4ed Hﬁ@?ocﬁ&?&ﬂﬁlr b? grsnieﬁfg?{lgﬁng}l:'o‘&ﬁnggﬁm s, which may be

reduced or at [east cont I eve
a singlefRedtier tucaiudd @rantmtayedmddutes] dreiynmtlobddololsp alqdldtl’fbatmg/coohng
Reduct.i.on a&? control of the the

system {hég le‘:’,‘%“g‘ﬂ?:sea ‘I?f% trgpster-fluid fhrgu chagpels maghingd aggo ttlg)e l{)lﬁ@k In either
r
B i e D L
with inpub fioete @pelatoy Tha dturmabb lock eken intimptercntacewith ml:mr plate wells or
nce The s al so

the tube i dfible G e bR il VR ERUoRIFIRG, BREDER Gers & plae or

individw2y filbes) GreiifhallP piBHEWAIR 1€s€ﬁ’ 1331?&' a iHEdILADHigh ﬂ%ﬁﬁaﬁ bfiductivity.
changes that result fromthe heating and cooling

The pla@m@gﬁ} pps thednierfaeaedtwesgicthie pipstiq aed the metallic thermal block,

produces thermal resistance which must be reduced or at least controlled to achieve efficient

heat transfer between the thermal block and the reaction media.” Reduction and control of the
thermal resistance can be achieved by applying force to the vessels to press the vessels against

the corresponding depressions in the thermal block. . The force must be applied evenly to
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force nust be adequate to serve all of these purposes,
and the thermal cycler, which termis commonly used to
walewotieothe i nstrunent in which the entire PCRREI/US®E%B034012
is perforned, nust also be able to acconmpbdate
achievé ﬁﬁ%rhpt@nfp@ﬁ%ﬁe QbntPd 138 $niffmdl 'tl’;efr?x ﬁ%ﬁlsﬁﬁbé} MR s dfor rce also
also to al'low the operator to select t nagnlt
serves tohlgelp egat thetvessmpds dlp'pigl theltheiithal ayphmgmid tomeaintain thy tséasl daring the

pressurgé;ﬁ tho treggﬁ Sy a;{@grﬂg&tl coo R atqiﬁhq—ﬁgrmal cycling. The

force rﬂmde%h&: W98%1e Jiner f?fe?eﬁt?ngf)oéeg Vﬁﬁtth@ﬂleﬁﬁﬁ'c@%r Iwhich term is

appar at us for perform ng tehperature-control
commanly vsedte demite ﬂ@ansstrmt it whichphaerdire ECierrbc@s mgpe(rb)rmad must

e designed to re e sa r m of
also beBfio e Eqramp e SebEGT bR POMBsR P! SR heighiso a5 oclow the
operatdi 9 béled $he ﬁﬁ%ﬂlﬁld@ ‘émﬂe%fc%% be apslled. IThedplitnd@thermal cyclers are
position, hermal bl ock with aSSOC|ated tenperature
those tlas are atomatinally eperatedivith sefesuetisagainstuseberser, t he
thermal bl ock, and the sanple vessels and incorporates
a self-leveling pressure plate for the vessels that
seal s the tops g is notorized in
certain enbodi Mﬁﬁﬂﬁﬁ%ﬁﬂ%ﬁn i ndi vi dual
tubes are used as the vessels, the tubes are capped,

[0006] 2NThel fieseht By Entich iebidéLinRHPHSRS fO perfodmileeP¥ratifdlcntrolled
the caps. Wien the vessels are the wells of a

multi-vggge} yeaglians, the apparatup inoliding (a) p basedsistened (o reeive gampletyessels in
the forrﬁ g%ﬂlﬁ%’%g}ﬂgte 1%'&1181"%8 leatﬂges %ﬁ tﬂtec?ﬁfﬁn% QJ 1‘3 Sr]i;]%lred to
orces sea y pr essi g on the sea

hold in rarﬁa&dlpbatxph,ad themhs blqukegitiesssbdisted eﬁﬁpﬂrstureﬁtdhubh %nd (b) a lid that’
g’ entati ns of the thermal block, and by virtue of
covers g base Hhe Pggaalibiggk f%&t&eﬁéamalﬁmeﬁ%ks JBrdncp@rates agFif-loyeling

pressurk ?szté’ £7 SR vsesg\;‘l% thafsddl¥ tfl@ 53 [Ifeevegéeﬁs[ rTIQaUﬁ J&t‘%eed in certain

I'eve optimal contact vveen eac vesse
embodlmaatsmﬂthdaimelktmri nWheleﬁmlméwmhlamsdremsndas tife \telmls the tubes are

copot BB 1, SRBLELUS, HOLRCT 0Dl s Brhechl 00,

wells oPA ﬁdﬁﬁﬁéﬁ%ﬁﬁk thO "W&l’éta‘ie %ﬁah§ sBAI&PWHN @ sBAIRLtafldiSr With caps, and
the heating and cool i ng cycles that the apparatus

the preq@uremiatn@nMas ilge sdabby pressingan ﬂre(melm tepe. 'Bh¢ presfune plam also

peses S PAE I 0 P SRR SR Bttt

feature f@@hw ssufeafo o3 6F thE 06881k with PiRfopm! B INABNTBN YbSchieve
i nclu a notorized latch to hold the lid in a cl osed

optimakseatact b?twsveeaotlw(@swhw thg thasmel bleeld buprpferned corhedmpdntgpof the
1nvent1§x£'| ?he”{pgiﬁa S bgrtc%n a?ns ahk?ea 18g % (}érutﬁ H}esﬁnh §Le{geh %)fprevent

ssure ate 1n accor

condenﬁdmentolﬂ kiesvessel t:bhﬁem‘ls ohehe mressufy ISIaﬁceQiWM tHéllfeafm%Qﬁd &dding cycles
a m Croprocessor to engage or di sengm?1
that the\pgpqn‘@gg prifeRsdyring the praglien procedures. Still er embodiments include

an optical scanning mechanism for optical monitoring of all of the vessels. Additional features
that are present in preferred embodiments include a motorized latch to hold the lid in a closed
position over the base, a motorized support connecting the pressure plate to the lid to adjust the

height of the pressure plate in accordance with the height of the tubes or the plate, sensors for
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to signals received fromthe sensors. The invention

al so resides in pressure plates of specialized
w@oengtiea9es i on to maxi m ze the transfer of heatP€DWs2009/034012

the vessel s and to assure that the force distribution

. i 0 i .
vriond gl o518 P85 LU S0 B Al LBl iy reponse
to s1gnkie kwveBFﬂolﬁFﬂiaEaﬁBkPTTI@in%tIBHEldaRééMé\dCﬁ p[ré%@n&%]pld’?ésﬁf 1
per spective view, of an i nstrunent in accordanc

specializel FORSRCRFT SREXI TR e {1aRSIH QirheatiewRrdhe aFssels andiie assure that
| fo n t
the frf SR i 1R RIPANEE R Bl S et
features firetdxplalined. mﬁrﬁﬂ@ﬁﬂ:taﬁbélows is a perspective view of
some of the lid conponents that are secured to or
suspended by the main franme. [0010] FIG 4 is a

perspective view of the frane assenbly and |id
Conponent s BRIEK BESCRIFHONOF TR DRAVENGS | s 4

cross section of the base and the pressure plate with
0007 aP‘T@i‘l bisp L Gicw o RRSihth@ferdt h 4B RASE 't[n%)él'%x]e t inventi
[ ] l?évsa I|g)erlspe%:t|(\)/e V|hew of “one of tﬁewéonrpo ents T onnen
with th@ hdtriueed | ThetremhintggFigotes shew lkemgbientd oft this ipstemsant.e

plate and the self-leveling feature. [0013] FIG 7 is

[0008] 2 HIEX. Q%Efééxﬁgec‘ﬁb@%ew ofdR€nRin fri@e 6PHRAMENt S of FIG 6.
[0014 FI is a perspective view of another

n e lid C the h t of th
100093 7 XTBCRFEA papcsh¥e bledt B i B0 oGt Ml besico o
suspendddéhycsnppeframed nmechani smthat supplies the final
clanping force of the instrunment. [0016] FIG 10 is an

engqvij . t I
roo10] TG 4B Blrafoc B SR o AR AR S I IR o BuBoBpletr Fic. 3
combineiG 11 is an end view of an alternative pressure

plate for use in the practice of the present

[ ' t
f0011) A S 1R eros R Eiien B B bpfe rf BEPEREIT bl V¥l pate in
positioff 00th@padel G 13 is a bl ock diagram of the instrunent

har dwar e.

[0012] FIG. 6 is a perspective view of one of the components of the lid that control the height

of the pressure plate and the self-leveling feature.
[001 3] FIG. 7 is a perspective view of one of the components of FIG. 6.

[0014] FIG. 8 is a perspective view of another component of the lid that controls the height of

the pressure plate.

[0015] FIG. 9 is a front elevation of the cam-operated mechanism that supplies the final

clamping force of the instrument.

[0016] FIG. 10 is an end view of a layered and heated pressure plate for use in the practice of

the present invention.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED
EVMBODI MENTS [ 0020] While the features defining this

WO pooene29an are capabl e of inplementation in a REFUS1099/034012
of constructi ons, the invention as a whole will be

| [0017] ggl‘gltG n%rﬁpﬁe@yof 3n %ﬁéexﬁé u‘?ﬁpr@%%g[;@ nglQEe' £8P dfin fhe V%'actlce of the

nment 1s sho
presenttiheerﬂroavm ngs. [0021] FIG 1 depicts an instrunent
enbodyi ng the features of the invention, show ng the

[0018] enﬁﬂ(?i%@ e%ﬂ@é bw&ﬂcgt%'o?'fhé AR UsRSs @ftlﬂéﬁféts#e}g Bgas'ﬂégof FIG. 10.

he afore |oned I 103. Residing wthi

l0°191h2§lffb33m%fosﬁﬂ 5 b st PRy Rl 1 er modul es

(not visible) that cont act the base through a
thermal |y conductive pad or grease to enhance t he

thermal c eI ves
being in ggﬁtAgL‘Eﬂ bgg%‘g&?@% gt I VI si bl e)
expel nodul es.

to dissipate vvas
[0020] h \gﬁnln zr{)}zlaelnf\sé t%rets%e ﬂ% ng%gﬁlr)rg gﬁegtﬁﬁ%bﬁg §€§x? elgnm%rgcafltlc?n in a variety

of constiutetisatherifivenition fab B N@ohﬂbﬂﬂﬁbdshmdémﬁmﬁﬂ)ysa dedilédexamination of
external heating or cooli nq% el ement. The thermal bl ock

a specifip gmpadimenhsOam Sughreagbodimen debvhoe ig{he diawingsy o

conpl ementary in contour to the outer surfaces of the
[0021] s &fif. @ depEtsednsingtnohers Iam\hndying wmajmestdf ¢he ineerdion, showing the

enclosysp 3&@&%%&1@ tff&?% E»' 5 tﬁ%ﬂ%&%‘%‘?’@%béﬂ&igReﬁdng

within #HahasL 167 &l a fid o%ﬁﬂsnl ngsammat RENEd and cooled from
cont I nuous contact to e made between the sanple

underneath bg [Psltin chodhkes (e rvisab e othetcdontabh thel Hase thddighsa theinmedly

conduclil b prEptds e e bRt BOR R R e HOTaRORyIEs Gemsetves

bemg ih BbRAEWiBElcSORAE Fns (418880t visiBIRNLdiSdip 28 waktt he f¥xb61ddd by the
sensors to detect when the lid is open and cl osed.

modules] tdiemativosto R@tle;rheoctnlwgiée elpnapls fgr ahast érr\l}sf@roﬂmé éndpsirculation
s SRR o B30 A AL B ) e e Lt

elemen€ OV théﬁﬂél&imdl 041 doftathsta@ragia® b f Sifendfionihdt irbotip l&ﬁentary in
is operated by a DC notor with an_encoder to provid

contouryigdhe pesr %‘P‘&ﬁﬁ# of the pample vessgls (pet shpwm) ; whether theyie bayétl-well
L
pate o A0PALEL AP S AP MR cmpemyr yping

controls tht cbmptetheh@fry Cautduits peAmit odntitivdud b@)taca tebantade between the
sample gfgfﬁer :ﬂ?lrééhéggp{gﬁe tb?r 26 p%dcgﬁt 1:s Xc?mg (o tgg\})@%‘#&%@ tgps(ljon spring
e T
flags in conjunction with optical sensors to detect when the lid is open and closed. Alternatives
to the hinge assembly are any connéctors that permit raising and lowering of the lid over the
base. In the embodiment shown, the lid is counterbalanced with a torsion spring, and the hinge
is operated by a DC motor with an encoder to provide position signals for the lid. At the front
of the base 102 is an open/close switch pod 106 with a spring-mounted front button 107.

Contained within the switch pod 106 (and thus not visible) are a tactile momentary switch or a
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not or and proceeding to the other notors and sensors,
as programmed by a m croprocessor. The hinge, if in
W@ b@oofeed position, can al so be operated manuabCHPS2N2034012

the notor circuit can include an open-di sconnect to

ISy b . o E
capacitfifl (B Sy bt Bl GEREERUFICR) (o Shekiffon Yo 39Rbn poa
button DO Akdntg donfigareditd inidits thendntireTindtor aeyuehod, degianmgedtt thahinge

t he back, EMF wou] d create with the nmanual operat.ion
motor apg progeering)to fhepiher mefersAnd spnseEm At RrogkmRed hy g gHcroprpsessor.
The iR AP R 5 Bopiiah A 3R P AL SR SRR the ol ircuit can
includecmmpenidistoaect ttamgemjzetany byaking fbece dapsedbnuthle bageERH that might
_ of. the hinge, b njtorin he. counts transmtted b
oceur diFing FagHEhOBGHiPHe Pﬁalémﬂﬂg%ﬁtaﬁwéﬂrceﬁg g@? igipizg an
interfereRWHthst (A€ BadkSEAFGEh1Y BrehRAIGRAHE nTRY: R, dnl&yilli
rerte position i% eit her&lld?r ecti oln, arﬁﬁ% W%% nat%ﬁe cliftinate
potentiglidarmage tcihs swrtor. sTheanicadpeoces$ratcamb elgo psovidla the zepabality ofi actuating

the hinga mbl0F b PR ok 8T i RPN Rk shssbap oSO R (el

operatiéd 80tht hiige! 1By SBARSMiEHe BOLAVraHi#ed biPak 86ddd¥r SHPART tor.
per t he switch %:)d 106 is g front clanp 1%)% inthe lid t%&moor

When chpigestin theecopintsaire detegigd tlognditate meoviemgntl @f3he hinge phsitipm seeither

... 10 nd.t her t.o apply the fo that. wil.l, seal. th .
airectioh o AR ACIRY ol roBRRinte? B ckdlfifud pRbiok i RNt SFme hinge
motor @ §rédeedswith eofikictdfid that Pesitio® tHe 1fd. aABurkfiBnaldbdiptiof of the

own in a separate draw ng and described in detail

... She .
algorithpisgigscribgdbelpar ed di sk with a cam shaped track that
engages a pin on the switch pod 106. The disk is
[0022] dDiwetly bppasindihesivitch pod D06 cfieadmmneB mohe didne effvd the final

clamping gt 58 108 pierthe bisecbe e Ureshvap Sphlydhe e Pt vilbiaphine
sample géﬁﬂg cRi3ed Qﬁ@%&g%] gx@ vEQRR agﬁingtl}ﬁe wWermgl blotic 164! pﬂ%l{r&ﬁ clamp

e lid 10 has a downwardly facing centra
108, wipdhaisfsbown il 8 s¢pastte diaveng hnd desotitaet is detad] tedowplie a geared disk with a

vessel s.. The central latform1 an arr of :
cam-shifi 461 el henee B0 RGUTHE PO LG THaUAk & 98 oy £C motor
with anleAcddR€ ab €8I R hs N@Sﬂftic@ﬂﬂmﬂ%&ﬁﬁhw.t h the I_ocatl ons of

the sanple vessels. The holes 111 allow light to pass

[ both directions,. Excitation |j.ght can thu e
00231 ¢ Bl hFE LT Iniiome 8 ol O bR bl aEnermat block
and heatAhP tops \6E Bl elsel sGppditld DY3hé @08 Bed BayPd@snwatlyofcing

transmtted back to the scanner, which is al so shown

central plﬁtfgm@, &b that direqtly noatagisdheizasanle Besselse Thacentzal piptform 110 has an
array of HidsH1 tndGRL ﬁﬁ&x’ed"\&nﬁl (66 UdelatiBhdd 1P e %%rrﬁgﬂ)lg& and hence

with the locations of the sample vessels. The holes 111 allow light to pass in both directions.

Excitation light can thus be transmitted from a scanner to the samples in the sample vessels and
emissions from the samples can be transmitted back to the scanner, which is also shown in a
separate figure and described below. As an optional feature, the central platform 110 can be
bordered by a skirt (not shown in the Figures) with a rubber baffle on the bottom of the skirt to

serve as a supplementary lateral seal around the reaction vessels. This prevents heat flow
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bordered by a skirt (not shown in the Figures) with a
rubber baffle on the bottomof the skirt to serve as a
waeeppheyeht ary | ateral seal around the reacti oPCT/US2009/034012

vessel s. This prevents heat flowacross the edges of
Lan, t] . ai,r .
across YEGdRe@bftn e SuEBIEHEIRA, ochORHES AT BT gper optional
featurestarpicewhasthe sanpleavetdets are tHeswells of amwltiiwslbplate(is atglskies of rubber
asket of rubbgqr or. foam adhering to the | ower face

a . :
or foanafag]e%lgﬁp dhslawer frea oéthepresshieddate fheontast the.quulti-well plate adjacent
ot g OPROSgk 315486 oAk sl B Xl gracir, o aad
to the sslfSlovalihg charattee ofthefprésswrelplatg char acter of the

pressure plate. [0024] FIG 2 depicts the main frame

[0024]1261PT2 &e?ﬁ:té e Hdﬁﬂﬁﬁﬁle 120%R tlfel{ﬁél}'fr'%?é??,l with? ﬁ%gfligxg%l §?¥]180nents

renmoved to show the mai n struct rane
removéd 9, showéhe main staneiral fR@noi2 1t ¢fehé lid, the rear paned @32 dPe 1id, the

ines 4, 038 Rl i 0, 505 1 AR
compontéifis SLRB Mstrubfet KB s_ll_%got‘ﬁ’ib}dckael Z'SGVfIiﬁereergfeh‘%d 'ﬂ@ﬁ@r‘e{jﬁl at;%sdn “upper

n "upper channel . e upper channel 125 is rigi

a
channel e clheauppenchanaeli@iis sigidlc sagreed t6 thempain 2trugtural fimmepi2drat the

nt 6 of the frame a al. the rear of the
upper 3ud Hhd $36oE @R e % bR B p Sl B 581 it pount for he
positiofiidg diotainghdsel ffleVetin@ljbinBthadédHirol tRtposiidh 0Pkhd fi€ssure plate. The
position of the pressure plate., The pressure plate,
pressurg plate.inositinBingsRYer, and seldqvelingiointiangyal] shavn igrasher figures and
. in fi-qur i . .
descnb?% tg}é\f?‘nk)él Arg I{rg%vﬁ%lf%% é)? ﬁ}eﬁgxggegaggegﬁr}gyéqi 8%&1?%\1&713@2% together with the

hinge mvoter 1l Fthat drijes e rowdtioh of lie: Hihgg eTheniction b2 thetHinge ®bioy @37 is
The action. of the hinge

e rotation of the hinge. ) g .
conﬁoli?gtle pa by thesseagre F%ﬂ?t%fd%%p%‘&rqn Hyhe He Sarmpen senser 128 is affixed
to the ARIELIT HbiGe Qgédrtcb%r,%lgtah:?oéeﬂ genséplﬁpfé "bosiHoned ox}ax% floht of the

affixed to the frane 121 inside a rear corner, and a
lid to be kngazdd sporscontd? Yithsthp ewitth poe060 Bdth serisorsdre optitdh ewitches with

NI ST T
optical gkﬁﬂ.s Otfler sivEXhR! BdTHEE kh@hn HAE 2RAWSRAHPSutstials. L O

end upon contact and interrupt an optical beam O her

00251 £ 366 R85 83 [RS8y IR D eu BT 1816 oped byt man
frame. cm_ﬁsrgwraswﬁbl$§§@wisxthéﬁ&tmr@§sufesplﬁﬂéQﬁa iheSsbalink Afechanism. The
mai n frame. This sub- asseg%l{ﬁy supports the heated

scanningmaechapismypelpdesaithogpral seilnidln i3 hihehdefinerthe Krand Y axes,
' ism inel hogonal Jaits 13L. 1
st SRR SR I TS OBARIR S gl Aot

scanning G 8d) iand a ghwttle 136 khis comainstHeptiasisdmponests 28d tratsiSthe rails.
one fqor each of the scanning axes, and a shuttle 136

Connectigg of therithiassemtle toheingain el OAFiGahts achisyed threwgh a bracket

1137 refér@dd - herein as a “lower channel” by virtue of its configuration and its position below

the upper channel 125 of FIG. 2. The upper and lower channels are joined through a universal
joint that functions as a self-leveling joint. The term “universal joint™ is used herein to denote a

join that can bend in any direction, i.e., one that bend and can also rotate a full 360°. This joint
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Connection of the sub-assenbly to the main frame 120
of FIG 2 is achieved through a bracket 137 referred

W@ 000024 as a "l ower channel” by virtue of iRPGI/US2009/034012
configuration and its position bel ow the upper channel

is shov%iﬁ ot %Ilgtﬁﬁﬁz a\%i-rlg §F§Jc%§gé] Fgl?’ﬁ’a tﬁ}\gﬁgw c%aﬂ&éli3? rlsemjoﬁntgg go the

unctions as a

pressurs§ildte 169 erowith freitrahd raaa ®rdcREtdN138)139emd Fbud ilEpring$140, 141, 142,
used herein to denote a join that can bend in

an
143. The fewtcod wpringsetransiifcthe faee eraginatingnt é%mframmmm@%@ tg the vessels.
SecureIgl (lg(Ls glre%‘go%r ogﬁxleﬁodvng_lx{glta %ag?%; n n@‘%‘é‘;‘% gﬂi&gﬁ‘%@mh% Yower
portlont dféth@ Ed&ﬁ&:&élﬁlg?;loﬁ{t e The 9ppdiraad Ghwérrchatineds IS, @37 aterfarketjsined by
39 and four coil springs 140, 141, 142, 143. The
four gurlww&sd% 147148145 mdioncrigifh soqmsetion. o Fg,gwde PRR(S mpintain the

v A0 6L BB A0 s Y FSR 5I SOEEL .

Each guizﬂle@bstfls) preferibig shvomtded diyta coil spfing [m)t shown) te\help stgblhze the
125, 13

upper #ﬁ'l?wsrrc aev‘#ggm{)vaqg%at'r%fﬁtacq%%ﬁﬁgf'%%lmpf&?g bm@ prgsgyre plate

on the %dlgne;ﬁe Reddels 'aﬁéi %e?&l%&&l& Qﬂxate-ﬁhﬁld%bﬁﬁ posts maintain

vertical alignment of the pressure plate 109 as

100261 o KGR 43tsBictsoriondy ot Apgir i ket B 1 bt Siipt i ssembly
130 coﬁlBﬁIedS:?sQHE‘}) wbRldBbear ¥iBPihk 1R 1488, TRRYrinddikitcAWdoards 151, 152,

channels and to assist in distributing the force

which ﬁogptbgre@nwl thf:@cmmdehcbﬁm@tlm arp shayempllee Figyreedlso shows the
o G b B T 5, ¢

heat er carrier sub- assenbli 130 conbi ned, as they
[0027] wdiCGul Sdpp eEass sectian of theibage F92afthe umpshpping st of Ff@e‘il‘?n vessels

160 (o&f’%ﬁﬂ? xg%ﬁ élateéqg gog’i’ﬁbﬁ HvérQﬁce él\}%ﬁflarl %1{1_{ ﬂi4 \Lilﬁ? ﬁ%g%ul&tendmg

are s ureasos

into thd dl@regioat; b¥he lgimial blosk.oThé blesm@prateCMnn g ehowli? n @siibhtly raised
the | ower channel 137, 27] FI G

position aqvedhe Factionvesade %@n@ﬁ adpstreiy ha@fb&ﬁﬁl ﬁa?ia agd thedid is fully

closed rtﬁ@fx‘ehéﬁ?e 1%{%3\941 Qﬁt 4196 fhe Petdels Wi Lyl h[ﬁés%ﬁre' I'Jﬁ\xttached to the
position over t e ermal block 104 with the vessels

pressure plate diong thierddge nbarest ¢l kinge oresseofortlisd that eiletcats the pt(ekence ofa

multl-vﬁgﬁqlgﬁre gﬁstﬁ%g\?gn%alh)i ‘%‘e 2 ht\lcjaé\,\g Bl%tnpvgan ‘Sﬁlﬁl:gﬂ 152}1 ¥ul:§e%latslg a multi-well

plate. ’Fl‘i’é éé%ﬁ(')‘ff‘déh $ehA\ptiof %&s@ﬁ%h%%sﬁd%@atéd fad ﬁlaf Mli ﬂex C upon contact
closed, the pressure plate will contact al

with the Siengs ef a/\ﬁyphalsmehl-wplé piate. eTheedltsm&leu btebvqenéulms @9@ arpéate can be
e _nea t.he

used tofhef i B! CnE pESulF BarSina er VR 4GalP o BftEh of i sprines

when thdsresgate plaRGk ldvﬂ:réﬁ biee tiRnfubed 6 et WFRe instdimehtithas self-adjusts to
tubes and a multi-well plate. The sensor can be an

achievesiheisprang deflestien fiat wﬂénroaisls@&\eake@aedf forsg- that will flex
upon cont act
[0028] The underside of the upper channel 125 is shown in FIG. 6. Mounted in the channel,

to the underside of the channel ceiling, is a gear box 161 for a geared connecting rod that

controls the height of the pressure plate within the lid and that includes the universal joint

providing the self-leveling feature. The channel is mounted to the main frame through
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-shown in [4G. 8. Ryplwdingidewnve

with the flange of a typical nulti-well plate. The

di stinction between tubes and a plate can be used to
w@oweneothe hei ght of the pressure plate and hRCYES100%034012

degree of deflection of the springs when the pressure

1 p
mounti 9% %%ﬁﬁ%s;lgttﬁéﬂﬁe{}@g%gﬁvtﬁé clgz!}:i {@BF g&xﬂl g\f}é ?1%% T&?s 162 163 along the
two latétef diget dfahe tlvahelVialve aperrmlem41; 6sS tteshe pddé pdistsel4({, 0628]48 149
The undersi de of the upg r channel 125 is shown

Hisegear bex {0leis driad ead 46,4, the end of
a geare& Eﬁ% gtﬁ%ﬂgs%d g:'v‘})h{l}?i X i?tu% %glgrgﬂ]mt Jr%;sugéh&?ﬁ’é’ gé%r box to

receiveld @an difiee M&éﬂenﬂlﬁg‘lﬁﬁmtd‘tﬁoﬂor di69thit goratns the Ipusiasn bﬁ(e e., extends

or retra#ﬁgiylg%g%g{rggl grtl O;:HQ%I rg epqﬁiﬂi,il . ntjg of t e upper channel
| e channel
125 is ef(ﬂcg?é‘ g%%@f’gg4 t_TIl sld\fz rt%l@ 566({]2& n?[ g;% hgﬁg Igggmbﬂ

100291 ¢ &5 Ris & ires g{e‘gve (7S ered TSR 7" D B e ’P‘Ijsé“m’““ds
the rod 3andpéx@érﬁél(§e919 oﬂqm@»@éa@e& 51@9% &8 eﬁgfgéd 139>£he1§1$tdr§69 (FIeH 6) to

a geared rod (di scussed
extend betem;ct, thamﬁ W aqdehencn éle mcvemdsl@ﬂq obre tiod cod é6é,| ape egmple of

ear ., pox. to. |ve a. r .ve 168 e ndi.n
which i i Ia(:mﬂ Ftanng é@ le aw tg: é l‘b 8‘§$3ﬁe%ﬁ e( Itr sverse shaft
that pas¥d miicg%hcthe é&kér&ﬁ’ttﬁé rolRad ge@iadonned &te IeRGehhkie], % @xplained
en

A further feature of the upper channel 125 i s

further helopreMguemant of the oA d67 b theomston 69 therebyregatpls thedistagee

v FYBEF b B (0A% o Pl RSRLAGE NG Bl oo
of movément'addhe tbﬂd i sehialed B diesrings ih hiee dgertasdiiebugheavhich theeod
engaged by the nptor 169 (FIG 6) to extenoL'eor retra(cith
enters (i Gost o367 AREPHERS EIVRB R aBRE hOEEITAE HegHd &4 and hence the
angle bé’t@ﬁ:’ep die a}?él o It%#r%g uf{\%'ngfg \'zvg]r?g éré ggﬁ‘ rgbx?@é thE A1 BE th¥ rfssure
plate. Bammgv ar the redaid ldcham than&dmestplnmadgpwbtaé ﬁcedtme Df piovemhent. In
end .an unted to_.the | ower channel
cither Casgn i TR 8 AL K BFAIHES REEAB AL £ BEVERBLIOGH 67 by
the notor 169 thereby controls the di stance between
[0030] t ﬁléhedpwelr chanuel|13%es shovaminel top are il KIGr8t Sthpuldees 17821 Hy along
0Si

the twoyGtal PR o 68 Bt BB ap kS A b dabid dip b Fhichdfib88e post

shown WWIEH 3ta?@n{oﬁﬁ‘te§ NG 1$ottl§l801«91?m is Bgdunidilto tHBodH ofFhé¢hannel through
novenent changes the angle of the rod 167, and hence

vibratianhisolaters 77 ew}@@ 78 incthg pg@ﬁr eirbie piypkblogh sieaizies thogad end 166 at
e endl b hed e PR ok PRETELSS b B, pg nsvere

shaft (nt ¥ival) phistatdfauph thoxeIedtwilll amsoqtarsh&ﬁoagm@ermfw 1804181 in the
end 166 and 1ts_bearings function as_ a .unive

sides of thp iivot block as well as apertures 182 (only one of which 1s v1s1ble) in the side walls

of the channel. The transverse shaft in this embodiment is the means by which the lid heater

carrier assembly hangs from the frame.

[0031] FIG. 9 is a front view of the front clamp 108 that is mounted to the front of the lid and

that provides the final closure of the pressure plate over the reaction vessels to press the vessels
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[0030] The | ower channel 137 is shown in a top viewin
FIG 8. Shoulders 170, 171 along the two | ateral sides
w@Rowheoehannel have apertures 172, 173, 174, BRGBUS2909/034012

whi ch the guide posts shown in FIG 3 are nounted. A

againspd Blepa it g I MG S ek PP D0 R phith i RAAEY o oar

train with ratsafﬁomént tghar rpiiv 6 prolvle khe wncgle\tmedetdhe ctasd tlendarhf 6 The gear train

temin%?ﬁiw%%n?&ﬁlte@l Qedirey eoia e i Flewsapitfe (AR fisk and no
V1s1blef§12r A Qﬁ'Mﬂl Fret, @ggf‘ha @ﬁlcfn%éa{ei@z i‘é"drﬂveﬁ‘ b$9 If@géar motor 197

apertures 180 in the sides of "the piv
(showrb:lnaiakhe&ishnme] thraghapeppropaste 82 Kubnhyumsedtogthe gharonotpswhlch is
t he si Ils channel . The
locatedebirdl /B biokeriard 185, e on G0 soMAMEGam e 193 that, as
noted a%{/@ rénééi% 'fgothﬁﬁ‘ﬁge inGAthé Eickftﬁﬁmﬂcﬁiﬂimﬁ (FW 1)N&uch that
frame is a front view of the fro
countettlanlpm@sotam ofi the paym diskd 91 olravmathﬁ lidriovar against lhﬁ dvasm énd the
r ovi, de he fjinal cl sur
pressur Pie Ry B b iy o he Bop@adli ing i HpIaE, MoyBledlS the cam
disk 19t1 N§ a AL 9B khab ksrales thth@&aaﬁrmsk raﬁh dp@sted a%ﬁ@f@?tl@ﬂ 8éBors 195,
90 to which is nmounted a %ear train with a sufficient

196 thag disengageithe motosmden dlecir hightbeargs @reﬂ@f@ﬁréated&yéh@ Hag.t Rlee sensors
thus de%’uixg 'EW? S)It]x']e%n%eoafr thé Fa%gg of ﬁg avel 8?{h§%qu§) A 18, %g%%l Sensors

rgest gear rear o

that willilikkwis duitdion \effet ety 1ntht Bgparateywslh byvappanerit |t<§3th096 of sKilg in the
pi ni on gear 192 is driven by a DC gear notor 197

~art.  (shown in dashed |ines) through an appropriate gear

hub nmounted to the gear notor which is | ocated behind
[0032] t hae specaadized exdmple of 8. prddsereqdate chiitlka fb@i];tanomhaiting eh:mmmis

T

layered Oﬂ]QtE cSﬁ’t'dﬂltn?g ﬂ]?éeolﬁyé‘}’h S§ 16REA &"ZOQf a ?é&%t&l@@hgétﬁfg 1854} 203, and an

draws the down agal nst t base, and the pressure
upper spppare laagxazoqls allgdueed bpbelts205tth efonne@ ezptdaublesyperasseh@ly In the

| I t. th disk.191
e S e N b 50580 AL s
plate. PRd Towef 198# Z(Fﬁﬂlassaﬁréiﬁbﬁd%ﬁﬂ‘acelﬁﬁ thixadonthic&ang sakpIk Nessels and

notor when their |ight beans are intercepted by the

pressestherg againe! the fsonal hiomls Tropronerly (rensanit theeat fogm theresistance

heating 303 o | B ftach 2 8 WPoprl R Y Bodele SRR,

temper&RLdt Aid igndetJulr fabe; tEPloavee Myet 202 RO ﬁeﬂfcoﬁﬂudtivelmhtéﬂitﬂ such as
art. [0032] A specialized exanple of the pressure

aluminpingnetaly he sapp@é layerdfldeis peafetiahly ofiveterial thef istedativelyrhegmally
1nsulatﬁg Qué/ﬂ &% Ile 0, g?&ﬁ?lse,a%ddn]e%t alf Sr ABQYF thd hdat gene}ged ife heating

pressure p a e
layer 203 downward through the lower layer 202. In preferred embodiments, a series of

spacers 207 are placed between the resistance heating layer 203 and the support layer 204 to
leave a gap 208 between the layers. The spacers 207 in this embodiment encircle the bolts 205
that hold the layers together. The purpose of the spacers 207 and the gap 208 is to reduce or
eliminate the inherent bowing of the lower, heat-conductive layer 202 when the three layers are

compressed against each other by the bolts. By allowing the pressure plate to flex within the

10
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| ayered plate containing three |layers - a | ower | ayer
202, a resistance heating |layer 203, and an upper

WG pae2924 ayer 204, all joined by bolts 205 t oP¢DU#089/034012
sandwi ch type assenbly hi the enbodi ment shown, one

. oned ¢l.o f
timits GHFE o't i B9 S TG nER3) s Bifies snmgicn
assembl aB& PSR theheal eaRlued® lafdtio adjnbida cirvatiBe SABPheEcessary to promote
vessel s and presses them agai nst the thermal block. To

uniform coplast @ﬁtwmrfbﬁpteswﬁ@ phatsandrthe pdailyingewisselapdea paifarmigree
e f d to spread the
distivg @ FiIp ey ﬁei%&*ﬂﬂﬁi S AR BIARe ¢ The
undersurface the |l ower |ayer 202 is of

100331 S A e, Bt Vit ofthe Brgesresalatal (e ERsSWEPlate 2khef FIG. 11
likewist WA ¢ ? efd a' 15w, fé c@mh}/ctl% kﬁ@f #13 A redifi@hce }Eatlng layer
relatively thermally Insulating such as d resin, for
213, arsixangyiper supportilayec 214 jbined togetiier aff théih peﬂnﬁmegeHereaigedl the lower
ILh the heati ownward through the | ower
layer 24 i wosq%é%&?%gl%eﬁﬁwwm the coniigt guaop o pross the
I b [
R T e b R P
ofa shgmlymﬂ@nblmyet teaghenismat'étiel sipheea sesit metal hidisdovediamaytfrom the
encircle bol.ts 205 that. hold . the |ayers to
other lapﬁés tﬁﬂ%"dé%ﬁ’&funfiﬂé ixfg&é Wighpas ytOHEV%/](a %&gl?i[uaensmns in

the Flghféddié @x@ge kéd%ﬂ?ﬁ@ogéa%fu&%ﬁmhoﬁpvmen BfestddCagaMéthe sample
heat - conducti ve | ayer 202 when the three | ayers are

wells apé thsrthersnad blagki ths ﬂay@esc\lviﬂbﬂat@n t@prqvw dwctvien forgg distribution. In

n h I thin,the
embodfper I\t i ipBEOHLS A2l et RE IRE 2 S hgex o
compedafecfot tHerﬁ@éff&&bfﬁ@ HoRehe gﬁp Repefibidedand al l ow the

heat conductive |ayer to adJ ust in curvature when

[0034] n %@S 3?2&’ a {Jé}?}gécﬂ@ (’%\’\P& utfr%%) gﬁfc? %ta?\%éeré&sﬁgflwglﬂ%} agl% the resistance

heatmguayérmfme‘ messar&blsﬁerdflauhe:r(ﬂmalm ﬁgFIGla 1L &togicbnwmiknee,dhdlayers are
e pre plate 0033] . FIG_ 11 is a further
numbefpgth Somespond 14 Sep‘?ferI%.[l ﬁalwfﬂ%t-ﬁ?ré%@uv%{ayﬁraw and the

res1star%@ %eﬁﬁng:';llaﬁr 263 alré ﬁlﬁ%ﬁﬁ&f& QR4 @h&lsoﬂeh LEGel Q’e‘/ﬁlre%up}zoergJl %apfer 204

at - conduct i ve | ayer 2, a resistance
(FIG. lmagseapemd m,cpeafmratpfpwuthsmppaybf halyem]z&m hjvei the shme size and
r af. ri ri e agai n, the
spacing §x15¢ Matpatifiots Shihe RebRBIFGHS S plssi platg aligned with

the thef$al bRk COABhBL aﬁ%frﬁdﬁtl&?trﬁ{sﬁﬁ%léﬂﬁ @nd %Bﬁl:eﬁ s?é& 9 §nd from the
agai nst the thermal bl ock. The lower layer 212 in th

samplewgsselsttp smerge tomor pas:stletd» thé space hb@tﬂthy pfdssm: blate. yEhe samples

can thu B s (RN G e SR afi SR e R R St 222 orhe
plate, siRe@ided blyaGRrighdralekion®23! hihthk ¥p4ceR\VIDY £6 Dir 41y 1dcakd in the
di mensions in the Figure are exaggerated for purposes

peripheggl regigdnst rat i on) . Wien pressed agai nst the sanple

[0035] While dimensions in the embodiments of FIGS. 10, 11, and 12 may vary and are not

critical to the invention, presently contemplated dimensions are as follows: lower layer

‘ thickness, 3mm,; resistance heating layer, 0.3mm; support layer, 6.4mm.

11



10

15

20

25

wells and the thermal block, the layers will flatten
to provide an even force distribution. In enbodi nents

WO 00sh029R4 t he upper |ayer 214 and the resi st ank@r/Uus2009/034012
heati ng | ayer 213 can flex to conpensate for the

[0036] ggcg]gl o LB % thegbo' ! St oA Rem BhedOraE6 & an apparatus in
accordb.ﬁcéiat with ﬂ(éliﬁ*édeﬁﬁmkféﬁﬁih ane /i %\ﬁe r&preseh rﬂtﬁ@n&ﬁﬁﬁ{dnﬂ Soﬂtfiil/xﬁfg three

of the pressure plate of ei FIG 10 or FIG
mOtOfﬂ;GrseléQﬁmféﬁlilS@Fﬁe @n & nctoprasessorr EheWirdsanetgrs: ave dmlnegqmn@r 301

he Io onductive
the st S5Rin P ohe alsea NRS I Tl GRS e 387
contro&hha\@omﬁmﬂoﬁaé hm@ﬁh%al Jai:ht ﬁﬂdl hha@ﬁthhﬁ’&e ﬁid)lﬂﬁ@:ﬂtto H@Mﬁfdex%ﬁi% of the
i s apertu perforated with an array

upper %}fanﬁ%ll 18§ (BKa- Disad Cﬂ%tmi ﬂﬂ?ﬂé@%@rﬁf thg lowepppnaplld THEIGES3) and hence
the pretsér'lgg Lﬁ?@‘éﬁf@?@n@ qﬁq!% a@ﬂﬁ&{&ﬁb?f h%f ﬁré\rfe-rggﬁg‘ %qt%ﬂﬁlrbtttﬁeg cam disk

191 (FI@I s Bath mutcrraﬂéladesmn dntedes hat deecls hawdraotbieing@br has turned, the
i nd fromthe sanple vessels to energe from

I
encodes 'rﬂg%%ggc;n%r@ﬁlwbe gw&?,réwb%p%swlmofah@ segpensyf fhabthepetor controls.
Each SR S8 R, AL O NE 3P g snsr

305 anglaati@sed setrsoomﬁjmdtﬁeynmgepnoﬂop twsfeaﬂ srgaglls () tl%&ﬁxcr@mbesm indicating

when elnglﬁ C%t;t?xe ?\U%gg%ee%%s o l OC H%e q,yet gn Ef‘w ?rﬁg%{ng sgisor 307 on
the poﬁl&ﬁm&&sal}émt and b %eﬁ@é’ s%ﬁil)inﬁ@é}u@ v?héhcﬁle edft isGflts Ei@rting

the invention, presently contenplated di nensions are
positiogsarfdgh¢ flag and Mopticaymnswm BO& HWxass@mated withitlet cane disk to indicate

| 0.3 t 0036
when Gl Shen B iy P poP PR as - AR PG nclude an
optical}8hsdi31 £ oh Bie Bont PR 181 16SinHRBaRGAREIR Aclidstdpeh BEclosed, and one
present i nvention. The Flgure represents an |nstrunent
or morg platerhithee snpare St twindicate whethershereagtiansisssels hatihaye been
mserte%i{ht%%ﬂ%?es f%he forF.noft e{'ﬂlﬁﬁb rTgﬁ a%e r a .'F']etn%g oP hibds }P%F éo E%t,éoccupy

era orsi on I nge asse

all of theépdsiticks;in tlfeahaﬁ&ll biodk. mpheﬁallwa Stln Hirtep Bérsot & ihtl@ded to detect
position_of the universal joint and shaft that are

the colggpfrihe multy veHdlalh drliovy thegpticpleeomponpnts x¢amanensats for the color or

0
o 5 1 OGO ok ) BB R s r o
codes &)othaximditinendherplat or 303 that drives the rotation of
the cam di sk 191 (FIG 9). Each notor includes an

[0037]€ nﬂ%ﬁicr&ﬁaéesg&tﬁqt@ hAbd WG aﬁ%%’ed@&ﬁﬂ%&ﬁtﬂﬁpthaﬁ {3€tudes the

coder thereby cont olling the notor by t position
followmgstep& conponent that the notor controls. Each encoder
sends its signal to the m croprocessor 304. The

6038} S(1) FsiidRird th® BRAsUEE ﬁﬁl@é for an expected (or default) reaction vessel

(reaction media) height;

. [0039] (2) Positioning the lid to exert the pressure plate against the reaction media;

[0040] (3) Using the interaction of the pressure plate with the reaction media to .

determine whether the reaction media height is different than expected;
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305 and a cl osed sensor 306 on the hinge notor to send

signals to the m croprocessor indicating when either
w@Roovhe29e4vo extreme positions of the hinge havRCTES2909/034012

reached, a honme sensor 307 on the position universa

| @i f d ' indi-cating wh shaf t
0080 08 Ir A eBa Bl Ao DR P Eet P, R
ot irdadl sSRMER répo3fidningQfe BsQEt plabHiovd diffefethdi i adll $¥peating
to indicate when the fully open and fully closed i j
péenst(Zhbwng @) a selectedvembagditimesniithesearaparison pesitinges terfail, noting

' r . : lid : i ndi cat.e
e PR RR AT oheifbg ot W odnsblrrd i doBniyd o, SR
R -vs. -tube sensors 312 to_ indicate whether the
rljgﬁ%ﬁi o) wéﬁ%‘@}ng thpter b thsalareeiTARdss ol dbe PieSSURDIaNc ¢
are in the formof a multi-well plate or a series of
[0043]t uRefSrringrgatiotorfdiG. b8,dhgyositidn mbtor 362 jmoinitiallgrst fona tdistively

shatlovy i TRt hiom B ivell it ot high ot hiviers tng@Rylaptediplate against
the thefrRal 16XV ThitRtiORbf ﬁ@ldo%%mebﬁg&ﬁ of ﬁmﬁf‘ﬁ%gﬁetr&f by ﬁ]ﬁnually

color or for reflection fromt plate. T
pressingdli buttomal 074EHS o) inrthe swtitch poddios by nmawhliy dealing thatlidrdesvnward
. 2Qnh . bar cod or other indicia.qn the plate 0037] The
it iR B Rns Bl oy Pgeaicmts FseSh pitdBisroprosessor
304 allatg eid Hifhga fb@r td Al Ui thellliBc166 debsth peeﬁy&e%larﬁp@%éﬁsor 311 at the
1) Positioning the pressure plate for an expected (or
front Oé@ﬁé@l is petpatad of e meteswally reoeidntoreanp penser igtactuated when the

i 38Rk CELRLRMLESS O R RS R Bt s

to-clamp¥esd @il dnaddiiatéd) Qh@h'&ﬁéﬂh&r@ﬂ@ﬁ@ttﬂﬁédfbff be tHeaaitdRbcessor 304
media to.. determ ne et her the reaction nedi a hei ght

. and the gicERIrpessegitveriAgntheoysadhe plajeoru 1gbe sensar 312 eat pedate hasindeed

been plg%a;‘ i# eI imbr rgfhtalf &5}? Fl{éili\;igg%l trlgﬁrggﬁ)gi”} tuﬁ)%s.( .if tﬁle sensor 3%%ié1dicates

erent than the I ni reposi tioning
otherwise és g tubeptatiar tham spldic),fthe poritidremgtur 302 ds ¢rgpgal forig-position the
steps, (2) and (3).a selected nunber of tines; if the
pressurg BF?E%H 33129W '@gﬁ %‘PA !Bé?%‘%frﬁe pation %‘iag{?gfo’f H‘él‘ﬁﬁl‘é’g Esfcofubes. If the

hinge nfdtoP 3L KddGlot QA11EELPHhe R BE rAFLto RUDS sHRGk Zﬁﬁelﬁ ia&gatte&eand the
l'id;, and [0042] ( Al'lowm ng the user to set the force

plate-vs. dnlppesepsort 13 ipdieatsuia plagy, Hteadef§00stB]ngRef e low hgigh miuiti-well plate
FIG 13, th Lt 302 i ipitiall t f
and magiyign fo75p greaRARTAR( 1t e hofespier it Frst sialiodBy distimeine

 ready-t6-/3fhn@ §HnSdt F1'i6 Gcthfed A3 $hd I!S‘lﬁten%él —Eﬂ#g"éﬁﬁéor Bh@grﬁli@ﬂ&i d¥0be rather

the thermal block. Initiation of ownwar d novenent
than a pigte the ppsition o2 ieepdsgtedimpesitign the pressure plate to a low-tube

position and a low-force setting. If the hinge motor 301 stalls before reaching the ready-to-
clamp sensor 311, the microprocessor compares the encoder counts from the hinge motor with
the range corresponding to a valid tube or plate height. Counts that are outside the range
indicate that an obstruction is present, and the procedure is aborted. When this happens, the lid

fully opens, and the microprocessor waits for a user response.

[0044] If a stall occurs and no obstruction is determined to be present, the microprocessor

assumes that a higher plate has been inserted. With information from the plate-vs.-tube sensor
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pressing the button 107 (FIG 1) in the swtch pod or

by manually drawing the |id downward until the hinge
worono®4d senses the novenment and becomes engRgEUS20091@34012

m croprocessor 304 allows the hinge notor to run until

the lid close,detect (".r al O 1), S . .
312, tf ceppofesBF AT iy helofE ledEes e ko] TEBosA plor 302 s
then actlagedrte asheltd 116 r&m?héi%ﬂ§ﬁ{d the hagk nedted30shie Actubed ké thovs the lid to

in a position that the cam notor 303 can engage and .
the readiy-tonrlamppositien) The cam apoteid3 s ﬁtfyteaga&qdé?rﬂr%a%w thelid. Once
e B8 B g ol PEREn A0k SO, B, b ovemen
of the stimred ghcdoencibadthwxcititidne aséd amissiod i2tectians. a pl at e has

i ndeed been placed in the instrunent rather than

| o . .
ooss, ¥ g ARG ARSS it REBEREARIRd Pt
describpd abdvieaine anfoliow302 is engaged to re-position the
pressure plate to a | owtube and | owforce position
o ' AR . - ¢ .
[0046] >4 g‘;ﬂQ glgﬁ;ﬁgegt ot&ﬁ’ds?glﬁ sgaﬁg{;g th%gh%r#%ﬁ% Ellee feobrB& 1544898 to allow
an opticad aghterh do fdcaspn slenaten&ldf thsreactamtasskls bottl to Haect excitation light
V|oI aLe-vs. -t upe sensor 312 indicates a,pl at.?‘,. t he
to the vigggehegrtentp.and iggecaiye pusypHiesyHPe Fom B g&FiE ghat e and
maxi mum force are maintained. If the hinge notor 301
[0047] has Thelidwbeahd @ diyses hetotmiatieal tytendragtusiyaticelly basiiorsehs pressure

311 i s actuated, and the plate-vs, -tube sor 312
plate for et ¥essgls of) BE‘IW'éi‘fqué}lath%ﬁ‘slgfﬁ?P%%ghtﬁhgfetB% gyt
incorpcit?%)c%ggl Fga%in' cIREI @k ?ijesgﬁe @szé l&drﬁ:ﬂné D& R SHR16s Q{Igf%(:r’ ?]véth the

owt Ube position an owforce setting.
matrix bf depeessionsin 36 theytnal blschwhmhere geivin alignei avith the wells of a multi-

w1424 O AR R b PG R B SR SRORAG R e
lid. The %&és@&@ QN BI9o bontd@inY @ hésiktinde heingXhRbtemb@itedio thEpLRS By a
that are outside the range indicate that an

pressuro sensitinstadbesives Fordsdrmentsthat doengicontath g scansing Weyicedhe holes in
th When .t hi s Eagﬁenstdthe lid fully opens, and the
© PrejHIG RIp SARRE I for a user response. [0044] If a
stall occurs and no obstruction is determ ned to be,
[0048] pree FbainstumentanpliepthsppropriatgSersede thepaessarelgfgepressing the

. plate has heen inserted. Wth.informtian.framth .
reactioffy s dEnt qpberan Sk 12 eruig o bispole Sl by cycline
proces 8 WiRRhAB losk Of sdnfisle Bir6SgHEcndphsatien. The position notor

302 is then actuated to nove to the new hei ght, and

t he Jhi . DL 301 i t i et
onss1 10 2R TR B 00 By WBHEERHRUTRAR 8o Wt s v
been inSEERAY AV RIuGY RYeLNErallfeeduifd leddTofe] fificd¥h individuabi®d is

to its final position, the reaction sequence can
generalliegyipplicd withaiinigetated aapyandealio bscayssavisivididdual fubes, the tubes are
general%p R G o tﬁapn REWELER ?n%llt‘rf‘—@gelleﬁﬁé %hé %eggotyer%&ﬁi%ll%ss force.

Control over the force applied by the pressure plate also minimizes the risk of tube

deformations caused by the plate.
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[ 0045] To summarize, principal functions achieved by
the thermal cycler instrunent described above are as

WO 2000002924 [ 0046] The instrument positions thePGLHIWNEE4012
mechanismin the correct location to allow an optica

[0050]%2?24@ Sih@g{]ﬁ&? An80s R%pERNES 1rnsa.n8£1p{ %ﬁe{ﬁf@a&% iRfument functions

Irect “excitation e vesse

by seleetifg & phsicand fdroe biesetingethe ifsgamenisior e puiticulag type@pldicor tube.
exclitation. [0047] The lid opens and cl oses

005 58 ATy PSS PR AR BB 508 R

operatidhf inefuditlg s8GuchfibBactidtioh BE tHresibtore i confeRiew ath&snsdrs for
__scanning device, the pressure plate contains a matrix
positiogfadijisireentgbetyaertithgimaion acdialighs-i x of depressions in the
thermal bl ock which are in turn aligned with the wells
[0052]0f e aThEUId ik tathionbAhL assTh&], Bad efus dhd ingd motdr need PalgSvercome the
. between the wells and a scanner nounted within the .
inertia jof the lith el'lp# eedycqsdhpmetas terque regpirerienisfop opaung angdesing, facilitates

the detgce[ﬂ)tn! b§§§c§1}g}m@1¥cﬂ ﬁgatte%r MB% lf%kr@trt]s? ggc%/ %@zﬂsr%é gt?ez%?e%y of the

sensi Ui ve adhesi ve. or 1Tnstru

* instrun@ein bilimifng thaIfoice @x eiead Wethe lidendtot.es in the pressure

pl ate can be elimnated. [0048] The instrunent
L _ . o
100531578 1B Tt BFn BPRE RRPAE Gl ek Aok 10 L BT RUA R s ff pm moto

for the\iitial Rr&plibgidnnglowe ToLd felaiveiyngndliignghmorrl cycling
process to elimnate | oss of sanple through

oosa SAYRSAL A0 2P 1 RSP g B ARR! 5 vt

provid@egievieR Frct @ibtribubidhVinthiaved sebipss, gadpaalitlscatmng.r e | ess

force, since an individual tube is generally supplied

Wi | : L$o beoal ' «
tooss " 8okl ERAhEraas, e iind £ 282 WERGM T meap “onc or
more.”’nThbermt‘bampiibe?’ andlviaiatbdnsaherud fisuchves ‘commatses”aand “comprising,”

t hereby require |l ess force. Control over the force .
when piggedingdhe gﬁqthté%?&gsn & 8 SIFTBCHl U5 PG 1 daean Eat fhpddition of
further%tegts 3P Qeﬂﬁﬁﬁri%&ﬁﬁam%gcm&& h&l%gh@h - ﬁ&%%?lic Bns, and

instrunent allows the operator to manually ovefrtide
other puiblistied s¢feremenmafenialstdited sn thys spetidicatiomare hpwby iimaokzarated herein by

force or setti he instrunment for particul ar. type .
refereng gt enBFeny. /Sy ARGrsBALeY BRRe a0 refpisee Bt eheeierein or any
prior aft $81BEREA aQll aR CkpRKIBtechdlihg &BRI4 spedificAfomUS #lténd®A% be resolved in

fl exi bl e operation, including sequential actuation of

favor of Hredeachinginghisispesififationt Tois inkludessamygliscserfaney peswicen amart-
undersf%)%“d %%hnnﬁg}l of Q %&or of p}tlrgsee aql%t aoéei'ﬂl(i:ttiéjnaéxlp%gﬁly provided in this

specification of the same word or phrase.
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[0052] The lid is torsion-spring-assisted, and thus
the hinge notor need only overcone the inertia of the

WO 2@9/1T49246 reduces the notor torque requiremeneCT/H82009/034012
opening and closing, facilitates the detection of

ti d of plate or tube heights, and adds to
anﬁgiémpqtghe instrunment by limting the force
exerted by the lid notor. [0053] The use of a hinge

motor fQr i nigppatatidl fof RABRAInDE atgfd@ralitytbfaBshpR 8RN &laQniform
camnotor for the final force application allows for a

. tempeggteel hyeprgssingetald pluradiey ebtasple Yooga pgainthe cominyaay tggperature-

con Bkl LB Ry BOEI PSR s

samle SegseBUivitA A, unifoBh GvRE daiHutiod acBslalpaf sid &dmpsle aedelidsaid
0055] In_the clains appended hereto, the term"a" or
apparg{ps CQmEpIifEgEnded to mean "one or nore." The term

"conpri ge iiaf t har . "eaonpri ses”
and ot L EAUI0 AR AR a, RUADosiBEET FOT
st ep or adid jeinedensaid bise thriotighn d eoniteotorparmittivgy raisirgy and lowering of
addi ti on of further st eé)s or el ﬁgﬁnt,s is optional and

not excl udedSadlid qysr gnd Basepspd e haype moynted fheretgpgpressure plate

ot her publis Beftnt SLEIENGRIRAREL 30 AR difle pBlifloned on said lid to
speci fication ar er eby 1 ncorpor at erein by
r ef erence i noppaserané nlign eith.saildrbtodki whenepahby isdewerednand said
any reference materjal.cited herein or._any.prior.ar . .
in general aﬁae.s%m.e platg jouzed tp éaalg M%ﬁgroggh @Hﬁ\%rsap _]011% aﬁlowmg said
speci ficati oprdssurb Pl '6vétUpBR chRas wigitlsdid ph@dRY 0Pbample vessels
the teaching in this specification. This includes any
di screpancy betansesaid nndarsurfage e candart gadh ofi spidovessdls with
word or phras n def i ni ti explicitly provided in
this specifi Elgl{s?a&ﬁa@eg%lc%rgﬁy&?%?,d. or phrase. WHAT | S
CLAI MEDghige miban£\Ri? @ik tdfid Overti®ul Ali M @f 8aifl lpkdsalre ip¥ate with said
of sanple vessels at a uniformtenperature by pressing
sai d pl ural i blpckflugagpivetipe eEedid preguireplate 28énmon
t enper a C I - [ el I.i.Nng:
| mdent b RGeSl BECATBlERARINENH Bl G BRE LRy Mid pressure
vessel s, Wi t Plag torpréssrsaidfsampie hssdly inbwigdid indentatisss d@tla preselected
of said sanple vessels, said apparatus conprising: a
.base confi guf‘gae-t o receive said block in a fixed
position; a lid joined to said base through a _
connect of - PEITft bddfut 6F ShiH1 Hrdi WA kbithoelor fithfhe!shil lid to said
over said base, said lid having nounted thereto a

base iy bmuge avithl moement driven by a hinge motor, said clamping means is driven by a

clamp motor, and said apparatus further comprises a sensor defined as a ready-to-clamp sensor
that detects when said lid is closed sufficiently to allow clamping to said base; and a
microprocessor governing the actuation of said hinge motor and said clamp motor in response

to signals received from said ready-to-clamp sensor.

3. The apparatus of claim 2 wherein said universal joint is joined to said lid

| by an extendable shaft which varies the height of said pressure plate relative to said lid, and
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havi ng a pl anar undersurface, said pressure plate
positioned on said |lid to oppose and align wth said

whb@ekoamen said lid is | owered, and said presBUF/ES2009/034012
plate joined to said |id through a universal joint

. Al 1 ow 1 d_pressur | ate to pivot .upon contact. .
saicCipp Ao BFRGs PP -Gl e o i BotiGaed ot geid shan,
actudtioe b8suid eedt hetoe BEagbvanedbPEaig alictopResdbs Wi th
substantially equal contact force; guide neans for
mai ntai ni ng vertical alignnent of said pressure plate
with saidl bl okhe apurtatity oficlaimidnfyriber comnaispgasssnse defined as a plate-
; . e ' idJlid over
ve- BB Sons B AR B0 e g SERHR 5P o i Kl @ common
plats wiith anadpé Bangess@l samipld vessad that 416 et idbangbetnoRjoined to one another,
pr.esel ected force. 2. The apparatus of claim 1l wherein )
and §%}56ﬂl&¥9m%>€§88r BPYRRT Mduationefsnid sheft meter ip sesponss tg signals received
fronsA@ Blad-L 4 thBRiQBRRE driven by a hinge notor, said
clan%ing means I's driven by a clanp notor, and said
apparatus further conprises a sensor defined as a
r eady- t & cl affhesippaatus ol ataird dtveledrsin whidmiseiptiodessbr iisprogrammed to
losed. sufficiently to allow c|lanping to sai.d base; .. .. .
deactiyaie saig PEUPBOE 4P cPBTFSAIN TR S ec 2P SEPB ACIGFS gt apid 1id is
lowéted SEHBRIAY tPAltbvS Blafhptl HIRaIIHSE of thaf GRPRBRSE hhPstalled as a result of
signal s received from said ready-to-clanp sensor. 3.
an ofpsteuctipp &0 thewdosfg aflsaidti wherein said universal j oint
is ] oined to said lid by an extendabl e shaft which
varies the hei ' ressure plate relative to
said |i :?,’ anggl g:} p%%tﬁ)lgr%g &fs)m Jvfl}eﬁ%rrl %%eolﬁbcir?%rggesﬁors‘ﬁ Rfqgrammed to
engagoisaid shaft atogado retradt sal@ shafywhigNai®fcaditélc densor detects that said
.,.actuatjon _of said shaft notor being governed by said
lid iy, foptenssh tg @liew slamping 1o, gaid haserand gaidgrlatevar fwbes senpartioes not detect
said%@%@ﬁ. l;ng a sensor defined as a platevs.- tubes
sensor that differentiates between sanple vessels that
are joined to forma comon plate with an edge fl ange
and sanfil e vd&sappardtnadf elaim R idlithdr domprisingéial opeh and lid close

joi.ned to one another,. and sai d [ croprocessor governs
senshyf$0 PYS5R st ScLipign of sdig ?‘fﬂﬁFdPOtPWTF‘%}’ﬁg‘c§ﬁ§’em’c°6°@P“ﬁ%ﬂfs
received fromsaid plate-vs.-tubes sensor. 5. The

appar at 8s of The appRraud\bLE18inm2 SWHefeils £ RRS AfRhnd Gmprises a cam

.. programed to i :
disk and said clamp motor is a geared motor, and said clamping means further comprises cam

position sensors to detect the position of said cam disk and govern the movement of said geared

motor.

9. The apparatus of claim 1 wherein said pressure plate is perforated with
apertures aligned with said indentations of said block when said block is received within said

base to provide optical access to said sample vessels through said pressure plate.

10.  The apparatus of claim 1 further comprising a scan head equipped for
optical scanning of said sample vessels, said scan head mounted to said lid for traveling along

orthogonal axes within a plane parallel to an upper surface of said block.

17
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deactivate said hinge notor when either said

ready-to-clanp sensor detects that said lid is | owered
waedopiieadent |y to all ow cl anping to said base oPCT/H82009/034012

said notor has stalled as a result of an obstruction

to the closing of said lid. 6. The apparatus of claim .

4 whereiqyq th ' i 0 t a0eq:. ..

sai'd sndnt notbropSRhERTSRRh £ ArRERILBIHRE d RaP PR irccting hea
to saié pebgsure ptdtanp sensor detects that said lid is | owered

to allow clanmping to said base and said

pl at e-vs.-tubes sensor does not detect, said edge .

flange. 17 THdeappaals g Clﬂfméllé’?’hﬁfeznﬁ%ﬂiﬂ’ﬁ?éﬁuf@@g%? iss# lagered plate

Fi6ing AR dhdifl QL3 FortiRS 94id pi Frfaf8 ALIR
comlgf ggl d ﬁi nge rmteor}%t?ﬁ? oug éa' c?g?nlglg?(%proceéégfré.gﬂg.gdl%glayer’
and Thesisippahastieg laferdetioonZaidimattondsetive layarapd sgideanasulating layer.

conprises a camdisk and said clanp notor is a geared

tor, d id cl ' f.urt.her. i ) .
posi t | orl SsenatiFPPEAMs COCTITR 18 WIEETE i 1 ekilate s perorated with
aper_ﬂi_ir%(to%}gviﬁ@ ¥ptidal h&lﬁss{%\‘sﬁﬂi\?}]ﬁ ve@ﬁelﬁ&ﬁé&qﬁ%ﬁﬂ iH@érf?ai{tiong of said block,

_.The apparatus of claim herein said pressure plate
saidjapertires masilingiwithint ceplralinagion ofsiid havgrag plate sagitcled by a peripheral

b G S 5k L M

regig@npl e vessel s through said pressure plate. 10. The
apparatus of claim1 further conprising a scan head

equi pped for optical scannjnﬁ of said sanple vessels, )
sai d scdft: heddeBeaie®s of elayn 13 wherpin spid {aysied nlafg intesteggular in

AP S Kl LR 0 Lk R mer

further conprising a heat source directing heat to
sai d pr d§sur &hplapparatud Bf cldive 13 fiptheatompn$ing kpdcerslehcircling said

wherei.n said pressure plate.is a |layered plate . . .
fostefgian i P 13 PRELPRRRile TS Fespiancs Braitnadaes mad pid gyt insulating
layetddesve $apaftwdenNart rekid@HéARdalifg 1A¥LAnd dIhéht insulating layer at said

resistance heating |ayer between said heat conductive
centrabyagiorgang theriehly albew stid dghtzonductivajesrer tol@ljustiie curvature when

a f im12 wherein sai.d [ayered plate i
necefBRPIPIHR Y8 it S MO HACHREF ae BB b a el Bl yegects.
sanpl e vessels residing in said indentations of said
bl ock, $6id apssatedrpeesstsilabe Ter predsivigha plutfity bo$anievesiels against

of said |layered plate encircled by a peripheral _
a common temperature-controlled heat-conductive block, said heated pressure plate comprising
a heat-conductive layer with an exposed undersurface, a heat insulating layer, a resistance
heating layer between said heat conductive layer and said heat insulating layer, and peripheral
spacer means between said resistance heating layer and said heat insulating layer to leave a gap
between said resistance heating layer and said heat insulating layer and thereby allow said heat
conductive layer to adjust in curvature when necessary to achieve uniform contact with said

sample vessels.

17.  The heated pressure plate of claim 16 wherein said pressure plate has an

apertured central region and said spacer means are peripheral to said central region.
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region, and said |layers of said |ayered plate are
joined through fasteners in said peripheral region.
waze09/The2appar at us of claim 13 wherein said | aper/Es2009/034012

plate is rectangular in shape with four corners and

said fasteners conprise bolts at each of said four

corners.. o15. . The apparatus of. claim 13 furthe .

corpr sty spnien E BRI AR o Corfere Sl samale vessels against
a cofpasieempPRirt- oneslddaicwesihdaaii bl16cK, Siiaheged prkéurg plate comprising

| ayer and said heat insulating |layer to | eave a gap )
a hegecopdeiivedayer math anrexperedimdeiswgadeay beat apsyladiggdayescand a resistance

| Al . . \V . .

heatg{éﬁg%vqu)gl e gélt% héagt;c ElC F&{/Vé%q[ﬁ%e;rl glrfld %%9 'ggfjﬂ d@{ﬁﬁ’aﬁ%&ﬁﬁfeﬁ’, wherein said
heateohdativve ayehBrbonedas sausy shid eapbied vadersinfaend bevbmeik.

Wi th said sanple vessels when said sanple vessels. 16.

A heated pressure plate for pressing a plurality of

sanpl e vessel s agai nst a common tenperature-controll ed

heat - conducti ve bl ock, said heated pressure plate

conprising a heat-conductive |layer with an exposed

undersurface, a heat insulating |layer, a resistance

heating | ayer between said heat conductive |ayer and

said heat insulating |layer, and peripheral spacer

nmeans between said resistance heating |ayer and said

heat insulating |ayer to | eave a gap between said

resi stance heating |layer and said heat insulating

| ayer and thereby allow said heat conductive |ayer to

adj ust in curvature when necessary to achi eve uniform

contact with said sanple vessels. 17. The heated

pressure plate of claim 16 wherein said pressure plate

has an apertured central region and said spacer neans

are peripheral to said central region.18. A heated

pressure plate for pressing a plurality of sanple

vessel s agai nst a conmon tenperature-controlled

heat - conducti ve bl ock, said heated pressure plate

conprising a heat conductive |layer with an exposed

undersurface, a heat insulating |layer, and a

resi stance heating |ayer between said heat conductive

| ayer and said heat insulating |ayer, wherein said

heat conductive |layer is bowed to cause said exposed

undersurface to be convex.
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