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BACKGROUND OF THE INVENTION :

Field of the Invention

[0002] The present invention relates to an apparatus and method for detecting

very small distances, and more particularly to proximity sensing with liquid
flow.

Related Art

[0003] Many automated manufacturing processes require the sensing of the
distance between a manufacturing tool and the product or material surface
being worked. In some situations, sﬁch as semiconductor lithography, the
distance must be measured with accuracy approaching a nanometer.

[0004] The challenges associated with creating a proximity sensor of such
accuracy are significant, particularly in the context of photolithography
systems. In the photolithography context, in addition to being non-intrusive
and having the ability to precisely detect very small distances, the proximity
sensor can not introduce contaminants or come in contact with the work
surface, typically a semiconductor wafer. Occurrence of either situation may
significantly degrade or ruin the semiconductor quality.l




deposited on wafers may inpact the precision of these devices. For exanple,
capaci t ance gauges, bei ng ‘dependent on the concentratijon of electric
charges, can yield spurious proximty readings in |ocations where one type
of material (e.g., netal) is concentrated. Another class of problens
occurs when exotic wafers nmade of non-conductive and/or photosensitive
materials, such as G@llium Arseni de _(&As) and I ndium Phosphide (InP), are
used. In these cases, capacitance and optical gauges may provide spurious
results. [0006] U.S. Patents 4,953,388 and 4,550,592 discl ose an
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vulnerable to concentrations of electric charges or electrical, optical and other

physical properties of a wafer surface. Current semiconductor manufacturing,

however, requires that proximity is gauged with high precision on the order of

nanometers.

[0007] Furthermore, as imaging requirements within lithography methods

become more challenging, one alternative approach being used is immersion

lithography. Within immersion lithography the gap between the last lens in

the projection optic box and a wafer is filled with a liquid to enhance system

performance. Such an approach supports printing of smaller feature sizes. In

these systems, a wafer to be worked is surrounded by a pool of the liquid. Air

gauge sensors, such as those disclosed in U.S. Patents 4,§53,388 and

4,550,592, would be ineffective in an immersion lithography system.

[0008] Immersion lithography systems are generating considerable interest

within the microlithography community. The technology enables the index of

refraction in the image space, and thus the numerical aperture of the projection

system to be greater than unity. As a result, the technology has the potential to

extend 193nm tools used in lithography down to 45nm, and possibly below.

For an immersion lithography system to be effective, however, the index of



the index of refraction. A proximty sensor, therefore, nust not induce
bubbl i ng or tenperature changes, and ideally can redute these effects.

[ 0009] What is needed is a liquid flow proximty sensor that can precisely
sense distances in an inmersion |ithography system SUMVARY OF THE

| NVENTI ON [ 0010] The present invention provides a high-resolution liquid
flow proximty sensor and nethod thaB-can precisely sense distances in an
i mMmersion |ithography system The liquid flow proximty sensor determ nes
proximty by detecting a difference in neasurenent and reference

st andof fs. Bfadtind ki Frr&'ﬁrﬁﬁ' tween a nozzle of the
proximty sensor aﬁ%{htehlgqﬁgﬂg ace ngﬁlga\?ﬁﬂctgﬂgfﬁgﬁ?s TeRgEM 9NSERL. get er ni ne
the standofSuctii varieblesae bubblingud fempeutin® ohahfesdinCB U@ car] EFLid mass flow

rate is rrettEreddwi tﬁg a_l iﬂgi d mass flow controller and is forced through
two channel'¢ 10dex of feffactionn Ac pEoNimIty asrser, rtherefosecmust Inahrimduce Accor di ng

to the pre : ' restrictors are used i.n the reference
channel an?E%gg%er‘i@n%??ﬁgﬁg%%s’fﬁgﬂ%gﬁgﬁgn’feggf?#ﬁ%? Ut roduce no

t ur bull@OR%, whi | Whateisf meededés a ligaki SbwVsrokinfie} s@fdof ﬂi&ﬂicraﬂcbrfeﬁﬁel roper
operation of the sensor. In alternate enbodi nents of the present invention,
a porous SHUY CES B} BN lthagsephy sysemi t y sensor fol | owi ng the
liquid mass flow controller and before the proximty sensor bifurcates
into the reference and neasurenent channel. The porous snubber quiets
turbul ence and reduceSUpBRIARY OFBHEANMBNEQ@N ed t hrough the channel s, and
enhances the proximty sensor's precision. [0012] Each channel has a probe
on the distal end that is positioned above a surface. Aliquid is forced

t hr ou@io10he charmhelpesefiCin®éttioh ; I : ' tive
rreasu?g)rregt and reference surfg%@&%%??ﬁgﬂ@nlﬁ@?@hgg{%ég’nmﬁﬁe reference
and measur EFRSAT avHamethod thahsean pregisely semse dibtances hetaneémmietsori wo channel s
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by detecting a difference in measurement and reference standoffs. A standoff

is the distance or gap between a nozzle of the proximity sensor and the surface
beneath the nozzle.

[0011] To determine the standoff difference, a flow of liquid with a constant
liquid mass flow rate is metered with a liquid mass flow controller and is
forced through two channels ~ a measurement channel and a reference
channel. According to the present invention, porous restrictors are used in the
reference channel and measurement channel. The porous restrictors introduce
no turbulence, while performing a resistive function required for proper
operation of the sensor. In alternate embodiments of the present invention, a
porous snubber. is placed within the proximity sensor following the liquid
mass flow controller and before the proximity sensor biﬁlrce;tcs into the
reference and measurement channel. The porous snubber quiets turbulence
and reduces possible noise propagated through the channels, and enhances the
proximity sensor’s precision.

[0012] Each channel has a probe on the distal end that is positioned above a
surface. A liquid is forced through the channels and emitted through nozzles
against respective measurement and reference surfaces. A bridge channel

- between the reference and measurement channels senses liquid mass flow




is representative of the difference in reference and neasurenent standoffs.
In other words, the sensed liquid nass flow across the bridge is
representative of any difference between a reference standoff of a
reference probe and reference surface in the reference channel and a
measur enent standoff of a nmeasurenent probe and a neasurenent surface in
t he nmeasurenent channel. The liquid -M-ow proximity sensor can provide an

i ndi cation and i nvoke a control action based on the sensed nmass flow rate.
[ 0013] Accorbdi ng to a further aspect of the present invention, different
nozzl e typestweemn tHectwoschadniels e simaaEat BLARES. Lhese

nozzl es enablt?l %tge sensor to be readil yby:g[g%it:e@gg%@?ﬁglllﬂ{'@rpéﬁﬁsmfeypes of
wor k sur f actsthe € ARd Bicgsuigment chafnelt Ifhe seageddiqued niabe fowasaNt

i nventi on, Lo o aximty sensor can contain a nmeasurenent
channel conﬁéé‘%rg%g"?%‘fv%%?&&e%ﬁ?ﬁ? ce ﬁ‘e‘i??%%"‘:?ﬁ& mapewent gandoffst ilple
nmeasur enent otheraworde sthe E&bd Qﬁufdf}ﬁassffﬁﬁ»‘v‘ HEBOEaL Hgﬁgﬂfst}?ﬁwggﬂkc haracteristics

that are the s as those of a neasurenent c Uiedd that does
not cont ai rP‘Wéﬁ HeasfebRtweemh etference wandoiffofa rebaenve st andreRelgs enhance
the ability, . ) ensqr _to neasure standoffs over a |arger

regi on of zfu?r%g%l?ﬁé%ér@ eé%er?%ﬁ%ﬁa and 3 fRgaswersphstARiofibofa measuremene mhodi nent
of the pregwobe andanhedrententBidPact in thelh 0K piuid flow. proxinty
sensor with, a single measurenent char_lﬁel. The rrr&e?h%#eﬂnglqﬁdﬂé%ngteps of
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restrictingabddidh tfﬂefsér%)éﬁ ﬁj\égghéwgﬁtlr;oss cross-sectional areas of each

channel . [‘0016) Accordl ng t her enbodi ment of the present invention,

a net HOM3]i s pr Adcdeting tora furthies|bépdcf &OME BFRXt Thieht; ' I'tiple
measur enen branEhes. The net hod i ncl udgs st epséﬁoﬁﬁ’gﬁgt&r%h%zﬁgul iquid
flowinto Sa% B BiRd RS mpasirement andrefastnse pretes.c Rheseaiozzleesiablect i ng | i qui d

fl ow evenl Yhe 6505 5 | | 4 of t.he reference channel or a
measur enment ebr anc h? begﬁgﬁg%&%ﬁﬁff‘% db%‘?@i??%’i&?ﬂéﬂﬁﬁ%r anches. An
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with multi B{qmgﬁ?surement L
0 Sensor can contain a measurement channel! connected to a switching

device that connects to multiple measurement branches. Each of the
measurement branches has characteristics that are the same as those of a
measurement channel in a device that does not contain measurement branches,
Multiple measurement branches enhance the ability of a proximity sensor to
measure standoffs over a larger region of a measurement surface.

[0015] According to a further embodiment of the present invention, a method
is provided for liquid flow proximity sensor with a single measurement
channel. The method includes steps of distributing liquid flow into
measurement and reference channels, and restricting liquid flow evenly across
cross-sectional areas of each channel. .

[0016] According to a further embodiment of the present invention, a method
is provided for a liquid flow proximity sensor with multiple measurement
branches. The method includes steps of distributing liquid flow into a
measurement branch and a reference channel, restricting liquid flow eventy
across cross-sectional areas of the reference channel or a measurement branch,

and switching between measurement branches. An additional method




branches to map the topography of a neasurenment surface. 100171 Through the
use of porous restrictors, a liquid nass flow controller, and/or snubbers,
enbodi ments of the present invention allow neasurenent of distances based
on liquid flow at a high-resolution with nanoneter accuracy. The present

i nvention is especially advantageous in imersion photolithography systens
and tools. In photolithography systens5it is increasingly desired to
determ ne a di stance between a suitable geonetrical reference of a

| i t hography production tool and sem conductor wafers at high- resolution.
Usi ng a hi ghiesaitek did e ofiaQidl 0 I7] sensi echni que further
provi des i ndependence ofdf\%/g%‘qgsi {pl)érng f%llwgg%%ﬁ%ﬁﬂﬂ@gpkrﬁwmbhysi cal
par anet ers &ranghessto map the iteplographyt ofatresasaemeseRomibs ed on wafers during
sem cowﬁior fal;lrica i@n at ian%?-resol ution performance. [0018] Further
enbodi fent's, feati(Feigh BRdse HeLesEICtor s qudanass flow eohirélfer, as wel | as

t he struct uaed/anshdBerlsathpti ' .enbodi nents of the present

i nvention are descri bed Tﬁ&é@%g{s@ggfé%géﬁ?tl%vepg?%gﬁ?\‘?{én‘?aé“reﬁ’@ﬁb%anyi ng
drawi ngs. BRIstaRCEESERI PRI LgNidORoWHE arhigh/RES It 1%ith Iﬁ%n@t&sﬁﬁiai gvent ionis
descri bed wih rq,ferfnce t? t he, acconpanying drawngs. . In K& draw ngs,
like referencé rdURDArs RYRIFER: elsi dewerially @dvantegesus onial | immemiohar

el enents. [ pPRRAOIithbE@rhl Avkis | of bquid flow proxinity sensor,
according to an eér"rlggd%rreyﬁtt mgf QF%%%?LS%%?"#%@%??S?W [5869‘3}?1 k& 1Bis a

di agr am of Jcreasinely dasised bo Griemning ® divtambe Wetweel W LiiRlbe gdGRASHE A TENt

br anches, ' odi it of the present invention. [0022] FIG
1Cis a di ggggﬁ]ﬂgggr e‘?"é‘r8 r?ﬁg'bBF?dﬁﬁQ%Wéﬁ%W%@%@t@deensiaqhigl-f | ow

proxi mty sressotion olsingda Srekd U861 Ligid! Ayl |y system. according to
an enbodi ment, of the pr,esleﬂrclgth i nventioﬁl.mid-f(la&irlé‘r)’gozx\i)%ﬂglsém%g ??Hﬁ'qﬂ?agramthat
provi des a ﬁrspqudﬁﬁﬂ’.ewwlcﬂf wafep qiroxiotityr meaqreéts Mebnh Qhan ]
enbodi nent ﬂfysfcﬁlep%ﬁﬁ?epé of WAE h2¥rials and materials deposited on wafers

during semiconductor fabrication at high-resolution performance. |

[0018] Further embodiments, features, and advantages of the present

invention, as well as the structure and operation of the various embodiments of
the present invention are described in detail below with reference to

accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES

[0019] The present invention is described with reference to the accompanying
drawings. In the drawings, like reference numbers indicate identical or
functionally similar elements. |

[0020] FIG. 1A is a diagram of a liquid flow proximity sensor, according to an

embodiment of the present invention.

[0021] FIG. 1B is a diagram of a liquid flow Proximity sensor with multiple

measurement branches, according to an embodiment of the present invention.

[0022] | FIG. 1C is a diagram of reference and measurement probes of a liquid
flow proximity sensor coupled to a immersion liquid supply system, according
to an embodiment of the present invention.



(00241 FIG 3Ais a diagramthat shows the basic characteristics of a
nozzle. 10025] FIG 3B is a diagramthat shows a perspective view of a
nozzle that nay be used in a reference probe or a neasurenent probe,
according to an enbodi nent of the present invention. [00261 FIG 3Cis a
di agram that shows a cross sectional view of the nozzle illustrated in
FIG 3B, according to an enbodi nent efo-the present invention. (0027] FIG
3D is a diagramthat shows a perspective view of a shower-head nozzl e that
may be used in a reference probe or a neasurenent probe, according to an
enbodi [#823) of thplmrpﬁearuia%ﬁ MR : | di agram t hat shows
a Cross se]ctional view of the n?z@?gldklpﬁl%ﬁ%? ?%%ﬁgaa%ﬂé‘ﬁlogagﬁqﬁg‘é@ﬁordi ng to
an enbodi medfcoring oanpnebndimentrof¢he present ifve@dil FIG 4 is a flowchart

di agr t sh net hpd for, usin liquid flow proximty sensor to
det ecfﬂf\g%r smal d%ﬁ‘gﬁc‘gwﬁﬂ&hﬁéh"?gﬁ ﬁieabaé‘éﬁb?f@ﬁeﬂ&t&sioéﬁ,noweordi ng to an

enbodi[(028] of t hEIGRrIEs e di t SCRI PTI.ON OF THE
| NVENTI 0\1][ 00311 While the ”‘&?"‘E@é‘%ﬁ“ﬁ‘ %{&’gﬁf‘?e#ﬁl%@@r%&%?m Wit h

ref erence tBay belused imeiroferenchquobreot 8 resupmehi proba) ackBRiing & W@NS, it

shoul d be W rd%%ﬁdf that the invention is not limted thereto. Those

skilled in THEHPFIOL e PIRSeBL MVERNOY he 't eachi ngs provi ded herein will

recogribazsladdi t IKIGRBOWY diagab 0P shoRPPLEE LA ABY GTROGLAROLS Wit hin
I'C e

t he scope t,Per eof and additronal fields 1In present 1 fventi on
woul d be oftlastetadsin &Gt 3B accprdjng toj ageneborliment BF thei predeyt iGeagivn, [ 00321 FI G

1A 011 at es lgrguhg £1.0 hm ty sensor tQo, according to an
enbodilgn??n’ft] of tﬁé@bggslfgﬁtdy?%/a%ﬁ%‘&o O ARATP P Y 150 hshoy esbgadr t oo 7

i ncl udes | ingutld thais safyl bav useditin 04 |referch@6 . préiof & n'fé&aﬂeﬁl'entlg;?ubeﬁeasme”e“t
channel 116, reference channel 118, neasurenment channel restrictor 120,
reference @ﬁ%ﬁ@st‘?%FWEE&WHEQQWCMM%MPHWobe 128, reference probe.

130, [éu2sfloe changehbpis (ﬁﬁﬁa.tln' o GoWRSSerbhPWcRS Qiewt %? 'theLtilo uied supply 102

illustrated in FIG 3D, according to an embodiment of the present invention.

[0029] FIG. 4 is a flowchart diagram that shows a method for using a liquid
flow proximity sensor to detect very small distances and perform a control

action, according to an embodiment of the present invention.
[0030]

DETAILED DESCRIPTION OF THE INVENTION

[0031] While the present invention is described herein with reference to
illustrative embodiments for particular applications, it should be understood
that the invention is not limited thereto. Those skilled in the art with access to
the teachings provided herein will recognize additional modifications,
applications, and embodiments within the scope thereof and additional fields
in which the present invention would be of significant utility.

A. Liquid Flow Proximity Sensor

[0032] FIG. 1A illustrates liquid flow proximity sensor 100, according to an
embodiment of the present invention. Liquid flow proximity sensor 100




injects a liquid at a desi;red pressure into liquid flow proximty sensor
100. The sensor liquid used in liquid supply 102 can be any liquid
suitable for |liquid imersion |lithography, such as de-ionized water,

cycl o-octane, and Krytox. The sensor |iquid should be conpatible with the
liquid used as the imersion liquid surrounding the work surface. [0033]
Central channel 112 connects liquid sgpply 102 to liquid nmass fl ow
controller 106 and then term nates at junction 114. Liquid rmass fl ow
controller 106 maintains a constant flowrate within liquid flow proximty

sensor 100.; -al. t g i t, ressur.e regul ator can be used.
in place of &{ﬂfl%}lgﬁl@%@fqléﬁvcgg%@?%%r ceirg%ﬁ ':I%P"Eﬁ‘ﬁldlizs WeneWut from

liquid raschafhedw k6 rrefepéricer catfielt N &USBaskrARERUShaRMP BRErickO12¢ th an
accunul ator _108 affi xed to channel 112. Srrlubber 110Hr g%ﬁ%es %Jq}nbul ence

i nt r oduced M{erense channglirestrictqsJi2g, measurementiprabeuld8, refereptd mobé 130)pon exi ti ng
snubber 11Q,. 4L tyav through gentral chapne], 112 to_junction 114.
Cent r al chgjr?r#gko%fgn elt%ﬁm%ldzglggldawgf%ﬁ(?ﬁ fﬁﬂ’s‘irlﬁl ndlgiid saply 103

measur enentinjeb@rinkyuid lf aAdebired PresseRCRIE Namaciov J&oxih{ig);ééﬂs&ﬁﬁi) flow

controller 106 injects liquid at a sufficiently lowrate to provide
| am nar and ente8RTr baud wsed fn diquidk supply 102 wageuanyt hiquidystitbiet for ni ni ni ze

t he producty AbmdRsles r i ¢c. naise..[0034] Bridge channel 136 is
coupl ed betli emn neasur eprl‘ehﬁo%r%}ﬁgh%%h 15 fednpized g\‘ag‘?rer?é{ 0¢ gﬂﬁ‘ﬁel‘mﬁl& Bri dge
channel 13&KrywnecTlse sensorelqiid stiould be laamP@ﬂible Wifh & liguFhieansigg. Bridge

channel 136 _connec}.s .to reference channel 118 at junction 126. In one
exanpl e, t HEMETEeY %‘Edlﬁ'é‘irﬂ?\%@lr‘lﬂﬁ thaotarlbpurfacs. and junction 124 and the

di sta et weelrg | 1 | I e ual . [0Q351 All
channg‘lyfgsg\ﬁ t hi nitlelhgglpé glwilgzr %%#9@%2#?(@5&8%‘@ In?%ﬁi %o flow
t hrough t hemmtradleant{d end then ¥gfinte8, at ajuelcticib 1¢an dquiddmasyd %y conduits

Gui‘ae- 1 BB B 0k, Bfigh, Rty BSw e ik aSido s rmmsanar b bends,
i rregul ari sér6r 000, Uﬂl@pﬂ&?ﬁtﬂ(re‘éﬁﬁbﬂiﬁfé&,@‘ﬁm&ﬂ% re@ﬁ)ﬁt&r@aﬁ%@%gd Qxy draulic
o' S.e’ place of liquid mass flow controller 106. Liquid is forced out from liquid
mass flow controller 106 through a porous snubber 110, with an accumulator
108 affixed to channel 112. Snubber 110 reduces turbulence introduced by the
liquid supply 102, and its use is optional. Upon exiting snubber 110, liquid
travels through central channel 112 to junction 114. Central channel 112
terminates at junction 114 and divides into measurement channe! 116 and
reference channel 118. Liquid mass flow controller 106 injects liquid at a
sufficiently low rate to provide laminar and incompressible fluid flow
throughout the systern to minimize the production of undesired hydraulic
noise.
[0034) Bridge channel 136 is coupled between measurement chal.mel 116 and
reference channel 118. Bridge channel 136 connects to measurement channel
116 at junction 124. Bridge channel 136 connects to reference channel 118 at
junction 126. In one example, the distance between junction 114 and junction
124 and the distance between junction 114 and junction 126 are equal.
[0035] All channels within liquid flow proximity sensor 100 permit liquid to
flow through them. Channels 112, 116, 118, and 136 can be made up of
conduits (tubes, pipes, etc.) or any other type of structure that can contain and



for exanple, by producing.local turbulence or flow instability. The overal
| engt hs of neasurenent channel 116 and reference channel 118 can be equal
or in other exanples can be unequal. [00361 Reference channel 118
termnates into reference probe 130. Likew se, neasurenent channel 116
term nates into nmeasurenent probe 128. Reference probe 130 is positioned
above reference surface 134. Measuremeggt probe 128 is positioned above
measurenent surface 132. In the context of photolithography, neasurenent
surface 132 is often a sem conductor wafer or stage supporting a wafer.

Ref : | | plate, but i t limted t
hi & oxanp SO Afuicfof Thoneh Srsh 1 o0 T olanBslE o ik ieve mbents are
posi tioned imegldrities of hendwessary Bbsthicibng ety fin@ic Wyaflit fois! DT 9
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wor ked. Li qiTcF¥aR|Pé% tiyapipgueing dpenl Susbplepcd 02 flosv emstabiléts. Thesveagh of  the
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probe 130. éixiamther eranplessabeuntasl i bed further below with respect to
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Measur enmentprobe blibismitioae(balsd\ieirefw@cab@fﬁzenl@a.sMW&&P@%%Q? ¢32 with an
unknown neasur enent, standoff 140. The known reference stando ? 142 i s set

to a desiradPO¥NEReth: akeyey dnpaspremesht pyrdacan 138t i Frunthet artixt . ofV th such an
t . t t be 128 i
et Pon of s he REAR Bl b HBRLE istoffen T oo icter BB F coour o

function of the unkn Bf essure
upst r eam ofStag§suppdrting acealn: defertfce sisfaae flBfcin boa dht fal kbt ef erence .

Standor 142 ol A Ioh oWl s SSBL b o T L
flow throygbbert28igiengosirivneasuch At thbsREnOMAER AN ALWDS: LG measur ement
9 submerged beneath the pool of immersion liquid 144 that covers the wafer

being worked. Liquid injected by liquid supply 102 is emitted from each of

the probes 128, 130 and impinges upon measurement surface 132 and

reference surface 134. Nozzles are provided in measurement probe 128 and

reference probe 130. Example nozzles are described further below with

respect to FIGs. 3A-3E. As stated above, the distance between a nozzle and a

corresponding measurement or reference surface is referred to as a standoff.

[0037] In one embodiment, reference probe 130 is positioned above a fixed

reference surface 134 with a known reference standoff 142. Measurement

probe 128 is positioned above measurement surface 132 with an unknown

measurement standoff 140. The known reference standoff 142 is set to a

desired constant value representing an optimum standoff. With such an

arrangement, the backpressure upstream of the measurement probe 128 is a

function of the unknown measurement standoff 140; and the backpressure

upstream of the reference probe 130 is a function of the known reference

standoff 142. If standoffs 140 and 142 are equal, the configuration is

symmetrical and the bridge is balanced. Consequently, there is 7o liguid flow

through bridging channel 136. On the other hand, when the measurement

L




standoff 140 and reference standoff 142 are different, the resulting
pressure difference between the nmeasurenent channel 116 and the reference
channel 118 induces a flow of liquid through liquid mass fl ow sensor 138.
[0038] Liquid mass flow sensor 138 is |ocated al ong bridge channel 136,
preferably at a central point. Liquid nass flow sensor 138 senses |iquid
flows induced by pressure differenceg _between nmeasurenment channel 116 and
ref erence channel 118. These pressure differences occur as a result of
changes in the vertical positioning of measurenent surface 132. For a

symetric- Qri e asurenent standoff 140 and reference standoff 142
are equal , af“?‘fg’?gilﬁd:hdﬁﬁ?“ ’éenf'ﬁét@‘g‘?g 144 rare, different, thecregulting press@e 130
conpar ed t ofiffafdn }hsurkin@i Sq{ ensor 138 will detect no
li quid nass T ow?ggiétr‘l%%ﬁ%ﬁere %mlj'chghlﬂbgeh%aplrlésg%&r @edrie?qrgl}cgn%@n%eét ween t he

measur ement 1 dnidduess arflrvcef liguid tregh liduid raseee sekot 18EN neasur enent
standoff 142 will lead to different pressures

t and 40 f
isna_rr:eg@h? mn?n%ﬁ@{n%gsi o¥hgenspel éf dndecatsshaloae tridge ¢haoper 136,f set's can
BT T e e

sensor 138 senses’ |iqui y a pressure

i nbal ance. ndyredsbyrmessufd elifferences abstwsern théagurietheh @banddnel 16agg of whi ch
s a uni que unctiﬁn OL‘]’\HJe neasur enent standoff 140. In other words,
assuni ng a CohELsfEame al Resf RfeéS‘FPgﬁf%er&S&@‘écuIG@? resyl ofichdngeence

bet ween i quiﬁewcﬁi;@prpggﬁbﬁnkhgr %%ﬁggﬁp@qggl %(%rgaas i h A reference

channel 118 is a function of "'the d et ween fitltes of
st andof f s Tf@lganshaymeasufemett stapdeff 140 andl cdferefiddstamlofB 142 greaqiglpwn

st andof f, . W fference bet n_Liqui ressures in the neasurenment

channel 11(%5%%"39&%% [5515@}1%??% ‘%‘ugh Ipr‘gti ]133’ giq EQTERared, tayfurfages si ze of

- measur enent132} 13v)oLiquidlfss(fldvaberiser 138@illakBQHd Kqiad gRks abw, §|.F§e z direction
surface 132 and neasurenent probe 128). 0401 Liquid

bet ween ne urer'(ﬁt ]
mass flow <B§TE3¥ 1@%8{?@% differamce Gatwoen theaheasarement end referencehr ough

occurs t hr GUoRy RACTAEE el g el R 40 i iR et veen !

standoff 142 will lead to different pressures in measurement channel 116 and

reference channel 118. Proper offsets can be introduced for an asymmetric
arrangement.

{0039] Liquid mass flow sensor 138 senses liquid flow induced by a pressure
difference or imbalance. A pressure difference causes a liquid flow, the rate
of which is a unique function of the measurement standoff 140. In other
words, assuming a constant flow rate into liquid gauge 100, the difference

“between liquid pressures in the measurement channel 116 and the reference
channel 118 is a function of the difference between the magnitudes of
standoffs 140 and 142. If reference standoff 142 is set to a knqwn standoff,
the difference between liquid pressures in the measurement channel 116 and
the reference channel 118 is a function of the size of measurement standoff

- 140 (that is, the unknown standoff in the z direction between measurement
surface 132 and measurement probe 128).

[0040] - Liquid mass flow sensor 138 detects liquid flow in either direction
through bridge channel 136. Because of the bridge configuration, liquid flow
occurs through bridge channel 136 only when pressure differences between
channels 116, 118 occur. When a pressure imbalance exists, liquid mass flow



channels 116, 118 occur. Wen a pressure inbal ance exists, liquid mass flow
-10 sensor 138 detects a resulting liquid flow, and can initiate an
appropriate control function. Liquid nass flow sensor 138 can provi de an

i ndication of a sensed flow through a visual display or audio indication.
Alternatively, in place of a liquid mass flow sensor, a differential
pressure sensor nmay be used. The diffgrential pressure sensor neasures the
difference in pressure between the two channels, which is a function of
the difference between the neasurenent and reference standoffs. 100411 The

control fungt] ) tg calcul ate. the exact gap, differences. In another
embodi ment, gt Sgpég%tdregel%t% 8&8?'11 i %9’%50% apﬁaaeagéla&n ap cappapsiatet he  si ze
of neasur enesttrod Fnctibd. LigaiBniasSs ASWw ' | ng:the . measur enent
surface 132 relative to inqghasu_r ement %g?’lé}ézaggﬁpéﬁﬁ?ﬁm %gén‘%‘raélg&ﬂ?é

di fference $eqsed,flop thsmegh actisusé displaepo audioi indicagen)r Aliwhgivdifiene i s no

| onger a ' het we the sta ffs.from nmeasurenent surface 132 and

ref erence d@%é?eélﬁgﬁﬁggm?ﬁgg’ﬂ SeRFE: ari}%?‘?rﬂ'tlf’é??e&ﬂ% sensor paytbetsede el enent s

of the presPi difforenial presbiialsentol Mdastredi il f1RARd pofich Nydraulic
[ 0

noi se to enable the present invention to achieve nahone Bracy. These
el enents, |PGui%P nehesnels,owhichatie « dhnctinl ef the6differetiobebethbon aRe

restrict or%g%&e%mwgglé%s%%dg@gd wi thin an enbodi nent of the present

i nvention or 1n any CO 'endi ng on the sensitivity desired. For

exanp![8041]f an aPipd coniol GInCEiER wayas to\eﬁrcmapé&Q&&%@p%ﬁﬂéﬁé@é’ gl | el ements
may be used. Alternatjvely, if an application requite ess 'sgﬁsi tivity,.
per haps on|3WsT ERPPdiment, the conter fupctisneniaybe ko foreass or dadreasetths s 120 and
122 repl acqg: lekd esul4t.. . the present .invention provides a
flexible appfgggﬁﬁ%%gug%g?me%e?ﬁpw%%lgt a%m%;?iflﬁrac@’afncﬁ'ﬂﬁﬁ ithait i on' s

r'equi r ementiBeaspeOwa] suFfaGe 13Brélativestd nedagEremieaitirebd | Z8\urit1 e ﬁi‘g&gﬁféensor 15Q, .
accordi ng td(%&.ﬁn enbo$ h esent invention. Liquid flow proximty

| i ment of the pr _
sensor 150 AT FSESY thh?aéffc?‘{sﬁé" EHReWBISHIG PR Men there ipnadlohgeva proxi mity
sensor 100 difference between the standoffs from measurement surface 132 and reference
surface 134.

[0042] FIG. 1A illustrates at least three elements of the present invention that
limit liquid turbulence and other hydraulic noise to enable the present
invention to achieve nanometer accuracy. These elements, liquid mass flow
rate controller 106, snubber 110 and restrictors 120, 122, may all be used
within an embodiment of the present invention or in any combination
-depending on the sensitivity desired. For example, if an application required
very precise sensitivity, all elements may be used. Altematively, if an
application required less sensitivity, perhaps only snubber 110 would be
needed with porous restrictors 120 and 122 replaced by orifices. As a result,
the present invention provides a flexible approach to cost effectively meet a
particular application’s requirements.

- [0043]) FIG. 1B illustrates liquid flow proximity sensor 150, according to an
embodiment of the present invention. Liquid flow proximity sensor 150

includes many of the same components as liquid flow proximity sensor 100

- with similar principles of operation. The difference between the two Sensors
is that liquid flow proximity sensor 150 has three measurement branches
which are comparable to the one measurement channel included within liquid




with simlar principles of operation. The difference between the two
sensors is that liquid flow proximty sensor 150 has three neasurenent
branches which are conparable to the one neasurenent channel i ncluded
within liquid -11 flow proximty sensor 100. Three neasurenent branches
are shown for ease of illustration, and the present invention is not
limted to three nmeasurenent branchgs$. Any nunber of nmeasurenent branches
fromtwo or nore nay be wused. [0044] Liquid flow proximty sensor 150
includes liquid mass flow controller 153, central channel 156, reference

channel 15§, fer e ch el.restrictor 166, reference probe 174, bridge
channel 19 ogrn%oﬁnﬁ&?sgn%gz@ﬂf megéﬁ%‘tfmf@@mqms arphowador easgof d 11 ow
proximty sapgation5hd thel préest TRATIMOR S Ntot A - nt channel
159 divides into three rre%igur enment br ancr?esh?@%?lm f%%ganﬁ%%%g{eﬁ{\;gasur enment
branch 163brasehesdednysumbeeotmeatrement bramchies ifiototwd 67 nwre mgdsair enent

probe 175. I\%asurement branch 164 includes neasurenent branch restrictor
168 and megi_ tement probe 176. Measurenent branch 165 includes neasurement
br ancooaapt ri ct mqlﬂ&ﬁparﬁoxiﬁﬁ%sé&%fewo iHEl‘&HS'shﬂilﬁd dsé‘%l»yconhbgéi!d flow
proximty sensor 150 includes  neasurenent chahnel swtching dévice 160,

bri dge chah#blcentrplt diahng] 1$6y referendssdhanasidi $8)irefehdnng cHantiet eestriv@r 162.

0045] Li quj Ly 151 .inj i qui t .desired into liquid
How  prot i e5 BB a8t g tkite? sherfie! Cofindiayiy aseinbr Somspr a8 Ly sensor
100, - sensr addifie, igis Sonprolititlsebip 50 fnthudes lndiSur@énd Lfihg sul t abl e

for liquid _imrersion |ithography, such as de-ionized water, cyclo-octane,
and Kryt ox 159 TMieasyisgmsent channgl 45% diyided infe torsnpaeasirbment brandhee 163,qui d used as

156 conneal e (AL c prLAREAR o, 155 inRbide] Gctytment 15k and 1 hen

t er m nat esreatrictorj 16f ahd areadirément probell TR S chdupthert dnch! 168 inckiRs i Nt ai ns a -

constant flowrate within liquid flow proximty
measurement branch restrictor 168  and measurement probe 176.

Measurement branch 165 includes measurement branch restrictor 169 and
measurement probe 177. Finally, liquid flow proximity sensor 150 includes
measurement channel switching device 160, bridge channel switching device
161, and switching device lever 162.

[0045] Liquid supply 151 injects liquid at a desired pressure into liquid flow
proximity sensor 150. As in the case of liquid flow proximity sensor 100,
sensor liquid used in liquid supply 151 can be any liquid suitable for liquid
immersion lithography, such as de-ionized water, cyclo-octane, and Krytox.
The sensor liquid should be compatible with the liquid used as the immersion
liqufd surrounding the work surface.

{0046] Central channel 156 connects liguid supply 151 to 1iqui(_i mass flow
controller 153 and then terminates at a junction 157. Liquid mass flow
controller 153 maintains a constant flow rate within liquid flow proximity
sensor 150. Liquid mass flow controller 153 injects liquid at a sufficiently low
rate to provide laminar and incompressible fluid flow throughout the system to
minimize the production of undesired hydraulic noise. In an alternative
embodiment, a pressure regulator can be used in place of liquid mass flow
controller 153. Liquid is forced out from liquid mass flow controller 153
through porous snubber 155, with accumulator 154 affixed to channel 156.




sensor 150. Liquid mass flow controller 153 injects liquid at a
sufficiently low rate to provide |am nar and i nconpressible fluid flow

t hroughout the systemto mnimze the production of undesired hydraulic
noise. in an alternative enbodinent, a pressure regulator can be used in
pl ace of liquid mass flow controller 153. Liquid is forced out fromliquid
mass flow controller 153 through porpus snubber 155, with accunul ator 154
af fi xed to channel 156. -12 Snubber 155 reduces liquid turbul ence

i ntroduced by the liquid supply 151, and its use is optional. Upon exiting

snubber 155 1Ll v, thro centr al anpel . 156 to_junction 157.
Cent r al cha%?]%qbgﬁégs ?é‘?‘ﬁ?ﬁ‘ﬁ%@ tgf%ﬁﬂ’r‘fgtlpﬁfﬁmg?’yéﬁﬁ ligid supply A6b
measur ement amhtnreé id oPtied rEpeH exié 11535 0 enment

5 fuans it e shanis 155 Raul i B0,

channel 159 term nates into neasurenent channe W
Measur enent Cedfiahehannel 56 doiungtide V5 2 Cengal danndld 56 terarinmnes stgunva@ione or ot her

type of sw ' . lce that serves to 1 tch measur enent channel to
one of seveiwégﬁﬁewg%?wﬁn&%?ﬁgﬁ?qﬁl f@r@‘%@’é"“&&hﬁﬁ@ &2B-t 0 measur enent
channef00&3i  chi nitedsitiraent 1 6Rannh el DN arfifdtes. GHET HdaSireRh Srdhn

al ¢

measur enent branch are the sane as the physic aracteristics of a
measur enentSYEifaHgedeviogp el r Mrasurembatnehehne wintichingglevitevl 60ecahbbe hs oper at ed

by swi t chi | ever . .t Chj devi.ce | ever 162 controls which
measur enen[&%r an%ﬁgi‘l&},‘!efg%?éwﬂlg %“'éé"ggﬁn‘i‘-’c"ff&dﬂlab SPHES Aes¥dlfhefent channel
159 t hr oughnemsasamieanehinneh &n o8t of Wbteili MBasdRYARE bratbfles HAP4RLaRL 1 dge
channel 190 is coppl ed between reference channel 158 and one of the three

measur ement®BREHEhES mesurement ghanmgd sitchingh dbvirel g60c hdeephysical t chi ng
et 2 LG 318 AR e SRS TR, v
devi ce 161 .chBracttgeticshefimeheaswieteni oipntieli dMradirémentciend seadihed val ve ar
oneof - FndbvisBJeRiehERREE b AEiERE fFvics Eves o) SveRERE FichIeGe B, | hr o
measur enent] 6RrdRGHR SwHIBR mehfiterdBit brAReh? 63, 188 3LFE5% Lohrabig 9§ ghranne!l

measurement channel 159 through measurement channel switching device

160.

[0048] Bridge channel 190 is coupled between reference channel 158 and one

of the three measurement branches 163, 164 or 165 through bridge channel

switching device 161. Bridge channel 190 connects to reference channel 158

at junction 170. Bridge channel 190 terminates in bridge channel switching

device 161. Bridge channel switching device 161 can be a scanning valve or

other type of switching device that serves to switch a bridge channel to one of

the measurement branches. In one example shown in FIG 1B, three

measurement branches 163, 164 and 165 are connected to bridge channel

switching device 161 at junctions 171, 172, and 173 respectivcl.y. Switching

device lever 162 controls which measurement branch 163, 164, or 165 is

connected to the bridge channel through bridge channel switching device 161.

Switching lever 162 controls both measurement channel switching device 160

and bridge channel switching device 161, such that the same measurement

branch will be connected to both measurement chamnel 159 and bridge

channel 190. Altemnatively, two independent switching levers can be used.



swi tching device 161 at junctions 171, 172, and 173 respectively. Switching
device lever 162 controls which neasurenent branch 163, 164, or 165 is
connected to the bridge channel through bridge channel sw tching device
161. Switching lever 162 controls both neasurenent channel sw tching
device 160 and bridge channel sw tching device 161, such that the sane
measurenent branch will be connectedjto both nmeasurenent channel 159 and
bri dge channel 190. Alternatively, two independent switching | evers can be
used. -13 [0049] In one exanple, the distance between junction 157 and

juncti 70 and the distangce between junction 157 and junction 171, 172
or 17§8§ equalrh1 M5FATPA I%:f(': ﬂﬁfﬂ"i‘@? gve HFagtoRekS andjunction &7 f 1 ow

proximty Sa0%ey didt 45 hatCHA f: u npel s 156,
U56, 150, anq rog e SRR B jupt ) o7 Ao 1712 W arc B0 o

conduit@39]t ubes, Alpichemelseand pramchesamythot Heuidt flgve prbxigtityusdnesre1 $hat can

contain and guide ljquid flow through_. sensor. 150. The channel s and

branches d& e%ﬁ'tt qﬁgfﬂe%shgwm&ﬁhemr reRAnnsgls; 15664 58,015% 9Rd d88sand,

obst r uct i OBgarichia 16 6i oS n beckh A P of Qe {cﬁﬁesgpﬁ@?,' ¢.) oY Producing
S0

| ocal turbulence or flowinstability. The overa en ref erence
channel 158n¥mtheretspe rEstuctucshthahekn toMtapl arsi gnide diquidglasudtgomgt br anches

163, 164 | [ th | b > | . 0051
Fot or onae. Sar L5 TREGHANAL 168 bt Wlnal KafiEaam Bids megianiieng se
neasur emenbr Rnfdtessasy dbstuctiits BROMAH IttRAubd AUBulidhQisEB8s H}Eﬁg‘ﬁ&t pr obes

|

175, 176 and 177 respectively. Reference probe 174 Is positioned above
ref erence SYrBradering docalwurbulerpigr favoliestability, The ewethlll Bhgthseofposi ti oned

above mas%%&ac% ce 115§9.anhnn;eg§“&ggﬁte>g§ of 1P e(r)fl’liB% h(g),?e;a Y,

measur enent sur s often a sem condu supporting
a wafer. Rehsmrement tsanches 863, 164war65eambé baial OB URbthE} @fahpléidani S NOt -
limted to,_ this exanple. Liquid injected by liquid supply 151 is emtted
from ref er 3A¥BUBL ohe 174 and i npi nges upon reference surface 178.

Li kewjgpsi] | | qui ReforérRe chshneDY5H iemirhtel iRl éfetedibe probe 74t §dkdwign one of the
t hree neasurenent probes 175 ’
measurement branches 163, 164 and 165 terminate into measurement probes
175, 176 and 177 respectively. Reference probe 174 is positioned above
reference surface 178. Measurement probes 175, 176 and 177 are positioned
dbove measurement surface 179. In the context of photolithography,
measurement surface 179 is often a semiconductor wafer or stage supporting a
wafer. Reference surface 178 can be a flat metal plate, but is not limited to
this example. Liquid injected by liquid supply 151 is emitted from reference
probe 174 and impinges upon reference surface 178. Likewise, liquid injected
by ﬁquid supply 151 is emitted from one of the three measurement probes 175,
176 or 177 and impinges on measurement surface 179. All reference probe
- and measurement probes are positioned such that the bore in which liquid
flows out of is submerged beneath the pool of immersion liquid 194 that
covers the wafer being worked. The position of switching device lever 162
determines from which measurement probe liquid is emitted. Nozzles are
provided in probes 174, 175, 176 and 177. Example nozzles are described
further below with respect to FIGs. 3A-3E. As stated above, the distance
between 2 nozzle and a corresponding measurement or reference surface is
referred to as a standoff.




176 or 177 and inpinges on neasurenment surface 179. Al reference probe
and neasurenent probes aré positioned such that the bbre in which liquid
flows out of is subnerged beneath the pool of imersion liquid 194 that
covers the wafer being worked. The position of switching device | ever 162
determ nes from whi ch nmeasurenment probe liquid is emtted. Nozzles are
provided in probes 174, 175, 176 and{}77. Exanple nozzles are described
further below with respect to FIGs. 3A-3E. As stated above, the distance
bet ween a nozzl e and a correspondi ng neasurenent or reference surface is
referr, 0 as standqff,. -14 %00521 I n one enbaodi nent, reference probe
174 i éﬁ%& iti ongﬁ onf sinbodiment. referenge. proke d 74 js pasiionedgalgvera fixedhown

ref erence si@RAel buldl. 1 AR REBn RIAARS dhiBorr ) MNieahfilpare posi ti oned

above neasur enment surface nknown neasur enent s 181, 182
and 183. Mpeahes difnt76sardnbiit drs podifibnedl Sibvennleat @@ mzay siifacequalwigy t hey nmay

be unequal ere the t%ﬁo raph of a nmeasurenent surface varies from
region to B megHLn B&rft‘g}é%gisel@éelg%ﬁ%déi‘-f Megsusemnent standoffs desir ed

constant vagye;epdaR8thi aPBL Aa b wid arrangemnent,
t he backpressure upstreaﬁ%ﬁ% %gggrwéa@\t pgg%ew%é&eﬁég%&) 77 that is
in use is afaumeasurement surface vakenfiom mweaats eegion. Bhickehehd ref&éncel 82 or 183
respectivel y; he backpressur upstream of the reference probe 174 is
a functi ons%*ldcﬁﬁglgbnﬁmﬁtr@f%r%ﬁﬁgf cop ﬂHoYﬁ“?LSﬁ?feﬁeﬂF‘Féf"’é{r epfamumt andof f 180
and the neggHdGHENWit 3RS bn Liangerh8?, Qhe J@ég%ﬁé?éné% gedy Hagd are edual,
the configuration is symetrical and _’t he bridge 1s bal anced. nsequently,
there is niepsugernentiprohe 115 dighr b¥1 tgeis in heminelfud@®n dbthd mknowviner hand,

then e SaRae et et el SRR L LA 157

resul ting ppseaty of dief fefsremeeplobt IFanistd Qunctich UFARE SmeRANRErerkad and the .

measur enent. bragnch 163, 164 or 165 that is being used induces a flow of

liquid thr 6‘6@‘-{??53?9}94%6#5\"?%? standoff 180 =0d the qreasirament standefEédkor 192 i s

located al pgob 8 ffar GRS hschMe equal, the configuration is symmetrical and
the bridge is balanced. Consequently, there is no liquid flow through bridge
channel 190. On the other hand, when the reference standoff 180 and the |
measurement standoff 181, 182 or 183 corresponding to the measurement
branch in use is different, the resulting pressure difference between the
reference channel 158 and the measurement branch 163, 164 or 165 that is
being used induces a flow of liquid through bridge channel 190.

[0053] Liquid mass flow sensor 192 is located along bridge channel 190,

preferably at a central point. Liguid mass flow sensor 192 senses liquid flows |
indﬁced by pressure differences between reference channel 158 and the |
measurement branch 163, 164 or 165 that is being used. These pressure
differences occur as a result of changes in the vertical positioning of
measurement surface 179. For a symmetric bridge, when reference standoff
180 and a measurement standoff 181, 182 or 183 comesponding to the
measurement branch that is being used are equal, liquid mass flow sensor 192
will detect no liquid mass flow, since there will be no pressure difference
between the measurement branch in use and the reference channel.

Differences between the reference standoff 180 and a measurement standoff

181, 182 or 183 corresponding to the measurement branch in use will lead to




preferably at a central point. Liquid nass flow sensor 192 senses liquid
flows induced by pressuré differences between reference channel 158 and
the nmeasurenent branch 163, 164 or 165 that is being used. These pressure
di fferences occur as a result of changes in the vertical positioning of
measur enent surface 179. For a symmetric bridge, when reference standoff
180 and a neasurenent standoff 181, or 183 corresponding to the

measur enent branch that is being used-are equal, liquid mass fl ow sensor
192 wll detect no liquid nmass flow, since there will be no pressure

di fference _between the nmeasurenent branch in use and the reference

channel . [Hiffersptpressiirescineferench shanseb t $hewd theanhstifemeA0branch 63easur enent |

standof f 184, 1 . 183 corgesponding to the asyrenent branch in use
will |ead t%l‘ or %%d'%“i‘%}‘%"ﬁf d{’%%egﬁg}ggtsgzﬁng’ﬁf%%@gsi 39-HhaymBEnand t he
measur ementarngéfiéntl63, 164 or 165 being used. Proper offsets can be

I ntroduced for an asymmetric arrangenent. [0054] Liquid nmass fl ow sensor
192 sdB&M | i quildanidanessfre eensor 192 paneesliquid floin indneeddsy opresspal ance. A

di § iquid fl t h te. af ich i '
Pumcton ot Aosidct BATRRET 4 ifbhcre gifhnds' Guiestiany Aok il ey o,

assumi ng a ofwisétaita dnigie fiticlon BF @ rhdaSiemeAAHARIION], 188 o 4B T §f ence
between liquid pressures in a nmeasurenment branch 163, 164 or 1 and

reference OHERNWPIdsE@SFuming s rronptant dlowt mate dintd diquit eabee iSen thef er ence

standoff 1 : off. . 181, 182 or re nding to
t he mas-u%ﬁ%e%ﬁgﬁ%ﬁgﬁﬁ? %r%?%g& ﬁlsegsﬁyerfl?'ﬁﬁ)é?tgpé%gef@{ %E@ff 180 is
set to a lindwefesmaedhirne! 158 islaffinctncss (hetdierendd BetivdePFesRHESS | N a

nmeasur ement r 163, 164 or 165 that is being used and reference
channel 15§ta1“8°fgqg$65‘£

i el f _
Lhe unknovkneidaiehf brandh 36 Gl O MRIIESDIRBRYSBTERY &Y a0 179

and a measurenent probe .175 el ng used). a[0055]
Li qui d nas$newn\standaffo thel diffaterice detweeng liquidf pressutes iei 4 hesastemest i on

- branch 163, 164 or 165 that is being used and reference channel 158 is a

- function of the size of a measurement standoff (that is, the unknown standoff
in the z direction between measurement surface 179 and a measurement probe
175, 176 or 177 that is being used).

[0055] Liquid mass flow sensor 192 detects liquid flow in either direction
through bridge channel 190. Because of the bridge configuration, liquid flow
occurs through bridge channel 190 only when pressure differences occur
between reference channel 158 and a measurement branch 163, 164 or 165
that‘ is being used. When a pressure imbalance exists, liquid mass flow sensor
192 detects a resulting liquid flow, and can initiate an appropriate control
function. Liquid mass flow sensor 192 can provide an indication of a sensed
flow through a visual display or audio indication. Alternatively, in place of a
liquid mass flow sensor, a differential pressure sensor may be used. The
differential pressure sensor measures the difference in pressure between the

reference channel and a2 measurement branch, which is a function of the

difference between a measurement standoff and the reference standoff.

[0056] The control function may be to calculate the exact gap differences. In
another embodiment, the control function may be to increase or decrease the
size of a measurement standoff 181, 182 or 183. This is accomplished by

p meAsgemenstandof 1§, B8%erlf3comesnondingtadhi (that i s,




t hrough bridge channel 190. Because of the bridge configuration, |iquid
flow occurs through bridge channel 190 only when pressure differences
occur between reference channel 158 and a neasurenent branch 163, 164 or
165 that is being used. When a pressure inbal ance exists, liquid nmass fl ow
sensor 192 detects a resulting liquid flow, and can initiate an
appropriate control function. Liquidgmss flow sensor 192 can provide an

i ndication of a sensed flow through a visual display or audio indication.
Alternatively, in place of a |iquid mass flow sensor, a differential
pressure sensor be used. The differential pressure sensor neasures the
di fference 'i"ﬂ"‘ﬁ‘ggtggd?@sibf@mbﬁﬂfﬂ?é relagive te dcricasuzemerit probk antieteur enment

branch, whighsdife &f Hela RO gi[fferen e bet ween a measur enent
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cal cul ate tlongexadiffgamedbdiiesretteesandots Ro1Atd feafiFBAh I ERface tlg CONt 1 Ol
function nay_.be to increase or decrease the size of a neasurenent standoff
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surface 178. [0057] In an aJternative enbodiment liquid flow proximty
sensor 150 WEIEAFHTREDf dranch SPe Hse ap thpieasrement channdle Thisdis ake t he
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measur enment channel. "This is posi arra
proxinity desyemesObrandtics,bit@slynariet refdrence beashr qie desigh dPahRwid but only

one refere nch. The desi of a liquid flowproximty sensor with
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measurement standoff can also be easily adjusted to different heights
depending on the sensitivity required. In this way, in cases where additional
clearance is needed between a measurement probe and measurement surface,
the measurement probe can easily be raised.

[0058] FIG. 1B illustrates at least three elements of the present invention that
reduce liquid turbulence and other hydraulic noise to enable the present
invention to achieve nanometer accuracy. These elements, liquid mass flow
rate.controller 153, snubber 155 and restrictors 166, 167, 168 and 169 may all
be used within an embodiment of the present invention or in any combination
depending on the sensitivity desired. For example, if an application required
very precise sensitivity, all elements may be used. Alternatively, if an
application required less sensitivity, perhaps only snubber 155 would be
needed with porous restrictors 166, 167, 168, and 169 replaced by orifices. As
a result, the present invention provides a flexible approach to cost effectively
meet a particular application’s requirements.

[0059] FIG. 1C illustrates a diagram of reference and measurement probes of
a liquid flow proximity sensor coupled to an immersion liquid supply system,
according to an embodiment of the present invention,. Measurement probe




cl earance i s needed between a neasurenent probe and neasurenent surface,
t he measurenent probe can 'easily be raised. [0058] FIG 1B illustrates at
| east three elenents of the present invention that reduce liquid
t urbul ence and other hydraulic noise to enable the present invention to
achi eve nanoneter accuracy. These elenents, liquid nmass flow rate
control ler 153, snubber 155 and restrjgtors 166, 167, 168 and 169 may al
be used within an enbodi ment of the present invention or in any conbi nation
depending on the sensitivity desired. For exanple, if an application
e sensitivity, all elenents may be used.

required v r.eci s

Al ternati veﬁg q%fi geferengsp probs 1180 ateqsnbmetgededs memersionviiqyid pés.haps only

snubber 155 b ' porous restrictors 166, 167, 168, and 169
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requirenments. [0059] FIG | Cillustrates a diagramof reference and

measur ement SUBPBLEAS Brovidgs piflayy ef immarsiondiquid into smmeesior chambed 149 an

i nver si on | go4 p .gccaording to an enbadi.nent of the present
i nvention. Mea urozir%e% &8?%%}&&9]-%"7&%2gilgﬁ‘ﬁg?’ef"émﬁ‘ﬁ@é‘ ﬁ‘ﬂ‘B fu 148 ¢ subner ged
in i mer si oemovepimmékibn liquitdion ot FRABRRL dhdbRF 943 @ﬁ%u%gﬁ%t’er to
contain imersion liquid 144 around nmeasurenent surface and reference

surface 134N FRIFSPEIALY. | deanirol Sanors and erigsnumy dees usedf toomadrdtainnarer si on

liquid intQehbEE Si 1 hr h _one or ,nor r of nts.

Li kewi se, . iCbr?’rk%er Si Z%%qu%ﬂ?gb%%péiwe r%um) erF%‘BI’bélluBﬁ F%u%&ﬁ‘i‘é omthe

i mer si on oheasbeementiQirface 888h one or nore entry points. Control sensors

and circuitry are used to maintain a constant tenperature and vol une of

i mersion liquid 144 around neasurenment surface 132. 1. Flow Restrictors

[ 0060] According to one enpgd fER«Hs the present invention and referring
to liquid flow proximty sensor 100, measurenent channel 116 and reference

[0060] According to one embodiment of the present invention and referring to
liquid flow proximity sensor 100, measurement channel 116 and reference
channel 118 contain restrictors 120, 122. Each restrictor 120, 122 restricts the
flow of liquid traveling through the respective measurement channel 116 and
reference channel 118. Measurement channel restrictor 120 is located within
measurement channel 116 between junction 114 and junction 124. Likewise,
reference channel restrictor 122 is located within reference channel 118
between junction 114 and junction 126. In one example, the distance from
junqtion 114 to measurement channel restrictor 120 and the distance from
junétion 114 to reference_ channel restrictor 122 are equal. In other examples,
the distances are not equal. There is no inherent requirement that the sensor
be symmetrical, however, the sensor is easier to use if it is geometrically
symmetrical.

{0061} According to a further feature of the present invention, each restrictor
120, 122 consists of a porous material, such as polyethylene or sintered
stainless steel. FIG. 2 provides a cross-sectional image of restrictor 120 having
porous material 210 through which a liquid flow 200 passes. Measurement
channel restrictor 120 and reference channel restrictor 122 have substantially
the same dimensions and permeability characteristics. Restrictors typically




channel 118 contain restrictors 120, 122. Each restrictor 120, 122
restricts the flow of liquid traveling through the réspective neasurenment
channel 116 and reference channel 118. Measurenment channel restrictor 120
is located within neasurenent channel 116 between junction 114 and
junction 124. Likew se, reference channel restrictor 122 is located within
ref erence channel 118 between junan%Q 114 and junction 126. In one
exanpl e, the distance from junction 114 to measurenent channel restrictor
120 and the distance from junction 114 to reference channel restrictor 122

|. In ot | es, di st e not | . Th i
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further feature of the present 1 nvention, eac 122
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substantially the sane di nensions and per neabi y characte
RestrlctorSIdvgmagaally 18 range in length from2 to 15nm but are not

limt t hese.l en I\/Eas enent .channel restrictor 120 and ref erence
channzﬁoézgst rict iegé“’?‘?ré ‘Piqgféf fiochigns. o Rty theyr Bldgate dh
cross-sect imeamﬁaﬁoﬁfdlgtﬁh@aﬁ&a &efit ihlﬁ ld]fil'ﬁv g\‘g%‘%t? g»gf | ow

pI’OXI mty- sensor 150, porous restrl ctors wi th above
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(0062] The gt WO nctions. Fjrst, m.tigate the
pressur e ané&?’% (f%l?sn% a{%lgeé §g°°éﬂ’t X YEHUAY e Sy eﬁ‘ﬂ“if’ sensor 100,
nost not able!emhrmiwnlmnh@m@nerat ed by liquid mass fl ow control | er 106 or. .
sourciﬁ@g\f’\n acoustic qur}(':k- p.. Second, they serve as the required resistive
el ene i t hi n BXREP a&godm%} Eligwd] ey peanbmity sepsos have hedn qui d f | ow
proximty $aRgfted "PieSprE&APinvention is not limited to this example. This example

is presented herein for purposes of illustration, and not limitation.

Alternatives (including equivalents, extensions, variations, deviations, etc., of
those described herein) will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein. Such alternatives fall within the

scope and spirit of the present invention.
2, Snubber

[0064] | According to one _embodiment. of the present invention and referring to
liquid flow proximity sensor 100, channel 112 contains snubber 110. Similar
to the operation of a restrictor, snubber 110 reduces liquid turbulence
introduced by liquid supply 102 and isolates the liquid mass flow sensor from
acoustic pick-up in the upstream part of the liquid flow proximity sensor.

- Snubber 110 is located within channel 112 between accumulator 108 and
Jjunction 114. According to a further feature of the present invention, snubber
110 consists of a porous material, such as polyethylene or sintered stainless
steel. Snubber 155 used within liquid flow proximity sensor 150 has the same

"~ characteristics as Snubber 110 and is used to achieve the same benefits.




presented. The present invention is not limted to this exanple. This
exanple 1is presented herein for purposes of illustration, and not
limtation. Alternatives (including equivalents, extensions, variations,
deviations, etc., of those described herein) will be apparent to persons
skilled in the relevant art(s) based on the teachings contained herein.
Such alternatives fall within the scgpe and spirit of the present

i nvention. 2. Snubber [0064] According to one enbodi nent of the present
invention and referring to liquid flow proximty sensor 100, .channel 112
contai ns snubber.110. Simlar to the operation of a restrictor, snubber .
110 reduces quuid t uNVpwlasnce i ntroduced by liquid supply 102 and i sol ates
the liquid mass flow sensor from acoustic pick-up in the upstream part of
the liquid flow proximty sensor. Snubber 110 is |ocated w thin channel
112 bdﬂoﬁi n accumliqudflowqsoximity jensartli0Ondiffbfent A32® o nogklésOmay ber t her

feature of 1h resent invention, snubber 110 consists of a porous
56, 2RSSR RGP a0 Ginc Picewesmend aipbe 38 depemting omnabber 155

material, sU
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as Snubber 110 and'is used to achieve . Nozzl es
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be wused a f n pragb and .neasur enent probe 128 depending on a
particul ar ?’g%%F iel(rzggt ﬁg%a“gl fﬁ:ﬁl gﬁﬁeyc 15% 8? Bﬁzq‘?% agong atherothingsy be used in

liquid f | odepsmy ioRithe/ foogiER (mdOrdntint hRh PSS Sedifitle 174 and nmeasur enent
r obe 1, 182 and 183. The choi ce of nozzle type, anong other things,
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depen he flB§th3sir senfighraten efthn liquidefow preximity sersqrinszte 3000661 The

basi ¢ config ' f eqld guid r oxi m sepsor nozzle 300 is
charact eri éeg Eyéta a]ﬁ ré;lnfc#tsur gﬁ%&?ﬂgﬁ 1Sspaﬁ%\lieiltf’ etsBIf%‘]‘l"Fe"lélﬁlFef ace of the
measur enenmeasurément, surfacehasvshown bt GIG3AA. Titke BfQf néeEZ € 15 ..
det er mi ned bté t he e standof f , and the inner dianeter, d. Generally,

the depend® E"émﬁ‘flg? gres stndotEch apd thy igpergliampter, b Gensrally, the di aneter D

is dependence of the nozzle pressure drop on the nozzle outer diameter D is
weak, if D is sufficiently large.

[0067] FIGS. 3B and 3C illustrate a nozzle 310 that may be used as a
reference probe or measurement probe, according to an embodiment of the
present invention. Nozzle 310 includes front surface 312, liquid bore front
opening 314, and liquid bore rear opening 315.

[0068] Nozzle 310 is affixed to both measurement channel 116 and reference
channel 118. In one embodiment, two identical nozzles 310 serve as
measurement probe 128 and reference probe 130. In principle, the nozzles do
not need to be identical. Nozzle 310 is affixed to measurement channel 116.
Front surface 312 should be parallel to measurement surface 132. Liquid
travelling through measurement channel 116 enters nozzle 310 through liquid
bore rear opening 315 and exits through liquid bore front opening 314,
Similarly, nozzle 310 is affixed to reference channel 118. Front surface 312 is
parallel to reference surface 134. Liquid travelling through reference channel
118 enters nozzle 310 through liquid bore rear dpening 315 and exits through
liquid bore front opening 314. The diameter of liquid bore front opening 314
can vary depending upon a particular application. In one example, the inner




weak, if Dis sufficiently large. [0067] FIGS. 3B and 3Cillustrate a
nozzle 310 that may be used as a reference probe or ineasurenent probe,
according to an enbodi nent of the present invention. Nozzle 310 includes
front surface 312, liquid bore front opening 314, and liquid bore rear
openi ng 315. [0068] Nozzle 310 is affixed to both neasurenent channel 116
and reference channel 118. In one eppodinent, two identical nozzles 310
serve as neasurenment probe 128 and”feference probe 130. In principle, the
nozzles do not need to be identical. Nozzle 310 is affixed to neasurenent
channel 116. Front surface 312 should be parallel to nmeasurenment surface .
. 132. Li quidénmeteranfeliquiidh fotenfrontgdpenirmsiideisehetwednogppedxinibbel ¢ 0t eusd nozzl e 310
t hr ough Iig%i d....bore {eag openi ng 315 and exits through Iiquid bore front
openi ng 314:> MEIMElCLs(mm). 0771 ¢ 310 is affixed to reference channel 118.
Front rggébf ace 3¥7GES3DRAAAE flustfe € Lguid travelling
throug[gh rLferencZGghan%g? ﬁlglsen?gﬁé@%‘%&%éﬁﬁlg%ﬁﬁrﬁ%&a)}"k%ﬁ%e bore rear
openi ng 315s thedrefexértcs aht mesagiremenigpriotlesh acavrdingné an pmibodinehl 4f thehe di anet er
of liquid bore front. opepin 14 can vary.dependi ng upon a particul ar
appl i cat i oRTS¢H, ‘ngﬁ'gloé‘x%l"%f'ﬁ‘?% "Pﬁﬂ%r%(’- nglugies feand rsusface 333 @ bore front
openi ng 3141irfith ek Hb%&oﬁ&ﬁir{/%ﬁ% ¥ 36h, And24; ddr B mm . [00691
FI GS. 3D aﬁd SlEpi_I}liﬁgt_r ate sho rl- Eead’nozzﬁguég%orfgh%altr oﬁér&;ﬁ%éG%sed as the
reference &helmmbtde ligmdritorp frobespenings distlivge pressune ecrbssia wider anda t he

present inygention. Shower.-he ozzl e 35Q..ncludes front surface 355, a
plurality 8 W?aalb‘F’aleBtoF'érfq‘CFoﬂ% ?)li?é'n}l gé@ Anshaygrrhgad nogglecisr ear openi ng
365. The piihdipallseudelidol bvi@ing dpb@Allre QAR @SevdhBL Mkdprite yﬁﬁ@gre across a
w der areaﬁﬂ%fpnejggurerrent_ surfsffgce 132 than nqzlz‘LﬁIeHBé%g% &ﬂg ower - head
nozzl e i s MSATUGRINGHS Pyerpowider spatiabarer.i Ag altematise approathuwpuld edoevenl y

I ntegrate L m r a wider spatial area. An alternative
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use a e at contains a porous filter.
[0070] A shower-head nozzle 350 is affixed to both measurement channel 116

and reference channel 118. In one embodiment, two identical shower-head
nozzles 350 serve as measurement probe 128 and reference probe 130. In
principle, the nozzles do not need to be identical. Shower-head nozzie 350 is
affixed to measurement channel 116. Front surface 355 is parallel to
measurement surface 132. Liquid travelling through measurement channel 116
enters shower-head nozzle 350 through liquid bore rear opening 365 and exits
through a plurality of liquid bore front openings 360. Similarly, shower-head
nozzle 350 is affixed to reference channel 118. Front surface 355 is parallel to
refe;:ence surface 134. Liquid travelling through reference channel 118 enters
shower-head nozzle 350 through liquid bore rear opening 365 and exits
through a plurality of liquid bore front openings 360. The use of nozzles has
been explained with reference to liquid flow proximity sensor 100 for ease of
illustration. Each of the nozzle types may also be used with liquid flow
proximity sensor 150, wherein the nozzles would be affixed to each of the
measurement branch probes and the reference channel probe.

[0071] Exemplary embodiments of different types of nozzles have been
presented. The present invention is not limited to these examples. The
examples are presented herein for purposes of illustration, and not limitation.

Altematives (including equivalents, extensions, variations, deviations, etc., of




[ 00701 A shower-head nozzle 350 is affixed to both neasurenent channel 116
and reference channel 118, In one enbodi ment, two identical shower-head
nozzl es 350 serve as mneasurenent probe 128 and reference probe 130. In
principle, the nozzles do not need to be identical. Shower-head nozzle 350
is affixed to nmeasurenent channel 116. Front surface 355 is parallel to
nmeasur enment surface 132. Liquid traY?IIing t hrough neasurenent channel 116
enters shower-head nozzle 350 throughf’l7i quid bore rear opening 365 and
exits through a plurality of liquid bore front openings 360. Simlarly,
shower - head, nozzle 350 is affixed to reference channel 118. Front surface
355 is par dhoss|deseribed dereimrvidl beuapparset tbpersobs ekilled fr the e¢levang attfsy ough

ref erence | 118 epters hower - head_nozz]l e 350 through Iiquid bore
rear openi ggg;g%ggnatﬁ?ﬁ%af 5 PR e2e1B u$‘<‘:ﬂ%i alferpatives Jall d"'g'ﬁlléh? ront

openi ngs 36GQopeldifl spfirft oFthe ésdnmvlAgon, been expl ained with reference to
liquid flow proximty sensor 100 for ease of illustration. Each of the

nozzl e types nay al so be used with liquid flow proximty sensor 150,

wher ei n thqinozqgggampuld be affixed to each of the neasurenment branch
probes and the reterence channel probe. [00711 Exenpl ary enbodi nents of
different types of nozzles have been presented. The present invention is
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flow to destecturgerfysessmal 100cdasd aarc bs implinpatetionith diqaidnflow| pragihiign (St eps

410- 470). FEor veni ence,. nethod 400 is described with respect to liquid
flow pr oxF?ﬂs?g/f@e]?&aosreni‘ﬁd‘f‘%aﬁ&é?“?s%?%d 400 is not necessarily linited
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device places a reference probe above a reference surface. For example, an
operator or mechanical device positions reference probe 130 above reference
surface 134 with known reference standoff 142. Altemnatively, the reference
standoff can be amranged within the sensor assembly, that is, internal to the
sensor assembly. The reference standoff is pre-adjusted to a particular value,
which typically would be maintained constant. In step 420, an operator or
mechanical device places a measurement probe above a measurement surface.
For example, an operator or mechanical device positions measurement probe

‘ 128'above measurement surface 132 to form measurement gap 140.

[0074] In step 430, liquid is injected intc a sensor. For example, a
measurement liquid is injected into liquid flow proximity senso;' 100 with a
constant liquid mass flow rate. In step 440, a constant liquid flow rate into a
sensor is maintained. For example, liquid mass flow controller 106 maintains
a constant liquid flow rate. In step 450, liquid flow is distributed between
measurement and reference channels. For example, liquid flow proximity

sensor 100 causes the flow of the measurement liquid to be evenly distributed
between measurement channel 116 and reference cham_lel 118.



sensor 150 or a sensor with a different structure. [00731 The process
begins instep 410. Instepi410, an operator or nechanical device places a
ref erence probe above a reference surface. For exanple, an operator or
mechani cal device positions reference probe 130 above reference surface
134 with known reference standoff 142. Alternatively, the reference
standoff can be arranged within the sigsor assenbly, that is, internal to
the sensor assenbly. The reference standoff is pre-adjusted to a
particul ar value, which typically would be naintained constant. In step
420, ap operator_or nechanical device places a neasurenent probe above a
measur ng sur f He#tep 46Qrliquid flpwein the mepsurement chianma @hd themferesoei ce

positions e t . probe 28 above neasurenent surface 132 to form

measur enenpg%g%éll%g?es%%fwﬁys?%ﬁ‘ss ﬁ%’ﬁf‘sﬁ%ﬂﬂgga‘ieés 108 'gfét%nﬂﬂﬁ-o a sensor.
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forces liquid to exit measurenment pr eference probe 130. In
step 480, &xample, ifuidimassdlow sensoinl 38omeniterk liquighmasstflawdte bétaeae!
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control action i's per
mass flow rate, liquid mass flow sensor 138 initiates a control action. Such

control action may include providing an indication of the sensed liquid mass
flow, sending a message indicating a sensed liquid mass flow, or initiating a
servo control action to reposition the location of the measurement surface |
relative to the reference surface until no liquid mass flow or a fixed reference
value of liquid mass flow is sensed.

[0077] The above method may be adapted to use with a sensor that has
multiple measurement branches, such as liquid flow proximity sensor 150.
Wﬁen liquid flow proximity sensor 150 is used, an additional step may be
incorporated that includes switching from the use of one measurement branch
to another measurement branch.

[0078] The use of a liquid flow proximity sensor 150 can also better facilitate
the mapping of the topography of a measurement surface. This mapping may
be accomplished through the principles described in the above method,
wherein topography measurements are taken over a particular region of a work
surface using one of the measurement branches. If a topography mapping is
desired of a different region, the flow of liquid may be switched to a different
measurement branch to map the topography of a different region. Because of




pressure difference between the reference and neasurenent channel. For

exanple, liquid nass fl ow sensor 138 nonitors liquid nmass flow rate between
measur enent channel 116 and reference channel 118. Based on the liquid
mass flow rate, liquid mass flow sensor 138 initiates a control action.

Such control action may include providing an indication of the sensed
liquid mass flow, sending a nmessage gsndicating a sensed liquid mass flow,
or initiating a servo control action to reposition the location of the
measurenent surface relative to the reference surface until no liquid mass

flow or a fyi Qg-r ference . of ,liquid mass flow is sensed. [0077] The-

aboy/ve net holgi'i ‘nailongetﬁﬁtd%%(ee&}/s?dg %awhlﬂﬂ?% '%ca’ﬁs%mqaw\ﬁvﬁ'nﬁatssurﬁ@m BLI e ]
torbLia ; i L 50.. Wh

measur enentprbxiaiigh ghsos Weth ﬁﬁltﬂglélldfaﬂcﬁés‘)(‘!&npﬁé”ﬁg% Ery sérﬁP%fS?{%rEcp &alg en

liquid flow proxinmty sensor 150 is used, an additlona be

i ncor por at daoreraadilynaap dhestopogrephy ofja incasureimentusefaoé titinea pRAGHILEMENt branch
to anot her sTEasULgnent branch. l_ll[‘007 1 The use of a liquid flow proximty
sensor 150 SERTT AL O pgmegsiferment channel. o mappi ng of the topography of a

neasu t surfrage hle i ; h shed t he
60T exathple, TAPBh JeriBOMimBRt 3C GABMbA SR g@g%ﬁ%

principles described in the above nethod, wherein topo asurenent s
are taken drographyaineludes tjectingilguidinta ayprokimisyisémor sush ng 1 of the

et on. Cndp By sttsoh 1300 SRL AR L e postuptit of BrFgiomalst cment

branch to mepsiremehORIGcaYY takingta GefiéLh e MeabiBGhats éﬁxg%&%@ fthe 23
limtations that may exist in the ability to nove a ne sureﬁgrﬁltwsurface, a

proxi mity SEASHEMERG branghes bpensemplstiag thamappingofdhé regimnthat oat ances to

nmore readi by renment .syrface thapn a proximty

sensor with g[r? ge&oﬁgaheglg@gfragneni&%ﬂ%ﬁgﬁ%%ﬁﬁ?gmﬁgySQ}FQWPB{E %6 one

enmbodi nent switeheditoa difereneyppasugerdne branoh 0@ repeitytht RedppPRRSprocess §bd N9 |1 qui d
flow proximty sensor 150, and

into a proﬂ?mi_%% sensor bsu h as liquid
measuring the %5?3&8% gt thgt mE3FGRmERt Brangho s The mseess oyquld deby taking a
series of repestdd aifitiltthe Untfe FHC which Qetopography mapping is desired is

completed. The measurement surface may be a semiconductor wafer or other

measurement surface for which a topography mapping is desired.

[0080] Additional steps or enhancements to the above steps known to person
skilled in the relevant art(s) form the teachings herein are also encompassed by
the present invention.

[0081] The present invention has been described with respect to FIGs. 1-4
with reference to a liquid. In one embodiment the liquid is water. The
invention is not limited to the use of water. The choice of a particular liquid to
use will be based on the liquid in which a wafer is submerged in as part of the
immersion lithography process.- In many cases, the liquid used within the
liquid flow proximity sensor will be the same as the liquid used for the

immersion lithography process, however, this may not always be the case.

D, Conclusion

{0082] While various embodiments of the present invention have been
described above, it should be understood that they have been presented by way
of example, and not limitation. It will be apparent to persons skilled in the




measur enent branches. Upon conpl eting the mapping of the region that can
be mapped by a particul ar.” measurenent branch, the proximty sensor would
be switched to a different measurenent branch to repeat the mapping
process for the region reached by that neasurenent branch. The process
woul d be repeated until the surface for which a topography mapping is
desired is conpleted. The nmeasurenmenty surface may be a sem conductor wafer
or other neasurenent surface for which a topography mapping is desired.

[ 0080] Additional steps or enhancenents to the above steps known to person

skilled in t@g rtebngv nt artgs formthe teachings herein are al so
enconpassed°tyant tg‘? e US| i B formpand detalocan baameds theseini on has
been descriwgghutids Sl thE Oni = it rence to a liquid. In
one enbodi nent theﬁhldihg%ﬂdﬁll se\%%llﬁkeg.ﬁi sfégéofir%én e{nﬁ&ﬁi s not limted to the
use of(0083ler. THEhegheseatinvEntiondastbieeniescribédiabove tuilth s Qidb A thetigd Pased on
the liquid in i.S subnerged in as part of the imersion

\(/)l\l@i ch a wafer . ¢ r

| i t hogr aphy'98F gtlastiating the perfyrmance of “sppeifipd funetions eandwrelationshipe | i qui d

f1 ow proxi fhdr¥ofS eisPholldaki Ligqui u%frte

i mersi on |ithogr aphy. pr ocgsts)gf O\A/eﬁf\%EeHr%, aﬁ?ﬁsgﬁr‘r’g¢%§%g‘bﬁ ﬁggecrhe case. D
Concl usi on heBD82r thei doaverdenceust tnhiediriptivhs AltethaR RheISREs dveat i on have
been descriped aboyve, it shoul d bfﬁ understood that they have been

present ed 50ed, 5O olongasthe spegified, dunqtions rand; exlationships | thersef agpar ent t o
persons sKiahp@drihter re | i,n formand
detail can a%% g’gde){ .er%ria{réd Mgﬁh ﬁgﬁégﬁhgﬁﬁaﬁlgﬂg%ﬂrﬁ?? “&%d scope of
t he invent iseApe ndopgit ofitbe plaimed invenantThus, thebrdudtnamibsopt betheabove wit h

the aid of (o] steps,illustrating.t erformance, of specjfied
functions g%%%}eﬁ%e?%?fgﬁpﬁgld Pﬂteﬁgoﬁ‘%‘t?ag’bgﬁﬂﬁo%frﬁg’s aBpverdrscrbedet hod st eps
have been axdmplags etmbodifiehBEBut SRURI Be HOfindd6n1§ IR IEELHE With -
description. Alternate boundaries can be defined so [ong as the specified
functions gﬂh’%ﬁ'@%mt&“tﬁﬁ@%‘éﬂmare appropriately perfornmed. Any such
al ternate boundaries are thus within the



scope and spirit of the clainmed invention. Thus, the breadth and scope of
the present invention should not be limted by any of the above-descri bed
exenpl ary enbodi nents, but should be defined only in accordance with the
following clainms and their equivalents. -25 WHAT IS CLAIMED IS: 1. Aliquid
flow proximty sensor. for sensing a difference between a reference surface
standoff and a neasurenent surface standoff, conprising: a junction that
divides liquid input into the liquid flow proximty sensor into a
reference channel and a measurenent channel; a first porous flow restrictor
| aced al o I hannel, wherein said first porous flow :
Iroestri ctorwgféﬁg’m&ﬁﬁl iquid flow through the reference channel; a
second porous flow restrictor placed al ong the neasurenent channel,
wherein said second porgus flow restrictor evenly restricts liquid flow
through the measr eneht igHenflew: psoxiwityr senser fovtsensing am différente t he

ref erence I i LW Its the reference.channel through the
ref erence ngeoEe a%émﬁngees sfg%c?%ggo apgf%péqqﬁtge@{agn%chets&aqdﬂg} nge upon a
ref erence sonbpsising: a nmeasurenent probe at an end of the neasurenent
channel, whereby liquid exits the measurenent channel through the

measur ement probe and 1¥nelensthat dividey, limud vinpwte mito s thendighid tlow i npi nge

upon a neasure St s Lqui ss .fl ow sensor ,coupl ed between
the reference aﬁd mneﬂgssglgsgﬁe“ﬁﬁggﬁfg#hg%é%% aggr"i‘é'fl?‘f’j“‘ieﬁ?““w f 1iquid
t her ebet ween,  wher elayfirst fozousi fidve teatrieor place alsigfthé rdfabn@ahahild, ' ef erence
and neasurenent ,sur.faces_can be ﬁnsed at a hir&;; sensitivity. 2. The

sensor of cl ai m™ReT4iR Spidefirst paous Howy restrictgr ekenin gestrcts liquishflowol | er
| ocat ed before figblgh the¢ifeRAcd SnAHLPUt @ constant |iquid mass flow

a second porous flow restrictor placed along the measurement

channel, wherein said second porous flow restrictor evenly restricts
liquid flow through the measurement channel;

a reference probe at an end of the reference channel, whereby
liquid exits the reference channel through the reference probe and
travels across a reference standoff to impinge upon a reference surface;

a measurement probe at an end of the measurement channel,
whereby liquid exits the measurement channel through the
measurement probe and fravels across a measurement standoff to
impinge upon a measurement surface; and

a liquid mass flow sensor coupled between the reference and
measurement channels for sensing the flow of liquid therebetween,
whereby, the difference in standoffs between the reference and

measurement surfaces can be sensed at a high sensitivity.

2. The sensor of claim 1, further comprising a liquid mass flow
controller located before said junction to output a constant liquid mass flow
rate of liquid.

3. The sensor of claim 2, further comprising a snubber located
after said liquid mass flow controller to reduce liquid turbulence.




rate of liquid. 3. The sensor of claim2, further conprising a snubber

| ocated after said liquid mass flow controller to réduce liquid

turbul ence. -26 4. The sensor of claim1l, further conprising a pressure
regul ator |ocated before said junctions to output a constant |iquid mass
flowrate of liquid. 5. The sensor of claiml1, further conprising a
snubber |ocated prior to said junctigg. 6. The sensor of claim1, wherein
said first and second porous flowrestrictors are nade of respective first
and second porous materials, said first and second porous naterials having
substantially the same perneability characteristics. 7. The sensor of :
claim6, wherein said first porous material and said second porous
material are idefiti cafhe b 0 - 8. e of claim®6,
wherein said first por quggﬁsn%fg?lgrl?nghﬁ sgiwc)fﬁglgsc%gg ngsr%b‘%sﬁﬁ’é%@ﬁ al are

i denti cal dfttedhbefoer saiil junetiahs Soaoutpwtss cotsert .liqRid Tiues TRMS Bite @F C! ai m 1,
wher ei n Sailﬂlo jrst and second porous flow restrictors each have a |length
bet ween approxi'mately 2 and 15 nm 10. The sensor of claim 1, wherein said
reference probe and said neasurenent probe each conprise one or nore
liquid bores. 11. The sensor of claim 10, wherein said reference probe and
said neasurener probe sersoreaf hlair glifirther eoneprisiig a anablgeralogité®ct | on

per pendi cul ar 0, erence surface and the neasurenent surface. -27 12.
The sensor pﬁPrgﬁ Saalic{rlﬁ"il?&\%ﬂier ein said reference probe and said neasurenent
probe each conprise a single |iquid bore having an inner dianmeter between
approximately 0,5 ang@% 5 mm 13. The sensor of claim1, wherein said

ref erence probe %and Fensprrfuslaimeds veotie saidcfirst engsesmdaporous | e.

flow restrictors are made of respective first and second porous materials, said

first and second porous materials having substantially the same permeability :

characteristics.

7. The sensor of claim 6, wherein said first porous material and

said second porous material are identical and include polyethylene.

8. The sensor of claim 6, wherein said first porous material and

said second porous material are identical and include sintered stainless steel.

9. The sensor of claim 1, wherein said first and second porous

flow restrictors each have a length between approximately 2 and 15 mm.

10. The sensor of claim 1, wherein said reference prebe and said

measurement probe each comprise one or more liquid bores.

11.  The sensor of claim 10, wherein said reference probe and said

measurement probe and each liquid bore extend along a direction

perpendicular to the reference surface and the measurement surface.




14. The sensor of claim1l, wherein said reference probe and said

nmeasur ement probe each conprise a shower head nozzle: 15. The sensor of
claim1l1, wherein the liquid flow sensed by said I|iquid nass flow sensor is
i ndi cative of a difference between the neasurenent standoff and the
reference standoff in a nanoneter range. 16. A liquid flow proximty sensor
for sensing a difference between a ference surface standoff and a

measur enent surface standoff, conprfSing: a junction that divides liquid
input into the liquid flow proximty sensor into a reference .channel and a
measur enent channel; a first switching device coupled to the measurenent
channel and tol&. pl dhalsensor off ckams Ur ehemin saidineferenace probecind said d first

swi t chi ng devi ce erm'nﬁjs !gaiﬁﬁmd to flow i,n one asurengent branch at a

time ,and CHASPEMELQrODS t S9MRTRE £ B0eler qyid Hate rhaying, 38 NREBsur enent

branch to anaicgbefPnUppRthateyans ind & sfhfySt porous flow restrictor placed
i AR .

al ong the reference channel, erein said first porous flow restrictor
evenly restricts liquid flow through the reference channel; a plurality of

measur enent brangh pqrous flow restricitors, .placed along said plurality of
measur ement br aﬁg'hes%ﬁﬁﬁtr‘sé’f’ﬁwé: {’rﬁé][égﬂfleﬁéﬁf&ﬂ}eﬁ%ﬂmﬁ Redsaid ow

restrict or nRYQRbiekteéte bR chifHidh hdQW. through a respective neasurenent
branch; -28 a reference probe at an end of the reference channel, whereby

liquid exits the reference channel through the reference probe and travels
across a reference standoff ta |npi upon ref erence surface, a
plurality of meié‘ure ﬁtserg%ggg!alnﬁhgﬂglmga Sﬂ@agﬂg?fgwmbgraggéaﬁ pl aced at
an end of gredréherdtPeobRAsH EaHBe DiRREPRSad noBRI €by liquid exits a

measur enent branch through a neasurenent probe and travels across a

measur enent standoff to inpinge upon a
15.  The sensor of claim 1, wherein the liquid flow sensed by said

liquid mass flow sensor is indicative of a difference between the measurement

standoff and the reference standoff in a nanometer range.

16 A liquid flow proximity sensor for sensing a difference
between a reference surface standoff and a measurement surface standoff,
comprising:

a junction that divides liquid input into the liquid flow
proximity sensor into a reference channel and a measurement channel;

a first switching device coupled to the measurement channel
and to a plurality of measurement branches, wherein said first
switching device permits liquid to flow in one measurement branch at
a time and can be used to switch the flow of liquid from one
measurement branch to another measurement branch;

a first porous flow restrictor placed along the reference channel,
wherein said first porous flow restrictor evenly restricts liquid flow
through the reference channel;

a plurality of measurement branch porous flow restrictors,
placed along said plurality of measurement branches, wherein each
measurement branch porous flow restrictor evenly restricts liquid flow
through a respective measurement branch;



measur enent surface; and a second switching device coupled to a bridge
channel and to a plurali'ty of neasurenent branches, ‘wherein said second
switching device permits liquid to flow in one neasurement branch at a
time and can be used to switch the flow of liquid from one nmeasurenent
branch to another measurenment branch; a liquid mass fl ow sensor coupl ed
between the reference channel and sagd second switching device for sensing
the liquid flow therebetween, whereby, the difference in standoffs between
the reference surface and a neasurenent surface can be sensed at a high
sensitivity. 17. The sensor of gla€n116 { rther conprising a liquid nmass

flow controller |ocdt®fBCHEEE 2 parhef fgre gensit eb, whereant |iquid
mass flow rate [pfuid edid the téferefdle cﬁﬁﬁﬁpm&%}ﬁgﬁé{ ?%)fﬂf%g?é h&g&ﬁrlg%,lpgonp“ sing a

snubber | ocated after said |liquid nass e liquid
turbul ence. 19. traNelsgensoa reférendeadtandd toimpinge ipow APefeenODsudfapE,eSSUr €
regul ator | ocated befoye sai ci. junction to output a constant |iquid nass
flowrate of liquid®? pf?galéb_o Th@asé'é%w RiPbEs) ayheraip 2 mgaswementonpri si ng a

snubber | ocat ed prgiel & plafe at hnl BRE o Ahch 2 theNfhe éﬂ%ntoﬂraﬁéh%ism 16,
wherein said first and each of said neasurenent branch porous fl ow

restrictors arewhembyoiqudrezits anmeasurenhent tsaicth thpmrghus n@akeeinahts havi ng
substantially t ?obseaﬁ@ ergeabi | i t?/qlchar acteri s(i?i fs. .22. The sensor of
claim21, wherefn sal %"Pe FLACTRE: & gpwemght standeft {q imapinge ppeR af | ow
restrictor and emakiréheftausgfaé®andr enent branch flow restrictors are

i dentical. and include polyethyl ene. 23. The sensor of claim 21, wherein
sai d porous materi al 8 spepndsayitghingjdeyice sonpled tof 4 bridgestanheltand tamd each of

sai d measur e”enbllﬁ’ilﬁ?c(n" ﬁgmgt%chcs, wherein said second switching

device permits liquid to flow in one measurement branch at a time and
can be used to switch the flow of liquid from one measurement branch
to another measurement branch;

a liquid mass flow sensor coupled between the reference
channel and said second switching device for sensing the liquid flow
therebetween, whereby, the difference in standoffs between the
reference surface and a measurement surface can be sensed at a high

sensitivity.

17. The sensor of claim 16, further comprising a liquid mass flow
controller located before said junction to output a constant liquid mass flow

rate of liquid.

18.  The sensor of claim 17, further comprising a snubber located

after said liquid mass flow controller to reduce liquid turbulence.

19.  The sensor of claim 16, further comprising a pressure regulator
located before said junction to output a constant liquid mass flow rate of

liquid.



restrictors are identical and include sintered stainless steel. 24. The
sensor of claim 16, wherein said reference probe and :each of said
plurality of measurenent probes conprise a nozzle. 25. The sensor of claim
16, wherein said reference probe and each of said plurality of neasurenent
probes conprise a shower head nozzle. 26. The sensor of claim 16, wherein
the mass of liquid flow sensed by sagl liquid -mass flow sensor is
indicative of a difference between a neasurenent standoff and the
reference standoff in a nanoneter range. 27. Aliquid flow proximty sensor
for sensing a di%é:ere e between, a reference surface standoff and a
measur ement surfate stn&EEPr of clgp li6s firthes compsisingra suubberilocateds | i qui d

i nput into gl b kAdichetibfW Pproximty sensor into a reference channel and a
measur enent channel; -30 a first switching device coupled to the reference
channel and to a plurality of reference branches, wherein said first

swi tching devic permts liquid to flow in one reference branch at a tine
and can be usegzlto shhe sensemal clawy b1, whegeingsaid dinstoand easheofosai® branch to

another 1 GhaisifinPbaitiporbul Ho® reffibtitl e LESLLLCLLrRlaged al ong the

measurenent channel, wherein sal porous t ;¢ evenl y

restricts |poguusdnatétiainhavingsigistantiallyrthestime peftheablity ORiractarigtcyr al i ty of
ref erence branch porous flow restrictors, placed along said plurality of

reference branches, wherein each reference branch porous flow restrictor

evenl y restrict a1 quitd Schaw i Aall, ndf £208AYosueBhEH AN RS Brpnch: 2

measur ement probe at an end of the nmeasurenent “chan liquid
exits the rissspewhenflow hesstnistort ind egth tdfesaidremeasuement Hrase fland travel s

across & Mg GREN idShAIRd inkflde pIRelgfgPO" @ Measurement surf ace:

23.  The sensor of claim 21, wherein said porous materials for said
first porous flow restrictor and each of said measurement branch porous flow

restrictors are identical and include sintered stainless steel.

24.  The sensor of claim 16, wherein said reference probe and each

of said plurality of measurement probes comprise a nozzle.

25.  The sensor of claim 16, wherein said reference probe and each

of said plurality of measurement probes comprise a shower head nozzle.

26.  The sensor of claim 16, wherein the mass of liquid flow sensed
by said liquid ‘mass flow sensor is indicative of a difference between a

measurement standoff and the reference standoff in a nanometer range.

27. A liquid flow proximity sensor for sensing a difference
between a reference surface standoff and a measurement surface standoff,
comprising:

a junction that divides liquid input into the liquid flow

proximity sensor into a reference channel and a measurement channel;



a plurality of reference probes, wherein a reference probe is placed at an
end of each of the reference branches, whereby liquid exits a reference
branch through a reference probe and travels across a reference standoff
to inpinge upon a reference surface; and a second sw tching device coupl ed
to a bridge channel and to a plurality of reference branches, wherein said
second switching device permts liqyphd to flow in one reference branch at
atime, and can be wused to switch the flow of liquid fromone reference
branch to another reference branch; a liquid mass fl ow sensor coupl ed

bet ween t he nmeasurenen channel ~and said second sw tching device for
sensing the liquid fl t?%ﬁ?léﬁﬁmmo“m@rt@mfﬂﬂm%m%mét¢n st andof f s

bet ween the ref r face.can he sensed at a
i gh sens tivi b ety B9 RiERce Banthdt IR B I dedier o ng a
liquid mass flopermitntigoid tr fibwdateed refiaice taaio 4tUn GideOfhd! QanObg Put a
constant liquid mass flow rate of liquid. 29. The sensor of claim 28,

further conpri siUigf 0 SYitahbe tlopcel liquid fpreenesrgfagence huanehrta sgotheow
control ler to regduee.tbaybgt turbul ence. 30. The sensor of claim27, further
conprising a pressure regul’ator |located before said junction to output a

constant |iquid mass af fisstv poaties fléw lebtaiciod . placed dlbgg 386 Sas@kmehel M 27,
further conprisi a snubher |l ocated prior to said junction, 32. The
sensor of cl ai mcggn,‘ £91 saidfystnorays avy restatorgyvenly; restrigts diguidenent  br anch

porous flow reshbm%hqﬁ@ et RRLPYS Materials, said porous

mat eri al s- having substantially the sane pérnmeability characteristics. 33. A
bridge for use in a laipjuiadity bbrefenence biahgh pevoss flosorsstrictorsgplaced unct i on
that receives aaioingusiagd fplll?r\gij%rngf Cxi'tla eli'egges btrgl% es.l,i ueirgm each reference

branch porous flow restrictor evenly restricts liquid flow through a

respective reference branch;

a measurement probe at an end of the measurement channel,
whereby liquid exits the measurement channel through the
measurement probe and travels across a measurement standoff to
impinge upon a measurement surface;

a plurality of reference probes, wherein a reference probe is
placed at an end of each of the reference branches, whereby tiquid
exits a reference branch through a reference probe and travels across a
reference standoff to impinge upon a reference surface; and

a second switching device coupled to a bridge channel and to a
plurality of reference branches, wherein said second switching device
permits liquid to flow in one reference branch at a time and can be
used to switch the flow of liquid from one reference branch to another
reference branch;

a liquid mass flow sensor coupled between the measurement
channel and said second switching device for sensing the liquid flow
therebetween, whereby, the difference in standoffs between the
reference surface and a measurement surface can be sensed at a high

sensitivity.




flowinto a reference channel and a neasurenent channel; a first porous
flow restrictor placed along the reference channel, ‘wherein said first
porous flow restrictor evenly restricts liquid flow through the reference
channel ; and a second porous flow restrictor placed al ong the measurenent
channel , wherein said second porous flow restrictor evenly restricts |liquid
flow t hrough the neasurenent channel.3134. A nethod for sensing a difference
in a reference standoff and a neasurenent standoff, conprising the steps
of -32 (a) distributing a flow of |iquid between a neasurenent channel and

a reference chanpel; Lb) restrdcting the flow of . liquid substantially
evenly across c Ss-s'lg}?%ﬁegs{%l(’flé:ﬁaé% of ?rﬁws%%ﬁﬂ@ﬁéﬁﬁssaﬂm”reference

channel s; (codtr6118r Abédted Befbrelstidl jiricith th Dulgtl &' QREGnPRGLITRASN FIE N

channel s through nozzles to inpinge upon a reference surface and a

measur errentratge?flﬁ@é; respectively; and (d) sensing a liquid mass flow rate
across a bridge channel that connects the reference and neasurenent
channels, the liquid mass flow rate being representative of the magnitude

of a difference2bet wreg sBnsofRFTHIANEN! fusthanNefibri r standof f.
35. The nethod of claim 34, wherein step (d) c%rrlr%fr;?sagsght §l§§%%d of

noni t or i ng *feresaid kanid megsBow|contreliardo ¢ Hquidiurbdigecehannel that connects
the reference and neasurenent channels, the liquid nass flow rate being
representative of the magnitude of the difference between the neasurenent

standof f and t haor ef @heremos basidmf £7, ﬁﬁheﬁ&lﬁnﬁﬁ?ﬁjp&fss&é%gﬁlﬁ& wher ei n
ul

step (d) conpri,ses the step of nonitoring quh_ I pressure differences in
the ref er effRcated Retoreasaid dynction te NP & congient| liqyid dnass cflawirratedof f er ences
bei ng repr gggpt ati ve of the magnitude

31.  The sensor of claim 27, further comprising a snubber located

prior to said junction.

32. The sensor of claim 27, wherein said first and each of said
measurement branch porous flow restrictors are made of porous materials, said

porous materials having substantially the same permeability characteristics.

33.  Abridge for use in a liquid flow proximity sensor comprising;
a junction that receives a liquid flow and divides that liquid
flow into a reference channel and a measurement channel;

-‘ a first porous flow restrictor placed along the reference channel,
wherein said first porou'S flow restrictor evenly restricts liquid flow through
the reference channel; and

a second porous flow restrictor placed along the measurement
channel, wherein said second porous flow restrictor evenly restricts liquid

flow through the measurement channel,

34. A method for sensing a difference in a reference standoff and a

measurement standoff, comprising the steps of:




of the difference between the nmeasurenment standoff and the reference
standoff. 37. The nmethod'as in claim34, further conprising performng a
control action in response to said sensing step. 38. The nmethod as in claim
35, further conprising performng a control action in response to said
sensing step. -33 39.. The nethod as in claim36, further conprising
performng a control action in respggs_e to said sensing step. 40. A nethod
for sensing a difference in a referenCe standoff and a mneasurenent
standof f, conprising the steps of (a) distributing a flow of liquid between
a neasurenent channel and a reference channel; (b) switching the flow of
liquid between a pl ur@l it dignbytingsarfloveraf kquid debveenwh anesisurentest f | ow of

liquid flo asurenent branch at a time; (c) restricting the

fl ow of Ii\qéﬁ?@%%gcg%]ﬁeg&?%‘ﬁr@%cémy across cross-sectional areas of both a

measur ement branch ang) t hegirétpizame AR GNmiglid suﬁs%tigﬂ'%g*r@rﬂﬂf B&obd qui d from
g

the reference channel and a neasurenent branch throu nozzl es to i npinge
upon a ref srasfreectvnpkageas ofhath the measwremantirandsefefencechaneslpect i vel y; and (e)

sensing a liquid mass_flow rate across.a hrid channel that connects the
reference and r,n::asurzc nt O&Ih’élhﬁl& g?“‘ﬁﬁ%oqli %F%g’f?&‘é%a’?‘f&ﬁas‘frﬁf“@mbei ng

repr esent athatmeRf thrbeghagablesde ohpigdi & AN cercRAtYesprge HRASU ement
standoff and a reference standoff. 4%. e nmet hod of claim40, wherein step

(e) conpri S¥asurpraentsupfaes, respeptivebtpd) the |iquid mass flow rate across a
bri dge channel that nne . . r.af hannel apd,a neasuremnment
branch, the liquid @s f%%lvﬁvu}lé;fgq]ggilﬁ;gsgqﬁ’gvp aées%(ﬁ?%ﬁ Iéd%efc aﬁﬂglmagni tude of
t he differ ém¢eohwiciethn réferenoe and hesasrement channels, the liquid mass flow

rate being representative of the magnitude of a difference between a

measurement standoff and a reference standoff.

35.  The method of claim 34, wherein step (d) comprises the step of
monitoring the liquid mass flow rate across a bridge channel that connects the
reference and measurement channels, the liquid mass flow rate being
representative of the magnitude of the difference between the measurement
standoff and the reference standoff.

36.  The method of claim 34, wherein step (d) comprises the step of
monitoring liquid pressure differences in the reference and measurement
channels, the liquid pressure differences being representative of the magnitude
of I;he difference between the measurement standoff and the reference
standoff.

37.  The method as in claim 34, further comprising performing a

control action in response to said sensing step.

38.  The method as in claim 35, further comprising performing a

control action in response to said sensing step.




standoff and the reference standoff. 42. The nethod of claim40, wherein
step (e) conprises the step of nonitoring liquid pressure differences in
the reference channel and a neasurenent branch, the liquid pressure

di fferences being representative of the nmagnitude of the difference

bet ween t he measurenent standoff and the reference standoff. -34 43. The
method as in claim40, further conpriging performng a control action in
response to said sensing step. 44. The nethod as in claim4l, further
conprising performng a control action in response to said sensing step.

45. The net hod in aim42, further conprising performng a control
action in respon to%é%wﬂﬁ%iﬁ% Hyclaima 36, %ﬂlﬂ qeppimisthef marforeyrg ag t he

t opogr aphy Qntdi 88&%Y Fé;&gﬁs . . rising: (a) injecting a flow of
liquid into a li qwﬁ’g ? o] pféég%atggﬁg%%r t hat has mul tipl e measurenment
branches; (b) mapping the topography of a region of the neasurenent

surface using a asurenment branch; (c) when said mapping of a region of
the neasurenment B f o dn§tod PRsensinga diffrenshiimg refarente standwiff aridyii d from a

measur errentmg{smnt%tggﬁmtcgﬁmﬁg@glwﬁgénéﬁ branch; and (d) repeating steps

(a) through (c) unti reg heasur enent surface for which a

t opogr aphy . mappi ng i Saplesidisieibiminge abfen of TR{YAE hetWden 4NBed¥Bichd: @s in claim
46, wher ei Q:hggneel Uﬁgg\glrjgfgrréggéchgmuﬁgl?ce is a sem conductor wafer.
| (b)  switching the flow of liquid between a plurality of
measurement branches, wherein the flow of liquid flows through one
measurement branch at a time;
(c)  restricting the flow of liquid substantially evenly across
cross-sectional areas of both a measurement branch and the reference channel;
(d)  outputting liquid from the reference channel and a
measurement branch through nozzles to impinge upon a reference surface and
a measurement surface, respectively; and
(e) sensing a liquid mass flow rate across a bridge channel
that connects the reference and measurement channels, the liquid mass flow
rate being representative of the magnitude of a difference between a
measurement standoff and a reference standoff,

41.  The method of claim 40, wherein step (e) comprises the step of
moﬁitoring the liquid mass flow rate across a bridge channel that connects the
reference chanriel and a measurement branch, the liquid mass flow rate being
representative of the magnitude of the difference between the measurement
standoff and the reference standoff.

42.  The method of claim 40, wherein step (e) comprises the step of
monitoring liquid pressure differences in the reference channel and a
measurement branch, the liquid pressure differences being representative of
the magnitude of the difference between the measurement standoff and the
reference standoff.
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43.  The method as in claim 40, further comprising performing a

control action in response to said sensing step.

44.  The method as in claim 41, further comprising performing a

control action in response to said sensing step.

45.  The method as in claim 42, further comprising performing a

control action in response to said sensing step.

46. A method for mapping the topography of a measurement
surface, comprising:

(a) injecting a flow of liquid into a liquid flow proximity
sensor that has multiple measurement branches;

(b) mapping the topography of a region of the measurement
surface using a measurement branch;

(c)  when said mapping of a region of the measurement
surface is completed, switching the flow of liquid from a measurement branch
to another measurement branch; and

(d) repeating steps (a) through (c) until all regions of the
measurement surface for which a topography mapping is desired have been

mapped.

47.  The method as in claim 46, wherein the measurement surface is

a semiconductor wafer.




