1 CARRI ER FOR REDUCI NG ENTRANCE AND/ OR EXIT MARKS LEFT BY A

SUBSTRATE- PROCESSI NG MENI SCUS by I nventors: Robert O Donnell, Eric Lenz,
Mark W1 coxson, M ke Ravkin, and Al exander A. Yatskar BACKGROUND [0001] In
the sem conductor chip fabrication indystry, it is necessary to clean and
dry a substrate after a fabrication operation has been perforned that
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pl aced in a hol der that pushes a substrate surface against a polishing
surface. The polishing surface usesy RveAmFsty which consists of chemicals
and abrasive materials. Unfortunately, the CVP process tends to | eave an
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| eft on t strat €, the uhwant re5|élua material and particles may
def ect s. In sone cases, such defects may cause devices on the substrate to

becone i noperabl e. C eaning the BAGKGROUNDer a fabrication operation
removes unwant ed residues and particul ates. [0002] After a substrate has

been we ean t he substr te t.be.dried ffectlvely t revent water
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the substrate. If the cleaning fluid on the substrate surface is allowed to
evapor awubstrats afisua falyricatignp eperatipre hasdeesp i nerformedt that leaypsiwasanied tsiduasmant s

previously dissolved in the fluid will remain on the substrate surface
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pl ace, the cl eani ng fluid nust be renoved as quickly as possible wthout
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surface. The polishing surface uses a slurry which consists of chemicals and abrasive
materials. Unfortunately, the CMP process tends to leave an accumulation of slurry particles
and residues on the substrate surface. If left on the subsirate, the unwanted residual material
and particles may defects. In some cases, such defects may cause devices on the substrate to
become inoperable. Cleaning the substrate after a fabrication operation removes unwanted
residues and particulates.
[0002] After a substrate has been wet cleaned, the substrate must be dried effectively to
prevent water or cleaning fluid, (hereinafter, “fluid”) remnants from leaving residues on the
substrate. If the cleaning fluid on the substrate surface is allowed to evaporate, as usually
happens when droplets form, residues or contaminants previously dissolved in the fluid will
remain on the substrate surface after evaporation and can form spots. To prevent evaporation
from taking place, the cleaning fluid must be removed as quickly as possible without the
formation of droplets on the substrate surface. In an attempt to accomplish this, one of
several different drying techniques are employed such as spin-drying, IPA, or Marangoni

drying. All of these drying techniques utilize some form of a moving liquid/gas interface on a



2 substrate surface, which, if properly maintained, results in drying of a
substrate surface without the formation of droplets. Unfortunately, if the
nmoving |iquid/gas interface breaks down, as often happens with all of the
af orenenti oned drying nethods, droplets formand evaporation occurs
resulting in contam nants being left ofi the substrate surface. [0003] In
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met hods t hat provi de efficien eani ng whil e reduci ng the
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reduction of entrance and/or exit marks caused by dried fluid droplets left
by a sudvhaasefndeappenisnyitheall ofcths afprgmgntioned diing methads sisondets fome apd at
the present invention can be inplenmented in nunerous ways, including as a
pr oc essevaporatipp acatusesuliing ystemaminane bemng lefoon thersabiicade sifaeer al i nventi ve
enbodi nents of the present invention are described below. [0006] In one
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meni scus fornmed by upper and | ower proximty heads is provided. The carrier
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The opening is slightly larger than the substrate such that a gap exists
bet \Aeendlpﬁgtssubstrate and the opening. Means for reducing a size and
frequency of entrance and/or exit marks on substrates is provided, the
means ai di ng and encouragi ng | i quiSUMMARYe neniscus to evacuate the gap.

[0004] Broadly speaking, the present invention fills these needs by providing various
techniques for reduction of entrance and/or exit marks caused by dried fluid droplets left by a
substrate-processing meniscus.

[0005] 1t should be appreciated that the present invention can be implemented in numerous
ways, including as a process, an apparatus, a system, a device, or a method. Several inventive
embodiments of the present invention are described below.

[0006] In one embodiment, a carrier for supporting a substrate during processing by a
meniscus formed by upper and lower proximity heads is provided. The carrier includes a
frame having an opening sized for receiving a substrate and a plurality of support pins for
supporting the substrate within the opening. The opening is slightly larger than the substrate
such that a gap exists between the substrate and the opening. Means for reducing a size and
frequency of entrance and/or exit marks on substrates is provided, the means aiding and
encouraging liquid from the meniscus to evacuate the gap.

[0007] In another embodiment, a method for processing a substrate using a meniscus formed
by upper and lower proximity heads is provided. A substrate is placed on a carrier having an

opening sized for receiving the substrate and a plurality of support pins for supporting the



[ 0007] In another enbodi nent, a nethod for processing a substrate using a

meni scus forned by upper and |l ower proximty heads is provided. A substrate
is placed on a carrier having an opening sized for receiving the substrate
and a plurality of support pins for sugporting the 3 substrate within the
opening. The opening is slightly largel than the substrate such that a gap
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proximty head for use in cleaning, processing, . and drying sem conductor
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risk of droplets formng on the substrate surface. This technol ogy has been

very sutheespful at preventing any droplets frombeing left on the active
device region of the wafer after the neniscus is renoved. However, the
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substrate, where mcroel egtronic structures are not forned. On occasjon,
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hydrophilic wafers. Therefore, it is preferable that instances of such
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of the present invention will becone apparent fromthe follow ng detailed
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illustrating by way of exanple the principles of the invention.
the meniscus does occasionally tend to leave a small droplet on the exclusion zone of the
substrate at the entrance and/or exit points as the substrate passes through the meniscus. The
exclusion zone is at the edge of the substrate, extending from the active device region to the
perimeter of the substrate, where microelectronic structures are not formed. On occasion,
entrance and exit marks can become mains surface marks, especially on hydrophilic wafers.
Therefore, it is preferable that instances of such entrance and/or exit marks are reduced or
eliminated.
[0009] The advantages of the present invention will become apparent from the following

detailed description, taken in conjunction with the accompanying drawings, illustrating by

way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] The present invention will be
readily understood by the follow ng detail ed description in conjunction

wi th the acconpanying draw ngs, and |like reference nunerals designate |ike
structural elenents. 4 [0011] Figure, ,l is a perspective view of an
exenpl ary inplenmentation of a proxi m'tf’ head apparatus. [0012] Figure 2

shows aj@AhePRiire 17§ RIRePRERI ABwWAS AAPERIpPMrY tnPldn¥enBRRH ofl:OPbRimiky Heiges
3A, 3B, 3C, and 3D illustrate a substrate exiting a neniscus generated by
upper ap alr r proximty heads. [0014] Figure 4 shows a perspective view
of a gapbetween a carrier and a substrate.

[0012] Figure 2 shows a schematic representation of upper proximity head.

[0013] Figures 3A, 3B, 3C, and 3D illustrate a substrate exiting a meniscus generated by
upper and lower proximity heads.

[0014] Figure 4 shows a perspective view of a gap between a carrier and a substrate.

[0015] Figure 5 shows a cross section view of a meniscus as it is completing transition onto
carrier.

[0016] Figures 6A, 6B, and 6C show in perspective/cross-section views, exemplary
embodiments of a carrier having means for reducing entrance and/or exit mark size and
frequency, the means including a reduced thickness in a lip portion adjacent the leading and
trailing edges of substrate.

[0017] Figures 7A, 7B, 7C, and 7D show alternative embodiments of a carrier having means
for reducing entrance and/or exit mark size and frequency, including cutouts near leading and
trailing edges of the substrate.

[0018] Figures 8A, 8B, 8C, and 8D show alternative embodiments of a carrier having a
means for reducing entrance and/or exit mark size and frequency, which include a hydrophilic
surface near the trailing edge of the substrate.

[0019] Figures 9A and 9B show a carrier having means for reducing the size and frequency
of entrance and/or exit marks, the means including a at least one vacuum port located
adjacent one or both of the leading and trailings edge of the substrate.

[0020] Figure 10 shows a perspective view of an exemplary configuration for applying a
suction to vacuum ports just as the meniscus is transitions completely off the substrate and

onto the carrier.



[ 0015] Figure 5 shows a cross section view of a neniscus as it is
conpleting transition onto carrier. [0016] Figures 6A, 6B, and 6C show in
per spective/ cross-section views, exenplary enbodi nents of a carrier having
means for reducing entrance and/or exi% mark size and frequency, the neans
i ncluding a reduced thickness in a lip“portion adjacent the |eading and
traili ng)o@@ F%Pég BUPgAd 2118 sh&W Ja?ﬁrsﬂwefﬁe&ﬁfe?eﬁ,boaﬁnen? Gf R Ghedl R Qucing
alternative e iments of a carrier aV|ng nmeans for reducing entrance
and/ or exit mark size cut ou near |eading and
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alternative enbodi nents of a carrier having a neans for reducing entrance
and/or exit mark size and f I!EQAIILEDDESERMI@N a hydrophilic surface
near the trailing edge of the substrate 0019] Figures 9A and 9B show a
carrier haV|ng means for reducing the size _and frequency of entrance and/or
exi t nmall822] imte felloyeng deschiphing meroysspesifip details atg et toghiin prles taproxigicac ent
one or both of the leading and trailings edge of the substrate. [0020]
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applying a suction to vacuum ports just as the neniscus is transitions
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details. In other instances, known process operations and implementation details have not
been described in detail in order to avoid unnecessarily obscuring the invention. The term,
“meniscus,” as used herein, refers to a volume of liquid bounded and contained in part by
surface tension of the liquid. The meniscus is also confrollable and can be moved over a
surface in the contained shape. In specific embodiments, the meniscus is maintained by the
delivery of fluids to a surface while also removing the fluids so that the meniscus remains
controllable. Furthermore, the meniscus shape can be controlled by precision fluid delivery
and removal systems that are in part interfaced with a controller a computing system, which
may be networked.

[0023] Figure 1 is a perspective view of an exemplary implementation of a proximity head
apparatus 100. In this example, substrate 160 is positioned within a carrier 150, which
comprises a frame having a central opening sized for receiving substrate 160. Carrier 150
passes between upper proximity head 110 and lower proximity head 120 in the direction of
arrow 166. Upper and lower proximity heads 110, 120, form a meniscus of fluid between
them. Carrier 150 may be connected to some apparatus (not shown) for causing carrier 150 to
move between upper and lower proximity heads 110, 120 in the direction of arrow 152. In
one embodiment, a substrate 160 is deposited on carrier 150 at a first location on one side of

proximity heads 110, 120, and removed when carrier 150 arrives at a second location on an



[0021] Figures 11A and 11B show a first alternative enbodi nent of the neans
for reducing the size and frequency of entrance and/or exit marks, the
means i ncluding a porous edge. DETAI LED DESCRI PTI ON [ 0022] In the follow ng
description, nunmerous specific details_are set forth in order to provide a
t hor ough under st andi ng of the present fnvention However, it wll be
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practic t hout sone o ese specific detai ot her 1 nstances, known
process_oper.atjons d. 1 pl enent at.i on _det ai,l s have .not escriped in
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“meni scus, " as used herein, refers to a volume of |iquid bounded and

cont ai nBt logatin, Whete et sehstreleds fenosiied, @ad the pyoecss isTrReatsni scus is al so
control |l able and can be noved over a surface in the contained shape. In
speci f i 0024 Qiiiernt ), irichelesranplacalisy iof sopport pimetbDbshbiva wieFigurr YARfeathui ds
to a surface while also renpving the fluids so that the neniscus remnains
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preci si on id delivery and renoval systens that are in part interfaced
with a controlle onput i,ng S em, whic be networked. [.0 Fi gure
e & SoRkSent e bR M iR0 SR cfer D 5 Al ERST g a0yt S
apparatus 100. In this exanple, substrate 160 is positioned within a

carri erslapy edgss ehthedppting side d 5t randeirailing pige 4 56 dp idraienoplaupinghasgssciy ther
receiving substrate 160. Carrier 150 passes between upper proximty head
110 andvdiomeof preniscns Ligquit aadarti2d 1 Shenthis adil eeits thenmafiscas.r Bor &Gpld)wpeter and

| ower proximty heads 110, 120, forma neniscus of fluid between them
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carrier 150 to nove between upper and | ower proximty heads 110, 120 in the

directign,of arrow 152. ln o Qd] at e | i.ted on
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and renmoved when carrier 150 arrives at_a second | ocation on an 6 _qpposite
si de ofedgenpRicach krumrg thepangio® anddpgsther fonminges, centaHypecatedypirt. + Ristigh
proxi mty heads 110, 120, or over, under, or around proximty heads 110,
120, bashapesothathdonfti estlt incoapidohspladeercat of meniscusliysid &t elsb poskiipesiuckds aand
the process is repeated. [0024] Carrier 150 includes a plurality of support
Pi NS 15Zadeshiavat paalfclchtim, %hbreit RaBinBaMINSiEAPSdgRtRe Gt BPQhgle VlkraBA 871 NY
features (not shown), to ensure a uniformcarrier-substrate gap 158 bet ween
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changes_in the volunme of, neniscus |iquid as carrier 150 enters and exits

t he menthgderdingmapd teailgndges etine MepIsesy has six sides with two | eadi ng edges
157 each angled fromthe transverse direction by an angle 0, e.g., 15, and
t oget hej0028)r itrishopld be atadathhty while an ¢k @aimple skarveh toFigesplo e supstratainhavey
edges 159 each formng the angle 0 and together formng a centrally-I|ocated
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liquid are al'so possible, such as a trapezoid or parallelogram wherein
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arallel with) the leading and traili, edges of the meni sgus,
P substrate,) so long as the substrate moves wﬂzgrespe%t to 81e prox1m1tyqlea8s. Furthermore,

the orientation of the substrate as it passes between the proxheads is arbitrary. That is, the
substrate is not required to be oriented horizontally, but can instead be vertically oriented or
at any angle.

[0026] In certain embodiments, a controller 130, which may be a general purpose or specific

purpose computer system whose functionality is determined by logic circuits, software, or



[0025] It should be noted that, while in the exanple shown in Figure 1, the
substrate noves through proximty heads 110, 120 in the direction of arrow
166, it is also possible for the substrate to renain stationary while the
proximty heads 110, 120, pass over ar]fl under the substrate, so long as the
substrate noves with respect to the proximty heads. Furthernore, the
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arbitrary. rate 1s not required to be or

hori zontal.ly, .bu n_jnstead be vertically oriented or at any angle.
[ 0026] HrﬁX’Eé‘rythgf“isf @%6%@rrents, a controller 130, which may be a general

purpose or specific purpose conputer system whose functionality is |
det er mi[AB2F1Higure i shosvsr & sthematis genragentation rof uppgroptiexingishheas] 510, édiichoisedrent
of carrier 150 and the flow of fluids to upper and | ower proximty heads

110, 12firrof GRRAgE JFi lguee poxsiityshead Si0e(Ragnire 1)e pEsde pioximity hehd wpgedes a
proximty head 110, which is a mrror image of |lower proximty head 120
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apply a vacuum at a_perineter of nmeniscus 200. Vacuum ports 114 aspirate
|i qui d drmise mebststusoR0d plvepldy of yaeinh gorts bild applychvasugs #t Hpemefer ofas
supplied by nozzles 112. In certain enbodi nents, nozzles 112 surround

vacuummeétiscus 206, angusmgiorty 1iigappiegy ligaldchdralmerdspas 200iahd egeoyndingfluidur e
t hereof, or other gas or two-phase gas/liquid fluid. The nozzles 112 and

fluid ! I s [ i piNg r hdHisd i rface
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substrate 160 exitin i scus 200. gener.ate uppet._and | ower proxidmty
eads. PYEOUIONSIRR RS R e soerap EhebYesRhmiraBR) oMl AT |
to the left with respect to _upper and |ower proximty heads 110, 120. At

t he poiogtothss@ahor Wa=plase @agiiguid dhud.r Ahe nagresehdaandSlud punnhied (hgrefrom githh

meni scus 200 such that |eading edge 162 and trailing edge 164 of substrate
160 | i dn aaniipinasy) ¢ @hsrefeBquifl/gpemtarfacs aPo sarfabel ofankinigue @@ 232 of meni scus
200 is approaching trailing edge 164 of substrate 160. It should be noted
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meni scus 200 RN uI At cath $16150! Th HASFEL Sbstrate 160 and carrier 150 are
moving to the left with respect to upper and lower proximity heads 110, 120. At the point
shown in Figure 3A, substrate 160 extends all the way through meniscus 200 such that
leading edge 162 and trailing edge 164 of substrate 160 lie on opposite sides of meniscus 200
and leading edge 232 of meniscus 200 is approaching trailing edge 164 of substrate 160. It
should be noted that, typically, substrate 160 will be circular and while carrier 150 is shown
outside of meniscus 200, parts of carrier 150 may be in contact with meniscus 200, although
not visible in this Figure.
[0029] In Figure 3B, meniscus 200 is transitioning from substrate 160 to carrier 150. At this

point, trailing edge 164 is inside meniscus 200. In one embodiment, carrier 150 may be

slightly thicker in cross section than substrate 160. For example, substrate 160 may be about



[0029] In Figure 3B, neniscus 200 is transitioning fromsubstrate 160 to
carrier 150. At this point, trailing edge 164 is inside neniscus 200. In
one enbodi nent, carrier 150 may be slightly thicker in cross section than
substrate 160. For exanple, substrate 160 may be about 8 0.80 nmthick
whereas the carrier may be about 1.5 M thi ck. Thus, as meni scus 200
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trilling edge 164 of substrate 160. Forces acting on neniscus 200 at this
poi nt i[@030]nke Figurke3Cr inbridewsi 200 isctranséioning eorfplgighe o wwbbtoate 1000md]ontey
Figure 3D, the nmeniscus has conpletely transitioned off of substrate 160,
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substrate 160 at the trailing edge 164 of substrate 160. Droplet 202, if

al | oned Y fgr i LAl nts,
t he spo?dtggelgﬁgdf rs£ei erakegg&?oﬁ%%%g‘%’cﬁﬁlgsdﬁgﬂe@%l{g %%Yﬁgp B{tgﬂ]su s}? rggstcgibgdt]‘raf ace
IS hydroglglil'c, drjzpl et i)OF can mgrate to the active device region of the
subst r aV#h TefFicRee e dieW e JPEef ects i n devices formed thereon. A nunber of
factors are believed to contribute to the presence and size of small

dr opl et[0031] IatFigire 3D, shid inagfsardes templsiely troesiticned of5of substraip 400, dedyingat ed
that an entrance mark at |eadi ng edge 162 can be forned in a simlar manner
as | eadimdl edgRt 262 o thérbscie ligakiusn B0sxclididliorkl substéats 60t ehepipaitipgct i ve
view of a carrier-substrate gap 158 between a carrier 150 and a substrate

160. Nbézfgggfsgngﬂﬁ LN 1604 gﬂﬂ#ﬁ sbReiraliRA Rl toCaI! 284 _1&%?41@,%&%11%&1&“ th

carrier substrate 1 e nmeni scus is aveling in the direction

i ndi cat ed arrow 208. 'As the. nmeniscus transitions.off of ve
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meni scus along the direction of arrows 206, As the trailing edge 210 of
neni scusibgieate watfege i3 wdrophilice drapleti 302repnanigsate da the adfivgsdavipearegion offtheii d i s
directed toward a point 212 in carrier-substrate gap 158 adjacent to the
subst r afubstgaté,r @hichn@neclgee H6fkctsl in ddvicdsdfohaed elomepni. z ed ntuimber vEfacerwsaré i qui d

is constantly flow ng out of carrier-substrate gap 158 as the neniscus

transi i HseXR @nfrfuld ©'thd plsentB Gh& §OE Bf st dbdpfidti 282 a8 tRAHailing edge 164 of
substrate 160. It should be noted that an entrance mark at leading edge 162 can be formed in
a similar manner as leading edge 162 exits meniscus 200.
[0032] Figure 4 shows a perspective view of a carrier-substrate gap 158 between a carrier 150
and a substrate 160. Mecniscus perimeter 204 shows the area of contact of the meniscus with
carrier 150 and substrate 160. The meniscus is traveling in the direction indicated by arrow
208. As the meniscus transitions off of waver 160, meniscus fluid in carrier-subsirate gap
158 is swept by the edge of the meniscus along the direction of arrows 206. As the trailing
edge 210 of meniscus perimeter 204 reaches trailing edge 164 of substrate 160, fluid is
directed toward a point 212 in carrier-substrate gap 158 adjacent to the substrate’s trailing

edge 164. It should be recognized that meniscus liquid is constantly flowing out of carrier-

substrate gap 158 as the meniscus transitions onto carrier 150. Therefore, the liquid is not



9 expected to literally follow arrows 206, but rather that a vector
conponent of the direction of flowlies on arrows 206, resulting in a

buil d-up of fluid at point 212. 100331 Figure 5 shows a cross section view
of meniscus 200 at point 212 as it is gconpleting transition onto carrier
150. At this point, neniscus 200 is sti1ll attached to trailing edge 164 of
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i nhi b|t| avvay fromsubstrate 160 al ong arrows 214.
Vacuum or s 114 dra |UI i ncl ydi S Li d and surroundi ng gas,
exerti %IF%?IE:%‘T%W reelingifg uﬂg%ﬁrmfgfﬂé% t;ﬁ?om 216. An additi onal
force is exerted by fluid exiting nozzles 112 % igure 2 whi ch pushes
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218. A gravitational force 220 is also exerted agai nst nmeni scus 200. And,

i f substdnaition bt ¢asridryld00 pitithis piritraenissus 200 isstill atacheal toamildpusigeilgdiofl can
cause hydrogen bonding forces to pull water back onto substrate 160, as
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per spect ve/cross section vi‘ews, exenplary embodi ments of a carrier having

means f uci ng ent [or exit r -b
enhanci‘?%a PHAY %o %fsuh%ﬁ%%&ﬁggppﬁﬁﬁrﬁw? ?g% §ﬁ§uu§§ ?rltsgﬁ‘g%%sﬁ?% e %%dﬁn%s t he
meni scus transjtions conpletely off of the substrate. In_ Fi gure 6A, carrier
250 hagnenisasdiguidoandwgqendipe & exeting aderce o aasnischs liguidiindicatediby peiiency
whi ch includes a reduced thickness in a lip portion 252 adjacent the

| eadi n@1#ndAnraiditiongl fdgeis eferted byt flvit exitb@ ndphesi Fl2o@iduye 2) méid¢hopmshes
surface of carrier 250 tapers to a thinned |ip portion 252 near point 161

of Sub%hwcﬁa%éﬁst i SR/ILAM Shibitde BE Iﬁelﬁ@asilm s‘ﬁgﬁo&%wmbwivsng sdge

164 (Figure 7 A thi nned carrier at these |ocations can reduce both

t f t
caused B R PRofor 020 el oA ey NGRS 20057 P T i IS4 8T O
This allows fluid to nore easily flow past the edge of carrle 250 and out
of t he hysprhdionlipnia sirastiondpiaenisns iahie cparssmsehiragsn boading fpecss &P@f

arrows 254. This can 10 be conpared to Figure 5, in which carrier 150 can
rest ri owatefieackloatw swbstnae il 6¢ s répiremht;tdﬁxycamoﬁséZ@ap.

[0034] Figures 6A, 6B, and 6C show in perspective/cross-section views, exemplary
embodiments of a carrier having means for reducing entrance and/or exit mark size and
frequency by enhancing the flow of meniscus liquid from the carrier-substrate gap as the
meniscus transitions completely off of the substrate. In Figure 6A, carrier 250 has a means
for reducing entrance and/or exit mark size and frequency, which includes a reduced
thickness in a lip portion 252 adjacent the leading and trailing edges of substrate 160.
Specifically, the lower surface of carrier 250 tapers to a thinned lip portion 252 near point
161 of substrate 160, which can either be a leading edge 162 or trailing edge 164 (Figure 7A).
A thinned carrier at these locations can reduce both entrance mark and exit mark size and
frequency by reducing the obstruction caused by carrier 250 as the meniscus transitions off of
substrate 160. This allows fluid to more easily flow past the edge of carrier 250 and out of

the gap formed between carrier 250 and substrate 160 as indicated by arrows 254, This can



[0035] In Figure 6B, carrier 260 has a means for reduci ng entrance and/or
exit mark size and frequency, which includes a beveled portion 262 near
point 161 in which upper and | ower surfaces are beveled to forma knife
edge 264 | ocated on a plane between upper and | ower surfaces of carrier .
260. The knife edge 264 provides a thitined carrier portion, which can be
for med g@@amgﬁeéﬂ t&%%ufe? | maghity cafil 1 56ich REHRIIRSAGY TURSHIAL HiqghROForhD
Figure 6C, carrier 0 has a neans ¥or reduci ng entrance and/or exit mark
size and frequency, which includes a tapered portion 272 in which only one
surface™B®arrier 270 is beveled to forma chisel edge 274 near point 161
of substrate 160. In one enbodi nent, the |lower carrier surface 276 is
bevel ed[098kIndFighie Ghheamiar 26fHhetin maans for medughipamtianed ansioraxitraark sizpandg
bevel ed downward. [0036] It should be noted that the enbodi ments presented
her e ar gequeacq!wiiigh amndlydes anbevelodagdrady 262 near peini bils irmwhichouyperphditerer For
exanple, the entire internal perineter of carrier 150 (Figure 1) can be

t hi nnedg, Py, pr gl lﬁ:@v@ﬁd ltbidn 2818l edgt 2B8NocaBddCon a PRiMRSBeth &R uPpds bn®IRAS near
poi nt 161. The thinned carrier pOFFIOﬂ may enhance the flow of neniscus

liquid fromthe carrjer-substrate in.areas.ot her than i it )
[0037] #rBEreoRa R’ i 2B pechysa B Rapleh BOuth BBl csf Bt
reduci ng entrance and/or exit mark size and frequency, which includes

cut out stormed nearrearle atiihe deadingeantdreilingiedses of sy§iralgdo01 du Fignreofpstertigre 7960,
Cut outs 282 renove any obstruction caused by the substrate carrier that
m ght | ks Hintean® dorsredacihg enttadiccomdiori exitainlark sime @nd feqaeatyf whadh inchides iang
the carrier-substrate gap. Cutouts 282 nay be nol ded or machined into

carri er;,28Q4 phRida H9M8 wifich bﬂi A& ARAHRVT0as BALdd 8ok a chiselédye? 13

shows portion 281 of Figure 7A with an alternate enbodi ment of carrier 280
in whic ut Qut s e . V-sh d...l n. Fi . RO LI i 7A
has anoﬁ%?eﬁlﬂoéqtﬁ%e%WSH%ﬁgﬁﬁ ' OIP (%éar éfnl%egrd??gﬁ’ ﬂ\%nfé’ﬁ"e“'? nmt%%g s@r&‘? o U?H;fﬁ
conprises a plurality of slots_or grooves 286 adjacent .the |eading and
trail i nbevelrgawpward; ipanether w@@&g@ts%wayermEgﬁf?%?JSf%Qt?veEdcffw&ar@r ooves

may be fornmed into or coated with hydrophilic material, which wll tend to
draw f | [(i0d6pIitshofildt e ngiag thatt the cartioklinaenis aotserded hsredas exemphinb ehlywand @h
reference to Figures 8A-8D. In Figure 7D, a pocket-shaped cutout 286 is
provi deghrid of DRMHInb ard @rRémpiaRl. tHe RARAR RSP IRaaA! Reinderdfianes 7A -

7D are exenplary only. Furthernore, a cutout may be provided on either or
bot h of .| eadin dge or,.the traili Fur f one
size or 1%&&6%“%3?/ cg%g%ﬁg% eb(?' ]gﬁv‘gﬂ*ge%g?’n%qggé%’egr?rg'h’glra{cﬂég %{’j‘{l ?%E’ff[ L‘{%F%g?l? er ent
si ze and/or shape nay be provided on the traili edge. [0038] .Cenerally,

it is dpeint &6l.c HAe thivged saice pogsionHPay spvess the ﬁgwg‘g IBF’BE%@ } it @le

because this aids in the global contai nment of the neniscus during

pr ocesscargjer-substateighp omareastother thanampmidty6known t hat when a hydrophilic area
is in contact with a hydrophobic area through a liquid film fluidis

pref er efijoq] Figufl OANSHoM % HRB WNHTTRAHdr 288 RIS h@nd Y61 RABcihgRatlrite
effects. If the carrier is hydrophobic, then any meniscus liquid trapped in

t he substrate-carnier will be f L ek r | of

the 11 attdior Pafe e SR8 e Rt R 2% FEL LB e RN 01
hydrophilic and the carrier is hydrophobjc, then surface tension effects

wi Il entailinggege| Wdot subsiiales 1@~ Sehiows d8ReTegiaycaay SRYCHoR catisd iyathe,

t hus exacerbating entrance and exit mark formation. In certain enbodi nents,
hydr ophsilistrate e rrog thati roighh inbébit erdnstic Suidf fromeaniitlyicatering god fimallp wyitinger ed

so as to use surface tension effects to assist the nmeniscus liquid in

evacuat {jROcaRE-BEEAE !, %.u bstitbak2amaitd fbleing hecHiRel s chngler 28berI@bY
reduci ng exit marks. F% 39] Figure 8A shows a carrier 300 having a neans

reduci ng _ o 0 having a mean
nyar opnf RS 26y s RARSEAE A% Byt pouebhel HEWE LGB A8 ERAPENICE

that readily fornms hydrggen bgonds with. a |iquid su as er L.S
t her ef omathAsy dtcpRate S‘E‘g%‘%ﬂ‘i’&ho CW\A%%‘E%WE‘%LE‘F%%EQ%BFG ga?‘i‘ﬁmd:?ﬂ'aﬁlg‘“e
hydrophilic surface can be defined as one that has a contact angle of |ess
t han 409@ngorioh 28l ayftfigire 7duhissowthramltomattedmbatimant efarti¢ra80n swdereinc et act
angl e of greater than 60. As is generally known, a contact angle nay

cutout comprises a plurality of slots or grooves 286 adjacent the leading and trailing edges



12 be measured by placing a small droplet of water on a flat horizontal
surface and neasuring an angle fornmed by the tangent of the |iquid/gas
interface at the point it touches the surface and the horizontal. O her
met hods are known for measuring hydrOﬁHobicity and hydrophilicity, and
ot her thresholds may be used to deterrine whether a specific material is

hydr 0pr@gilfrf]lgoe][dgg¥ﬂ5wﬁ1@3&fl0%u‘ﬁstrit996&] sﬁa% ;J% oo%%mhgghs IBANG: dfed FRKCI NT

the size a eque entrance an exlt , the neans 1 ncluding a

surface that.is gl obally hyd hjli ich is dndicated in.Figures 8A-8D
by hor 1isebiicaSietiAn ion Sl ARt e Mk ottt 558 i o oG Pces
of carrier 300 are made globally hydrophilic by selecting an inherently
hydr opHies¢ribedehelaw sithfreferenge @FIM.S@QEW@&W 7By & rogleat-shangd cutone P8kl e
Si 02, Al 203, and SiC. O her hydrophilic materials are of course known and
can be igseevidsd. Wi shoukdibb msed thantledembbditnehtsairbsontadeinhFigare 1A aad
| i ke materials. In another enbodinent, the surface of carrier 300 is nade

! 0bal g ol PRk IFartBYmiRe o/ udfhr nd K $180idbd 6n AR ABoliPosthbyARRRRARL C

substrate atings can be fornmed from polyners and other materials and

are generally..readily.camercial | vai | abl e. rrier, 300, .bein .

ny i op e kg ke TEEEROS, A e Waelir s LRy Py Leading
substrate-carrier gap back onto the wafer. To the extent that carrier 300

i s nor edgy apdpsrHopcotadifferubsive ardéorishepe max bapravidedon the tradingiedge. pe dr awn
to carrier 300 as it transitions off of substrate 160. [0041] In Figure 8B,
a carrije03810ecnenaily itds dested thitahe caduchalyydriishobizie the grdcesingefhdy befause
entrance and/or exit marks, which include hydrophobic region 312 adjacent

| eadi ngLRAG8s 1P hOblobHPES Tt RNRACHT AROmRNRYEA BRMJ bfockREHEON T Addiash, 3¢ 891t

trailing edge 164 of substrate 160. In one enbodi nment, substrate 160 is

formed of hydrophohi t eri al ut_can .be e .nor hobi ¢, at
hydr opHeBFaLy SaPan tst 3Ty SAripni ubER iR SaactCult F Ry PRk Fnfley 2
anot her _hydr ophobi c material such as, Pol yet heretherketones (PEEK), .
Pol yVi igudifha, Suid i prefereptalivrdragin ingy (feohydipphijie seeanhJue e SyrfaeHpnsion 3
[0042] In Figure 8C, a carrier 320 includes neans for reducing the size and
f r equenrafiectsf 1Btht camize isshydtaphobici themank syentshws livpad srapped| in dhagpbstraje-olailet y
hydr ophobi ¢ carrier except for hydrophilic region 322 adjacent trailing
edge 1%P%ill$él1§1§ﬁl§édeﬁéiﬁ%e ENHEORI byl TR RE ﬁrasﬁythb;gaﬁ QAIBE ikhibifed.

|

hydrophilic coaling using a known material. In one enbodi nent, carrier 320

is fornmed.from a.hydrophpbi c. material . | r . i ent, .carrier 320
s 1 or noiaepea it RS e MRiEonitic b BRSAEL if TRARHERE o8RG ks o
with a materiagl that is even _npre hydrophobic, such as silicone or

si | i corfensigshetedts wall socqurage fhudqtpqiransicr) qut of dBs AP 399 onfy) thsesupsiraipdtheg
applying a hydrophilic material. As with carrier 310 descri bed above with

r ef er encxacdrbatifigguertr&Be hardr ophit | | markegifamaBiaa. ut i Mn zewrtsinr f ambodiersispn
effects to draw neniscus |iquid off substrate 160 and onto carrier 320.

Si m | ardyyrophBbicitgufophite. chaRRitsishi @ oftRS e iBedgd Areérictnedill ol B4 ORENrate
entrance and/or éxit marks includes a V-shaped hydrophilic region 332
causes Ai_sS Li.qujd. draw. of f 1 { rier 3

(00437 PRk Efifers 8 o DA, RURE o Bt U AR R Rl o
and hydrophilic regions are envisioned to assist in reducing the size and

f r equerl®ing e canics thergPpredaging cxkmagks. Fur t her more, hydrophilic and

hydr ophobi ¢ regi ons may be used separately or in conjunction with notches
descri He3YHigere WA shovefecaenedd MWdakinger msansAot fadoogh edancehindfoe dxibmatlaper ed
profiles described above with reference to Figures 6A through 6C. [0044]

Fi gur essiz%xﬁr}%qt%&c%m& ifidhdé §h¥§5 ifie YhrTabe M RGdrbAtiliE SeldeIPoid B mfikde and

frequency of entrance and/or exit nmarks, the neans including at |east one

Lo S 5P SRTARE A AT SR8 A b 19,
O POl SHEBSAE e 5:BehShbaboeohe e R

comuni cation with renote vacuum ports 356 by way of internal passageways
354. | rasemedhatims sageteay sngds df leay thoe 408 andd hydraphybigspriegs ¢anthe dafiand as For
exanpl e, substrate 160 nay be formed using a bottom|ayer with passageways

354 ol #edhathas A%oaMECangle of greater than 60°. As is generally known, a contact angle may




14 thereon, the bottom|ayer being then am nated to the top |ayer using
friction welding, adhesive, or other neans. Renote ports 356 nmay be nvol ded
or formed into the top |ayer. [0045] In one enbodi ment, renote ports 356
are connected to a flexible hose (noté?homn), which is in turn connected to
a vacuum source (not shown). As carri 350 passes between the upper and

| ower  prédmkabuted Besiasing h BRia ASSPIN TG DALH A\ RHIEIET suBfa¥@hdPmbSsuBRE Iaﬁd

just as the nmeniscus is transitioning conpletely off substrate 160. In

anot her | t r align wth yacyum as
he. moriehy SHE Bted HBEE oP U St e CloficBlol FRE Dol gl thi b 35
substrate-carrier p can therefore he drawn out _thraough vacuum pqrts 352
and th thF‘éOIH?lev@ﬁFéBl %{s@% Tt [§eASHPRE ﬁa@r@pﬁ%@q prshaydrephiligith her
enbodi ment, conpressed air, e.g., Conpressed Dry Air (CDA) or other gas
such asandi athergbreshdld$ imaynbe Aserbio, datermine whetheapp bpesific mateniakis iytirophelsageway
354 and a venture (not shown) generates a vacuumwhich is supplied to ports

352. Thgydesphaicied conpressed gas and aspirated fluid can then be routed or
directed to an appropriate container or a harnml ess area of the chanber in

directed to an appropr! _. ber i
an OUATER R SAPREA%, AERMGr R I MBI R RER bE D

of an Ion for 0 vacuum por 2
just as the ni scus.is transitjioning . conpletely off substrate 160 and onto
arri rmags, | enmensoinglighe & rprian gt e alobalukeonhilic sl T indifetsd o
vacuum source 360 when upper and |ower proximty heads 110, 120, are

al i gnedFigimeh 8A-8IP by igrizoigfel sk nufrks ubseneatrabddidentn thet uppeneand bwes sarfaces
transitioning conpletely off substrate 160 and onto carrier 350. At this

time, VACiauiRr3N0r 46 nle gléHally dEdiophilt bR sl €cting QR iwhdrbntABHHEPIARE hfateRrP
(Figure 9A) and draw out neniscus liquid fromthe carrier-substrate gap.

[ 0048] £i - gﬁ’l(ﬁ]%g!ggﬁ? j nait 11vQ: h e f.0r
reduci nfgft Hegrm ze ‘an ?sg%tfjég%l?:%lao gl@raﬁélﬁ‘ggl(g%%?%jﬁ’ exl ?ﬁfna(tr)glgr ?E ﬁ%‘gns
i ncl Udigﬁgt a Eor ous gdge 357, Porous,edge 357 nmay be magde of sintered petal,
or cer dRFETHF GO yPEt FATFS o KBRV Ry 128 e CgTbT ) Y554 e @S mit¥elh | SFcthadt ngeafd open
pore structure. A channel 358 can be provided to distribute the 15
polytetrafluoroethylene (PTFE) and like materials. In another embodiment, the surface of
carrier 300 is made globally hydrophilic by applying a hydrophilic coating to a hydrophobic
substrate. Such coatings can be formed from polymers and other materials and are generally
readily commercially available. Carrier 300, being hydrophilic, will reduce any tendency of
fluid to flow from the substrate-carrier gap back onto the wafer, To the extent that carrier 300
is more hydrophilic than substrate 160, the meniscus liquid will be drawn to carrier 300 as it
transitions off of substrate 160.
[0041] In Figure 8B, a carrier 310 includes means for reducing the size and frequency of
entrance and/or exit marks, which include hydrophobic region 312 adjacent leading edge 162
of substrate 160 and a hydrophilic region 314 adjacent trailing edge 164 of substrate 160. In
one embodiment, substrate 160 is formed of hydrophobic material, but can be made more
hydrophobic at hydrophobic region 312 by applying a silicone coating or a coating of another

hydrophobic material such as Polyetheretherketones (PEEK), PolyVinylidine DiFluoride

(PVDF) or Polytetrafluoroethylene (PTFE).



pressure drop evenly along the | ength of porous edge 357. Porous edge 357
is shown as having a bevel ed kni fe-edge shape, however other shapes can be
provi ded such as having a sem -circular cross section, square cross
section, or an asymetrical cross section. [00491 In Figure 11B, a second
al ternative enmbodi ment of the neans fd reduci ng the size and frequency of

entran : i LS r Vi orts
352 Gty chisl o FiekTicl 390 HRHAIR haRR B rREShe S SR Ao TP
reference to Figures 6A-6C.. [0050]. | houl d .b ot.ed.that either qr.both
e upgoraias e P RS PER o Aoy R pa PR e Bt R eR by a
conputer system such that the rate of travel of the carrier with respect to
t he prdwidrinhjlieegipn 3aRyadieceaoliaitingedes 1¢hpf sehspatedioy Rydrophilip segien 322 of
the carrier with respect to the proximty heads. In sone enbodi nents, for
exanpl enay beforaied befa Hydeopilicodoatibe usiap hikawwhayatlaéal s o ves embodihentyesiriec us
transitions on and off the substrate, thereby providing additional tinme for

meni scupl isGuifled Rofta L&&wfg Ritfc Rhadhe GRRAIRE Sihalte cARbr 330VisPRgthtd N,

t he vacuum from vacuum por 352 in the carrier can also be conputer

controlled, either to ti i act.] wat i deactivation of sugtion. or to
vary ¢ Hesiniaomplerat sl isralions e e g Pic AR Kobiel i o hocB s B ny O
respect to the proximty heads. The computer control can_be inplenented
usi ng HE@I@\M@H%@@W@“@F ag silieqnsj o sHicoBerooRtairing pAkymetp H Brdieribigpegien 322
processor, using a conputer programwitten to control the novenent and/or
appl i cahaypbe fifrmed byiapplyingra lnelrophilic mateoid]. mantsth carmee3p0 described gbama witls o
controls the volunme and/or constituents of fluid supplied to the neniscus.

Ther ef QtRrerdcBoCPIFR 8B aihicCaidebnanflizbl duffRe RAsios PEEdcls &R ldtatw
tailored to each of a plufality of given applications. [0051] Wth the

above enbodi nent s, i i nd, | . r sd. hat .. bavent i can
enpl oy I{}%{Pf%lgglq@bdn% tsgl? S?faﬁ%:lé%gﬁf%%o‘%&%% hsélgﬁ@g&\/?ln% at éaﬂ’srgg‘llrdeS n
conput er systens. ~These operations are those requiring physical

mani pultaducng dhe izesand| frequgney of esntrange andfor exip mangs jgplvdey andcewwedi|y,
these quantities take the formof electrical or magnetic signals capable of
bei ng dtydrapdijlict regionf382 reubes oeniscwseliguid onpawead! arbdtratt 160 wind entowairpn Bad.ed.
Further, the manipul ations perforned are often referred to in terns such as

pr oducipe43]i 16 Shbild Y ReboghRb® [tk RhfistionS onGREBIMped 8f hydrOfiRsbic MW hwfropHigc
oper ations ‘described herein that formpart of the invention are useful

: cr i bed herern that for i
For porBPi fy Ehitendris, BEFCILRRbEdnt S8 A8 At Gfls PRuBReRt IS

for the required purpose, or. the apparatus can be a general - purpose .
conput dpake| dathgamgres dydiroghilig and Byshiephabic tegignsamay b essf ssPEgiebnPsinr ed
in the conputer. In particular, various general -purpose nmachi nes can be
used widonjunotipruivith motdgs desribed abeve with acfeencatocEigures 7 At theoughafihithipsed
herein, or it may be nore convenient to construct a nore specialized
appar atd#SagePediStofiRk MeddiBed Sticath RIBGERIE t8 FBgures 6A through 6C.
[0044] Figures 9A and 9B show a carrier 350 having means for reducing the size and
frequency of entrance and/or exit marks, the means including at least one vacuum port 352
located adjacent leading 162 edge (not shown) or trailing edge 164 of substrate 160.
Although only trailing edge 164 is shown in the drawings, a similar arrangement can be
provided at a location on carrier near leading edge 162 of substrate 160. Each vacuum port
352 is in fluid communication with remote vacuum ports 356 by way of internal passageways

354. Internal passageways 354 may be formed by any appropriate means. For example,

substrate 160 may be formed using a bottom layer with passageways 354 molded or engraved



[ 0053] The invention can al so be enbodi ed as conputer readable code on a
conput er readabl e nedium The conputer readable nmediumis any data storage
device that can store data, which can be thereafter be read by a conputer
system The conputer readable nediun13lso i ncl udes an el ectromagnetic
carrier wave in which the conputer co I s enbodi ed. Exanpl es of the
conput QBeﬂégﬁ,dﬂﬂQl ﬁ’otEB%@"l!;}F& R HRenBhAnAEd Y58 She Q%%/Bﬁ%ﬁ%ﬂns

(NAS), rea y nmenor random access nmenory,

magnet i es _apd_ ot her non; or eV|ces The
Conput AEPREG RS PLeR Bt P S P Tab AL DY PRt Sared Wéﬁ%ﬂﬂ%um ed
conput er stem so that the conputer readable code is stored and executed
'n 5 ci[9949]otane crebsimoent, OB porn B0 prcerd the Griehosd (otakawem, can
be processed on a single conputer, or using nultiple conputers or conputer
conponewliish whinCiarmtenetié te annaedine dourbe Contpliben). As cusiet 3H@ padsss batvakbih

I ncl ude a standal one conputer system having its own processor(s), its own

Menor Y, 4 38hdrtbid mwer;,&&{ﬁ%hems thelaslnlrh Ruied a@tﬁ}mdtdr'agfaﬁbé% sganemas@ bs
provi des conputer resodrces to a networ ked term nal

di striQuted co stems rs ter st em tual ly be
acoess ity BRI Enr AR Rl Srind-RoTl' & ol enm%%ﬁeaﬁ e
users can therefore access a virtual conputer over a network, whi ch will
appear ROES{36 ane avranged fo alige Mathcn Heswuay ascilie mepmiseus) transitions T subsiraech60g
single user. [0055] Although the foregoing invention has been described in
sone déltais) fldidrin phe pubsteste-@brricr gap tan thirefiord de siravwmd baigthrduich wiatdunb eoapps ent
that certain changes and nodifications nay be practiced within the scope of

t he ap%ﬂ@ﬁ&eﬁk@?ﬁent&?ﬁ&h%ﬂﬁ%ﬂgtotsﬁﬁstﬁ&@ﬁﬁﬁt enbodi nents are to be
considered as illustrative and not restrlctlve and the invention is not to

ccope. ApFdRiebdRen FuRidRe: SRR A" o8, Colfbhesde BR7 A @AYo Bk gl

such as nitrogen, helium, Argon, etc., is supplied to internal passageway 354 and a venture

(not shown) generates a vacuum which is supplied to ports 352. The combined compressed
gas and aspirated fluid can then be routed or directed to an appropriate container or a
harmless area of the chamber in which meniscus processing occurs.

[0047] Figure 10 shows a perspective view of an exemplary configuration for applying a
suction to vacuum ports 352 just as the meniscus is transitioning completely off substrate 160
and onto carrier 350. In this exemplary embodiment, remote ports 356 align with vacuum
source 360 when upper and lower proximity heads 110, 120, are aligned with trailing edge
164 of substrate 160 and the meniscus is transitioning completely off substrate 160 and onto
carrier 350. At this time, vacuum source 360 will be in communication with vacuum ports
352 (Figure 9A) and draw out meniscus liquid from the carrier-substrate gap.

[0048] Figure 11A shows a first alternative embodiment of the means for reducing the size
and frequency of entrance and/or exit marks, the means including a porous edge 357. Porous
edge 357 may be made of sintered metal, or ceramic or polytetrafluorocthylene (PTFE)-based

material having an open pore structure. A channel 358 can be provided to distribute the



18 CLAI M5 1. Acarrier for supporting a substrate when being
processed by passing the carrier through a neniscus forned by upper and

| ower proximty heads, the carrier conprising: a franme having a top
frame surface, a bottonlfrane surface, _and a frame opening forned to extend
fromthe top frame surface to the bot thdm f r ane surface, the frame opening

si 2ed T f&&fbﬁt%mgsﬂgﬁg%ﬁ@fe%m@%breﬁg B3R5 2N Phfbu P’{H;*%% ggg}lf@?aapagrat e

surfac rate e are Substanti a to the

top fr ne.sur d.boftomfr surface respectlve ural

of "sup heveef B ipplae e PRE LTSRS o 57 REeS hd SBT2  ench
of the pl urallty of SU{)pOI’t pins defined to extend fromthe frarre into the
frame openiciHgulelerass $egtiom sayase £1058 secionpa aniapynaghfcab@osssegfigf each of the
plurality of support pins is positioned between the top frame surface and

t he Dbot[0049]f InaFiguieul 1B Gesecditt nleérnativecerhba@iimentpefiha gnéans $oz edusing hhe kiag an
annul ar gap exists between a circular perineter defned al ong outer

| ocati opg fRiqy Eﬁtﬁro%‘éﬁﬁ&ﬁ&taﬁd/%'ﬂ Bﬂ%ia&ﬁhﬁnélﬁ&é%@%@@&gé’is9tﬁ%@ %E:&hh?%rt?f
support pins and the frame at a perineter of frame opening;

a
of a1 ebr gt Geepands AEpRRR Mt Pl s R RRERI Aot el oriBies .

opening so as to be in fluid comuni cation with the annul ar gap, wherein
the cut@t—o6Cs formed to extend through an entire thickness of the frane
fromthe top frame surface to the bottom frame surface, and wherein the
cut out [0850]dt shehld beendteahthat eitlertdrebolthi dneuppon rmi Hewér proringipe heady , andhtee ei n
the leading and trailing edges of the frame proximate to the frame opening

are ref GhanCaf eRbALINE ByPa éoﬁlbﬁt@@éysfyn[ ichi AR tﬁé rdt€ BY Ghved lof iRCcaPRE WK
through the neniscus. he ‘carrier of claim1, wherein the franme
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edge of the neniscus and a trailing edge of the nmeniscus when the carrier

i s passiaHEFTtWEbRsACH AR thﬁapnogm %%é»r an gomg embodunents, fpgexamle.ithy raleigés of
the nmeni scus are referenced relative to a linear direction of travel of the
carri ertrdviel ofigie tireiermardysbelislower as the meniscus transitions on and off the substrate,

thereby providing additional time for meniscus liquid to be flow out of the carrier-substrate
gap. In addition, the vacoum from vacuum ports 352 in the carrier can also be computer
confrolled, either to time the activation/deactivation of suction, or to vary the flowrates
depending on the relative position of the carrier with respect to the proximity heads. The
computer confrol can be implemented using hardware logic or in conjunction with a
multipurpose computer processor, using a computer program written to control the movement
and/or application of suction. In certain embodiments, a computer program also controls the
volume and/or constituents of fluid supplied to the meniscus. Therefore, the computer
program can define fluid recipes specifically tailored to each of a plurality of given
applications.

[0051] With the above embodiments in mind, it should be understood that the invention can
employ various computer-implemented operations involving data stored in computer systems.

These operations are those requiring physical manipulation of physical quantities. Usually,



19 franme opening is forned to cause liquid fromthe nmeniscus to exit the
annul ar gap as a | eading edge of the frame proximte to the frame opening
exits a trailing edge of the neniscus, wherein the trailing edge of the
meni scus is referenced relative to a Ihgear direction of travel of the
carrier through the neniscus. 4.*"The carrier of claim1l1, wherein the
cut out ' ; {Haech N 3 ' J: S o

cause | thﬁllggq?{r%hﬁg%ﬁgwhg%ﬁ%@ﬁtlo ex‘l3 %Il%tfkgﬁgﬁ %%F%rc 9‘8‘28’!‘ %‘egé?%ﬁlfrlsﬂ)g{)fe%dge
of the frane proximate.to.the f.rame openi xits .a trailing, edge, of .the
rent oot DR RITRG (RsS e Mg eogbarbanhedyle rbinaldfn ElGhderms ve
to a linear direction of travel of the carrier through the neniscus.

5. The gwpiulatiops nerfarmed arevedieriefarred for nderms suchi ae graducingy ddentifidagiced
t hi ckness as neasured between the top and bottom frane surfaces within an
ar ea pr detem@ihingt or ¢dmgpatingne openi ng and positioned on at | east one of the
| eadi ng edge and the trailing edge of the frane proximate to the frane
opent n9j0052] Any ot e Sopefitioh® deRdribell aﬁepaié,thmhﬁ'rgart BE (R GRveffion GRHGSRG

t hi ckness of the fra Is formed wthin the fra In a contlnuous nmanner

roun he, .per.i .er he fr. nj ng. . .
ar ound hlaglu € op(rerr% iSts. © é MventiG Glss Helies 9o a device or an apparatus for performing

these operations. The apparatus can be specially constructed for the required purpose, or the
apparatus can be a general-purpose computer selectively activated or configured by a
computer program stored in the computer. In particular, various general-purpose machines
can be used with computer programs written in accordance with the teachings herein, or it
may be more convenient to construct a more specialized apparatus to perform the required
operations.

[0053] The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can store
data, which can be thereafter be read by a computer system. The computer readable medium
also includes an electromagnetic carrier wave in which the computer code is embodied.
Examples of the computer readable medium include hard drives, network attached storage
(NAS), read-only memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic
tapes and other optical and non-optical data storage devices. The computer readable medium
can also be distributed over a network-coupled computer system so that the computer
readable code is stored and executed in a distributed fashion.

[0054] Embodiments of the present invention can be processed on a single computer, or
using multiple computers or computer components which are interconnected. A computer, as
used herein, shall include a standalone computer system having its own processor(s), its own

memory, and its own storage, or a distributed computing system, which provides computer



7. The carrier of claim5, wherein the thinned portion tapers to a knife

edge by upper and | ower bevel ed surfaces of the carrier. 8. The
carrier of claim5, wherein the thinned portion tapers to a chisel edge by
one of an upper or |ower beveled surfage of the carrier. 9. The
carrier of claim1, wherein the cutout™is notch-shaped. 10. The

carri ereQburGdsatdNalnetWofled frhifl Cilt Qéiﬁei(ﬁst}{bﬁﬂaépfognpuﬁn systbins, 18&sCG &1 €r
of claim1l, wherein the cutout conprises a plurality OF g?ots or 50
computer system may actually be accessing component parts that are shared among a number
of users. The users can therefore access a virtual computer over a network, which will appear
to the user as a single computer customized and dedicated for a single user.
[0055] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the

details given herein, but may be modified within the scope and equivalents of the appended

claims.



12. The carrier of claiml1, wherein the cutout is pocket-shaped. 13.
The carrier of claiml1, wherein the frame includes a hydrophilic surface at
a trailing edge of the frame proxinate to the frane opening. 14. The
carrier of claim13, wherein a material of the frane is a hydrophilic

mat eri al . 15. The carrier of claim13, wherein the frane includes a
coating of a hydrophilic material. 16. The carrier of claim13,
wherein an entirety of the top frame sut§ace and an entirety of the bottom
frame surface are hydrophilic 17. The carrier of claim 13, wherein,
except for the hydrophilic surface proximate the trailing edge of the
substrate, the carrier is hydrophobi cCLAIMS 18. The carrier of claim13,
wherein the carrier is hydrophobic proximte a | eading edge of the
substrate. 19. The carrier of claim13, wherein an area of the

carrier having tReahedt@dubbbiting WrsiiBsfitd Whifr BAAP Bfbcessed by passing the carrier
through a meniscus formed by upper and lower proximity heads, the carrier comprising:
a frame having a top frame surface, a bottom frame surface, and a frame opening formed
to extend from the top frame surface to the bottom frame surface, the frame opening sized for
receiving a substrate in an orientation in which a top substrate surface and a bottom substrate
surface are substantially parallel to the top frame surface and bottom frame surface respectively;
a plurality of support pins for supporting the substrate within the frame opening, each of
the plurality of support pins defined to extend from the frame into the frame opening such that a
substrate supporting surface area of cach of the plurality of support pins is positioned between
the top frame surface and the bottom frame surface, wherein the frame opening is sized such that
an annular gap exists between a circular perimeter defined along outer locations of the substrate
supporting surface areas of the plurality of support pins and the frame at a perimeter of the frame
opening; and
a cutout formed in the frame proximate to the frame opening in at least one of a leading
edge or a trailing edge of the frame proximate to the frame opening so as to be in fluid
communication with the annular gap, wherein the cutout is formed to extend through an entire
thickness of the frame from the top frame surface to the bottom frame surface, and wherein the
cutout is formed to extend into the frame from the frame opening, wherein the leading and
trailing edges of the frame proximate to the frame opening are referenced relative to a linear

direction of travel of the carrier through the meniscus.

2. The carrier of claim 1, wherein the frame opening is shaped so that the perimeter
of the frame opening as viewed parallel to the top frame surface is not parallel with either of a
leading edge of the meniscus and a trailing edge of the meniscus when the carrier is passing
through the meniscus, wherein the leading and trailing edges of the meniscus are referenced

relative to a linear direction of travel of the carrier through the meniscus.

3. The carrier of claim 1, wherein the cutout formed in the frame proximate to the



20. The carrier of claim1l1, further conprising: at | east one vacuum
port disposed proxinmate to at | east one of the |eading edge and the
trailing edge of the frame proxinate to the frame opening, the at |east one
vacuum port defined in fluid conmmunication with a vacuum source for
aspirating liquid fromthe annul ar gap. 21. The carrier of claim 20,
wherein the at | east one vacuumport is defined in fluid comunication with
a renmote vacuum port disposed within thegframe, and wherein the renote
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Vher el n g carrier
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port when the neniscus is transjtion compl etely off the substrate, the
fixed HetRMRSRSIEE ObRIeARPmSTus 13672%@6%%%%% whinesr tivecting of avel Af é’S&?‘E’S" t he
fixed thgﬁﬁmgglng stationary with respect to the upper and | ower

proxi mty ‘heads. 23. The carrier of claim20, wherein the at |east
one vacuum port is positioned behind a porous material, the porous naterial

havi ng an open p . | | | h the
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for préaamesipsiing isfopsbd & €use hgyid ifRimnthe meniscus to exit the annular gap as a trailing

edge of the frame proximate to the frame opening exits a trailing edge of the meniscus, wherein

the trailing edge of the meniscus is referenced relative to a linear direction of travel of the carrier

through the meniscus.

5. The carrier of claim 1, wherein the frame is defined to have a reduced thickness as
measured between the top and bottom frame surfaces within an area proximate to the frame
opening and positioned on at least one of the leading edge and the trailing edge of the frame

proximate to the frame opening.

0. The carrier of claim 5, wherein the area of reduced thickness of the frame is

formed within the frame in a continuous manner around the perimeter of the frame opening.

7.  The carrier of claim 5, wherein the thinned portion tapers to a knife edge by upper

and lower beveled surfaces of the carrier.

8. The carrier of claim 5, wherein the thinned portion tapers to a chisel edge by one

of an upper or lower beveled surface of the carrier.
9. The carrier of claim 1, wherein the cutout is notch-shaped.
10. The carrier of claim 1, wherein the cutout is V-shaped.

11.  The carrier of claim 1, wherein the cutout comprises a plurality of slots or

grooves.



providing a substrate carrier having an opening sized for receiving a
substrate and a plurality of support pins for supporting the substrate

wi thin the opening, wherein a dianeter of the opening is slightly |arger
than a dianeter of the substrate such that a gap exists between a periphery
of the substrate and the substrate carrier when the substrate is placed in
the substrate carrier; placing the substrate within the opening of the
substrate carrier; novi ng the subgbrate carrier with the substrate

pl aced therein between upper and | ower proximty heads so as to subject a
top surface of the substrate to a first neniscus forned by the upper

proxi mty head ang eiasfthisUpvkatinahdaittis packétxhapal t he substrate to a
second neni scus forned by the | ower proximty head; and driving
liquid of the first and second neniscuses fromthe gap between the

periphery ofst hergubstitabe R 1t RfhetdiPihd BhReCREILAGR a A§diopRiliE Isaﬁaceaatda

second neni scuses traverse over the gap so as to reducé a size and
frequena&m@ﬁdeOﬂﬂSd@MHQNQXGWﬁ@ﬁﬂhQﬁ@@e@pﬂéagt mar ks on the substrate

25. The nethod of claim 24, wherein liquid of the first and second

meni scuses is driven fromthe gap as a | eading edge of the substrate exits
a trailing etlge Tlie dangerEolaiis U3, whdrein abyateréad of thedratdeds s hydropliitic inaterial.
frequency of entrance marks on the substrate. 22 26. The net hod of
claim 24, wherein liquid of the first and second neni scuses is driven from

the gap as gstrajphd Bari6dsecidim 1 Bewhetomt thafRinfXintRidés 4 caatlnge £BgRopMiLS he
nmeni scus, thereby reducing the size and the frequency of exit marks on the

subst r atsrial.

16.  The carrier of claim 13, wherein an entirety of the top frame surface and an

entirety of the bottom frame surface are hydrophilic.

17.  The carrier of claim 13, wherein, except for the hydrophilic surface proximate the
trailing edge of the substrate, the carrier is hydrophobic.

18.  The carrier of claim 13, wherein the carrier is hydrophobic proximate a leading

edge of the substrate.

19.  The carrier of claim 13, wherein an area of the carrier having the hydrophilic

surface is V-shaped.

20.  The carrier of claim 1, further comprising:
at least one vacuum port disposed proximate to at least one of the leading edge and the
trailing edge of the frame proximate to the frame opening, the at least one vacuum port defined

in fluid communication with a vacuum source for aspirating liquid from the annular gap.

21.  The carrier of claim 20, wherein the at least one vacuum port is defined in fluid
communication with a remote vacuum port disposed within the frame, and wherein the remote

vacuum port is connected to a flexible tube connected to the vacuum source.



27. The nethod of claim 24, wherein the substrate carrier is provided with
a thinned carrier portion proximate at |east one of a | eading edge or a
trailing edge of the substrate. 28. The nmethod of claim 27, wherein
the thinned carrier portion is formed within the substrate carrier in a
conti nuous manner around the opening for receiving the substrate.

29. The nmethod of claim27, wherein the thinned carrier portion tapers to a
knife edge proximate to a perinmeter of 2he substrate when present within

t he opening of the substrate carrier. 30. The nethod of claim 27,
wherein the thinned carrier portion tapers to a chisel edge proxinmate to a
perinmeter of2.t herlsaﬁzﬁﬁhéraifelari]yh@l@ tha@Mewhle' ho hastdmmlﬂeevah 'cnmtrjxqforttﬁmltmua‘st rate
carrier. e nmet hod of c|aim 24 rein the su strate carrier
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the cutout is notch-s af he method of claim 31, wherein the
cut out vicyun- sstusgse he fixed vacugm, porh beingtstasionay itlarespert to\the uppar anddowar out

|nclude%mgn£§ﬁ&ﬁ£ity of slots or grooves.

23.  The carrier of claim 20, wherein the at least one vacuum port is positioned behind
a porous material, the porous material having an open pore structure for communicating

meniscus liquid through the porous material and into the at least one vacuum port.

24. A method for processing a substrate, comprising:

providing a substrate carrier having an opening sized for receiving a substrate and a
plurality of support pins for supporting the substrate within the opening, wherein a diameter of
the opening is slightly larger than a diameter of the substrate such that a gap exists between a
periphery of the substrate and the substrate carrier when the substrate is placed in the substrate
carrier;

placing the substrate within the opening of the substrate carrier;

moving the substrate carrier with the substrate placed therein between upper and lower
proximity heads so as to subject a top surface of the substrate to a first meniscus formed by the
upper proximity head and so as to subject a bottom surface of the substrate to a second meniscus
formed by the lower proximity head; and

driving liquid of the first and second meniscuses from the gap between the periphery of
the substrate and the substrate carrier as the first and second meniscuses traverse over the gap so

as to reduce a size and a frequency of at least one of entrance or exit marks on the substrate.

25.  The method of claim 24, wherein liquid of the first and second meniscuses is
driven from the gap as a leading edge of the substrate exits a trailing edge of the meniscus,

thereby reducing the size and the frequency of entrance marks on the substrate.



35. The nethod of claim 31, wherein the cutout is pocket-shaped. 36.
The nmet hod of claim24, wherein the substrate carrier is provided with a
hydrophilic surface proximate to a trailing edge of the substrate as the

substrate carrier is noved. 23 37. The nethod of claim 36, wherein
a material of the substrate carrier is a hydrophilic material. 38.
The nmet hod of claim 36, wherein the substrate carrier includes a coating of
a hydrophilic material . 39. The pethod of claim 36, wherein an

entirety of t surface .of .t he, substrate.carpie nd, an _entirety of a
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the hydrophiljc surface proximate to the trailing _ edge of the substrate.
ythere%y reducing the size an% the frequency of exit marks on the %ubstrgte.

27.  The method of claim 24, wherein the substrate carrier is provided with a thinned

carrier portion proximate at least one of a leading edge or a trailing edge of the substrate.

. 28.  The method of claim 27, wherein the thinned carrier portion is formed within the

substrate carrier in a continuous manner around the opening for receiving the substrate.

29.  The method of claim 27, wherein the thinned carrier portion tapers to a knife edge

proximate to a perimeter of the substrate when present within the opening of the substrate carrier.
30. The method of claim 27, wherein the thinned carrier portion tapers to a chisel
edge proximate to a perimeter of the substrate when present within the opening of the substrate

carrier.

31.  The method of claim 24, wherein the substrate carrier is provided with a cutout

proximate at least one of a leading edge or a trailing edge of the substrate.
32.  The method of claim 31, wherein the cutout is notch-shaped.
33.  The method of claim 31, wherein the cutout is V-shaped.

34.  The method of claim 31, wherein the cutout includes a plurality of slots or

grooves.
35.  The method of claim 31, wherein the cutout is pocket-shaped.

36. The method of claim 24, wherein the substrate carrier is provided with a

hydrophilic surface proximate to a trailing edge of the substrate as the substrate carrier is moved.



41. The nethod of claim 36, wherein the substrate carrier is hydrophobic
proxi mate a | eadi ng edge of the substrate. 42. The nmethod of claim
24, wherein the substrate carrier is provided with at | east one vacuum port
formed into the substrate carrier proximate to at | east one of a |eading
edge or a trailing edge of the substrate, the nethod further conprising
applying a suction to the at | east one vacuum port. 43. The net hod
of claim 42, wherein the suction is appRled when the first and second

meni scuses are transitioning off the substrate.

37. The method of claim 36, wherein a material of the substrate carrier is a

hydrophilic material.

38.  The method of claim 36, wherein the substrate carrier includes a coating of a

hydrophilic material.

39.  The method of claim 36, wherein an entirety of a top surface of the substrate

carrier and an entirety of a bottom surface of the substrate carrier are hydrophilic.

40.  The method of claim 36, wherein the substrate carrier is hydrophobic except for

the hydrophilic surface proximate to the trailing edge of the substrate.

41.  The method of claim 36, wherein the substrate carrier is hydrophobic proximate a

leading edge of the substrate.

42.  The method of claim 24, wherein the substrate carrier is provided with at least one
vacuum port formed into the substrate carrier proximate to at least one of a leading edge or a
trailing edge of the substrate, the method further comprising applying a suction fo the at least one

vacuum port.

43,  The method of claim 42, wherein the suction is applied when the first and second

meniscuses are transitioning off the substrate.



