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BACKGROUND

Technical Field

The present invention relates generally to methods and apparatuses
10 for processing samples using thin films. More specifically, the invention is related
to methods and apparatuses for providing adjustable volume accommodation to

process samples.

Description of the Related Art

A wide variety of techniques have been developed to prepare and

15 analyze biological samples. Example techniques include microscopy, micro-array
analyses (e.g., protein and nucleic acid micro-array analyses), and mass
spectrometric methods. Samples are prepared for analysis by applying one or
more liquids to the samples. If a sample is treated with multiple liquids, both the
application and subsequent removal of each of the liquids can be important for

20 producing samples suitable for analysis.

Microscope slides bearing biological samples, e.g., tissue sections
or cells, are often treated with one or more dyes or reagents to add color and
contrast to otherwise transparent or invisible cells or cell components. Samples
can be prepared for analysis by manually immersing sample-bearing slides in

25 containers of dyes or other reagents. This labor intensive process often results in
inconsistent processing and carryover of liquids between containers. Carryover of

liquids leads to contamination and degradation of the processing liquids. These
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20 the fixed tissue from an aqueous solution placed in direct contact with the tissue
section. Tissue is often "fixed" immediately after excision by placing itin a 10%
solution of formaldehyde, which preserves the tissue from autocatalytic
destruction by cross-linking much of the protein via methylene bridges. This
cross-linked tissue may present many additional barriers to diffusion, including the

25 lipid bilayer membranes that enclose individual cells and organelles. Conjugate
biomolecules (antibody or DNA probe molecules) can be relatively large, ranging
in size from a few kilo Daltons to several hundred kiloDaltons, which constrains
them to diffuse slowly into solid tissue with typical times for sufficient diffusion
being in the range of several minutes to a few hours. Typical incubation

30 conditions are thirty minutes at 37 degrees centigrade.
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tissue. Some conventional instruments mix the reagent by alternating tangential

15 air jets onto an overlaying oil layer that rotates and counter-rotates when
contacted by the alternating air jets, thereby imparting motion into the underlying
aqueous puddle. This mixing is slow and not particularly vigorous and creates
significant evaporation losses. Large volumes of rinse liquid are used to
physically displace the large puddles of low concentration reagents which are

20 covered with oil. This rinsing procedure produces large volumes of waste liquid
which may be hazardous waste, and can physically disrupt the tissue by the

vigorous washing action.

BRIEF SUMMARY
At least some embodiments are directed to a method of contacting a
25 sample with a liquid by moving a curved surface wetted with a liquid in proximity to
the biological sample. A distance separating the wetted curved surface and the
biological sample is sufficient to form a liquid meniscus layer between the curved
surface and the slide. The meniscus layer contacts at least a portion of the

biological sample.
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retaining device proximate to the first 20 platen assenbly in the
pr ocessi ng opleriniseotieating agsampid.e to position the slide proximate to the
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It someé embodiments, a station for processing a slide carrying a

15 specimen includes a first platen assembly, a second platen assembly, a drive
mechanism configured to move the first platen assembly from a standby position
to a processing position, and a slide positioning device. The slide positioning
device comprises a slide retaining device. The slide positioning device is
operable to position a slide held by the slide retaining device proximate to the first

20 platen assembly in the processing position and operable to position the slide
proximate to the second platen assembly when the first platen assembly is in the
standby position. The slide positioning device is configured to move the slide
along a curved portion of one of the first platen assembly and the second platen
assembly to apply a liquid to a sample on the slide.

25 In other embodiments, a processing system comprises a roller unit,
a slide slide retaining device, and an actuator. The roller unit includes a curved
portion with a liquid application region. The actuator is coupled to the slide slide
retaining device and is configured to move a slide held by the slide slide retaining
device along the portion (such as a curved portion) to define a capillary gap. In

30 certain embodiments, the actuator includes one or more }driver mechanism,

motors, gear systems, piston assemblies, or the like.
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The apparatus can further include a converting device configured to
move the deformable applicator between the flat configuration and the curved
configuration and a drive mechanism mechanically coupled to the deformabie

25 applicator. The drive mechanism includes an actuator for moving the deformable
applicator in the curved configuration along the slide.

In yet other embodiments, a cover for processing a sample on a
microscope slide includes a body, a first plurality of gapping elements, and a
second plurality of gapping elements. The body has a non-planar first surface

30 comprising a reagent application region and a second surface opposing the non-

planar first surface. The non-planar first surface and the second surface define a
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di sposabl esconfiguration and a plurality of reagent application stations coupled to the drive
mechanism. At least one of the reagent application stations includes a non-planar
surface and a slide positioning device. The slide positioning device is configured
20 to carry a slide and is movable between a reagent receiving configuration and a
reagent applying configuration. The slide positioning device is moved from the
reagent receiving configuration to the reagent applying configuration when the
drive mechanism moves from the first configuration to the second configuration.
In some embodiments, a cover comprises one or more disposables
25 or reusable membranes, films, coatings, tiles, or the like. In some embodiments,
the cover is a thin membrane that is made of a single material. In other
embodiments, the cover is a thin membrane made of multiple materials. For
example, the membrane can have a multilayer construction. One of the layers of
the membrane can be an adhesive layer for coupling to a platen or other suitable

30 surface.
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enbodi ment sdispensingdedfirat fuid ppédbhealide. After dispensing the first fluid, a second fluid is
dispensed onto the slide. A substrate opposing the slide is used to mix the first
and second fluids to produce a mixed fluid. A desired level of homogeneity of the
mixture can be achieved due to the mixing action. In certain embodiments, the
20 first fluid is mixed before dispensing the second fluid.
In some embodiments, a staining apparatus has a rolling mode so
that a slide uses a disposable to apply one or more liquids to a specimen. The
disposable can be used to apply the liquids, during incubation, and/or removal of
the liquids.
25 A staining apparatus, in some embodiments, includes a swappable
unit that uses two disposables to process a single slide. The swappable unit can
apply liquids, perform incubation, and/or remove liquids to perform a desired
protocol. In other embodiments, additional disposables can be utilized to perform
complex staining. As used herein, the term “disposable” when applied to a
30 system or component (or combination of components), such as a cover, a

substrate, a processing liquid, or the like, is a broad term and generally means,
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di ff erent tdjgpesable anccaan hg used/any mnebél ofzimés nF pr exarpples covara @uie non-
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to nove th I rst aten asse a standby position to a processing
position. A slide pos someiengbodinients,costatios ér proséssieg aedlideanyingeai ce and
I's operable to position a slide held by the slide retaining devic

proxi netle seecimen inclydes adirshrlateybassgmbly, 2 second plaien AgseBRlyt mgme

when che f fighelfeth bhtiabigfss o RekPatn dhsehhig RERT ST hagRA™ ¥
posi tioni ngo d@fb@@ss)irg posifioUpeslidepasitithind@evité denpriesd asslidergeahipgr t i on

of one of the first aten assenbly and the second platen assenbly to apply
a |liquid tdesiceans ie operabie te pogisiontacsliderheld by dhe slide rriaipinghdeviee one of the

first platen_ ass I nd the secon L. afen assenbly 20 and the slide.

The dr Pve. RERTIATER ter TSRO AR (e R CEr e ed RS RGBS e ErC: ne
first plsat §Bsﬁi6ﬁqné>5wd@brd>&}ﬁafé BB LAY blaien aBSembly WReRHRCMAEE paien
position. The second platen assenbly has a substantially flat surface. The
sl i de posi essembly idévtheestandbyp pabition b dtheestide pdsitiomingdeNice is eanfiguredtd ay
the slide across 25 the substantjally flat syrface apd a second

confi gur at MY& el@i@ﬁ 1) %PPB@%R}%‘[@%B 0585?5#”?%&533 H&t‘%‘?ﬁﬁ%{'ﬂg'yaﬂq‘vhﬁl at
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conf i gur edid isetiveeithie opleastithé €ifdt praten Gissemdiy and tieesedondhsiatenussembie
el ectrical energy. 30The station may further include a rail apparatus
ret ai ni2lg and the skde.

The drive mechanism, in some embodiments, may alternatingly
position the first platen assembly at the standby position and at the processing
position. The second platen assembly has a substantially flat surface. The slide
positioning device is movable between a first configuration to lay the slide across

25 the substantially flat surface and a second configuration to keep the slide spaced
apart from the substantially flat face. The first platen assembly includes a holder
and a cover removably coupleable to the holder. The holder includes at least one
thermal element configured to receive electrical energy and to generate heat

~using the electrical energy.

30 The stétion may further include a rail apparatus retaining the first

platen assembly. The first platen assembly is slidable along the rail apparatus



pl aten assenbly. The first platen assenbly is slidable along the rai
apparatus WO 2011/060387PCT/ US2010/ 056752 between the standby position and
t he procesei2ag/essirti on. The slide positioning device h&sTase@bloseT§2 node to
nove the slide with resped to the curved portion to define a variable

hei ght gap between the slide and the curved portion and a non-rolling node

to lay theshjde, g%o«%tgﬁd%BﬁﬁitiBH%Pthhé Woddssitg Pogich PAS S ¥odfidnihe °

second pl aten ass e roll'ing no I'de can be rotate

| ongi t udi nalevicedrd/ @rollieg avoalel ty b dthessijeotith redpeet toutheestirgad porion to
A sanpl e processing system in sonme enbodinents, includes a roller unit, a
slide ret aidgfing ag@fiable height aap hetweanithe sfide ansl thercuiysd Parionand 2 per-
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slide heg d th‘oﬁd‘ElafEéﬁ d8serRbRi Nh ek etﬂwﬁg:mo@@ﬂm IR GaH MEfotatd i on to define
a capillary gap between the slide and the curved portion such that the

capi | | ary denuitudinadly wadiarratenallyghith respect to the curté@pogioner unit i ncl udes a
first plurality of discrete gapping elenents and a second, pl.urality of

di screte gapping el eﬁb‘?’ﬂr@p@dgeg%esé’g%ﬂ'&?%!‘ﬂ Fﬂ'@'efqmé?&_ﬁ?nﬁ%d?‘aw?%gof

di screte oapRiifit®s B Stairfitg HEREE, AndahHcRlatdl TRErdlleAtihfl BRI 6abd On
region is between the first plurality o I screte gappi ng el enments and the
second pl upattidnythaf indlusieset kgugdapplicatieineegitns . THéactuatatis pouplatitd yheof

di screte gaPpi 8’% el enent s rrgﬁq I ncl ude, at | east one di npl e -having. a hedéght'
of at I'@assiide pRiainingdevigde Theackatanistcopfigurascioyneved sife pldby hgeslidehd a
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portion inc cover. cuaté co beconpliant,

sem - conpl sRd¥ an@'the tdived portion such that The cagin@lyegay Wé&hg@nghémm may
further include a fluid dispenser hawa(r}g a port positioned to deliver
li quid between an endhefrolieraunit inglidre iadfireyplurality pf discrpte gpepingelerventsnd t he

Camove |5 o Ssesmnetbial oS oAb Sacfe B bteky BRI RRE T
) o, 8Lk PR iaas fBeseh g oy imeTYsEston o] o
gap towar dsegionvisshetweenttheflirsthpdunatityl afrdissrete gapping etgméntaranddbeisenond
plurality of discrete gapping elements. The first plurality of discrete gapping
elements may include at least one dimple having a height of at least 0.001 inch.
The roller unit may include an arcuate cover and a holder with a
20 mounting region for receiving the cover. The curved portion includes the arcuate
cover. The arcuate cover can be compliant, semi-compliant, or rigid.
The sample processing system may further include a fluid dispenser
having a port positioned to deliver liquid between an end of the slide held by the
slide gripper device and the curved portion. The roller unit may include a waste
25 port positioned to remove liquid from the capillary gap. The actuator may be
coupled to the slide retaining device such that the slide retaining device moves the
slide along the external curved portion so as to move a liquid in the capillary gap
towards a waste port of the roller unit using capillary action.
A method may include delivering a slide to a slide retaining device.
30 Afirst liquid is delivered to at least one of the slide and a curved portion of a roller

unit. The slide held by the slide gripper device is moved along the curved portion



A nmethod may include delivering a slide to a slide retaining device. 30 A
first liquid is delivered to at | east one of the slide and a curved portion
of a rol I'E0 20m/a6038The slide held by the slide gripper de¢ras208/089ed al ong
the curved portion WD 2011/060387PCT/ US2010/ 056752 of the roller unit to
apply the first liquid to a sanple between the slide and the roller unit. A
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devi ce al ongllehaniunvastopdriiguizhisaipplibe to ak lezist né tof the sljie and the agvend

liquid to the sanple 5 between the slide and the roller unit. ) ,
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the hol der whstehsort.oTheslidenheld by the slide retaithing slevizecarizbaioved tatongathet at i on
for processing a slide carrying a specinmen includes a platen assenbly
havi ng A0cuewed pertiaroningame egbogiment Heslide isdolledthersiislesalopd arfisstai ni ng

o at o aeschbry R BFaanod BemeE eSSyt P na ik dhabh
liquid is bghaveadnithe mseslarali éﬁ@éﬁdr&%@fbnﬁé}ﬁs.s|ﬁh@&neihb_d5tﬁ3§ﬂﬁﬂ’£é?drhélﬁ@éS,

the station may further include a sli posi tioning device having the slide
retaini ng demawng theefirst ligdd o betweentheslidearntbihecured pagiongemovingrove
the slide V\{th resci)ect. t& t he c(ﬂrvegf ortglon t.odgef'hne a variabl e. hei ght
gap bet weenteHENE] RRTORJTAME IQlGT tBSrrP i S IOREHCYIYP ipﬁ’g'%'&e to |ay
the sl g5 ORable of e WokieH oPd rdier unit. | n yet other enbodiments,
an apparatus tor applying a liquid to a sanple may include a slide

retai ni ng devi ce and la steheendddimepts| ackitom foopaddessinet avskide earfyiag a

configuration and a curved configuration. The defornmabl e applicator in the
flat confi gtREAIMEA INGudema PiIERASEIMBM RAMiNg 8 e tpartiogandea ah(fﬁ/ 30 the
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by the slidge curved portion of the platen assembly to apply a liquid to a sample on the slide
20 when the liquid is between the platen assembly and the slide. In some
embodiments, the station may further include a slide positioning device having the
slide retaining device. The slide positioning device has a rolling mode to move the
slide with respect to the curved portion to define a variable height gap between
the slide and the curved portion and a non-rolling mode to lay the slide on the
25 curved portion.

In yet other embodiments, an apparatus for applying a liquid to a
sample may include a slide retaining device and a deformable applicator movable
between a flat configuration and a curved configuration. The deformable
applicator in the flat configuration is configured to extend across a slide held by

30 the slide gripper device. The deformable applicator in the curved configuration is

configured to define a variable height capillary gap with the slide held by the slide
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WO 2011/ 060387PCT/ US2010/ 056752 gri pper device. A converting device is
configured to nove the deformabl e applicator between the flat configuration
and t he cwpwved/wo3si guration; and a drive mechani sm nechkramiusadopse&supl ed to
t he deformabl e applicator. The drive nmechani smincludes an actuator
operable to nove the deformable applicator in 5 the curved configuration

arong the ShhigfeliiteVaddRvaithgUehiceMBYUonfigiteiito mbfe e déBRALBIeapP! | cat or

may i ncl ude er and a covel” configuredto nate w er. The
(r:]o?/gr bi ncl udgplicatgl hetwkeeh the flapegfigugatedreamd tre parved iconfiguration aared & ligivel i de
e y the slide gripper device. The deforpmabl e applicator_is, novable

bet ween an BYsShapisy) Mmeshanisalluceyried do H&ﬁ@fpanab@ofﬁpﬂv@a%f dihgedsive

2ppl | cat o MBVEANEEiclBE AT Sfiotel SpBae RS nitie g o b Shpfc
I n yet oshetheesthred BBAfigurafior BRIy therslife PRREBY fite slideagipperaeviteli Cr oscope

slide includes a body having a non-planar first surface conprising a
reagent application r&hedefamabie spplinatorsmay mnaudppdwides andea aoyerpl anar

first 15 surface. e _non- ar first_surface and the second surface
define a th?‘%’%}%@%gg? "132%_"‘8%35? hlomeéerthﬁ Wvgﬁﬂﬁli“fﬁ?n? B!Uf?'_ﬂ&" §7BP""Incl udes
a first plUshidrts BbsiMBREY RIfl-aRBRide At By BREGRE GHtich debibed TIEAPDI ng.

el enents. The reagent application region 1s substantially between the first
plurality oflefpappblegapylieatantis mavadbichizeteeeorah gpen positign ahd gaglpsed pesitiomnt s

such that a_sanple on a m c¢croscope slide 20 faces the reagent application
regi on WRenTb@defaraabla aprlicateryuoxss away fram &%Slﬂq?egwﬁesrtogeﬁﬂ%%\?ﬁ\ey of

gappi ng ele ’ | | | The i1 st
oraral ity creaBRieRRiEalh s hiithe dlossl SRR GWBHRER Spop bl S, o
the body and the secomddilottié erhbodimegapr bQver!fenpricessing a’samplesmia al ong a

second | ongi tudi nal side of the body. The second | ongitudinal side opposes
the first |@igpseanengidespaledesiacbady kg 8 nem-plaBahiigl SHEgCHEOYPESINEGA t han

R L I !Bk EA P dbabl et e SO Bl AP  PLBIBE R o
that ar ¢5spagesbeaPRid nbh- PRMHHIr RUHRE - anthfeldecdhd BUHESE defineh tBRRAESWof
el enents and the second plurality
the body. In certain embodiments, the cover includes a first plurality of gapping
elements and a second plurality of gapping elements. The reagent application
region is substantially between the first plurality of gapping elements and the
second plurality of gapping elements such that a sample on a microscope slide
20 faces the reagent application region when the microscope slide extends across
the first plurality of gapping elements and the second plurality of gapping
elements.
The first plurality of gapping elements may extend along a first
longitudinal side of the body and the second plurality of gapping elements may
25 extend along a second longitudinal side of the body. The second longitudinal side
opposes the first longitudinal side. The thickness of the body may be greater than
a height of at least one of the first plurality of gapping elements. The first plurality
of gapping elements may include linearly arranged dimples that are spaced apart
from one another. The first plurality of gapping elements and the second plurality
30 of gapping elements may be dimensioned to define a capillary gap between the

microscope slide and the body when the microscope slide physically contacts at
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30 of gapping elenents nmay be dinensioned to define a capillary gap between
the m croscope slide and the body when the m croscope slide physically

cont act s WO 20W0/@@0381/ 060387PCT/ US2010/ 056752 | east one ofPCThiS2610/084752
plurality of gapping elenments and at | east one of the second plurality of
gappi ng el enments. The body may have a radius of curvature in a range of

about 5 in : i : i clp inlolall |+ Qe si ng
station na?/‘gﬁc r%dcgqgéglr%g)sl%r%ﬁw gﬁ#@"?%%ver rggg}é\%ﬁ%egé dtfﬁge ase unit.
The cover iphgralityest gappingeleheents.qlhd bapylmayhaes aradiusrof caryatunesihia y of

di screte gapping el enments can be positioned outside of the liquid

appl i cat i ofiapggPbabawp Klshesdo apakt49 Mehedne anot her along a length of the

g s . il : J a
be i mrenatoned t o spadoerGefiiis, 2 5idd gl ESeThRERTTHR9 (EGIER,S o
define & gaaskAnitaiY aicbidtredelvadld By bR b@RNUAIRETRE icBeeringludBe dni #toligte

application region. _ The slide processing station may further
i ncl ude a fliquiddaphlicption cegidonc Aupluralityof digciete gppping ehtsreal b del i ver

[ i idDb .th Li. dith N j al | fill h )
The base. ulceiaasdi R e" e il 3paicatsd Reipn 4l siitad Sa rhi ot Ve e
port that @g r%|6rfﬁ]§{r&q%ﬁ%m@mgg@#gﬁ?tﬂﬁ{ﬂ%ﬁ;@ The'bRirRiy bf Hikcritgh the

cover and ase cover Includes a first
surface andgappingpglesients sat bedlimensianed tdbpace aslids frohathe liquid agplicatioa

|l iquid application region and the waste port is a throughho| xt endi ng
bet vveen“fhéeg'PF'é? defipe acganyied containipg Ghiguid petveen t}hﬁ %%Hg %!\ﬁjtfgﬂﬁ'ﬂﬂﬁf, 20 the
base unit i@@ii%ﬁﬁ% %4 de retaining device and an actuator. The slide
retaining ICe 1s configured to hold a slide. The actuator is novable

between a first posi fliherslideghracessing stationinapfurther inpledea Saipdiepemsdrne
slide along a |l ength of the Iiguid application region while the sanple is
S

| ocat ed i ningledigg@n ouilet pprtmospioneddsideljver liguid hetwgert thetslide anscthasevar

Phe” preseutt Shieeshpadai di e Gany 188 5B duiobl i GlBE hoed® babGadd T Tff e
from t hes gaBvdt Mal/iecliaes beavae portHatmate et ee VasteepadsaReaoRriétine alhe

cover may include a polymer sheet. The base unit nmay Include a vacuum chuck
f or hol di nfluidheathdhsough thaeever and the base unit. In engenbodimenthére eotssdi nent s,

bet npon o {GIes B GUTAEE GRO LORD D AECRB P eat [0 b SOMAFS 1 1y of |
reagent appldadd MR IRfutt HOPRaEBHREGIBNtdhd thE viHdtd Port is a throughhole
extending between the first surface and the second surface. In one embodiment,
20 the base unit includes a slide retaining device and an actuator. The slide retaining
device is configured to hold a slide. The actuator is movable between a first
position and a second position to move a sample on the slide along a length of the
liquid application region while the sample is located in the gap. The slide
processing station may further include a pressurization device fluidically coupled
25 to a waste port in the cover. The pressurization device is adapted to apply a
vacuum to remove liquid from the gap via the waste port and may include at least
one pump. The cover may include a polymer sheet. The base unit may include a
vacuum chuck for holding the polymer sheet.
In still further embodiments, an apparatus for processing specimens
30 includes a drive mechanism movable between a first configuration and a second

configuration, a plurality of reagent application stations coupled to the drive
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WO 2011/ 060387PCT/ US2010/ 056752 nechani sm and a slide positioning device
configured to carry a slide. One of nore of the reagent application

st ati ons waebudesssa non- pl anar surface. The slide positiPCRIUSQILMFETEE | S
movabl e between a reagent receiving configuration and a reagent applying
configuration when the drive nechani smnoves fromthe first 5 configuration
to the seco ' t] T : . e r t
applicati on&%tcgg B%hglé{n?]ic% glgjeesp%sm [ ns'B%r?se i\/lﬁ&’%&&h?ﬂ%&i\/@%r%a %%'e?ﬂg?ﬁt

posi tioned irdios IRNEagent aagiationrtatictis iheladés anmnoplahhiesutacep| Biaslide
surface and the slide held by the slide positioning device. The slide
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i ncl udessa garmiRirhiidt © fHe\deeBn@¥hiiguratib! | i ng nmode and a non-rol Iing node.

The non-pl anar "surface Is novable t0 a substantially planar configuration
when the converti bl e Atleastone of thet leagenhappiication statides indudes aakispessing

enbodi ments of m xing fluids may..includes di spensin first fluid onto a
Sl ide, di 'speshAYNE Weled PO RAS IS IFisRANSEa Eaden! anigahieastenend ther o
fluid, and g xi ' fol U t eth ' a ate
t hat oppose@e’r')tl(-lﬁ)ie<1=£h sﬁtr I@gg&{:%%hgglﬁ%é@d%ﬂ%dé}ﬁﬂ%ﬁﬂ@%%c{lsﬁew r&wjg%ﬁ?‘?umg%ﬁgésecond
fluid can bpogitionih§ devieetmay bpeositivhed tokiefindal variabielheighbcapilaryldage. 201 n
sone enbodi nents, an automated slide processing station conprises a first

pl at en A8sebgiweendhesbidedels by te slislepasitioning deyica anddhadionapipan surfRces j r st

pl at en asseppy a rv ' . ' | s, conf.igured to
move the- 1 meeas| G A (EERBRGCIRRLod B Wil B Son B dtiee g

posi tion. AndvifyadolihgReoge BAd aSssHtRdIing fodenTHeUn Gkl pldha? Buffhéd RwBvable
liquid. The second pl aten assenbly includes a slide positioning device. The
sl i de posi ttonsulpstartiallyeplananl eanfigusation when theaconvegtidledeyice it tha ner:
positioning device,is operable to position a slide retained by the slide
retaining dOVINGdMBABxi mate to the first platen assembly. The first platen
assenbl ysand second p | iHE ntAk| ' isnal
or tran)srl\jlerse 30 rol I/%ﬁlggﬁtoﬁﬁng%%&?%g%gﬁ@gg{gg@f@?on o?eltuﬁggwstnggilgaten
assenbl y r e fitst flaid ontoleeslide, dispensing a second fluid onto the slide after dispensing

the first fluid, and mixing the first fluid and the second fluid using a substrate that
o‘pposes the slide to produce a mixed fluid. The first fluid and second fluid can be
at different temperatures when delivered onto the slide.

20 In some embodiments, an automated slide processing station
comprises a first platen assembly, a second platen assembly, and a drive
mechanism. The first platen assembly has a curved portion. The drive
mechanism is configured to move the first platen assembly from a standby
position to a processing position. A liquid dispensing assembly is configured to

25 dispense a liquid. The second platen assembly includes a slide positioning
device. The slide positioning device includes a slide retaining device. The slide
positioning device is operable to position a slide retained by the slide retaining
device proximate to the first platen assembly. The first platen assembly and
second platen assembly are configured to cause a longitudinal or transverse

30 rolling movement of the curved portion of the first platen assembly relative to the

13



WO 2011/ 060387PCT/ US2010/ 056752 second pl aten assenbly retained slide to
create a varying height gap between the slide and the curved portion
sufficierwoto11appisy a liquid to a sanple on the slide. PCT/US2010/056752 The
first platen assenbly, in sone enbodi ments, includes a holder and a cover
renmovabl y coupled to the holder. The cover has a relatively 5 conpliant

Speci 1en | ackShePHlalRSsdehfinip PDlafd Ael B3kl daiyg ol el

gap. The hol der ati1v rigl r exanpl e e nore
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el astonmer, and the hol der can be nmade of netal or a hard plastic. |In other
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positioning device to apply the liquid to t e sanple on the sl'ide
certai n enbpldiereassemblipéndludps d speciappi iaed1g/$urf&se|that sorhpadsesed semi-a varyi ng

hei ght gap defined by the slide and the curved por olp. 20 BRI EF
DESCRI PT) ONF@iRpliait nagrridhat {segreomparmngt s or examplgothel i i ti ng

and non exIAUR A forRHE B RN Ta0R SHEd i FBIEEERPatinkSlass,

foll owi ng draw erenc NUREY &l s S of acts

t hr oughout the vari oug SUnQé\@mthrﬂéﬁtsO‘ahﬁéﬂvba%oﬁ'nﬁ%lefsld%ﬁveﬂﬁhggarsﬁde1 4 are
side el evational views of a pair of substrates 25 processing a sanple, in
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15  roller unit of the automated slide processing station. The curved portion of the
roller unit is moved (e.g., rolled) relative to the slide held by the slide positioning
device to apply the liquid to the sample on the slide. In certain embodiments, the
liquid is applied while it is located in a varying height gap defined by the slide and

the curved portion.

20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Non-limiting and non-exhaustive embodiments are described with
reference to the following drawings. The same reference numerals refer to like
parts or acts throughout the various views, unless otherwise specified.
Figures 1-4 are side elevational views of a pair of substrates
25 processing a sample, in accordance with one embodiment.
Figures 5 and 6 are side elevational views of a pair of substrates
processing two samples, in accordance with one embodiment.
Figure 7 is an isometric view of a slide processing apparatus
capable of applying fluids to a sample carried on a slide, in accordance with one

30 embodiment.
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capable of applying fluids to a sanple carried on a slide, in accordance

with one 30 enbodi nent. WO 2011/060387PCT/ US2010/ 056752 Fi gures
8- 13 ar e Wpae11gleassat i onal views of the slide processi ngrappfse@nose’s: Fi gure
7 processing a specinmen. Figure 14 is a side el evational view of

a slide processing apparatus ready to treat a specinen carried on a

m croscope slide in a | 4 ey i ' | ce with
one enbodi nent . F%%p&r §i1gu?eeée%@é :égévgﬁgﬁdje ée\{lsgbg | osnI!'flj‘Ié @rlﬁg(\?vé%@]t he
sl i de proceappaat@PoRFigutes? proddsgitigea dpeeipnyi ng fluid to the specimen.
Figure 16 is an isonetric view of a slide processing station ready to treat
a specinen carried onFigure d#dsaside slevational yiawof a s%deipgocées[sg}g FRfatsSew of

h lid i,ngd, ' i N ., . Fi i
| Somtri ¢ VISP e Sshesinel satedt o akbisrossas ik e B RaIb ety .

shown r gDV gfehtafith anHHRfance with one embodimeft, gur es 19-22 are top plan
views of holders wth different channel 15 configurations. Figure 23 is an

i sometric view of a cbigere 161 acide dievationdl tvieve oétrendlioidi prenessing

apparatus of Figure 14 applying fluid to the specimen.
Figure 16 is an isometric view of a slide processing station ready to
treat a specimen carried on a microscope slide. |
10 Figure 17 is a top plan view of the slide processing station of
Figure 16.
Figure 18 is an isometric view of the slide processing station of
Figure 16 with a cover shown removed from a holder.
Figures 19-22 are top plan views of holders with different channel
15 configurations.
Figure 23 is an isometric view of a cover, in accordance with one
embodiment.
Figure 24 is a top plan view of the cover of Figure 23.
Figure 25 is a side elevational view of the cover of Figure 23.
20 Figure 26 is a detailed view of a gapping element. _
Figure 27 is a cross-sectional view of the slide processing station
taken along a line 27-27 of Figure 17.
Figure 28 is a cross-sectional view of the slide processing station
moving a slide to agitate processing liquid.
25 Figure 29 is a cross-sectional view of the slide processing station
with the slide positioned for waste removal.
Figure 30 is a detailed cross-sectional view of a portion of the slide
processing station of Figure 29.
Figure 31 is an isometric view of a stainihg system including a .

30 circular array of slide processing stations.
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Figure 24 is a top plan view of the cover of Figure 23.

Figure 25 is a side el evational

i s a det aWbedivicess7of a gappi ng el enent. Fi @OTAIS2010i056782

cross-secti onal

view of the slide processing station taken along a line

view of the cover of Figure 23. 20Figure 26

27-27 of Figure 17. Figure 28 is a cross-sectional vi ew of the

slide processing stat F%Qré?ﬁ'sﬂgw@ oy éﬁ%ﬁ#‘ﬁ@ﬁ%@”@ﬁsﬁg@ﬁ' A%dcb

25F|gure 29 is a cross
t he slide p@aghlionenefbddimengst e renoval .
cross-sectional view of a gortlon of the slide processing station of Fi

331an ssqnetrlgdm of 8 sliflepregesging %taholhbawgteem

29.

I on Vi ew o

Figge

including a 30 ¢ircular array of sl &ESSI neqrgé @tlons

2011/ 06038 7R3 PLRISA AEsainRIIES, n accordan

IMSIE an aut omat ed

e

essing sta |on W th
Figure 30 is a detailed
gure

processi gg system | ”F@/G(F#’B ?%r&st—%cﬁi&‘ﬁa?v@%frfﬁ@fshde processing statidn 8! €

33 is an isonetric vie

de processing station having a pair of

pl at en asseRigures3 takeraalong delimee34vddh one embodi nent. SFigure 34 is a

cross-sectional view of the slide processin tatjon of Figure 33 taken
i Flgure S5 % an facgglrie Vi P e S IegRrBEPI LG FEOB MBS

along a line 34-34.

slide procezgpgheabal Sk P RGNBY BHERBADARS (i Sy ag«ebﬂ% &fdlof the

orientation

assenbl y.
10

15

20

25

30

gap between an
slide and a lower platen assembly.

Figure 36 is an isometric view of the slide positioned to urge waste
towards a waste port of the lower platen assembly.

Figure 37 is an isometric view of the slide held above the lower
platen assembly.

Figure 38 is an isometric view of an upper platen assembly
positioned between the slide in a raised position and the lower platen assembly.

Figure 39 is an isometric view of the slide laying flat on the upper
platen assembly.

Figure 40 is an isometric view of the slide positioned to allow
delivery of fluid between the slide and the upper platen assembly.

Figure 41 is an isometric view of the slide resting on the upper
platen assembly.

Figure 42 is an isometric view of the slide positioned to urge waste
towards a waste port.

Figure 43 is an isometric view of the slide held above the upper
platen assembly.

Figure 44 is an isometric view of the upper platen assembly moved
away from the slide.

Figure 45 is a detailed cross-sectional view of a portion of the slide
processing station of Figure 34.

Figure 46 is an isometric view of a conveyor for transporting

microscope slides between a slide rack and a slide processing station.
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10Figure 36 is an isonetric view of the slide positioned to urge waste
towards a waste port of the | ower platen assenbly. Fi gure 37
i s an i sowotpilwevisew of the slide held above the | ower prCaftSa01295€@T DI y.
Figure 38 is an isonetric view of an upper platen assenbly 15 positioned
between the slide in a raised position and the | ower platen assenbly.

Flgure 39 1's an i sometighte 47 RigfledBiVicly of 1A B5he@t oPPich RS abpRling aat en

assenbl y. IS an isonetric vie

posi tioned ticrabtape slile m&fty\ecsﬂld‘élp:ocbmhgvemmhhe slide and the upper
pl aten assenbly. 20Figure 41 is an isonetric view of the slide resting on
the upper platen assefgu{e 48 is anisometric vigwof glidepiogessing SEHANS; B vi ew of

the slide pgsitione owards a waste port.

Figure 43 |§&1a°r§a$£% [tﬁ ob %%%%be[r\he slide held above the upper 25 platen
p p

assenbl yg Fight&d49 ¢ 44ideSel@PaliGriI®igw 6f a isfile pFoddesinggiatiorphad en

assenbly noved away fromthe slide. Figure 45 is a detailed

cross- sect i aflald dispenssr raagyta dispense fluid anto adnpxmpgushgest ation of Figure
34. 30Figure 46 is an 1s0 Vj ew o nve ortin
m croscope slides betWd ngééﬁ‘ aéjei%f \élﬁWOi 8”;9 enéog??ﬁ'ﬁ%n.

station of Figure 4_9.

Figure 50 is a side cross-sectional view of the slide processing
10 station of Figure 49.
Figure 51 is an isometric view of a convertible mechanism and a
cover spaced apart from the convertible mechanism.
Figure 52 is another isometric view of the convertible mechanism
and the cover of Figure 51.
15 Figure 53 is a front elevational view of a deformable applicator.
Figure 54 is a side elevational view of a deformable application in a
curved configuration.
Figure 55 is an isometric view of a slide processing station in an
open position.
20 Figure 56 is an isometric view of a slide holder, in accordance with
one embodiment.
Figure 57 is an isometric view of a saddle-shaped opposable.
Figure 58 is a front view 6f the opposable of Figure 57.
Figure 59 is a side elevational view of the opposable of Figure 57.
25 Figure 60 is a cross-sectional view of the opposable of Figure 58
taken along a line 60-60.
Figure 61 is a longitudinal cross-sectional view of an opposable, in

accordance with one embodiment.
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WO 2011/ 060387PCT/ US2010/ 056752 Figure 47 is an isonetric view
of the conveyer of Figure 46 |oading a mcroscope slide into the slide
processi YOS HLG60387 Figure 48 i s an isomnet PCE/US2@W056755] | de
processing stations, in accordance with one enbodi nent. 5Figure 49 is a
side el evational view of a slide processing station and a fluid di spenser

ready to di WEFH HE%C‘MF’?I@Nm croscope slide. Figure 49A is
0

a detailed view a portiron of the slide processing station of Figure 49.

Figure 50 is a side cFifise dagHowan@firstisabswhtet80; sdeabndmubstate 82, dril at at i on
of Figure 49. lgure 51 is an isonetric view_of a convertible

mechani sm afdbgfanes 86@9&&@@5 thp st and srcond sebstiales B9) B2Znddwdipiand
P 22 | SRR BB L6 5 B R R IR R e TR T 1
SEPor ol e stz o i shossng e mamighomsusiostomay
an i somet r i nclidenagitatingshe sebgptance 6, spresding the substancepihalongian upper
gﬂggg}’ﬁénf ?sufcr‘agengb %?ﬂ?et trirlsfsﬁ/ﬁsetyz\gt(e)fSO?msclviir?gethgoslu%esgéncienSéjl,CoCroortrcmjéanr}vclsee with one
manipulating the substance 86 to process a biological sample 88 on the upper
surface 90.
10 Protocols can be performed using optimized liquid volumes to
minimize or avoid problems with excessive volume consumption, including high
processing costs and waste management. In some embodiments, a gap 91 can
have a varying height, e.g., a height that varies along the length and/or width of
the gap, formed by the first and second substrates 80, 82 for enabling variable
15 volume processing. In variable volume processing, optimized volumes of liquids
can be used for processing to increase efficiency and reduce waste volumes and
cost as compared to fixed volume processing (i.e., processing that only uses a
constant volume of liquid for each liquid application). The reductions may be
based on the reduction of the consumed liquid volumes, as well as the reduction
20 of system costs by reducing or avoiding relatively high costs associated with
higher liquid volume cohsumption, including manufacturing costs, packaging
costs, transportation costs, customer workflow handling costs (e.g., handling cost
for incoming inventory as well as outgoing waste management), and fluidic
management overhead costs. Excessive liquid volumes may also lead to
25 excessive waste volumes or malfunctions (e.g., clogging, leaking, or the like) of
fluidic components and may require frequent recalibration of equipment. The
substrates 80, 82 can be used to efficiently process the sample 88 while avoiding
or limiting at least some of the problems associated with larger liquid volumes.
The gap 91 can accommodate a wide range of liquid volumes, even
30 without moving the substrates 80, 82. In some embodiments, the gap 91 can

accommodate liquid volumes greater than about 10 microliters. In some
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Figure 57 is an isonetric view of a saddl e-shaped opposable. Figure 58 is a
front view of the opposable of Figure 57. Figure 59 is a side elevational

vi ew of twe0ppesishl e of Figure 57. 25Figure 60 is a cr @STASeewiossTat vi ew
of the opposable of Figure 58 taken along a |ine 60-60. Fi gure
61 is a longitudinal cross-sectional view of an opposable, in accordance

with one e Oy rg%% LTI ON
Figure 1 shovvgb pﬁssittp{gs)gégtra(?aqpégg&nﬁ)g%nl s%gglta?%‘{ @E%@ sgﬁbsat ance
86 bet ween rhigfolftérstd about 260 enidrotitars! Mhkaweidit profile offtiee Hiap A wmbeseamdi

substrates 80, 82 can be noved with respect to _one another to manage 5 the

subst ance d®@sedhthedigyicheelgieng progarties tN’lingl“ﬁgd{ He teeaidhe srePisS8a

upper surt U aiFtge BN 3 1558 & 928 bF B Sh, b S e Sed e VBR° O o
ot her wi s rm,@,-mmhgt IR gohitEemUbaIRe, SRy A5RRS whehitak agiaRE opar e 88

on the upper surface 90. 10Protocols can be perforned using optim zed
liquid vol ldmsertsedr‘rrqmdnsmeaterum thepvalvnerof the gap &ldese the \mbtumae

consunptlo i ncl oces t n e man In
elnbodl mﬁntI t‘ﬂeﬁ'&g‘ E’%E: 8ﬁ§8%” SUE?@‘%%%?? ga)ntg"@r'g mggani%jﬂf t hat Vz(r)lrrgs
al ong the f .t d
substrat es Wrﬁ%@? g{r]&g% ﬁf’ﬁa&\?g é%ggﬁ‘gaocifg c@f{%ﬂ%ﬂylg@:%ﬁsalirﬁ@ é?sﬁg\(/:%? ggl e
vol ume pr odke Substrate®BONB2 ele ad burupsight otientatids. ¢fesmaiker ws éesseoligyidocessi ng

to increase efficiency and reduce waste volunmes and cost as conpared to
fixed v uvelynes assioke dispensegribe sizg eigheigap Shegn hedeceeassdde aveid ol ume

I R e e e S o
and the sample 88 and occlusions. Figure 1 shows ends 94a, 94b (collectively
“94") of the gap 91 that can be filled with the liquid 86 by reducing the gap height,
by changing the gap height profile, and/or by adding liquid to the gap 91.

15 Advantageously, a significant volume of liquid can be conveniently added without
over-filling. By preventing over-filling and under-filling, different types of fluidic
failure modes (e.g., reagent performance degradation), reagent waste, or the like
can be avoided or limited.

Processing protocols may require different liquid volumes in order to

20 meet various processing criteria (e.g., chemical requirements, uptake
requirements, solubility limitations, viscosity or the like). If the sample 88 is a
paraffin embedded specimen, a relatively small volume of de-waxing solution
(e.g., 12 microliters of xylene) can be delivered into the gap 91. The substrate 82
is used to apply the liquid to the sample 88. For example, the substrate 82 can be

25 rolled (e.g., rolled along an imaginary plane spaced apart from the upper surface |
90, rolled along the upper surface 90, rolled sideways, rolled longitudinally, or the
like) or otherwise manipulated (e.g., rotated, translated, or both) to apply the liquid
86. A specimen facing surface 92 of the substrate 82 can be used to manipulate
the volume of reagent. After dewaxing, a relatively large volume of reagent can

30 be delivered into the gap 91. For example, a volume of about 80 microliters to

about 120 microliters of stain can be delivered into the gap 91. The stain is
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20 of system costs by reducing or avoiding relatively high costs associ at ed
with higher liquid volume consunption, including manufacturing costs,
packagi ngvoastigeoisransport ati on costs, custoner workf| oRCRAISAVI0M§76DST S
(e.g., handling cost for incomng inventory as well as outgoing waste
managenent ), and flui di c managenent overhead costs. Excessive |iquid

vol umes maychlsiid 7o strfe BESARANKR SMShGSAR1ERTRH, MEH UiekichSBhe 0.

cl oggi ng, leaking, or t I'cC conponents a may require

frequent r e32atarbthaisi cpopefatedo hpiediffereitansalrds oaflgid f80rindAg cstainirey, used to
efficiently process the sanple 88 while avoiding or limting at |east sone
of the probheshatingsecthetl@ with |arger 1iquid vol unes. The gap 91 can

Substrates 80, 82, | 1 e Sl Rt ot oG eRBABEet i o
vol unes gr eoe Stﬁﬁmlﬁé}@géhé\ﬁn A 86 lineeimsFighfe $PaRd a\Waximum holdin o
2011/ 060387PCT/ US2010/ 056752 enbodi nent s, ghe gap 91 can accommc?ate liquid

vol une i n aapanifeobibeiia@iieast Srmrolitetse 68 micraliterst 100 miatatitess, ars?@. The
hei ght profile of the ga 1 cap.be. varied based on the |liquid volune or
pr ogert Pes '?'Grcﬂ'gerﬁt(?rl‘?‘g%ﬁ? 8@%‘?‘?@%& In ﬁ@ugea?l)pl @ﬁ@ MRYR qrﬁlﬁ’éx%ﬁmm of

liquid, th ki ; acian: | o] Hwhlling. In
s enbodioming capatifies ARPpotsisilit Aeelipd bf aSRed PTAY MiirmuBtiding! || 09 5

i s greater capavoity ise¢he cmatesbioluine gfdiguiilthae cgn betdomtaiokd e tHeegape 8t ankde
first and second substrates 80, 82). Quer-filli n% can |l ead to, unwant ed
condi t i Bhs effestivelvapgliedtpythesamplei&ui themaxspum hpldingcapacityis Bejawest | v

if the sub . j . lent.akd on. . [ or

| esser i qﬁllggﬁﬁg%\f/@ ‘ﬂ%ﬁ@a@"g&‘i‘ @%c@@aﬁ%&p@ﬁégg?bﬁ@ﬁ@% °8)F f"tf'ﬂ@ag;g{ e91 can be
decreased tanan@heighndap-oiddn acconindaatel a Widerrangy of eqaidtvalumes! etinss e

contact between the liquid 86 and the sanple 88 and occlusions. Figure 1
shows . ends uaifarm dweight gap|kesause the ngrroyedfregion afdhe gaptdiagancagcasemppateed

o e |t Bl AR Rl s X eSS S O
ST oy foor o gt yepdg s |
of fl uidi c delivérndimidradthe dap 1., reagent performance degr.adét ion), reagent
vaste, or the llike Call'rr]\ebseec%\r/\ isﬂggtrgtre éi (r:?artl ?nddve the liquid 86 via capillary action.
When the height of the gap 91 is sufficiently small, the gap 91 is a capillary gap
that can be maintained regardless of the presence or absence of liquid. A low
20 viscosity liquid, such as water, can be retained by capillary action in the gap 91.
High viscosity substances can also be retained in the gap 91 if desired. One
portion of the capillary gap 91 can be narrower and have greater capillarity than a
different portion of the capillary gap 91. A thin film of the liquid 86 may tend to
flow to the narrowed portion of the gap 91. The separation between the
25 substrates 80, 82 at any given location on surfaces 90, 92 may vary over time.
Figure 1 shows the entire substrate 82 spaced apart from the
substrate 80. If the substrate 82 physically contacts the upper surface 90, the
liquid 86 may tend to flow along the contact interface. Even though the entire
substrate 82 is spaced apart from the substrate 80, the substrates 80, 82 can

30 effectively enchamber the liquid 86.
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Processing protocols may require different liquid volunes in order to 20
nmeet various processing criteria (e.g., chemcal requirenents, uptake

requi reneWo20119wD3aski ity limtations, viscosity or the IPCKaS2010/05¢782 sanpl e
88 is a paraffin enbedded specinen, a relatively small vol unme of de-waxing
solution (e.g., 12 mcroliters of xylene) can be delivered into the gap 91.
The substrate 82 is o) 3 el 1 aui For exanpl e,
the substrate 82 canlﬁzgqﬁoe errgppleilﬁn%rg %ééﬂﬁ%%f%ngegtggﬁg%&%g?IXary pl ane
spaced aparrotilidify ditipleBpoisitmetiasrethaGubsabted2 alGappirigeleremts canafsace 90,
roll ed sideways, rolled longitudinally, or the like) or otherw se

mani pul at ednqlledey withasit fitmitationr eiss Pamede Pesitipaers) rails, spaters: Heothefui d 86. A
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the vor ure SnefudfEnties Pradinataefiin b5 Bpards; JBRoMRABSHERITE B, cagent
can 30 be debislsb inbludesheddm8re rdiidf(e QX adtrlight raily, Aroi@te qhilsin Whe 80

mcroliters to about 120 mcroliters of stain can be delivered into the gap
91. The st dike) canfigued il e ArcaRBTRdNe upped suidasy9R. treyétvathetembodimertanpl e

88 and then subsequently renoved. The substrates 88, 82 can thus cooperate
to hol d di GPBPEREISHENHE Daybe sehatakRorpoRenls PostighablEPENRERIIR | ng. or

the |ike. | .0 [ | of 5
about 5. i cHEpPREs B0, B2, BF S SERRLRAE \Codfio, AERIIRY Slcheranial Mol i ng
capaci ty obeadtpustable iheheit dmensions, igosition arientatan toeadjust1e gapdetiveerr s,

or 200 mcroliters (shown in dashed line in Figure 1). OQher m ninum and
maxi murtholths aubtEalesBPi 83 are possible, if needed or desired. The m ni mum

The oap o1 and 10 of fecTPVRty Myl Re A% i hehckiBhe AN et S0 BEF i Ny
capacity ignhd B@bét?ertls;egtin WHee1 8hn b Grbykd fdRiar@8thdsulsnriiaisoamti the liiigap

91 without over-filling. e varying height gap 91 can acconmopdate a w der

range of | i8§us ih thel position showa inihiguse & Nidiegliauid 86 deariss be mirvashiorained

[ f th 91 GG dat liquid | . Whi h
' dened gagPBAENG.secad FoA T ar S bsftabes by netguing s Bton % b nea
gap end1594gqqanﬁériay@ﬁ@%é@n&gﬁe{@@ 885h8RAA Fid e hlmlwﬁrs thaAerd thedehde 9ap

) e’ second substrate 82 can nove the liquid 86 via
capi | | ary 86t b8ran\eealtarhatehelogiered fint raisged o ovestheliqlicc8@nia, Jorsmal |, t he
gap 91 is a capillary gap that can be nmintained regardl ess of the presence
or absence e¥ampie@aailialy aeliproor any tydsiafynotilg ferge. s"ﬁ n%@’ejhtﬂéﬁ’ ?“E%tﬁé)tﬁe

retained byacapild Alo\edGiatle t8 tHd'§tal8Rary substrate 82 to similarly move the liquid
86.

20 Figure 4 shows the gap 91 having an approximately uniform height

such that the liquid 86 fills a substantial volume of the gap 91. The volume of the
gap 91 is the volume directly between the first and second substrates 80, 82. The
range of holding capacities of the gap 91 of Figure 4 is narrower than the range of
holding capacities of the varying height gap 91 in Figure 1. For example, the gap
25 91 of Figure 4 can have a nominal gap height of about 0.008 cm, a width of about
2.5 cm, and a length of about 5 cm to effectively accommodate: 0.008 cm x 2.5
cm x 5 cm = 0.1 cm® = 100 microliter of volume liquid. An excess or deficiency of
about 1-10 microliters may result in over-filling or under-filing. The difference
between the minimum holding capacity and the maximum holding capacity of the

30 varying height gap 91 of Figure 1 can be at least about 25 microliters, 50
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H gh viscosity substances can also be retained in the gap 91 if desired.
One portion of the capillary gap 91 can be narrower and have greater

capi | | ariw9 20h1w0387di f f erent portion of the capillary g®pTAB201/05¢75N0 il m
of the liquid 86 my tend to flow to the narrowed portion of the gap 91.
The separation between the 25 substrates 80, 82 at any given |ocation on
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orientation to a%st t he gap between 10 the substrates 80, 82. ,
To novd0t heerforidiffesentdypes ot ineubalingprongdurase agovelbas pther Iamgvaporgtionhe
substrate Sécieﬁuﬁgure 1 can be noved towards the substrate 80 until the
l'iquid 86 | file position shown in Figure 2. The liquid 86 can also be
noved to an opposi NgASeEenhe?aid, e fefmt“eabstrdiet isad Braad teymnad iviuges!t he
portion of the gap 15 91 forned by the second end 98, as shown in Figure 3.
I n this nabukis natlimitedds, @6pvearg acdidepa caverstipaa strip ofonetesial, anplateaiased t o
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compliant. In some embodiments, the substrate 80 is a microscope slide. A

substrate can also be part of another component. For example, a platen or holder
can have an outer surface that forms a substrate. The dimensions, properties
(including mechanical properties, chemical properties, surface properties, and/or

20 optical properties), and configurations of the substrates can be selected based on
the processing protocol and subsequent analyses to be perforrﬁed.

In some embodiments, a substrate can be a flat or substantially flat
substrate. “Substantially flat substrate” refers, without limitation, to any object
having at least one substantially flat surface, but more typically to any object

25 having two substantially flat surfaces on opposite sides of the object, and even
more typically to any object having opposed substantially flat surfaces, which
opposed surfaces are generally equal in size but larger than any other surfaces on
the object. A substantially flat substrate can comprise any suitable material,
including plastics, rubber, cefamics, glass, silicon, semiconductor materials,

30 metals, combinations thereof, or the like. Non-limiting examples of substantially

flat substrates include flat covers, slides (both 1 inch x 3 inch microscope slides
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such that the liquid 86 fills a substantial volune of the gap 91. The

vol unme of the gap 91 is the volune directly between the first and second
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t he substrat es 80, 82 can be used to 10 ﬁerformdlfferent
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menbr ane, alobsédNif nyg andacond@dllingdhovément 6f tha fled. rlnecbthéﬁéﬁtbbdménteﬁthleyl ng
one or nore 15 sanples, or the like. Substrates can be substantially rigid,
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protocol ang (f gr?gtﬁ%‘rjﬁghuo%”a}'tﬁé %tsjbgt?atg%zo geqr]; 8e a complex arc.
Multiple related specimens can be treated on upper surface 90 using
a single substrate. The specimens can be concurrently or sequentially treated

20 with the same fluid. Figure 5 shows the liquid 86 treating a sample 88a (illustrated
in dashed line). The liquid 86 is then moved to another sample 88b. Figure 6
shows the liquid 86 treating the sample 88b (illustrated in dashed line). In this ‘
manner, the liquid 86 can be moved along the substrate 80 to any number of
related specimens.

25 In some protocols, both related specimens 88a, 88b can be rinsed
with an appropriate solution, such as a non-volatile transfer fluid or other fluid,
suitable for avoiding drying out. After stabilizing the specimens 88a, 88b, the
substrate 82 can form a narrowed section of the gap 91 proximate the sample
88a. A reagent (e.g., a stain) can be delivered to the gap 91. The substrate 82

30 can be moved to translate a layer of the liquid 86 between the specimens 88a,

88b. The liquid 86 used to process the sample 88a can be removed via a waste
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I n sone enbodi nents, a substrate can be a flat or substantially flat
substrate. "Substantially flat substrate" refers, without [imtation, to
any obj ecwohauioegssat | east one substantially flat surfa®€l/usea10/66762
typically to any object 25 having two substantially flat surfaces on
opposite sides of the object, and even nore typically to any object having

opposed subSbANtAAllubldt i 69 A GERRRICRS TINAAES iPifIRNRIG 'Y

equal in siZe bu an any other sur
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m croscope ﬁida@'i%ﬁéalo'ﬁ?—tﬁb sypdirdRl&h chips, silicon wafers, or other

obj e |
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35 inches, éfeiotehe®, spéiméssesrriedrby RNngedsens® slids $20.0 Thediquidachn  of
curvature. Qther radii are also PO.SSi ble. In some_ enbodi nents, the radius
of cur vd0ur equiibrate anddageinin a statisaendiionfona slestied hength 2 timee g¥en fEuch a

Subet e T b el S S BRILK hd LN sing Aol
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can assunme a conplex arc configuration or a conpound arc configuration. If
t he subst r apeo@dsing liguica Therplusiratedcbasentinitytit @engagesia HaskdaceaT4bopthet i on

O e 2 HBtErde A B e S e AT MR R oot
ot SRS Ol A ShiGpORguRrie v, M Liple
- The positioning mechanism 99 includes an actuator 194 and a pivot
mechanism 196. The pivot mechanism 196 definés an axis of rotation 193 about
which the substrate 140 rotates. To roll the substrate 140 from the position shown
in Figure 8 to the position shown in Figure 9, the actuator 194 can extend and the
20 pivot mechanism 196 can rotate.
The processing liquid 160 can be efficiently applied to the sample
187 to minimize or limit the cost of processing liquid(s) and to minimize or limit the
amount of waste liquid produced. The substrate 140 can be manipulated (e.g.,
translated, rotated, vibrated, or combinations thereof) to move the liquid 160. To
25 agitate the liquid 160, the substrate 140 can be rolled along slide 120. For
example, the substrate 140 in a curved configuration can rotate due to physical
contact with the slide 120. In other embodiments, the substrate 140 can slide
along the slide 120.
The liquid 160 can be moved along the slide 120 due to different
30 forces, such as gravity, capillary forces, and/or a pressure change (e.g., a reduced

pressure such as a vacuum) in a gap 170. The substrate 140 in Figure 8 is well
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a single substrate. The specinmens can be concurrently or sequentially

treated 20 with the sanme fluid. Figure 5 shows the liquid 86 treating a
sanpl e 88&0@2011uesisrat ed i n dashed line). The |iquid 86 PETIUSRIMOMBVE t O
anot her sanple 88b. Figure 6 shows the liquid 86 treating the sanple 88b
(illustrated in dashed line). In this manner, the liquid 86 can be noved

al ong the | (W'

ot ot ocol s, ek € bfoyB e BoBR1 g a8EEs W SEBle T B o ERAmp I, FiAE Bk

appr opr i at engdbith iaerosssthelsaasple 187n-Thel substratd nadpsharastumeca genetatigflaf | ui d,
suitable for avoidin? dryin?_oui. After stabilizing the specinens 88a, 88b,
t he subst r &oefigzratian te frm a thiadipasiossibe sample 1B{dogios exampleyineihate t he
sanpl e 88a. agent (e.g., a stain) can be delivered to the gap 91
The substrgyésg?pggﬂ%gn be noved to translate a |l ayer of the liquid 86

bet ween g he speci ”Enﬂ'h%%‘#ide_process%g{)apﬂ'éﬁtdé 100 Ba$PeHOR differengRee t he
sanpl e 88a can be renoved via a waste WO 2011/ 060387PCT/ US2010/ 056752 port

104 (i || ustprepadtiompozsiseds hndapoumtinggzoeeganst Tiosud pldpasation processemshed
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manner , th@aﬁd’ﬂg%’q%t"é’t@%%ﬁﬂanu&%‘@r? 'W%‘Rﬂf; 9i5@85!"ﬂ%ﬂ,t9093{{'p°{w Qpeci mens
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Figure 7 shatveval, peiforenipy doensionjstechEmstrygIHOIabelingidr othea reaxtionsoni ng
nmechani sm 99, a base unit 110, and a waste renover 130. The base unit 110

car r i es0an apgfss PeFoemingistsitythybridization ISH) labeling ar othet eepstings| agweliaso one

or nore spegj carri .G ' T Lquid. can 10
cqui 11 br at SHSTToeReR BrprbafiolBeBBiaR ol Hlestat pttRsho M fief™sr Ui e
even for | aRglyees imess SpedtrdiRetrithBethiols! seéthel 4Ralghchl Pretiog@s tfahagi tate the
processing |iquid, spread the processing |iquid, control evaporation, or

ot herwi se specigenia@ saroplesrbedded)in paraffine the sarsplestasibe depanaffinized o
engages a back face 141 pf t subsft r. 0.,A front face see Figure
8 79%s opbangantarials Sharadfahl hidlss; AR s wesRsehiier 30 rhgoReli 5 can
treat bi ' i ) h He Q) '

el udas g B ey e o e b BB & 106
def i nes antrexspedrhenotTdie slidel®d cdrothternvibe chveristippedh$d peadeicé40webimaues. To

roll the supstrate 140 fromthe gositiqn shown in Figure 8 to the position
shown i n FRiR. Pesmapgatiymoyst side,of the ik xt end and t he

Cell conditioning can make cross-linked antigenic sites more
accessible by large biomolecules such as antibodies and nucleic acid probes.
20 The slide processing apparatus 100 can perform cell conditioning protocols.
Applying heat to the sample is one way to cell-condition, therefore heat can be
supplied to the sample 187. Heat can be applied by direct application
(conduction), indirect conduction (thought the microscope slide), convection
(heated air directed onto the sample), or radiantly (infrared or microwave). The
25 processing apparatus 100 can have any number of thermal elements for heating.
Cell conditioning is typically performed by incubating the tissue sample from 75-
100 degrees Celsius in an aqueous solution and holding it for some period until
adequate antigenicity is attained, typically 30-90 minutes.
Samples can be processed with a wide range of substances, such
30 as stains, probes, other reagents, rinses, and/or conditioners. The substances

can be fluids (e.g., gases, liquids, or gas/liquid mixtures), or the like. The fluids
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20 pivot nechani sm 196 can rotate. The processing liquid 160
can be efficiently applied to the sanple 187 to mnimze or limt the cost
of proceswprgildeogsi7d(s) and to minimze or limt the ampamtusedtomssse | i qui d
produced. The substrate 140 can be mani pul ated (e.g., translated, rotated,
vi brated, or conbinations thereof) to nove the liquid 160. To 25 agitate

the liquid 160 bgé{&ﬁlgﬁé@%@?%ﬁ%@%h&%& Ront éléPQoﬁéﬁ’t@Qet%pi, QSIugi?@s Ség@r’t o
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physi cal coagassusédlitidritcorsdtheetypel.of salutiohs), oe i tikereReagehtséndudst r at e
140 can slide along the slide 120. The liquid 160 can be noved al ong the

slide 120 dwéheut limitatione stairsn weltiog agesise Antbodiesi(6.gy mengslonal aptibediegs
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sanpl e 187 by, for exanple, rolling back an orth across the sanple

The subst r alike. 18tinsainchsleywithaublimiatidn, gyes sheroatoixyliustains eosin steins a t hi n
filmacross the sanple 187 to, for '

1 | e, b { | 187.
The slide pF%HS@tﬁﬁé’féﬁﬂgﬁ’@%?rI‘G'Glegg%c' %ﬁﬂ@:&?‘é?@%’& '@Eglstssﬁg’gl?g hARIBAS at i on

processes a ' dl 7 | | ude,
W thout 11 mLa om0l B s P & R SR Ter APy b
(e.g., cell asdodidrienhanging cointiast.nih sorapeaiboelimenpts; boscessingdiuidsein the
retrieval, %grform ng i munohi stochem stry (ILHC) | abeling or other,

reacti o8, mommideagenisrareapplied taths sampiesr iT@ eavre the vaumesafdiauids or

oL e et LSl dT LA otkeSh e, B REIET s Bts R IBR0 RSk FRgpele),
Che-Sam o Can B Gepar ST Y 264" o1 oLFany LAt o. debarart | e ng o
fluid(s). Afteas tomeduesprocessing @ostszand wasteesA thin reagent film can be kept in
contact with the sample to ensure enhanced and help ensure uniform reagent
15 uptake by a sample. Excessive volumes of reagents can be conveniently
removed in a controlled manner.
The slide 120 is a generally flat transparent substrate capable of
carrying a specimen for examination using equipment, such as optical equipment,
e.g., a microscope or other optical device. For example, the slide 120 may be a
20 generally rectangular piece of transparent material having a front face 210 for
supporting specimens. In some embodiments, the slide 120 has a length of about
3 inches (75 mm) and a width of about 1 inch (25 mm) and, in certain
embodiments, may include a label, such as a bar code. In some embodiments,
the slide 120 has a length of about 75 mm, a width of about 25 mm, and a
25 thickness of about 1 mm. The slide 120 can be in the form of a standard
microscope slide made of glass or other transparent material. The slide 120 can
include a machine-readable code (such as a one- or multi-dimensional bar code
or infoglyph, an RFID tag, a Bragg-diffraction grating, a magnetic stripe or a
nanobarcode) with coded instructions that specify the type, sequence, and timing

30 of the liquid(s) delivered for treatment of a particular specimen.
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15 the deparaffinizing fluid(s), any nunber of reagents can be successively
applied to the specinen. The slide 120 can then be cover slipped to produce
a wet nouwO 281@e3s7per manently nmount slide, or the |ikePCCaIsko10®sEs2 1 oni ng

can nmake cross-linked antigenic sites nore accessible by |arge bionol ecul es
such as anti bodi es and nucleic acid probes. 20 The slide processing

apparatus 100 can per {igyesbhogR0fidur BA AR Senfiphb g sheaLed O the
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dyes, hematgyiérs, 6F 8the? tyfRRSdftotipfird Sor a@wm@eéleﬁve)ﬁmoaémelmdeme@f thaucl ei ¢

acids w t h detectabl e | abels such as haptens, mes or fluorescent
noi eti es” osubstiate 140 @ad tbe a@mﬂmn‘oﬁ% The lliustra enypiRrs @ire amtheoformaf a

enhanci ng contr sone enbaodi nent s, essin | the 10 form
of reagent sP'3rA a?fBF“ntoarf%P%%‘? ABP efgg?@ qh%agﬁ@g‘hré 182 a8 qui ds
consumeql5d érﬂ@hr@nﬂggﬁﬁha&ed%@ﬁ@%%ﬁ% 1dpqui ds can be utilized. For
exanpl e, concentrat reagents can be unifornmly applied over sanples with
‘large surface areas tbhe sdbsteatpridOeneriags cusst ©f andubstantallyAherentire eagent
filmcan be kept in contact with the sanple to ensure enhanced and hel p

ensur e uni f$HRP Iee%ﬁfen"f %Sllﬂﬁ %'Sb@s@ngéfﬂ)%cm&%‘&ﬂ% the pubgieates 4pé‘z§’g'j\ent S
can be Convﬁée\}r ﬂ YSH‘ éBfé‘b& .5 % hegl bout0§ inches 7§Wﬁm§'éde

120 is a gen sparen subs carrying a
speci men f%ldﬂ%ﬁ%?@ﬁ e’JBf aﬁom) @muhrmenhm)weboam @hl @315 emw), pRERE, €. 9.,

a mecr ogé:opttra" or ot her optical device. For exanple, the slide 120 maY be a
ickness in a range of about 0.02 inch (0.5 mm) to about 0.08 inch (2 mm). In

some embodiments, the substrate 140 is a standard coverslip with a length of
about 50 mm, a width of about 24 mm, and a thickness of about 0.2 mm. Other
dimensions are also possible, if needed or desired. The substrate 140 can have a
generally polygonal shape (e.g., square or rectangular), elliptical shape, or circular

25 shape. The shape of the substrate 140 can be selected based on the shape and
dimensions of the slide 120, as well as the shape and dimensions of the sample
187 and/or a holder. One or more thermal elements for heating/cooling can be
incorporated into the substrate 140. Such embodiments are well suited to perform
IHC processing, ISH processing, or the like. For example, thermal elements can

30 be embedded in or coupled to the substrate 140 and connected to a power source

of the actuator assembly 180. Heating/cooling can also be achieved via a
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20 generally rectangul ar piece of transparent material having a front face
210 for supporting specinens. In sonme enbodi nents, the slide 120 has a
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actuation assenbly 180 can be in the formof a platen assenbly with the
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182 are 15 Ser nmane ected to.the.substrat!

tly co , te 140, The
substrate 1 %OF&JO%FI]%V NigJ& &N %?NEG‘BEF‘APRQ'BIPFP?S'PH&A@H? pAEPle 187 THE7 |
th i 120 ] e, AU aEY h
ength 18 a0 T R R e Rl B oy g
width in a slyhtlg ieds thaow thickness off tielSample 187 abchuthat thexséimpk5187 oan) beand a
20 thickness in a range of apout 0.02 inch (0.5 mm) to about 0.08 inch (2
m). | n soneOrBRRssPAvthout baBgdamaged.e 140 is a standard coverslip with a

| engt h of about 50 1 f u i f t 0.2
nm gOc her di nmensi On%lp%sg%%h&gglégfr%q\eﬁe ﬁ%dr%%%gl()eforaﬂ I'r é‘éfﬁﬁlggrgﬁcggt rate
140 can havgolgmees §ladtics, Bempesiie, gidvab eofmbirthtions Ahérieef, or otitatsui@blear )

el l'iptical shape, or circular 25 shape. The shape of the substrate 140 can
be sel e20edmaterials that may bégpaewii rigihsesidigid dnd/erecampliant for exammtg,| as

t he shape and di nensi of . the .sanple 187 apd/or a haql der... €. 0r oore
thermal el ngrﬁ"?s’ rafe ﬁ@??'ﬁ&ﬁc%ﬂg'ﬂ@a%ﬂggee F%%?B%‘?tﬁgg%ioﬂ? %F'Rge’y?ﬁ)st rate
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processi ng, or the Iléke. Eor eSanpre, trﬁerr%frﬁal P@I ements can 30 bé enbedded
i n or coupl pslyéthylehe terdphithialbte, poélypeopylems)mabbed polyvinyfidere flaotidese of t he
actuator assenbly 180. Heating/coaling can al so_be achieved v#% a
polytetrafluoroethylene, or combinations thereof. The composition of the ‘
25 substrate 140 can be selected based on desired characteristics, including, without
limitation, surface energy, flexibility, wettability, chemical compatibility, adhesion
characteristics, or the like. In some embodiments, the slide 120 and substrate
140 can be made of a hydrophobic material to ensure sufficient containment of the
liquid 160.
30 The waste remover 130 includes a pressurization device 220 and a

receiving line 230 extending from the pressurization device 220. The
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WO 2011/ 060387PCT/ US2010/ 056752 processi ng chanber. For exanple, the slide
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conpatibilit dhesi on char eristics, or the one_enho nts,
Che el i de. 196PRAMSTBoPIrE 2ibEe:Shgl Hat et JEngolRaPeomaver 140 o
ensur & 95 f4aiveRd RS GHE TRILIIRS 1301an liRe D301Eh bSR TRALUARER coRbBiter 130
i ncl udes a pressurization device 220 and

Liquids can be delivered through one Iumen to the slide 120 and waste can be

withdrawn from the slide 120 through another lumen. An inlet 185 of the line 230
can include one or more openings, or other types of features, through which
liquids can flow. ‘

20 The processing apparatus 100 can have different modes of
operation. In some embodiments, the apparatus 100 has a static mode and a
dynamic mode. In the dynamic mode, the substrate 140 can be moved to agitate
the liquid 160. For example, a rolling motion can provide generally even liquid
coverage along the sample 187. The substrate 140 can be rolled back and forth

25 across the sample 187 any number of times. If the liquid 160 has a relatively low
viscosity, the substrate 140 can be moved at a relatively high speed. If the liquid
160 has a relatively high viscosity, the substrate 140 may be moved at a relatively
low speed. The speed of the substrate 140 can be increased or decreased to
increase or decrease agitation of the liquid 160. Agitation may effect fluid uptake

30 rates, settling of constituents in the liquid 160, mixing of constituents,

combinations thereof, or the like. The processing apparatus 100 can also be used
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receiving line 230 extending fromthe pressurization device 220. The WO
2011/ 060387PCT/ US2010/ 056752 pressuri zation device 220 can draw the liquid
160 i nto wbheorigweisvi ng | i ne 230. The pressurizati on deviPCEUB2Q0/86752 ncl ude,
without limtation, one or nore punps, vacuum devices, or other types of
devi ces capabl e of pressurizing fluids or drawing a vacuum or both. The
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del i vered tpof BrampRt & firsisAliGuet bf te fiid 160WaAdse dispehsedibatedthestideiigposal .
In sonme enbodi nents, a disposal systemis incorporated into the

pressuri zat Aoraliqeot efarmther fivid sande dispersadonts, thesubstratect4lant mixathe
t 1 I..S. t | ' | t WAst b
convent ont | yoing tae 85k Y. chnl Ryt ot niiohy i BRaShs Y B FluiR R FdRS . o

vel | as gthgf, 6fqﬁixﬁfr8§.eﬁfé&%e@ﬁmﬂijﬁéggf‘é?er%ﬂoﬁ‘{atﬁb%ubstrate 140 can béliRed to

receiving |1 ne 230 can I ncl ude, Imtation, one or nore conduits,
pi pes, or oagikatethefloiet8G Afieoagjtatingitha fiuidil 80,cnotherdiuid can berdispensed
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lunen. An i ah@disp8hsed ohttethiel slidedd@ prermixedi stgte. one or nore openings, or
other types of features, through which Iiquids can flow. 20The processing
appar at 18 100 can havk thefstaicmodepthessuirstigie 40 ican be ysesbieaminifpizei it s,

h i d dynarg dynagi
rode. e stbediteRElyravdiistofigatAng ANETIBAE | ERE Bynrdats Ao eae ©
exanpl e, a ha!dtasorERy With r@é—ﬁeétrte\fhéieli&@mzo%:nbxba«ﬁvad%uhiaai nEfNQIfRge al ong

the sanple 187. The substrate 140 can be rolled back and forth 25 across
t he sanpl e d@¥igungtion,obarcanfiguration. with atrelativelydangerediusaaf curvaiueg, to avgidl ow

viscosity, the substrate 140 can bg noved at el ati vely .hj.gh eed. |If
Lho 11 qul o SESSIS eYaporalive,ereeh he apeaiatys 100 Ead beBal R Mot ey be
noved aygza ' ; . : : ] b
increasgg Oé%@ﬁ }e@g}eﬁg{l oolﬁﬁgﬁg g@%ﬁ%ﬁ%e?s@%& ?I Elﬁ%:ﬁﬁg?né e ﬁ}tﬁﬁ%ig 160.
Agitation may effect Advardagesudy BWidetarge cfalifférenpvalmesrcftiguidet@Ccam t he

liquid 160, m xing of constituents, conbinations thereof, or the |like, The
processi ng %pae@?mrowiﬁ dyiamicqyopessiag@and static processing, including high fluid

volumes greater than about 100 pl, and low fluid volumes, such as fluid volumes
less than about 100 pl. Other fluid volumes are also possible, if needed or
20 desired.

Referring to Figure 10, the substrate 140 is in the flat configuration,
can be used for static processing. Static processing can include, without
limitation, incubating, thermal processing, or other types of processes involving a
minimal amount of liquid movement.

25 A protocol may include using the substrate 140 to form thick layers,
thin films, meniscus layers, or the like. To form thick liquid layers, the substrate
140 can be separated from the slide 120 and sample 187, as shown in Figure 8.
Such embodiments are well suited to treat the sample 187 using a high viscosity
substance, such as a gel. If the gel inadvertently drains away, the gapping

30 elements 183 can protect the sample 187 from unwanted compression and

associated damage. To form a thin film, the gapping elements 183 can be
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WO 2011/ 060387PCT/ US2010/ 056752 to performon-slide mxing to m x
sequentially or concurrently dispensed fluids. For exanple, a first aliquot
of the flwWDQIWABOIBAN be di spensed onto the slide 120. ARCAIUSquON5EH2 anot her
fluid can be di spensed onto the substrate 140 and m xed using the fluid
160. Any nunber of fluids can be dispensed to produce a wde 5 range of

m xtures. In so node e i t S 4 :

agitate thepfefsﬁlgg WS%A% 8@%2}?@ 'aﬁir}ns Spﬁéﬁélﬁ%ufﬁ?%gﬁ‘l" %nrgﬂgzr}@q{ﬁ?@p%%n be
di spensed bﬁ{é@ﬁ@ﬂlstmférsddrﬂ@eﬂ&%e@]d t he substrate 140. The substrate 140
then agitates both fluids to produce a m xture. Alternatively reageents_ may

be mixed off the slidEigunes dDskSestuavd opatraethnd of [prekesisingsa padpia. x Ebe §auide.
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si gni fi cant reanpyed tethe sample 187 by widening dhe rRaigR 4 |apd RArgvas the, 'Bf
di f ferent Vg%}ggz\gstﬁ%d%igwﬁu .er&ﬁggtﬁgfliﬁﬁméd)?e&ﬁﬁblg?e RS ehdP{4Cesst ng

and static I'nc ing hr’ urd vol'umes great.er than about 100

pl, and | owriduré d 2\sPowEthe ligurh186 attundiared sner narrswéd asgiad49. TO@ pl .
other fluid volunmes are al so possible, if needed or 20 desired.

Referri d§ t wabtegeneovid, 130mansthiestaspiretel he halus of tigidd 168 confi guration, can
be used for static praocessing. Static prqocessi ' , L\ t
limtation, incubat Pn@?%'ﬁ'@‘?'&%‘fc_”ﬁ?ﬂ@@s@?ﬂ'&" Jllé'(g?ﬁg&rwg%@%%fcaﬁ"%ﬁgses

i nvol vi ng afdgbé'% TRé RO oﬁﬁe's‘uﬁﬁtrgte”?l@%?be mevedPaREY fre tHeyslideci 2ede

usi ng the substrate 140 to formthick layers, thin filns, meniscus |ayers,
or the |ikeAsToe haghadtlbivek suiface 200 ary Eigaire tlBds sotptad away from tharslide 120,

S e g B0 ko waneh B Pbser e B TS e T Syt
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associ at ed tameye thd fiqlidr1e0eas blose fasl pussibie tathepvasteaemuwet $30.83 heavasie
remover 130 can then draw the liquid 160 out of the gap 170.
The method of Figures 10-13 can be employed to accumulate liquid
at a wide range of locations, including at the corners, sides, and/or ends of the
20 substrate 140 and/or slide 120. The position of the waste remover 130 can be
selected based on the desired location of waste accumulation.
The processing apparatus 100 can process slides in different
orientations, including a generally vertical orientation, horizontal orientation,
inclined orientation, or the like. Figures 14 and 15 show the slide 120 in a
25 generally vertical orientation to promote movement of a flowable substance 213
along the slide 120. The end 142 of the substrate 140 of Figure 14 extends away
from the slide 120 to form an enlarged gap 209. A dispenser assembly 208 can
output the substance 213 through the relatively large gap 209 such that the
substance 213 begins to collect at a narrowed region 212 of a capillary gap 214.
30 The dispenser assembly 208 can be a pipette that dispenses the substance 213

comprising pre-mixed reagent. The volume of the dispensed substance 213 can
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WD 2011/ 060387PCT/ US2010/ 056752 pressed agai nst the slide 120. If the
substrate 140 is in a curved configuration, a nmeniscus |ayer can be forned.
Fi gures MWoRB11#leess7one nmet hod of processing a sanpl e. TRETIUSqU®SED can be
noved towards a region 247 of the gap 170 via capillary action as an 5
opposi ng regi on 249 of the gap 170 w dens Figure 11 shows a bol us of
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of a capillary gap 21 | spenser asse 208 can be a pipette that
di spenses interporhtedanerein2dyBrefergnces heat qganebersuppliedetadwat eitheetheol une of t he

di spensed substance 213 can WD 2011/ 060387PCT/ US2010/ 056752

substance 213 (e.g., an agueous solution), which bathes the biological sample
187 above the melting point of paraffin, or a heater built into the substrate 140
could directly heat the sample 187. The heat can be sufficient to heat the sample

20 187 above the melting point of paraffin to release the paraffin into the immiscible
agueous phase where it is then removed. One or more heaters 211 may be
activated to heat the substrate 140. Additionally or alternatively, a heater 217 can
contact and heat the backside of the slide 120. The slide 120 can be at the
inclined orientation to promote removal of the paraffin and/or any solvents, such

25 as xylene or limonene. In some protocols, the volume of captivated fluid is kept in
a range of about 15 microliters to about 25 microliters. In certain protocols, the
volume of fluid is about 15 microliters. Any number of times during processing, a
volume of reagent, reagent buffer, or water can be pipetted onto the slide 120 to
restore fluid volume.

30 The processing apparatus 100 can perform on-slide-mixing. A first

reagent can be dispensed. The substrate 140 is rolled to take up reagent
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be about 75 mcroliters to about 500 mcroliters. The substrate 140 can be
roll ed back and forth to nove the substance 213 that fills the narrowed

regi on 210 204/dee3sgr avi ty hel ps urge the substance 213 @#0RAUBS2010I05675Fi gur e
15 shows the gap 214 filled with the substance 213. The 5 lower end 192 of
the substrate 140 can be noved towards the slide 120 to further spread the
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di spensed. The substrate 140 is rolled to take up reagent

2011/ 06038 79riaasithe stide 240, Héwerlide 34tcan maveBlongifie @%rgg@éﬂ Reloding40.
wni 1 o mai e notPRte PBETRURET Lt Pon. Another reagent 1o df spensed. The
substrate 140 is thenapptbR@ssemdly 361 BaFigure h8tiffladésy thedtoep350tandia x t he
reagents upon consecutive roll cycles.
20 base 360. The base 360 includes a network of channels 370 through which a
vacuum can be applied to hold the cover 350 against a face 359 of the base 360.
When the cover 350 overlays the base 360, a waste port 374 of the cover 350 is
aligned with an entrance 380 of a waste passage of the base 360.
The network of channels 370 includes an outer channel 394
25 extending along the periphery of the base 360. An interior channel 396 extends
between opposing sections 397, 398 of the outer channel 394. The outer channel
394 can hold the outer periphery of the cover 350 against the face 359, and the
interior channel 396 can hold a central region of the cover 350 against the face
359. Other channel configurations are also possible. |
30 The pattern, number, dimensions (e.g., width, depth, or the like) and -

configurations (e.g., U-shaped, V-shaped, or the like) of the channels can be
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5 I ncubation can be perforned, if needed or desired. Figures 16
and 17 show a slide processing station 300 including a roller unit 310 and
a slide puoi20i10DIsg devi ce 316. The slide positioning deC¢ras2@005675ncl udes
a slide retaining device 330 holding a mcroscope slide 340 and an actuat or
320 for activating the slide retaining device 330 (a gripper device is 10

shown but obder sl baled & i ITATABRY Setlideh (HE BUBFSS0Lnk d BASE

skilled in , sucC y fric a portion o

slide w thig6e. G@gwéy! goshcﬁwsaamumr cshlanpal,400)an@>aatrm1wbrseThaesbrn@hneuoz
extends fromthe slide retaining device 330 in a cantil evered fashi on and
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of the slide 340. The slide 340 can nove along the cover 350 in a rolling
motion to a4D0do a fluidy limel sugh thad tevacasiseodn pe:wpllecﬂ viai thertbraLghhate 40fks t he

cover 350 apd a se 360. The base 36 cl ud etvvor f channel
370 t hrough WM”%%&;? é‘@tﬁlﬁﬁ”@?ﬂcw'r‘é{'ﬁt)ﬁ QH‘BPﬁiifreE ?lﬁg‘@v@gam nstsa

face 359 of n%ﬂzork%?%hé s IRl xlﬁg m&{%ﬁaﬁﬁe‘?\ﬁélaﬁﬁ% g@%%}%@o?tﬁ&’ a waste

port 374 of cover an entrance a waste

passage of tbendutse finhibiler 4dB8uothe olites lthaneeist 1857 0A ivacliuthesppdied vid ar
channel 394 25 extending along the periphery of the base 360. An interior
channel 1896thsquahiipie ﬂae\n@@rbqsgﬂa@éd agovecagainst ataee 45ard canaspiiaterthe hannel

B e DSl BB PR PRl o g8l B2 VBB R oy bl B0
region of 1| emygan dotradinhel 430'and 2panAS%chdAneea3e ha’rh@ahn@cnﬁarmer 482 ons
are al so possible. 30The pattern, nunber, dinensions (e.g., wdth, depth,
or the |ikegxtends dengituginadly iatong aeajn body #¥amfdhe base&ﬁad Arpend 446 quk*@ of
the channel snn%?ghgﬁnel\ﬁgﬁg ls%égg %%Zrﬁ)%r# g%%\l/vo(n%%nor%% so as to prevent fluid
15 collected in the flow inhibitor 448 from entering the network of channels 429. The
inner channel 432 is especially well suited to hold a central region of a cover
securely against the main body 440.
Additionally or alternatively, the bases can include one or more
clamps, adhesive layers, mechanical fasteners, or the like capable of selectively
20 holding and releasing the cover 350. In some embodiments, the base 360 of
Figures 16-18 is an electrostatic chuck. In yet other embodiments, the base 360
may include one or more receivers (e.g., holes, slots, or the like). The cover 350
can have protrusions or other features that are received by those receivers.
Referring to Figures 23-25, the cover 350 includes a first row of
25 gapping elements 450 and a second row of gapping elements 452. A region 453
is between the two rows of elements 450, 452. The edges 454, 456 can be
dimensioned with respect to the slide to provide the desired liquid application
region 453 (e.g., the entire upper surface of the cover 350, most of the upper
surface of the cover 350, the region between the elements 450, 452, or the like).
30 In certain embodiments, substantially the entire upper surface of the cover 350

contacts the fluid being applied to the specimen. As such, most of the space
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sel ected based on the desired interaction between the cover 350 and the
base 360. Figure 19 shows an outer channel 400 and a transverse inner
channel 280 2extwn3si’ng bet ween | ongi tudi nal sides 404, 406TafS20the5¢8annel
400. The inner channel 402 is generally m dway between a waste port 409 and
a bottom section 5 407 of the outer channel 400. A throughhole 408 can

copl i od vi 0Pt FBAREL 240 apl v sl b HeeBith iRl AR OO0 out er

channel 412embogifiénts lthelspaginien ehivbiekp sfitichzanistiveehniié uolve of alentarte 450,
channel 416 and a channel 420 that connects a flow inhibitor 418 to the

out er channéb24palispensesiiavichpan flew pasé the elements 4§An4D2 tawards e BEYSS hol d

a cover agaipst face 423 can aspirate the flow inhibitor 418. Figure
22 shows a 6@‘2 4%4‘§%\E\'Ftwvﬁrﬁ§6mrk of channels 429 including an outer

channel 430 and an i npesorRdaMitldimasts, Trlr@%é;smﬁg HABRR! 4583 252 6upiSp
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20 hol ding and rel easi ng}the cover 350. In sone enbodi ments, the base 360
of FiguiBs e@ntast intertacediedween shaltgappingielemant apgithestide 3dydtnowtflewing: he

base 360 may include one or re receivers.(e.g. | &%), he
Tke) - The. oL puiEEnCatiprihe REFat e dains sirne 8 45D, B0 e spited.

recei ved byahiw@&8ni 86§dy/854 -456bEtheidodef 350 tAKESS thBlicfld pr&maRy Ry thds0
includes a first row of 25 gapping el enents 450 and a second row of gapping
el enent s 45iRjuidappligadionaegionsd Gt Additionally, theliqwidds keptcaernaugh asay fum?.

The edges 454, 456 di mensi,oned with_ respect to,the slide to, provide
the desiredNe &fdes ‘&’%ﬁ%@a{?i%ﬁ@@dY'B'ﬂngf@S'?erVb‘.",‘g?rﬁgatéhW?rsi'dﬁﬁﬁfgp Sur face
of the ve : f of the cover 350, the region
bet vveenqtgheé% ergr{e%@géfﬂf%%’?ta%tggbg%reﬁtéﬁggﬁi ke). 30 In certain enbodi nents,
substantially the entTherowpef gappihgeteméntsb0; doerexitl lngitadinally alenfl ui d
being applied to the speci nen. As such, nost of the space WO

2011/ 06038 7@tenatisohthey eexer$20. Opposing gapping elements of each row 450, 452 are

generally laterally aligned such that the slide 340 (see Figure 16) can contact
laterally aligned elements 450, 452. As the slide 340 is moved along the cover

20 350, the slide 340 is successively brought into contact with laterally aligned
gapping elements 450, 452. Each of the rows 450, 452 can be generally similar to
one another. Accordingly, the description of one of the rows 450, 452 applies
equally to the other, unless indicated otherwise.

The row 450 can include about 5 gapping elements to about 60

25 gapping elements with an average distance between adjacent gapping elements
in a range of about 0.05 inch (1.27 mm) to about 0.6 inch (15.24 mm). In some
embodiments, including the illustrated embodiment of Figures 23 and 24, the row
450 includes 19 gapping elements that protrude outwardly from a éurface 460,
iilustrated as a specimen facing surface. In other embodiments, the row 450

30 includes about 10 gapping elements to about 40 gapping elements. As viewed

from above (see Figure 24), the row 450 has a generally linear configuration. In
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bet ween the cover 350 and the slide can be filled with the liquid. In sone
enbodi nents, the speci nen can be positioned between the rows of elenents
450, 452.wedigpesssed |iquid can flow past the el enent sPCRAS20U8D5¢76nar ds

t he edges 454, 456 of the cover 350. 5In sone enbodi nents, the gapping

el ements 450, 452 can hel p process a specinmen with a desired anmount of
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dj t ' I . Th ' I 450, 45 d t
7 om dges NGATOHER G CALIIBy: 2BBBHBIEBLE T B 1OW0! S PR SRR o e
i qui d pels : . e AT h
auay 1 om e iefanc FEREL L ARG e S0 e b e e e
sl i de even hefght$ ofithet deppind plethernts mind(drdesihaadythickh®ds t4&#e Figure 26) of a

The rows of gappi ng el ements 450, 452 extend |longitudinally along a |ength
of the covdrdyH9 %m%pw IR pPHETAPSRIGEAre RISORPSHRIR: mae?d%gggar e

Gont ot 1 aCBPEE Myl BBENE el 330 o R’ 4 fric o B DAHER (12aca"
al ong the e@mpio AoRS05 INdHE(38! mAY. ThBel Widihs aasSisvgassibl@uindorhat o cont act

with [aterally aligned gapping elenents 450, 452. Each of the rows 450, 452
can be 1§enemiiadjments; the width ¥Mds anualie or greater thangt width of thireslide $46.0 of

one of the_ro 450, 452 appli.es egu y. ta the other unless indicated
ot herwi se. M putra R i oA s Pyl oS el 67 e BBUEE 60 o5
gappi ng el gggnts with an average di stance between adjacent gappi ng el enents

in a range of about 0.05 inch (1.27 nm) to about 0.6 inch (15.24 nm. In
sonme enbodi nents, i nRefeliring to fdgure| 24 ardistadce fhbetiweaent thefrows ¢dOe 452 8aand

sur face 40Be SRS baped oadng BBeETAGHo! B shecdier 26d.the drpeipns of he o °
e 1! Syed 40" 478 bl aFIGHE S opnddonenrianet sasha g e ¢
general |y (6.88anm¢emnabout inchn25Imm). If the slide 340 is a standard microscope
slide, the distance D can be less than about 0.5 inch (12.7 mm).
Figure 26 shows one of the gapping elements 450. The height H of
the gapping element 450 can be selected based on the thickness of the specimen

20 to be processed. The gapping element 450 can have a height H equal to or less
than about 0.015 inch (0.38 mm) if the specimen is a tissue section with a
thickness that is less than about 0.015 inch (0.38 mm). In some embodiments,
the height H is in a range of about 0.001 inch (0.025 mm) to about 0.005 inch
(0.127 mm). In certain embodiments, the height H is about 0.003 inch (0.076 mm)

25 to process thin tissue sections with a thickness less than about 30 microns, 20
microns, or 10 microns. A ratio of the height H of the gapping elements 450 to the
radius of curvature R of the main body 459 can greater than about 0.0001. For
example, the ratio of the height H to the radius of curvature R can be in a range of
about 0.0001 to about 0.0075.

30 The pattern, number, dimensions, and configurations of the gapping

elements can be selected based on the desired interaction between the specimen
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WO 2011/ 060387PCT/ US2010/ 056752 ot her enbodi nents, the row 450 has a zigzag
configuration, serpentine configuration, or any other configuration or
pattern. Wheogappisng el ements 450 can be evenly or uneveqUsSspa®vs«sirom one
anot her and can form an approxi mately strai ght row or can be staggered. 5
The di stance between adj acent gapping el enents 450 can be greater than the
hei ghts of 4N e 1 i ( Elgure
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needed or @gshéemtd.cah b distribited evéely opuREVERI) acadsshitiei covar 880 ¢e farm about
0.6 inch (15.24 mm to about 1.5 inch (38 mm. Oher widths are al so

possi bl e. diffesentpatterastiatimanineluden withodt imiatien, QNgeer mereiows: 858y, t han a
wi dth of the slide r:]%40. If fluid flows outwardly past the slide 340, the
fluid can SRADSHGETAPES, o e IS er 350. Referring to Figure

24, a digstance D bet wpgyddithd Eeneht 460 1528 dé@ti@@s?ﬁbﬂgahﬁ on the

di mensi ons of the specinen and the di nensions of thé 15 slide 340. In some
enbodi nent partidily ellipticahdinfle,i ar the liker dihgellustraidad etenferi550ns la gubhsentially to

about 1 inch 5 .. If the slide 340 js . andard m croscope slid t he
ot hnce. DoBEtalysphEtca IR SRRRovave hSwtactior sl Sontacting e Sidaa, o

26 shows o ' ] ; gt |
el enent 45 (rzlgﬁt %@ﬁg%@&e@, @gg@%ﬁséﬁ?}@%%ﬂ@gﬁb{t ﬂfethtsep glg%éh“% to be
processed. siifficieptippange lmowy toh=Pds ane lzidecoftheanighdscdpealidé 340, the | ess

t han about 0.015 inch (0.38 mm if the specinmen is a tissue section with a
t hi cknd$s shegimes cassslideeyerdhe spherical slimplerd §owioutgamaging @glisiodging

bout 0. 00819 MFCIIEh i (apBot e PlE 4Bl R MR oSS dmenie o SBP B pou

0. 003 i nche(ePnért@smdarBe irPthe! PERT o PbiphédrdR YRof8Sibh 04 SoMichpratruBiopkaess
| ess than about 30 mcrons, 20 mcrons, or 10 mcrons. Aratio of the

hei ght H ofrusteeogisphpretrusianrenasotten combimationaefipeyasinat and arcuate Rhapes.he
el ght ¥ to the radi dBearab ey bRton lalie 2o 7 S BABe Sta sifpls s by 1o
about %OOZ%di%QUT%uRﬁéet&r%f Rin atrghgg s?é gb%f? ereb'ﬂgg é?;&ggqe%fbbatlﬁéﬁrﬂ&fé% @6 the

gappi ng el enments can sel ecte I nteracti on between
t he speci mem). In some embodiments, the radius of curvature R is about 15 inches (38 cm)

or about 20 inches (74 cm). Such embodiments are well suited to mix reagents
on the slide. The radius of curvature R can be selected based on the number of
specimens to be processed, amount of fluid agitation, properties of the processing

20 liquids, the height of gapping elements 450, 452, and the like. In other
embodiments, the cover 350 is in the shape of a complex arc (e.g., an elliptical
arc), compound arc, or the like. In yet other embodiments, the cover 350 can be
substantially planar.

The cover 350 can be made, in whole or in part, of polymers,

25 plastics, elastomers, composites, ceramics, glass, or metals, as well as any other
material that is chemical compatible with the processing fluids and specimen.
Exemplary plastics include, without limitation, polyethylene (e.g., high density
polyethylene, linear low density polyethylene, blends, or the like), polyvinylidene
fluoride (PVDF), polytetrafluoroethylehe (PTFE), perfluoroalkoxy (PFA), or

30 combinations thereof. If the cover 350 is disposable, the cover 350 can be made,

in whole or in part, of a relatively inexpensive material. If the cover 350 is rigid, it
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WD 2011/ 060387PCT/ US2010/ 056752 and the liquid. If the cover 350 includes a
field of gapping elenents,” the gapping elenents can be distributed evenly
or uneverw9 20tw83s87t he cover 350 to formdifferent patt@cmaSeérainseray
include, without limtation, one or nore rows, arrays, geonetric shapes, or
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frustoconi cal protrusion, “or anot her conbi nation of polygonal and arcuate
shapes. ThecambinatioreythébofofF dFiexampletan mjeationmeoldingoerocessican bplusedrte wi t h
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based on t g50¢arbbe adhoapdierenembranss npultr-eesrabanea fitondr afatihguilth

agitation, properties of the processing 20 |iquids, the height of gapping
el ement 10 48mdeslging campensnt caRaverPns: AleMoBarRing Plementsdovdieh theseoves in

ke T 0°y e ronilin g farhf corresheie bAnB8 eidthdes GRIPEMBRSS T V' o anar
The cover 33BtrG&BndortRddike). FohEtfnPle, happiAg lelerfénteYarts Fosiﬂéné& SRthe s,

el astoners, conposites, ceram cs, glass, or netals, as well as any other
mat eri al t Hace B69 ofithe base 300phFiguire 18 t\Whenhe covers3ithgveraysdbe hage

(ocg. hi racers et PR ralard s soapiat SSEre. i S e Ve o s,
Cortes 19SS Ao bR POV LTS T e
i s di sposabl e, the cdivihe Rver 880 idm tmedorm iof avithol theofilm capanctudecdn a
relatively aidrr]\%)éf\)lgr}gyi/é/r? ﬂ?et aeérimeasli\'/e IlafyeE gaen %8?1/1%%33,5 v?/itﬁgutrliirr%itao{l’oni, E)ne or more
pressure sensitive adhesives, adhesive gels, binding agents, or the like. In some
embodiments, the film is a sheet that is dispensed from a roll. Each slide can be
20 processed with a different section of the sheet to prevent carryover contamination.
In other embodiments, individual sheets with an adhesive layer are applied to
platen assemblies. In some non-adhering embodiments, a sheet is held against
the platen assembly via a vacuum. In other embodiments, a sheet is securely
held against the platen assembly by both an adhesive layer and by applying a
25 vacuum. |
The cover 350 can also be in the form of a coating. A coating can
be applied via a roller, a sprayer, a brush, or any other suitable applicator
depending on whether the coating comprises a curable material, a thermoplastic
material, thermosetting material, combinations thereof, or the like. In some
30 embodiments, a liquid is applied to a surface (e.g., a surface of a platen

assembly) and subsequently cured. An upper surface of the coating can define
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embodi ment gor geISkRRlY hAdTRAHEYiMeBabd agai nst the platen assembly by both

an adhesi ve |layer and by applying a 25 vacuum The cover 350
can al so be in the fdhmastuatord20iofifigures datandg! € melusiesagipngatel merabars

roller, a , h, th i, t.abl i . dependi
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define WD 2011/060387PCT/ US2010/ 056752 . ,
push upwardly on the slide retaining device 330 causing the elongate members
510, 512 to rotate about an axis of rotation 520 to keep the slide 340 substantially
tangent to the cover 350.

20 The processing station 300 can also include a dispenser assembly
540 for outputting processing fluids. The dispenser assembly 540 includes a pair
of units 544, 546, each capable of dispensing a fluid. Outlet ports 554, 556 of the
units 544, 546, respectively, can be aimed at a gap between an end 558 of the
slide 340 and the cover 350. The illustrated outlet ports 554, 556 are in the form

25 of conduits through which substances can flow.

The units 544, 546 can include, without limitation, one or more fluid
sources, pumps, filters, valves, or combinations thereof, as well as other fluidic
components. In some embodiments, the units 544, 546 receive fluid from remote
fluid sources and can dispense those fluids. In other embodiments, the units 544,

30 546 can contain fluid sources, such as fluid reservoirs. The fluid sources can be

conveniently refilled or replaced when emptied.
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an application region. If the platen assenbly includes gapping el enents,
the coating can be fornmed over the gapping el enents. Referring
agai n to Wogor#ed®7 the slide retaining device 330 in tRETIUSRMOF6782 gri pper
device includes a spring clip 500 that grips the slide 340. The 5 spring
clip 500 is novabl e between an open or receiving position for receiving the

slide 340 and a grippy The u%ﬂ§'5'54'4°§4é%5%rog§§| t[ef@e?%: ggg@:f Wenthge

slide 340 is inserted bétween afns arns 502,
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assenbly 540 for outputting processing fluids. The di spenser assenbly 540
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wi t hout [i rrlhemlpethes ombermomcbtomequsenﬁaw d@lgler;suhptgncesl Perolumef aeflid or
conbi nati on reof ot her, .1 ui d| onen
embodi ment s! Qh 5dﬂ'°f‘¥?%r§m§ ‘35%@3#1% Ja fm'ﬁfcﬂ @EP%%&O“&@% 59@ GRS and
can di Sﬁ?nséf 4 BOBStahte) |§5bl%étfé HB%e%@bQIdBanl’ﬁe sh@@ 3|40'|§ folldnaniBuld® can
contain tlulrd sources,” suc reservoirs | uid sources can be
conveni ent | therligfuid.| he thermep etarentelt80ac 680b eay b@\@ctlvated to heat the slide
2011/ 060387PCT/ US2010/ 056752 The units 544, 546 can contraol the % er at ure
of the flui?@0. §ne or more times during processing, a volume of reagent, reagent buffe

water, or other substance is dispensed to, for example, restore fluid volume,

adjust reagent concentration, or the like.

20 Figures 27-29 show one method of processing a specimen.

Generally, the slide 340 is loaded into the processing station 300. A substance is

delivered between the slide 340 and the cover 350. The slide 340 is moved along

the cover 350 to apply the substance to the specimen. After processing, the cover

350 is conveniently removed from the base 360 and replaced with another cover

25 to continue processing the same specimen or to process another specimen.
To load the processing station 300, an end 555 (e.g., a label end) of

the slide 340 can be slid into the slide retaining device 330. In some

embodiments, the end 555 is manually inserted into the slide retaining device 330.

In other embodiments, a robotic handler loads the slide 340. The slide retaining

30 device 330 aligns the slide 340 with the processing station 300. Once loaded, the
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illustrated unit 546 of Figure 16 includes a thermal el enent 547
(illustrated in phantomline) capable of heating or cooling a fluid. The

t hermal ewerent068387 can i nclude one or nore heaters (e.@CI/USREIHEG7FE
heaters) and/or cooling devices (e.g., 5 Peltier devices). Additionally or
alternatively, the units 544, 546 can include one or nore m xi ng devices
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mani pul ate the liquid. The thermal el ements 680a, 680b nmay be activated to
heat the sl96@dntouepntaptavith thes$REGIMBBs duri ng processing, a vol ume of

reagent, reagent buf g uavely 95 <ALONGHIRFEADERdih FREASRH i if OF

exanple, restore flu just reage oncentration, or the like.
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del i vertll lsdemenis 450 450 the R4 S8AMMan ecewvulataabthegapping glensards ¥§0noved
al ong the cayer, 350 to appl he, sybst an to .t speci men. After

processi ng_,4 h&‘eéﬁt%f‘e%@ggitée bBWvbb %6? r&ﬁ%ﬁg@ggof romthe base 360 and
repl aced with anot heipnfeh\ied gap 570 SFFIGUrRUE? RIfMEASAtH'S debifed JRINEPECAUTEN OF
to process anot her speci nen. To | oad the processing station

300, an end695the amnyactuatdrdiff] isentited{indicates bylan at@wcadt abatiadpin®Be. t he
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t he cover 350. The end 558 of the slide 340 extends upwardly avvaéufromthe

cover 350 the asisiaisotation SaRitakesnshe slide 340 proximate fepr inprtactmwiguthe 27,
the fluid dj 40.,. L £ 1y i h ing 544. Th
1 o SARBERS0CTR R840 i bhub pRGaagL o i operino sed. The

The cover 350 can be securely held against the base 360 using a

20 vacuum drawn via a port 559 and a vacuum line 557. This ensures that the cover

350 remains stationary as the slide 340 is manipulated.
In some dynamic modes of operatidn, the slide 340 is moved

repeatedly back and forth to agitate (e.g., mix) the fluid 560. Most of the fluid 560
is rolled back and forth while residual fluid may be left on the surface of the tissue

25 sample. The slide 340 can move some of the fluid 560 and mix it with the layer
that is left on the surface of the sample. As such, the fluid 560 is continuously,
vigorbusly mixed. The surface chemistry of the cover 350 and/or the slide 340 in
confact with the biological sample may be selected based on
hydrophobic/hydrophilic properties which affect the amount of liquid left on the

30 surfaces of the cover 350 and/or slide 340. The cover 350 can be hydrophilic,

hydrophobic, or both. In hydrophilic embodiments, the cover 350 can be made
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5 sufficient volunme of fluid 560 can be dispensed to contact the specinen
w t hout noving the slide 340. Alternatively, the slide 340 can be noved to
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of the liquid.
For on-the-cover mixing, a first reagent can be dispensed onto the
20 cover 350. The slide 340 is rolled to take up the reagent. The slide 340 can be
moved to an over-roll position to provide access between the cover 350 and slide
340 while maintaining fluid captivation. A second reagent is dispenéed on the
cover 350. The slide 340 is rolled to mix the reagents on consecutive roll cycles.
To remove the fluid 560, a waste manifold member 600 from a
25 standby position shown in Figure 27 to a waste removal position shown in Figure
29. As the waste manifold member 600 reaches the waste removal position, an
entrance 609 of a passage 610 of the manifold member 600 is mated with an
outlet 618. The waste manifold member 600 moves the arm actuator 580, which
in turn moves the slide 340 to a waste removal position, as shown in Figure 29.
30 The end 558 of the slide 340 of Figures 29 and 30 overlays the waste port 374,

such that the fluid 560 can be removed via the waste port 374. Gravity, a
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central region and a hydrophobic outer region surrounding the central
region. This allows a fluid to be spread easily along the central region
whi | e t heweunrieos’ng out er regi on provi des enhanced f| mCa/usatagssrent . The
optimal surface characteristics of the cover 350 can be sel ected based on
the desired 10 spreading, contai nment of the liquid, and/or properties of

the slide 3?]::(1)%} i, Wit Hﬁt'grlﬂa@?lai’sg%%h@hé'ﬁ ib@ eﬂ t8¥€a\ﬁﬁﬁé’lﬂhﬂ nﬂd &gy sur face

and a | ess cover can coopera the solution within

the space dﬂﬁﬁﬂgmtt@whstet;tmt 874din Bérﬂeaelﬂbbdnmemy&heiﬂﬁmt 56 earafjowdhough
solution will be repelled by the hydrophobic sli de 340 and spread al ong the
cover 350. tenwastedioft 344 tg/arreiﬂwmr,ca@reenfdéegﬂper,vmtheélbee etrﬁéeré’glrutlon

590. The opban e SipRte cotiRash sl Rl bl of P, FHEASRaRTmelibe, ' 520
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For on-the-cover mxing, a first reagent can be di spensed onto the 20 cover
350. The sInMerMQkalngthtamai (Drtt!a&daketp the reagent The slide 340 can be

noved to an over-roll oV ess_ het we t he cov 50 a
slide 340 while mai ntla ﬁ'df %Eﬁtth eV)@ Yrsla g’l}rd'e%rﬂgﬂt”yl@ 5
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600 from a WasietportiBy4 pirs sdmerersbodiments, thgabsoﬂiént membersis adherevdirectly
position shown in Figure 29. As the waste mani fold nenber 600 reaches the

wast e r dfovia thedmtiorbaurface ehiheqver 869 SIf coupe §B§@b8@t@eﬂf MeReberGaNt R d

menber 600 e nmani fol d nmenber 600 nobves
the_ arm act ?'gp&ggb%@éh %IHOC%E'%U& ngé{é %y%ﬁgﬁé‘ﬁi de 340 to a waste renoval
position, as shown i nifGigsuEN?E aplied Via BrROpSSEAgef6 10N thestllidS6®Acaroflodri gur es
29 and 30 overlays the waste Eort 374, such that the fluid 560 can_be

renoved vi aalohg thesapillaor gars540 tawardstand wtimaislp through teswaste R2874/ 056752
Figure 30 shows the fluid F flowing downwardly through the waste port 374 and

15 through the entrance 380 of the base 360. The fluid F proceeds along a passage
620 towards the outlet 618. In this manner, the fluid F flows along a fluid path
through the cover 350 and the base 360.

In some embodiments, substantially no residual liquid 560 remains
in the gap 570 after the vacuum has been applied for a sufficient length of time.

20 Appropriate surface finishes (e.g., surface smoothness) and surface energy (e.g.,
the energy determined by the surface chemistry of the cover 350) can be selected
to enhance the tendency of the fluid 560 to flow smoothly and completely from the
gap 570. A higher level of smoothness and a lower surface energy will favor
migration along the gap 570, whereas more surface imperfections and higher

25 surface energy will tend to retain the liquid 560 in the gap 570.

A flow inhibitor 390 of Figure 30 can minimize, limit, or substantially
prevent the flow of fluid away from the entrance 380 along the interface of the
cover 350 and the base 360. The flow inhibitor 390 can be an annular U-shaped
channel surrounding the entrance 380. If fluid migrates along an interface 640,

30 the fluid will flow into and collect in the flow inhibitor 390. The flow inhibitor 390

can thus serve as a reservoir and may be emptied periodically. Any number of
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vacuum w cking materials, or the like can be used to draw the fluid into
and through the waste port 374. In sone enbodi nents, the fluid 560 can flow
t hrough tWwe 2oag16e38port 374 to a reservoir, absorbent nmeROEUS2@0/05¢782 | i ke.
The reservoir can be a waste container, disposal system or the like. The
absor bent nmenber 5 can be nade, at least in part, of a highly absorbent

material, | L. p Lak, ek L& | ke.
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elements, heating/cooling elements, or the like, can be utilized. As used herein,

the term “cooling element” is a broad term that includes, without limitation, one or

more elements capable of actively absorbing heat so as to effectively cool at least
20 a portion of the sample, processing fluid, and/or slide 340. For example, a cooling

element can be a cooling tube or channel through which a chilled fluid flows.

In some embodiments, the elements 680 are heating/cooling
elements, such as Peltier devices. Peltier devices may be solid state components
which become hot on one side and cool on an opposing side, depending on a

25 direction of current passed there through. By simply selecting the direction of
current, the Peltier device can be employed to heat the slide 340 for a desired
length of time. By switching the direction of the current, the elements 680 cool the
slide 340. In other embodiments, the heating/cooling elements 680 are channels
through which a working fluid flows. Heated fluid can be passed through the

30 channels for a heating period, and a chilled fluid can be passed through the

channels for a cooling period. The position, number, and type of heating/cooling
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flow inhibitors, sealing nmenbers, relief features, or the |ike can be used
to mnimze, limt, or substantially prevent fluid flow underneath the
cover 350wOuelttowoss’cki ng and/ or capillary action. |n soRETAsRadiORENL S,
including the illustrated enbodi nent of 5 Figure 27, the base 360 includes
thermal el enents 680a, 680b (collectively "680") adapted to convert

I i cal h I .khe th | el .
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| east 20 a gRhtdnps of the sanple, processing fluid, and/or slide 340. For
exanple, a cooling elenment can be a cooling tube or channel through which a
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the direction of the current, the elenents 680 cool the slide 340. |In other
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cover 350 can absorb heat. In this manner, the specimen can be heated or

he

cooled.
Figure 31 shows a staining system 700 with an array of slide
20 processing stations. The staining system 700 is shown with slides loaded into
each of the processing stations. Some of the slide processing stations include
fluid dispensers for automatically processing specimens. An operator, or an
external fluid delivery system, can deliver fluids onto the slides at the processing
stations without fluid dispensers. The external fluid delivery system can be a
25 robotic pipette system. In other embodiments, all of the processing stations can
include fluid dispensers such that each processing station can perform an
individual protocol. Readers can be incorporated into the processing stations and
can acquire information from the slide to determine an appropriate protocol.
Each of the processing stations can be mechanically connected to a
30 | drive mechanism 702. The drive mechanism 702 can be moved vertically

(indicated by arrows 704, 706) to move the slides. By way of example, an end
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WD 2011/ 060387PCT/ US2010/ 056752 el enents 680 can be sel ected based on the
desired tenperature profile of the base 360. Additionally or
al t er nat iwel2g11/a6bd87cover 350 can i nclude thernmal el enenPsT/Gseel/0s5heat i ng
el enents for producing heat during a heating period 5 and cooling el enents
for absorbing heat during a cooling period. For exanple, the cover 350 can

wth the pddloinS SRkl BRIRY FRHET RS Sop 88 SR B 8P 1D o
the base 3GRe RFigY infhaRishs 70RC athetdiRigtt piftet 18D ikhrove deweward GndidQiEaer mal

devices can al so be used to transfer heat through the slide 340. Such
t her mal dewiyctbe arenw 666 i Rigede 81) thmovadke slidesoradially iswatkand & meved ansf er

heat through the slijd 40 . to the eci ) ' ts, .both th
cover B0 Sihwakd (Reldeled RetiearTn THEMoNE 4D BIeye e S e 3adRlloper at o
to cont rgl tlr [ 3 ion, th
1o thor i IGatETRiC il dieftnseRe e shifond) S 8 SIS Bredmopbe! i 01, (e
slide 340 tsimaltapeotisieprocéss spetintens, thecfiideispensersnedn dispensesflid.tg the

cooling channels) in the cover. 350 can absorb heat. In this panner, the
speci men cdfsPRCteArecessingeigtiens wheghe piate 4i39\is imadaisedinegitiops Adtarzoo

ber e . : ar _ .
Shown wi ¢ n el §ieGt 1o8 CBRHS Epeh FRved P Sichghio BNsa dath | P
slide processhémisibatdpenslidedctoustftatd thedlds PERE Plate 730 can isarrdtateal dbyout

processi ng specimens. An_operator, or an external fluid delivery system
can del1Geranfaxi$ afratatian 78t ta mMavedhaslides topihecsiationary Siuist dispensgrst@ut f 1 ui d

O oSt o eHie 2 G pshebb PR S B MERD, YR hemat el
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I ndi vi dual protocol. Readers can be Incorporated into the processing

stati ons amiocsssiracafueach stafiom.mati on fromthe slide to determ ne an

appropriate protocol The drive mechanism 702 can also include, without limitation, one or

15 more motors, gear trains, linear slides, actuators, piston assemblies, combinations
thereof, or the like. The components of the drive mechanism 702 can be selected
based on the arrangement of the processing stations. |

To provide independent parallel processing, each processing station
can be connected to an independently operable drive mechanism. Different

20 protocols can be performed at different stations.

In some embodiments, the staining system 700 is a conveyer based
stainer. Slides can be loaded manually or by using a separate loader. The slides
can be loaded at a particular location, for example, every 15 to 20 seconds. The
circular array of slide holders (including slides, grippers, clips, disposables, curved

25 platens, etc.) can be periodically advanced to an adjacent fluid dispenser. Other
components of the staining station 700 can remain stationary (e.g., fluid
dispensers, waste ports, etc.). For hematoxylin and eosin staining (H&E staining),
the slides are moved around the wheel so that the specimens receive different
liquids in the proper order and timing. Multiple liquids can be spread out to

30 accommodate different protocols. At the last station, the slides can be

coverslipped and then removed from the wheel. Fluid dispensers can be added or
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Each of the processing stations can be mechanically connected to a 30 drive
mechani sm 702. The drive nmechani sm 702 can be noved vertically (indicated
by arrowsw®Q411/06088y to nove the slides. By way of exanplP€T/i®n018/08675\0
2011/ 060387PCT/ US2010/ 056752 720 of the arm actuator 580 of Figure 27 can
be coupled to a circular plate 730 of the drive mechanism 702. The circul ar
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The circular array of slide holders (including sljdes, .gripper clinps,
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order and tbevemovedifrorpihe staindisystem- be spread out to 30 acconmodat e
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or more containers for holding substances. The containers can be connected to -

20 the staining system 1105 by one or more fluid lines. Solvents (e.g., polar
solvents, non-polar solvents, etc.), solutions (e.g., aqueous solutions or other
types of solutions), mounting media, reagents, or the like can be delivered through
the lines. Substances from the containers can be used to perform different
protocols, such as staining protocols (e.g., primary staining, special staining, IHC,

25 ISH, or the like), antigen retrieval protocols, or the like. The fluid handling system
1110 can also include one or more pumps, filters, fixed nozzles (e.g., fixed nozzle
fluid dispensers), pipette systems, or other types of fluid dispensers. Fixed nozzle
fluid dispensers are especially well suited to delivery H&E fluids, bulk advanced
stain fluids, or the like. Pipette systems are especially well suited to output non-

30 bulk advanced stain fluids.
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WO 2011/ 060387PCT/ US2010/ 056752 renoved fromthe illustrated staining
system 700 to performdifferent types of protocols. The staining system 700
t hus prowoesitideadsizbi | ity for processing to perform pri RETHUSS1I0H6782),
special staining, IHC, IHS, H&E staining, or the like. Figure 32 shows an
aut omat ed processing system 1100 that 5 includes a staining system 1105, a

fluid handling syste | -and .
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or nore punips disposaklessoverxedmuiizusesoyarsg.To firexent carpudver ahdiother
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that communicates with various components. The control system 1120 is
communicatively coupled to the staining system 1105 by a wired connection 1122
and is communicatively coupled to the fluid handling system 1110, slide system
1116, and cover system 1118 by wire connections 1124, 1126, 1128, respectively.

20 Communication can also be accomplished through wireless connections
(including wireless network connections) and/or optical connections.

The control system 1120 can generally include, without limitation,
one or more computers, central processing units, processing devices,
microprocessors, digital signal processors, central processing units, processing

25 devices, microprocessors, digital signal processors (DSP), application-specific
integrated circuits (ASIC), readers, and the like. To store information, the control
system 1120 includes, without limitation, one or more storage elements, such as
volatile memory, non-volatile memory, read-only memory (ROM), random access
memory (RAM), or the like. The stored information can include optimization

30 programs, tissue preparation programs, calibration programs, indexing programs,

or other executable programs. The control system 1120 can execute optimization
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WO 2011/ 060387PCT/ US2010/ 056752 The slide system 1116 can

provi de slides carrying sanples ready for processing. The slide system 1116
can i ncl e 20mashasat |imtation, heaters or slide dryer ®Craisgo1p/08eyaziuct i ve
dryers, convection dryers, ovens, etc.), as well as other types of
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store information, t control system 1120 includes, without limtation,
one. or  or SEDEBPHYES. ol aneRLers SPRNGL G o Rbe iR R, She, 6h Minse 18O Lenory.
read-o R% an ?Hpr g@g}@s bif2@iohs Seredh®rst or ed
informgi't?/orriﬁ%gg[l&?%c u 2’ %S{P?%@Zﬁaé Pgﬁs?g pr’o%)rng , ficg@ue pIPepar ar'?i o’nr
prograns, o#erautidmatedomeghanismsi capabiergamyingitenss betweenHecatmxscut abl e

prograns. The control system 1120 can execute optim zation WO, :
2011/ 06038 7FaNINILIENS CADHEYS ENereftRciens o Sapyttems eEpd effsetoshmayiaclyde. r educe

o oanct 1 vi AoeFARRHIS, Bbeels HERaRB¥TRER UG, biefs, BEFRERRE Theend, g

may be opt igfedRfls Rin Giale kéfnperdurd S8nso¥@RicBumpseriiois, BuMate kedsbs, t 0
I ncrease processing speeds, to increase throughput (e.g., a
20 position sensors, or the like. In some embodiments, vacuum sensors of an end
effector are capable of detecting the presence of an item, or other characteristics
of the covers, slides, specimens, or the like. End effectors can load both slides
and covers into the staining system 1105. After processing, the end effectors can
retrieve the slides and covers.
25 Figure 33 shows a processing station 1200 for processing a
specimen using multiple platen assemblies. The processing station 1200 includes
a stationary lower platen assembly 1210 and a movable upper platen assembly
1220. A slide positioning device 1230 includes a slide retaining device 1240 and
a roller mechanism 1244. A sample 1317 (illustrated in dashed line) can be
- 30 alternatingly processed by the platen assemblies 1210, 1220. In the illustrated

configuration, the lower platen assembly 1210 is ready to treat the specimen
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5 nunber of slides processed in a length of tine), or the |ike. Such

opti mum schedul e can be a schedul e of preparing and delivering slides to
t he stai 'wagosy®dsm 1105. I n sone enbodi nents, the cont POI/GSY&HART7EL20
determ nes | oadi ng sequences to reduce processing wait tinmes. The control
system 1120 can al so be programred such that |oading of the pipettes,

nozzl es, ory gﬁb“%&%@%ﬁiﬁvrﬁgg&@s 1230MeH raRRCF SRD 1589 cBlrinh Y | N

processi ng of the curr d~“Speci men. S saves ne cause fluids

can be di sppasieseroNg P7.t Ighdiethe slideci2uNs 8ise@0A dAise hivchenisnenR66 ani men i s
renoved fromthe station. The processi naesystem 1100 can incl ude any nunber

of the traftapstatethe ugperppientagsenty 1240 [@aleng a viait apraratysni 294 frem a one or
boti¢ 15 handl X- X7 t t t. ,

conbi nat | oSEIRRBIUOTLENGYAGR TGS 40 FrorermieeboskRanres ERUYRY | ¢ ems

bet ween 4 O‘a%bW§P%\:d%ﬁf§lBWefr%Ia%leﬁ%?,s&% b etheslide 3242 iChehlohbRs. End

effectors nmay 1nc , Wwthout limtation, grippers, suction devices,
hol ders, cloatpthe appdrhpatenlesseiiibdy #820.ef f ect ors can have tenperature

sensors, vacuum sensqrs, surface sensqQrs, 20 position,s ors, the |ike.
In sonme enbodi nents, T\h&d@ﬁﬁPE@F%B$§2§8 '%U‘i‘?’ﬁjgé’?fré?:ftr%'}s ﬁ@%é’&ggke of

det ecting . R ' r@&?,@ LSk e covers,
sl i des, spz%ﬁlﬁegﬁg?ﬁom%iaﬁ?lgleé.%r?ép{e%geg%rngmgan ogh%b%fﬁls(s)leg es and
covers inta2php. Jheirailn@ogysérinsldie sidefdfer caver boidarn@se6! hrd ¢nel othet eait or s
can retrieve the slides and covers. 25Figure 33 shows a processing station

1200 f A0 prig8ek setainsethetbenside o thgyconartholder 1368 ehheasearhaldsy. 1 an

e e movaBTeS Blsl st dn 4hE tesBaRnPs PARLIATZE el the BB AR M 53,
i ncl udes a g%déégirfg%@siil%mQTH@%iz‘é@, difiyLRatbris (Legd;l @trraip'tﬁtca@»ﬂfimtm%unéd

sanple 1317 (illustrated in dashed |ine) can 30 al'ternatingly processed
by the pl acenfigiratiomn| drdbe like) andXeeturés (e.pe siatsusackst sivpsoar thgdike) obihe t he

| | at Ly, 1210 | dy to treat the speci WO
2011] 06036 T ADEADPESESiS h35ed ondne BEdied BatBRE G Uaest Raras0 can

raise gzl ;L?gger].'gﬁé ‘rying the specimen 1317. Wien the slide 1242 is

rai sed, a drive chani sm 1260 can transl ate the upper platen assenbly 1220
along a rail appar at Refd7ifg tb Figares SBaarth$4 pheiuppen plaitrwassemblyl 20 33) to
a processing position (see Fi qure 38) 5 directly above the |ower platen
assenbl y 1imudesfgeqoveehalgp 1266 @ndia congsr&fBonkhe eoner (288ringludesa

assenbl y 1%agstantially flat surface 1270 and two rows of gapping elements 1280, 1282.
The cover holder 1266 includes thermal elements 1281 that can provide heating
20 and cooling capabilities. In some embodiments, the thermal elements 1281 can
be cooling devices including channels through which chilled liquid flows.
Feedback from sensors (e.g., thermistors) can be used to control the thermal
elements 1281. In certain embodiments, the holder 1266 includes a plate with
embedded thermal elements 1281. The plate can be made of metal or other
25 thermally conductive material to provide rapid heat transfer to the cover 1268.
Additionally or alternatively, temperature sensors can be positioned between the
cover holder 1266 and the cover 1268. In yet other embodiments, one or more
sensors are incorporated into the cover 1268.
With continued reference to Figures 33 and 34, the lower platen
30 assembly 1210 includes a cover holder 1300 fixedly coupled to the rails 1292.
The support 1294 has a recessed region 1302 which receives the holder 1300.
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The rail apparatus 1290 includes a pair of rails 1292a, 1292b (collectively
"1292") and a support 1294 extending between the rails 1292a, 1292b. The
rail 1292s0retizienzs7one side of a cover hol der 1266, andPChasoela®se7sai | 10
1292b retains the other side of the cover holder 1266. The cover hol der
1266 can slide along slots in the respective rails 1292 between the standby

oL or 2NGnbldf riBIESEOR @05 LLdlhe, RIPaR) BERasSORbliey GHheNRC) Bicknps

strai ght COI’] guration, curv gura Ion, or t f eat res

(e.g., sl otadhdsivasker offieBipesosf doupldrsicah cmfuptd1’¢1erlmldier 13 tocthe suppsk! ect ed
based on the desired notion of the upper platen 15 assenbly 1220.
Referring t®¥.gures 33 and 34, the upper platen assenbly 1220 includes the

hol der 1266 1268, T 268 ] i al |
TPl st ace 1290 andTtie BNEE fnechaRisn] 548 Bidfiadd S Bal GeiEe T280 BRSt ATt Lol 1Y
hol der 1866cdm@ct6¥§ﬂzsbsrm2tﬁ' TAEREM defde 1D80 ifchitldy #Widler 1261 hR@ a20 and

cooling capabilities. I'n sone enbodinents, the thernal el ements 1281 can be
cool i ng dewiotles1 2517{:écn:bn’lgcail'yernoehtedtdrr amgﬂatahm obtpethisha#d 26P piitie Mool .

Cher nal el cTARE S SPOVN N Gwe 3 n T BRBOIDHAGS L ot o MeciTeobas | ARPEAL
plate Wthsﬁﬁ"aﬁﬂﬁﬁléd‘% ducgu%%ﬁo 54T5¥n8 s érél%fhuzg?déﬁeé 1ehorret al

or other 2 ermall'y con fve material to provide rapid heat transfer to

t he cover IR&EBmobeidi2510ca incluale, &litheuhimitaitdn, .a stepper mbtorea sleime onatoc,ar be
posi ti oned between the cover holder 1266 and the cover 1268. In yet other
enbodi n#dit sothentyperof @lsadriecl M@IPE are i ncorporated into the cover 1268.

1910 § nel udes. a covert HoTRere14550M ik fBthatlor AiBesSif ind sBaMeld AT OO Y
suppor t 12914hé‘§ﬁtiea1243236ﬁ5i9dré 89ii®geAily whi sy wWitheinvagubteuppsdrderfatd00. WO

2011/ 060387PCT/ US2010/ 056752 One or nore fasteners (e.g., screws, nut and
bol t assenb13‘EQ;thbe coler 1126& pucle thatjthe Smazy&z'&%fﬁer&ﬁ%@f afyids of

| ' th 00 t 1294. Th
D o byl Cafen (Raen 4908 Fidd a0 bR A VTR & o iy HefudiBh Fling,
Th | 3
Tount 23"%ﬁvﬂaﬁﬁgﬁéﬂﬁ?ggﬁgﬁ%ﬁ%‘ﬁ%ﬁ’?@@ Hith 316 Tetaditate AGEBIEGal |y

Fi gure 34. ﬂﬁbqsrwéssnnglﬁéﬂlonaﬂomnamttm inhem inclihexdt o&ﬂﬁﬁghtbnmntatmnam yanfing

rotation 1253 to push a follower 1254 of the slide retainin e. 1240.
The notor 18ightgap betwegadhe wide Jed21ang soyer 46 é’aEte&ﬁBg}mﬁ)@? %E ﬁu'&rl ve

motor, or 1008 R%vel Xiffig ¥ LR&FHlihgaln QB%%rprotocols, a fluid volume in a range of
about 10 pl to about 100 pl can be dispensed and trapped under the slide 1242.
20 In a dynamic mode of operation, the slide 1242 is moved along the
arcuate upper surface 1310. As the slide 1242 is moved back and forth, the fluid
can be applied to the specimen 1317. In a static mode of operation, the slide
1242 can remain generally stationary with respect to the cover 1268.
After the fluid is applied to the specimen 1317, the slide positioning
25 device 1230 lifts an end on the slide 1242 to move the waste (e.g., unused liquid)
towards a waste port 1330. In the illustrated embodiment, the roller 1257 can be
rotated to move a slide end 1334 upwardly. As the slide 1242 tilts, the fluid is
moved towards the waste port 1330. Figure 36 shows the slide 1242 in an angled
orientation to urge the waste towards the waste port 1330.
30 After removing used fluid, the slide positioning device 1230 can lift

the slide 1242 of Figure 36 away from the lower platen assembly 1210. Figure 37
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Fi gures 35-44 show one nethod of processing the specinen 1317. The slide
1242 of Figure 35 is generally aligned with an arcuate upper surface 1310
of the covenowasssguch that the slide 1242 is centered ®CEUSAMWI06G762
application region 1316. Fluid can be delivered (e.g., manually delivered
or via a 15 fluid dispenser) onto the fluid application region 1316. To

facilitate s‘clwloWs.C{hgﬁale%?é'll?f{:[hotrQSngl %ﬁ&é? ?/{f%g?hi%i’&ﬁp pé)é@l%gg%eb&ri\}é;ean

i nclined or uprig orientation. var tween t slide

1242 and conNé&ghak?e 1280 puseestis appert platdn assbnibly 1220 underndath ke rissd
under-filli rgg. In sone protocols, a fluid volune in a range of about 10 pl
to about 160deI1242n After dhe pppeicpiataiasseapyy d 2dAdeachasetheinraeessmpposition a

aurface 1308 FawS Bl g Site 125 8o BRIOEERA B UrBr (R Ee iR 22 b
appl i ed g 0 FidlGe LN thedlibe 12112?‘re%iiﬁ%ioﬁ tABdPpaf priRe ééééiﬁblgﬁ@O.S' | de 1242

can remain generally stationary with réspect {0 the cover 1268. After the
fluid is applied to tAmeermspé822ehtheldlide 1242 sdn He lified iawiayrfrorg ts udpei ce 1230

l[ifts an end on the slide 1242 to nove the wast e.qg., upused liquid
oner a2 IROR AsSSTBEBE20 (e ver AraBelansedie tas o e RIATA SeBtther 1257
can be rot V, i - i 242 tilts,
the fluid ﬁ?gbﬁwo%&a@’%E@gvx'/g&sj?é%%?p%ﬁé‘géyff?@ﬁtpghg’é’%ﬁ%&t he slide
1242 in anagsgndfy 122 NARET fld ivintfodeced endestieath thaents 1822, thessnel 1822

1330. 30After renoving used fluid, the slide gosi_tioni ng device 1230 can
lift tH® sicaadellowered taspend the fluigayndearapathiibe stide A 242 ¥isearitay@stioni210.

o1 (e 1242 TOTORM AL RS o Hligh 1 249 can oy defiaaill AP0 $50EPBHfal he Upper
pl at en asse@EbbmplRP0)HdaHoAH iR Rifare 41 SAflePhidéirdd dehgtNof Biel fife siRReT

pl aten assenbly 1220 reaches the processing position of Figure 38, the
slide 124212482 cae Heotitad:@eerttigunehd?)uip provepihet wastadowatdstheapaste pori gure 39

shows the %lfibge Aji‘gef’%her \?v%ts{eni% aosr;])ir%peed, W%) glridé3 HEAE gar{%1 Sequllttc)aldyavs}azyzfcr)ém the

15 upper platen assembly 1220.

Figure 43 shows the slide 1242 positioned above the upper platen
assembly 1220. The upper platen assembly 1220 can be moved back to the
standby position, as shown in Figure 44. The specimen 1317 can be processed
again on the lower platen assembly 1210, if needed or desired.

20 - The illustrated slide processing system 1200 has two platen
assemblies. However, other embodiments can have any number of movable
platen assemblies and stationary platen assemblies. For example, a slide
processing station can have a plurality of movable platen assemblies such that
each movable platen assembly can apply a different substance to prevent

25 carryover. These platen assemblies can have flat configurations, non-planar
configurations, or the like.

Figure 45 is a detailed view of flow inhibitors 1360, 1362. The
partially overlapping flow inhibitors 1360, 1362 can minimize, limit, or substantially
eliminate wicking and/or capillary action because a contact interface 1376 is

30 positioned well away from the waste port 1350. The flow inhibitor 1360 is an-

annular U-shaped channel surrounding the waste port 1350. An outer portion
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An end 1322 of the slide 1242 can be lifted away fromthe upper platen
assenbly 1220 to deliver a substance onto the upper platen assenbly 1220.
Fi gure 40vehonwodise end 1322 angl ed away from the upper PpraiSenoasessnbl y
1220. After fluid is introduced underneath the end 1322, the end 1322 10
can be lowered to spread the fluid underneath the slide 1242 via capillary

Coper il at A4St B oM 1pfer 3 Sxtahfs 281t an@Y PR BoRh&HoRL o b
of tine, thQhisitdrdBeb2dRisatdoss biV-58shddeRafmd)lr &n iberprtialy e36def trst e

towards the waste port 1350. After the waste is aspirated, the slide 1242
can be |i f flow inkikitorf 1360 extends agppssratjeastenportionrdfian entramceri G ef 43 shows

the slide 1242 positio ove the u r..pl at ly 1220. T

o aten azsmf@gamec{ﬁ%gﬁﬁw@a?%aeﬁqﬁéof%@ & adimgpsenearine vibelonn i o
igu : : ten

nsdenbl ¢ 11REneR T3IORY nEp NSt BB SRR N P g

syst em 120pabsagd 187! Bven ifahe avdste port 1350chamomex $lightly mhiedligresat witle #re have

any nunber of novable platen assenblies and stationar | at en assenbl i es.

For exanpl entraneg 13480 stheasie sill Spwrthaabdheaste Qoﬂléﬁ?ﬂ intq thgrenHRANSs e

pl aten assggzéi es such that each novabl e platen assenbly can apply a
di fferent tance to prevent 25 carryover. These pl aten assenblies can

have flat configurat Reféring e ARy a6, adpbhdiay ppardtas 1400tideohfiditred to
Figure 45 is a detailed view of flow inhibitors 1360, 1362. The partially

over | agpi nipad avd unladia gide regB0ing Keyce Ohdha processingratationd421. The
Subst ant ol b argahE A R ARY Sindg o B PR P o
Dot 550" AR RSB SeRal St RS yELARRS 8o g Beaast
' 1420 to insert the slide 1409 into the slide retaining device 1402, as shown in
Figure 47. To unload the processing station 1421, the gripper 1408 can be slid

15 over the end of the slide 1409. The gripper 1208 pulls the slide 1409 away from
the slide retaining device 1402. In this manner, the loading apparatus 1400 can
both load and unload microscope slides. ,

A positioning wheel 1430 of Figures 46 and 47 can rotate fo position
the loading apparatus 1400 next to processing stations. In other embodiments,

20 each processing station can have a dedicated loading apparatus to avoid wait
times.

Figure 48 shows slide processing stations 1440a-i (collectively
“1440”). The description of one of the processing stations 1440 can apply equally
to the others, unless indicated otherwise. ‘

25 The processing station 1440a includes a platen assembly 1443
including a cover holder 1444 and a cover 1446 shown spaced apart from the
holder 1444. The cover 1446 is in the form of a generally rigid tile that can be
placed in a channel 1447 of the holder 1444. A waste port 1450 can be aligned
with a waste entrance 1451 in the holder 1444. The tile 1446 can be installed

30 (e.g., manually or automatically) for dynamic processing and uninstalled for static

processing.
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1364 of the flow inhibitor 1360 extends across an inner portion 1365 of the
flow inhibitor 1362 (illustrated as a V-shaped channel). An inner portion
1366 of twe 2b11s03smhi bitor 1360 extends across at | east PATABRA0OM76L an
entrance 1370 of a waste passage 1372. The waste port 1350 can be generally
concentric wth the 5 entrance 1370 to hel p guide waste (represented by

fluid F) through { he wash® BaSEARRER P V@?@Q%{i@{s‘é%%&gst@g%#ﬁ%ﬂy| ow

beconmes slightly msaligne

t hrough t heroesdsea BEloséGSd slidy 456e Asslideqsitiohiddevies 46y molding hegure 46,
a | oadi ng apparatus 1400 is configured to 10 | oad and unl oad a slide

retai ni ng dddedd564in2 esntitevered tashionycan use en argoate upper suaca d4a@phrat us
1400 i ncl udes i pper 1408.that takes a slide 1409 from a,rack 1 wth
varti carl y 1 18 ta ABRl atfiatie 1S §ispeRiiien Badenind e (o0 of e ST,

i nsert tde ' il kg ) QU ' 14Q8 Ss;mﬂwgin

Fi gure 45;. ﬁoﬂ’%ﬁ?rﬁg@‘tﬂﬁg’t’g‘r’%ﬁ’s@itﬂgﬂgg}woﬁéﬁ%?;%ﬁgd’gri ngS?OMOS can be -
slid 15 ovealevideel45Ydcari lowes tisé slide 1468 onftha ggniepgllyrflat 2ppepslifface ¢fea sl i de

1409 away fromthe sl |%$ retaining device 1402. In this manner, the | oading
appar at us 29 Baldehdt11 oad and unl oad nicroscope sli des. A

posi tioni ng wheel 14 eﬁtLI?(%: B?F‘fg%?e 48 Arbereriided B &%ﬁlg‘g?ng‘rﬁﬁbfrﬁg@% dffiRe

| oadi ng apparatus 14 o ~processi ng stations. ment s,
20 each pr cuefase ngedttaapply theniguil to adfstithessiees hnadonfig@wationsiviigappmingvoi d
wait tines. _Figure 48 shows slide processing stations 1440a-i
(col | ectd v&lgments4or the likge epaigivyenppraerol ¢¢ bemerioryeds tendsestcani ons
1440 can ap ta the i ndi cat ed ot herwi se. 25The

| 1 .
pr ocessi ngS [eét %ﬂﬁ?‘ﬁfiﬁgaPRE?Rf?Wg%L?Sfo%%‘?e?s%E@enm y 1443 including a cover
hol der 1444 and a COVgjuré449 HPAOA SRBRRGPRRDMAE® Brddessingl sieferd 4400 The

cover 1446 is in the formof a generally rigid tile that can be placed in a
channel 144ntlading leeplatendassembiyv 1509 nwa solterpantt 15205 and andiive aiechariemai t h a

vaste el o R e b b bl ail aa e B RIS 3
for stafg c RERBARY dlice 1510 of the platen assembly 1509. The roller unit 1520 can
assume different configurations to process a specimen 1595 on the slide 1534.
Waste can be removed via a waste line 1532. Samples can be rapidly processed
without problems associated with manual processing.
Referring to FigUre 50, the slide positioning device 1510 can include
20 aslide retaining device 1511 with a main body 1538 connected to a line 1‘536.
When a vacuum is applied via the line 1536, the slide 1534 can be securely held
against an upper surface 1541 of the main body 1538. The main body 1538 can
include a network of passageways, throughholes, channels, or any other features
suitable for applying a vacuum. In some embodiments, the slide retaining device
25 1511 includes a mechanical chuck and can include one or more clamps, adhesive
layers, mechanical fasteners (e.g., clamps), or the like capable of selectively
holding and releasing the slide 1534. Other types of slide holders can also be
used. For example, the slide retaining device 1511 can be an electrostatic chuck.
The roller unit 1520 of Figures 51 and 52 includes a platen assembly
30 1521 including a converting device 1577 and a deformable applicator 1544

movable between different configurations, including, without limitation, a
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WO 2011/ 060387PCT/ US2010/ 056752 The processing station 1440g of Figure 48
Is ready to dynamcally process a mcroscope slide 1456. A slide

posi ti oniwQ 2086063871457 hol ding the slide 1456 in a canPCraseredsd7ashi on
can use an arcuate upper surface 1458 of a tile 1459 to apply a liquid to a
specinmen carried on a |lower face of the slide 1456. 5 To performstatic

D oceSe1n9, o0 ERoRA B USEAT R B394 B iy 7

can | ower tR nera upper’ surface o

hol der 1461 (shown in Figure 58her hhl @shérfsuitabler corfi@uedtivrber srefyinaeeid t o change
the curvature of the surface used to apply the liquid, to adjust the sizes

and confi gupendessingothegdgfprmablecapsilieaiant1S44 gantheein threunggseenfiguratiogi ven
protocol to b erforned, .the user. can sel ect.and.|l oad an propriate tile
f or process?\'@.’ t@Lﬁ‘B@rﬂébﬁr‘ﬁia AN SreHiued fonf "Hﬁﬁ?%dEBFﬁt@gEH% ssiig e
1500 i nclgudi i | i A iquRabris GEH tHat
mechani s% 1?%83%,25‘%@'0%@3?#%?&?@%6” @%ﬁggﬁ@egygaﬁﬁﬁ? onto % slide
1534 hel d btheacolerd&943aymfiattorothienglideclbXe Affdrthefcovbe1H94iscusent steranl e
1509. The roller unit 1520 can assune different configurations to process a
speci men 159iscardad@r reUse@ 1534. \Waste can be renoved via a waste |ine

1532. Sanpl es can be ?ﬂgidglf&"f%bqﬁggﬁ'?‘%@’b*%ﬁ%a@f"%ﬁjm b%ﬁagﬁlla%gﬁlnb&’ft h

manual processing. Referring e positioning device

1510 can i nebpdexghdihghbétieehahd slippordaeiberd 3524 W 576 andraibradiced 157238
connected to a |line 1536. Wien a vacuumis applied via the |ine 1536, the
slide 1984 physigallyseanmested foche hegaahle membgs 187 0s (rannestars 4588a-d @ mai n

bt Sughinol cBNoll BB e RE YRR PEInEr 157A8E ERie Be. FET SAHENS, .
vacuum In §58%, e HivBialBcolpled 8 titesisor Meftbeia\676e THe Bradhet 1B7I2udes a

mechani cal chuck and can i'ncl ude one or nore clanps, adhesive |ayers,
mechani cal inetudeser first megnbercl &8ss b, semond meembee186aENE an elosbeata i vel y

e used. FomeBRIE T PRenAngReteeAINg Tt and SBeonBmeTRherSob R, 16788 © o
o SeLn B8 S FhenbAbate febel 380 thnBions Flussd i el gece 8
appl i cat or Afeddl (eny adtkel, BRimwmem, ditdrfieme ot theolike) gcoraposites, plastitsidirrogher
without Iimtation, a . . _ .
resilient materials capable of undergoing relatively large elastic deformations. The
bracket 1572 can be welded or otherwise coupled to the bendable member 1570.
As shown in Figure 51, an outer face 1596 of the bendable member
20 1570 includes a network of channels 1590 and a vacuum port 1592. When the
cover 1594 overlays the outer face 1596, a vacuum can be applied via the
channels 1590 to hold the cover 1594. A vacuum line 1597 in Figure 50 is in fluid
communication with the channels 1590 and can apply the vacuum.
A drive 1579 of Figure 49 is coupled to the bendable member 1570
25 via the members 1578a, 1578b, such that when the drive 1579 rotates, the middle
of the bendable member 1570 bends downwardly or upwardly. Figure 54 shows
the bendable member 1570 with the face 1596 in a convex configuration by
moving the first and second members 1578a, 1578b downwardly, as indicated by
an arrow 1600 (Figure 54). The cover 1594 has a curvature that generally
30 matches the curvature of the face 1596. The convex face 1596 and the curved

cover 1594 can roll together along the slide 1534. Figure 55 shows the face 1596
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WO 2011/ 060387PCT/ US2010/ 056752 substantially flat configuration (shown in
Fi gures 51-53), a curved configuration (shown in Figure 54), or any other
sui t abl e wonzhilgnenisri on. For dynam c processi ng, the def @CRalsk@oapgbt cat or
1544 can be in the curved configuration such that a cover 1594 is also in a
curved configuration. For static processing, the 5 defornmable applicator

1594 | ays 1 ACRErRE0RatGaLY hafthe iR oL B HhaHbIe fmBIASTLT c
di scarded qjwdyefsrAdhe slide 1534, as intitaté@ b9 aedrréw ABPRI (FRfPE 54p4Fhean i ncl ude
a bendabl e nenber 1570 extendi ng between two support nmenbers 1574, 1576 and

a bracket I®neau®covsrstiaddl ¢an ceoparateadith the slisleh i1 proisiepeffectisg 0.

Connect 1580a-d . i vot al | led to th t nb 1574 of
Figure 52, SRIPRBRABY CAsPrsined 458 isiasegent ' 88pi ed to the support

member 1576. The braqg\%g%rlaéggsiﬁ S éé’tr@?ri%go]é Eéﬁbegﬁgg&gfréﬁ@ﬁlos@dSecond

menber 1578b, and an gate exten etween the first and

second nenfeenfigdiati8a (Fibhirsb0) thbdim epbr cdafiduwratieniiEiguid 30) twarentmventhdeisetdn
whole or in part, of nmetal (e.g., steel, alum num_ titaniu or the like),
conposi t es Copenss94 andier tha slide 1334 When therspressing sysieme 1200 518dhgoi ng

| ati vel asti.c d | Ons., :
of her i se TP 0t ery AR ARl 20 %€ HER el porfidlE! Bl
outer face tidBroceksingesyredaBoe igRiieropsh donflguratdr des phatare bhuserkbigf

channel s 1590 and a vacuum port 1592. Wen the cover 1594 overl ays the
out er fHkte 1589ds ima standbmpasitiase Ap jlustrated tsansporiendeniBiof Figge &5catvl d t he

1594. A [ i 1597, =j i i fluid i j ith
e namneld §88 Uad el g o SR o fove e SYAALRI 5 1
- coupled t 0tﬁ@@tahaag%kﬁioﬁ?mri\ﬂémcﬁénighﬁ?swcér%*a%fatééélsaut a’lézﬁb,o{ ; gg h

that when the drive 1579 rotates, the mddl e of the bendabl e nenber
bends downvatatiby 1676 dmnathe procEssinggdsitiontovbe tstandbyrptasiticn. mftdrdoadi®g@ wi t h

the face 15 in a convex configuration b ving . the first and d
rorber s 15 336, the e dusahaniiny S aacan ki Pt AP e Akl 1e88op ABGRRe 54).
The co urvature that generally 30 matches the curvature of

t he fa\cﬁeesr 1398%&0% ep?gﬁl\k}éx face 1596 and the curved cover 1594 can roll

toget her al ong the sFiglfe B83&howd therpositiorshpdevicb e 51adr tHefim of a
vacuum slide chuck or holder that includes a main body 1715 and a port 1717. A
vacuum line can be coupled to a connector 1718. A vacuum can be drawn to hold
the slide against a face 1719 of the main body 1715. The main body 1715 can

20 include one or more thermal elements for controlling the slide temperature.
Alternatively, one or more thermal elements can be coupled to a backside 1720 of
the main body 1715.

To process a specimen, the dispenser 1540 of Figure 49, illustrated

in the form of a pipette, delivers a wash fluid onto the slide 15634. The wash fluid

25 can be removed to apply a reagent. The roller unit 1520 can be moved to an
open or standby configuration. The dispenser 1540 moves above the slide 1534
(e.g., above the middle of the slide 1734) and dispenses a reagent onto the slide
1534. The roller unit 1520 closes to begin incubation at the desired volume, roll
distance, temperature, and CPM (speed). The roller unit 1520 can periodically roll

30 (e.g., longitudinally, laterally, or both) to agitate the reagent. In some protocols,

longitudinal or transverse rolling movement (e.g., longitudinal rolling movements
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WD 2011/ 060387PCT/ US2010/ 056752 in a concave configuration by noving the
center of the bendabl e nenber 1570 away fromthe slide 1534, as indicated
by an ar re@20808B038Fi gure 54). The concave cover 1594 camrcCzaspawasesnith the
slide 1534 to provide effective enchanbering of a specinen 1595 using
reagent 1599. 5The processing system 1500 can be noved froma cl osed

configurati ' : ' ' I

the used cody/of s CersR kol RPN Rl e REEREh facdy S 1503 [RARIEE o
is in the cbosefthe@idteswssbmbly 152 ralhticetd thesetdihed didkl1534 can ergate@essi ng
posi tion. Wien the processing system 1500 is in the open configuration, the

pl at en asse¥dlyipgileightzgan. sThe dive maeehanisia S8 Han ill\ﬁlugﬁl withouttiggjtation,

t ter 1610 of Figure 55 | oad and .uynl oad _and/ ides. T
move (he. pr88eoLrige SySeAraste (s BRe3R iRy B almidne dhidy o> T
nmechani sg 1§58n6/@8, Qﬁd/bpbﬁfe‘?@oﬁgﬁh%n@slﬂtgbk 31 grevialngtRe Hesfed naolemeént

processing position to the standby position. After |oading a slide, the
dri ve mechaof thenctya0 1694 Dn-sleamdxdngbantalgchiee peiferroéd ribneedeshondggrad 15

t he cl osed positionp. ) .Figure 56 sho t he i tioni devi ce
1510 i n t helt Biene i Ofreagentineubation diedeags i [eRapvachaier meying dte SolaL; 1
body 1715 a ' hey:

2908 LA vachiit FoBOTC ot bbén dasHRAL e Wash FRf BGuREaTtA oo ienstr
mai n body 1lfélwasHtie sien1 384y TAE 1&let amit21320ndbseteand begins tine evasheryoiz.

el ements for controlling the slide tenperature. Alternatively, one or nore
t her mal 18l ement's can ble eoven taP4 @a%"g:g&%@ wasterport 368PHshowmin in biswye P15,

Fortm of °a° o ARAEbERE) YR cShEEARn AR0ANRIos b AE By A ToR 8 UeRbE G "
fluid 25 capathe THRIN4SE Iine PBBZ (FigureSamedtid 50Y6ar atdvevast $ubbtaifccradwae

nmoved to an open or standby configuration. The dispenser 1540 noves above
the slide 163 the.sfide 1884wa thecpontsi4589,0f587h cAr optienal TajceafiBti(seedrigere a

h | i 1534. Th | | i 1520 .cl beqi
o bati o 80) canfachich 38 Apstadenayel tyfEhdya SioatEnes ot tne SHd 183¢,

(speed) 35Th hé aklRE 1'6'3btcya1=15%éér%§1ﬂ?ﬁléi ftrealvhite rBovaP 188 dboussed in

| ongi tudinally, laterally, to agitate the reagent. In sone
protocol s, ¢temgctiodiwithl Figurds 2r1Sv dn semeppiotogplsrovaste subgtanges afergnovet nal
rolling movenents WO 2011/ 060387PCT/ US2010/ 056752 and/ or, transyerse
rol li ng novesteabelh the wagtediveclmandthewasteremayvei 4640 Adgifiopally Pr of t he

o e s gl B0, el eRaE o £t @
limtation, one or noTige kdllRe@hitaGROPaPr iRclubeTteer t§58€BDplaten assamblies,
mechani sns, notors,
20 including the platen assembly 180 (see Figure 7), the platen assembly 361 (see
Figure 16), the platen assembly 1210 (see Figure 33), the platen assembly 1220
(see Figure 33), and the platen assembly 1443 (see Figure 48). Components of
the platen assemblies (e.g., bases, covers, etc.) can be mixed and matched
based on the desired processing capabilities. Compliant, semi-compliant, and
25 rigid covers or other types of components can be employed with the different
types of platen assemblies.
Figures 57-60 show a saddle-shaped opposable 1730 that is convex
in a first direction and convex in a second. The illustrated opposable 1730 has a
surface 1738 that is concave in one direction (e.g., concave as viewed along an
30 axis of concavity 1732 of Figure 57), and convex in another direction (e.g., convex

as viewed along an axis of convexity 1734 of Figure 57).
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5 sol enoi ds, and/or other conponents suitable for providing the desired
novenment of the cover 1594. On-slide-m xing can also be perforned, if
needed orwoesiwmwois7At the end of reagent incubation, th@CTA®QEN056782r enoved
after noving the roller unit 1520 to an open position. The wash fluid is

di spensed froma bul k di spenser to wash the slide 1534. The roller unit

1520 cl d begi t | 1 i
woste port 1569 (showna ANAHT (4T ool FERIERT eHA seORct sk, B

wast e passaigeretsedabtdebrdaset or idefdase héight H dfat dap Béevesnsd eentraleegid?
(Figures 49 and 50) can draw waste substances away fromthe slide 1534 via

the ports 1549 ofthmsuriage 4p38 andia slide tEd4 GhownsiephaNiam dingdn Figities @8ct i on
t t bst f t i 1534 d
1830 can oFORAR” T e AN Re AR Tan AIOE B1Sndt find Bdfordrle JR0CE T o

wi th Fi gur qhelradiis dfrbtﬁ\‘ié’tﬁreoR?bQﬁ‘Eﬂesselé@téB aSHEDARE AesRES réIfH® weflonisi Ng
both the waste Iine 1532 and the waste renover 1630. Additionally or

al t er nat i vdlhe, opposatilevi 230 ¢#8be asedswth/ theasmbodimenitsl digicksed dwreinTHeorr ol | er
it 1520 i ncl ud th t f plat lies, 20.includi h

L en 2o AR HBS obesaa 1353 i hEhF Be 1 SRR 4 LS

16), th ; 1 ; i

(see Fi qur SREERAERAFGRLS 45 SBust MG ofbur< B8, & VL o uE T

of the pl affbe ggpeabld tZ30 mayg.be daraplantcssrai-sometiant) ocdgidbe ni xed and
mat ched based on the desired processing capabilities. Conpliant,
seni - cd®pl i ant, and Referrigodo FigweSba vagum egnbs dsawpdhiowieba wastenpeb

enpl oyed w t ifferen e t se j i gures
57760 show' L1 aa LbardlEl At BERER Y AT ENER" R hTDgr pfwasterparts Snd
direction aRessQEEEan b8 pdshisRed dlont e dppssabRl €xB®@pposabl e 1730 has a
surface 1738 that is concave in one direction (e.g., concave as Vvi ewed

al ong an 30 axis of €igwadltshowrsa sefldiershapedsapposahte torl/dat includestaer
direction (e.qg. onvex as_ Vj al on is of convexity 1734 of Figure
57y S W0 20bEFETE AT eaRIT G s cover 778 cah B AEPRERYE i3, I,
radi us 4@f Ik f f i

et eacs 2 R o A e T B B & i SR ™ L f ace
1738 and anwdtedal. 1 4dusatieembiodimbatst the tover i7T4Kapbemaele cfredrigid) . The

curvature Rl can also vary along a |length of the opposable 173?1. 5 The

radi us of HRateHalgapable ehiithstarding repeatsd coatamt witheslides; Iryet her ng acti on.
The opposa a i i i.scl : [+ ]FOT
examr ot RBSHIHnEPE Gl A7 dah el SR Beetinaed o & BRIt hflCHal

16- 18, theaf@\e@lotHet®clbn mald 65a Afid mawial. 1446 of Figure 48, or cover 1594
of Figure 51. The opgosabl e 1730 may be conpliant, sem -conpliant, or
t

ri gi d. 200Ref erri ng t dheiambedimentsadisalogsathhesginisendesiom awidgyfangegfst e port
1741 and a Eﬁss e 174€ t Q renpve ﬁ,l bst %ces. Any nunber. of dwas(tjee ports and
passages cANOREIBRsE PhGResT GRSl tRde PidossSing. curVed 13

processing, or combinations thereof. In flat mode processing, a substrate can be

in a generally flat configuration. The substrate can be held by a component (for

example, a holder) and may or may not float on the applied fluid. U.S. Patent

25 Application No. 61/222,046, filed June 30, 2009, which is incorporated by

reference in its entirety, discloses apparatuses, methods, and components

suitable for floating a substrate on a liquid. In some embodiments, a substrate

can be in a curved configuration and used to spread a fluid along a slide. The

substrate can then be moved to a generally flat configuration and allowed to float

30 on the fluid. In certain embodiments, the substrate is separated from a holder to
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Figure 61 shows a saddl e-shaped opposable 1770 that includes a base 1772
and a cover 1774. The cover 1774 can be di sposable or reusable. In 15

di sposablwoenddiisegnt s, the cover 1774 can be nade of aPhirgisker0o66pt i ant
material. In reusable enbodi nents, the cover 1774 can be nmade of a rigid
mat eri al capable of w thstanding repeated contact with slides. In yet other

matert al - anlo i el S noA0 I8 e CERp RS S TERer bR R b 1 o
di scl osed hgyetdubstrate BStHOSIBSArate digafsange of different types of processing,

including flat node processing, curved node processing, or conbinations
thereof. In flat nodelhe eowsdimgntsafeniures; aysemsndedces, matpsials, arethods at

O T e 1 e B AR ST
ol der) an e Nig; ke
Appl i cat 5on, o o %r@%?tf%@mgbblnﬁéhté%%hﬁ@s, @%@&ns%ﬁﬁ%é&inétﬁﬁ@l%?ﬁfe@ﬁ&ﬁ by

reference inits enfirety, discloses apparat’uses, : d conponents
sui t abl e f oand texhiniu@gsadesclibed & . $nPateht Application Nontl/¢81d8B(Boblkcatian

substrate can be in_ a curved configuration and used to [ ead fluid al ong
o sTide. THAOSZRRY/PATRI0RANHH,S HARBLABPICAIEN &R 42, 086 WNIEB ¥ gur at i on

"o sapar at dacPgrARl oifeRehts i it fantr BiGE: bedID a0k FhilidmbhE, SU0FL L8t €
substrate tfatlres!systems} devicau)hesterart metifodianie techpitfuosdssetiped blekint he
substrate as the substrate floats. The enbodi nents, features,

syst ens 10 demiayein, cartain: emblogimentshbel aippfied teehused Bscannestiph ¥dthRyeene aay
in sone enbodi nepts, be simlar. to any 5 one pr.nore of .the odi ts,
features. yerentnepnpedbnierfafs syRiss By, hetrripQ s tiRe AT ed i o
U.S. Pat enttefRRigLeadisibdde: in thé hBdvd-BiertRnali .8, iPafeRprRaR6PNEI302) and
U.S. Patent Application No. 61/222,046, which are incorporated by reference

in their ent1/M87j188. In addition, the enbodi nents, features, systens,

devi ces, nmaterials, t hods and techni ques descri ped herein 1Q.ma in
certai n embodi nents, LGRS egmen §é’&SPrrﬁb%‘i)ﬂa%ﬁ P%’P\%ﬁ/ictoﬁ‘qﬂﬂ?/y%e or

f4kh | , ' ' ; hod d
echni qlgs FOVRROURRE] SmppBRHES ARTRERRS. PRENEEY SrPARTL PR B R,

11/ 187, 183. publications, U.S. patent applications, foreign patents, foreign patent applications

and non-patent publications referred to in this specification and/or listed in the
Application Data Sheet are incorporated herein by reference, in their entirety.
Aspects of the embodiments can be modified, if necessary to employ concepts of

20 the various patents, applications and publications to provide yet further
embodiments.

These and other changes can be made to the embodiments in light
of the above-detailed description. In general, in the following claims, the terms
used should not be construed to Iihit the claims to the specific embodiments

25 disclosed in the specification and the claims, but should be construed to include
all possible embodiments along with the full scope of equivalents to which such

claims are entitled. Accordingly, the claims are not limited by the disclosure.
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The various enbodi nents descri bed above can be conmbined to 15 provide
further enbodinents. Al of the U S patents, U S. patent application

publ i cat iwe2011W6@87 pat ent appl i cations, foreign patentspPCTarsedgmsgar ent
applications and non-patent publications referred to in this specification
and/or listed in the Application Data Sheet are incorporated herein by
reference, in their entirety. Aspects egfAifag enbodi nents can be nodified,

if necessary to enploy concepts of 20 the various patents, applications and

publications to provi#hatés clhimedhée: enbodi ments. These and
ot her changes can be made to the enbodinents in |ight of the above-detailed
description. In general, in the followng clains, the terns used shoul d not

be construed to limt4the j t L fdi i 25. di scl osed
in the specification jal'nd tﬁhadc: al Er}%d %@Fﬁﬁgﬁ§§m%§ﬁs%%§5|tg§ i ncl ude all

possi bl e enbodi ment s alfiestgplatehassbmblyhavisg @sureéd partional ents t o whi ch such
clainms are entitled. Accordingly, the clains are not limted by the
di scl osure. CLAI M5 VR&ive sneghanigs cpafigured tamena hedirslplatanrssemi¥ssi ng

station, co i Si.pg: fi I . fjavi ng a curved portion;

a drive mc@h%ﬁ%&ﬁ?i%ﬁ[@h tpt?%gsg%ﬁgrﬁ?#@ 'platen assenbly from a
standby position to aamggi@%%é]fsm@éséerﬁblyf@rdjisﬁéhﬂnglasll@ﬁlﬁtﬁldﬁ@ assenbly for
di spensing a liquid; an a second platen assenbly conprising a
slide positioni ng devasecordptaten aaserpblyiconaprising aslide postiopingsdevicer sl i de
retaining devi ccla the, slide positi oni.n.% devic%s_ gé)e.r abci?e.to osli ion a slide
retai ned bySRIASTEEPASitioning drVICE GRVPERING &R |dFdeiA N9 96y Ge: rﬂg‘?sﬁzfeaten
assenbly, t bk I i e {9

confi gured ?@s%dgﬁ@g %bﬁgﬁg}ﬁ@?ﬁgldbgﬁ%ﬁra;ﬁsveréﬂhg%igpitﬁgﬁr%%)?r%ﬁ?‘g;f t he

curved portdevicebroximate tosthefirst atemsassenibly rtbé dirstydateo assembécandl pl at en
assenbly retained slide to create a varyi l%dhei ht %%ﬁ a.et en the slide

and the cur$RePBPIaleHAsSeMbIY PEmMg ‘f%‘f'SHE?‘{/] c3yskA Ipngsudinabarransyreee

sl i de. - |W?c§ [ : j i a1,
wherei n at rlo(lalgg mSHE'%c‘?P il'p ﬁtg%ﬂ:l; rs Eﬁgﬁgn&ggggﬁﬁﬁgﬂ%% %@'rb! e%cl)ér?yeglbg?gn

assenbl y i ngdduirisplaten ssseimbsiy eetaineidnsiidedb eneate ecvary/inguhaightt gap eetwiesn the
el ectrical energy and to gene_rat e heat using the electrical en rg%/,
slide and the curved portion sufficient to apply a liquid to a sample on theslide.

2. The automated slide processing station of claim 1, wherein at
least one of the first platen assembly and the second platen assembly includes at
least one thermal element configured to receive electrical energy and to generate

heat using the electrical energy.

3. The automated slide processing station of claim 1, wherein
the liquid dispensing assembly includes at least one thermal element configured
to receive electrical energy and to generate heat using the electrical energy to

heat the liquid.

4. The automated slide processing station of claim 1, further
comprising a pressurization device fluidically coupled to a waste port in the curved
portion, the pressurization device is adapted to draw the liquid from the varying

height gap via the waste port.
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3. The automated slide processing station of claim1, wherein the liquid

di spensi ng assenbly includes at |east one thernmal elenent configured to
recei ve ewvechriiwais’energy and to generate heat using the&Celuseewioses2 ener gy
to heat the liquid. 4. The automated slide processing station
of claim1, further conprising a pressurization device fluidically coupled
to a waste port in the cur [WeYp1) kbl i " dapt ed
to draw the liquid frgm t hgﬁ\%da?g?@g e?'g%&rggﬁ%bﬁ’ghﬂgﬁ@“pﬁ?#ﬁe%
2011/ 060387 E6MpSRYlAWASEY Estnover including an iblet Shacedapatfrot tle deved ocessi ng

station of claim1, further conprising a waste renover inclydif n.inlet
spaced apar PWWQ%B‘%%IW@H“%W‘@ piecHARIsIHE configured iQdnaye thae frrefgt:ﬁ]é‘m%m i's

R e L

6. The aut oiéegsing cdpillaryosdtpmi ng station of claim1, wherein the Iiquid
di spensing assenbly is configured to dispense the liquid froma pipette

onto at | east one of the slide and the curved portion and/or into the

varyi ng hei ght gap. 7.. The. au ' r [ tion
of claim1, wherein tﬁe i (IDP(?%?@BIS&Q@W% é{ggg#gﬁ%g*dr%@ﬁucgggaqlg‘sﬁi@%er%&?ng
uni t coupl eghd fqdif YisRARIY MthBly FSeHHRUYed td@ispease it lpidifom dpipette
outl et port positioned to dispense a |iquid between the curved portion and
the slide hehtb atleasioms bffthemligietansihagudead pertion and/or into the varying &eight
automated slide processing station of claim1, wherein the slide retaining
device is m8®8bl e between an open position for receiving the slide and a
gripping position for gripping the slide. 9. The aut onated
slide processing station of claim1, wherein the slide retaining device

i ncl udes a vacuum chugk f ofTheculomgtddslidel proeessing station of claimol, whgyein

automated slide processing station of claim1l, wherein th %J rst platen

assenbl y i néhe liewd disnansing assenbly RAIdeABIERENSINGHIH ‘é‘HJp? l[%@‘ef%%?@s t he
defi i ' - i it i 1.

The- aut omat BIPEh ASSEPYE SBE p8Rs b ity i ositioned fo dippense £ o

assenbl y i nghurasctaeBAltHE curd Forien and teesliddhylddnuthieeslide pasitoningd
2011/ 060387PCT/ US2010/ 056752 hol der, the cover has a relatively conpliant

speci men fadengesurface for contacting the liquid in the varying height
gap, and wherein the holder is relatively rigid. 12. The
automated slide processing station of claiml, wherein the first platen

assenbl y includes a sgeci mahef AgbRtedisRRCEToCBSsing @EaIGrsSiTIdins &ivhereim! | ant
material that is nore conpliant than the slide. N .
the slide retaining device is movable between an open position for receiving the

slide and a gripping position for gripping the slide.

9. The automated slide processing station of claim 1, wherein

the slide retaining device includes a vacuum chuck for holding the slide.

10. The automated slide processing station of claim 1, wherein
the first platen assembly includes a holder and a cover removably coupled to the

holder, the cover defines at least a portion of the curved portion.

11.  The automated slide processing station of claim 1, wherein

the first platen assembly includes a holder and a cover removably coupled to the
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13. The automated slide processing station of claim1, wherein the first
pl aten assenbly includes a specimen facing surface for contacting the
l'iquid i nwohkelvmn3sing hei ght gap, the specinen facing sBCTASR0100MTSL Ses a
rigid material. o 14. The automated slide processing station of
SL?: [nl én \émﬁer eég the |é| qui d di spensing assenbly includes an outlet port
ti ane e/ E6vdritd! reishgp 'speineit iy t

partially flqcrﬁj ff'kue vavr }I;Ir%é f%l%ﬁ]t gg%r?\Bﬁarﬁ §p@€| f 1 -Q%ﬁfeafgfgﬁg’g[aggﬁgl i de
processi ng thtadiguiarindhe vagjiimy heighbgap) andivhessis theoheldef istretativelysigidnd second
platen assenblies includes a gapping el enent dimensioned to define the
\{grylrﬂg he![ght ggp Ibetvveen the slide and the curved portion.

) e automated sli pracessy g feGih-al el i I St
platen assenbly incl u%s a q%@ﬂoﬁ%é%?o?b%%p {%ﬁsg'égi%tkgn%éﬁ Er\gﬁﬁ%‘/ﬁ of
di screte gapgifingt Jﬂét@ﬁfﬁﬁsénﬁﬂiﬁlﬁdw&% spdcinea facing karface that coppriseata on
regi on and spaced apart from one another al on(t; a length of the liquid
appl i cat i orsemsigiampliantengtetalthat ip roeredearaplians thampiedidet enent s are
di mensi oned to space the slide fromthe liquid application region to create
tthe varyi ng hei ght gap. - 17. The autonated slide processing
station of claiml1, f‘ﬁ{,t herhe aiidMated Slide gfdtreé!sin ystafioroegaing 1 ehersihs t o
mai ntain the varying hei ght gap, and WO 2011/060387PCT/ US2010/ 056752
\ghg(r) i"n ath thedisst patencissemblymohides espeaimes facisg surergfier esmtagtinddhst about
.001 inch. .18, The aytomated sl.ide prqcessing.. i of
claim1, wiigud in the yaeysg heigis9ePe %?p%%eﬁﬁq%gﬂg??? 8ﬂmﬁg§é§5rr§gq us of
curvature o %E%gt 15 inches to about 20 inches. 19. The
automat ed s A rocessing station of claim1, wherein the drive nmechanism
is operable nove the first platen assenbly relatively to the second platen
assenmbly to nove the |iquid along the varying height ga qsin capil.l ary
gc]t! on. y ltg. ATheeariomated shde PEagesging %r]a?ﬁﬁ) Sf,cﬁ r}@gﬁfdfz‘
elivering irst slide rLyi a fi s?% Sl il 1R
device of 4 ed\ﬁ'PM‘FBﬁ”%‘Pé%8£%'5‘§§’e'§8‘.f“ﬁé§t§‘t“a |lolrtl,BOHCbogltﬁlnbg%ngﬁr:l@gr'?%g a
first I'iquighthedltht 8Rgé aRBEhELoldratofdtnedst Partitdlyditidhe varyingeight gapn of a
roll'er unit of the automated slide processing station; and
rolling the curved portion of the roller unit relative to the first slide

hel d b h i itioni i . oo ¢
carpl & on the 1irst sl%de e pUmaen sPagRRpdsel Lofigh of g 1, Whetdf di T !
hei ght gap deki pnedoPie At€t dhd Sbcild plateigsdenireriMeddes aigapping element

dimensioned to define the varying height gap between the slide and the curved

portion.

16. The automated slide processing station of claim 1, wherein
the first platen assembly includes a liquid application region and a plurality of
discrete gapping elements positioned outside of the liquid application region and
spaced apart from one another along a length of the liquid application region, the

plurality of discrete gapping elements are dimensioned to space the slide from the

liquid application region to create the varying height gap.

17. The automated slide processing station of claim 1, further

comprising a plurality of gapping elements to maintain the varying height gap, and
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21. The nmethod of claim 20, further conprising: delivering a
second liquid to at |east one of the first slide and the curved portion of
the rol | ewounitosasster applying the first liquid to the PCras2eaop e and
appl ying the second liquid to the first sanple by nmoving the curved portion
relative to the first slide to nove the second liquid along the varying

hei ght gap. wh@%ﬁ%’t%&@%ﬁéﬁgﬂé Y20A§/Rrhér’ has a heilgl;ht ?f at 188st adtut meddrpd  of

clai m 20, further conpri sing: noving the first liquid towards
a waste porinobf the roller unit by noving the curved portion relative to
the first slide; and removing the first liquid fromthe

varyi ng hei ght gap using the waste port while at |east a portion of the

b e oS TGk peasing ey o P o

claim 20, further conp ng t Ion along t I'rs

slide usingleasgapirtich 6f eedirved pdhiendidsveeadios bf eurvalide ol aboutetinthes
claim 20, further conprising: renoving the first liquid frombetween the

first slidetaabout#) ingheé®d portion; renoving a cover froma holder of the
roller unit, the cover defining the curved portion; and
pl aci ng anot her cover on the holder of the roller unit before processing a

second sanpl e on a seqgnd shé@Ritomated slide processing station of claim 1, wherein
the drive mechanism is operable move the first platen assembly relatively to the
second platen assembly to move the liquid along the varying height gap using

capillary action.

20. A method of processing a sample, comprising:

delivering a first slide carrying a first sample fo a slide positioning
device of an automated slide processing station;

delivering a first liquid to at least one of the first slide and a curved
portion of a roller unit of the automated slide processing station; and

rolling the curved portion of the roller unit relative to the first slide
held by the slide positioning device to apply the first liquid to the first sample on
the first slide while the first liquid is located in a varying height gap defined by the

first slide and the curved portion.

21.  The method of claim 20, further comprising:

delivering a second liquid to at least one of the first slide and the
curved portion of the roller unit after applying the first liquid to the first sample; and

applying the second liquid to the first sample by moving the curved

portion relative to the first slide to move the second liquid along the varying height

gap.
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25. The nmethod of claim 20, further conprising: delivering a
second slide carrying a second sanple to the slide positioning device after
renovi ng wWheofieesis7sl i de fromthe slide positioning deviPCE/USand/056752
applying a second liquid to the second speci men on the second slide using a
surface of the curved portion that contacted the first |iquid.

26. The method of cl aiZ?‘. 20 ThE4hedH Hcﬁ%‘iﬁ?ﬁw@d,ggﬁther comprising:  di spensing a
second liquid onto at Teast one of the curved portion and the first slide

after dispensing the hiowg thesfirstiliquid dowards a waste portokihegotléreurit byt | i qui d
and the second |iguid using |longitudinal %r | ateral novenent of the curved
portion rel MeWRY the ewned pogionsiglafive toyipe (5t BHECAY PCT/ US2010/ 056752

27. The nethod of cl ai ) el n: i Verd : i ,
e, TN O o g B Al G hYahlify el php it tawadees
28. The et hog hilChBleBst2P poMionr ofithe ARt isVes erteridseack ogssthel wagte hoctonpr i ses
di spensi ng about 50 mcroliters to about 120 mcroliters of the first

I2i0qu}d iﬂto t he varyi ng hei ght gap. 29. The nmethod of claim
, further conpri sing; del.l veri ] e TEN

| east one of the curvgg' porTlhlecmet_ot'r?& ‘Efr?ia"f‘\ _tfﬂ'gF% eoqﬁﬂ?%rr‘é églf':]éjterﬁqzr:\%wtéﬂe
first |iqui %b{tgtfrlfgalong,the first slide UsigBghPSing idisrheht 6fithd canikd psrtisecond

liquid usin I'tudinal or lateral novenent of the curved portion
relative to the first slide. 30. The nethod of claim 20,

further comprising: o, The method of claim 20, further comprising:
removing the first liquid from between the first slide and the curved
portion;
removing a cover from a holder of the roller unit, the cover defining

the curved portion; and
placing another cover on the holder of the roller unit before

processing a second sample on a second slide.

25.  The method of claim 20, further comprising:
delivering a second slide carrying a second sample to the slide

positioning device after removing the first slide from the slide positioning device;

and
applying a second liquid to the second specimen on the second slide

using a surface of the curved portion that contacted the first liquid.

26. The method of claim 20, further comprising:
dispensing a second liquid onto at least one of the curved portion

and the first slide after dispensing the first liquid; and
mixing the first liquid and the second liquid using longitudinal or

lateral movement of the curved portion relative to the first slide.
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m xing a first substance and a second substance to produce the first

l'iquid; and outputting the first liquid froma liquid

di spensi ryoassshisy to deliver the first liquid to at | @astuseese/osd7sz he
first slide and the curved portion. 31. The nethod of claim
20, further conprising: heating the first liquid using at

| east one of the sli d@?POS'T‘thHéMdQﬂ\HI&ﬁl %‘%ﬁé’rélnrdélivéhng'm&lrst IquId
32. The nethod of claim 20, further conprising adj ustln% a profile of the

varying hei gbmpysps!m\}specmlslngigss Harcabad @0fonicraitersedfdbe Viestyiquid. t he first
slide to nove the first liquid along the varying hei ght gap.
33. The nethod of claim 20, further conprising: rolling the

curved portion away fhpgmt f eSS i's
del i vered between the ?I rs?ﬁgzldﬂé@togn Cg‘ﬁsect p\(l)ﬁné}g?] &‘ﬂgefé'ﬁ ?}ﬁee hﬂggﬁ"?gn t hat
has been rolcbatprizesdidpensirigrabdut 5Otmigkoliders to about 120 microliters of the first

liguid into the varying height gap.

29. The method of claim 20, further comprising:

delivering a second liquid onto at least one of the curved portion and

the first slide after delivering the first liquid; and
mixing the first liquid and the second liquid using longitudinal or

lateral movement of the curved portion relative to the first slide.

30. The method of claim 20, further comprising:

mixing a first substance and a second substance to produce the first
liquid; and '

outputting the first liquid from a liquid dispensing assembly to deliver

the first liquid to at least one of the first slide and the curved portion.

31. The method of claim 20, further comprising:
heating the first liquid using at least one of the slide positioning

device and the roller unit.

32.  The method of claim 20, further comprising adjusting a profile
of the varying height gap by rolling the curved portion relatively to the first slide to
move the first liquid along the varying height gap.

33. The method of claim 20, further comprising:
rolling the curved portion away from the first slide such that the first
liquid is delivered between the first slide and a section of the curved portion that

has been rolled away from the first slide.
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