Fluid Concentration Sensing Arrangenent Rel ated
Applications [0001] This application clains the
woenmsioséesof United States Provisional patent PCT/US2006/004824
application serial nunber 60/652,083 filed on February
11, 2005 for ARRANGEMENT FOR FLU D CONCENTRATI ON
SENSOR, United States Provisional patent application
serial nunber 60/652,650 filed on February 14, 2005
for ARRANGEMENT FOR FLUI D CONCENTRATI ON SENSCR and
United States Provisional patent application seria
nunber 60/ 748,817 filed on Decenber 7, 2005 for FLU D
CONCENTRATI ON SENSI NG ARRANGEMENT, the entire

di scl osur es gof. ywhi ' d herein by
ref erence. Eﬁgﬁgﬂgﬁg?ﬁéﬁfé§éﬁ¥Pg%&F%ggﬁﬁb he present
invention relates to fluid concentration sensing
arrangements. More paafedAfslichyions he i nvention rel ates
to fluid concentration sensing arrangenents that

i nclude optical fluid concentration sensors.
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ARRANGEMENT, the entire disclosures of which are fully incorporated herein by

reference.

Field of the Invention

[0002] The present invention relates to fluid concentration sensing arrangements. More
particularly, the invention relates to fluid concentration sensing arrangements that include

optical fluid concentration sensors.

Backeround of the Invention

[0003] Many industrial and manufacturing processes use fluids (i.e. liquids and gasses) to
process materials. These fluids are often mixtures or solutions of two or more fluids. The
success or failure of processes performed by applying fluids depends on the solution or
mixture having the proper concentration of fluids. Measuring these concentrations in an

accurate and efficient manner can lead to successful industrial and manufacturing processes.
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direction that is parallel to a surface are reduced or eliminated. In one embodiment, the

flow member includes a generally bowl shaped cavity that directs fluid flow toward or

against the sensing surface.

[0006] In accordance with another aspect of the application, a fluid concentration sensing
arrangement is provided with an opaque material positioned to inhibit light from entering a
sensing area. By inhibiting light from entering the sensing area, fluid concentration can be

measured more accurately.

[0007] One aspect of the application relates to a fluid blending system. One fluid blending
system includes a manifold member, a first fluid control valve, first fluid concentration
sensor, a second fluid control valve, a second fluid concentration sensor, and a mixed fluid
conceniration sensor. The first .and second valves may be operated based on input from the

fluid concentration sensors to control the concentrations of blended fluids.
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concentration sensor, and a m xed fluid concentration
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concentrati on neasurenents. [0009] Further advantages
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the art after considering the follow ng description
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acco@Pngﬁﬁg&a O] Figure 1 is a perspective view of a
flui"d concentrati on sensing arrangenent; [0011] Figure

2 is a sectional view taken along the plane indicated
by lines 2--2 in Figure 1; [0012] Figure 3 is an

expl oded perspective view of a fluid concentration
sensing arrangenent; [0013] Figure 4 is a perspective

view of a qui& coggentration sensi ng arrangenent,;

[ 0014] Figure 5PH&3& 1 h en al ong the

pl ane i ndicated by lines 5-5 in Figure 4; [0015]

Fi.gure S5A is an enlarged portion of Figure 5A; [0016]
[0010] #*.Iéﬂpﬁ 152 Perspertvg pieyy afie Puidspaeaniration pensingfarmngémeénd;

concentrati on sensing

[0011] Figure 2 is a sectional view taken along the plane indicated by lines 2--2 in Figure 1;

[0012] Figure 3 is an exploded perspective view of a fluid concentration sensing

arrangement;
[0013] Figure 4 is a perspective view of a fluid concentration sensing arrangement;
[0014] Figure 5 is a sectional view taken along the plane indicated by lines 5--5 in Figure 4;
[0015] Figure 5A is an enlarged portion of Figure 5A;

[0016] Figure 6 is an exploded perspective view of a fluid concentration sensing

arrangement;

[0017] Figure 7 is an illustration of fluid flow through a flow member of a fluid

concentration sensing arrangement;



arrangenent; [0017] Figure 7 is an illustration of
fluid flow through a fl ow nenber of a fluid

woam@séasat i on sensi ng arrangenent ;[ 0018] Fi guPeTRIS2®6/004824
an illustration of fluid flow through a flow nenber of

[0018PFigutd @ GONmEMUALEAD FeRRIN G0 rtﬂrggglﬁ'ﬁaptcﬁo& 00%ober of a fluid

Figure 9 is a perspective Vvieéew of

concERRERAEEAL L nsi arrangenent; [0020] Figure 10 is
an eﬁevé@%&%gp%%F ﬁﬂ%f a fluid concentration sensing
arrangenent; [0021] Figure 11 is an el evational view

. a fduid concentratiqn _sensing arrangenment; [0022]
[0019 1 léﬁ“freed 3 DeEPEIE TP AR L1 LRI EEOR SO Arangbrne;
indicated by lines 12-12 in Figure 10; [0023] Figure
“mzméa IS z.sectkonal view t aken along the plane indicated
gfseddds I elpyatiqpalyigyiaf atfiuid poyweatyatiingensing drrirgzearent;
el evational view of a fluid concentration sensing
%éranqenent and_an attached conduit; [0025] Figure 15
[0021]; Ideuss 1d 1pgmelewriigmal view ofe fhiid toricentcasioneshsing ieshgement;
sensi ng arrangenent and an attached conduit; [0026]
Figure 16 is a schematic illustration of a fluid
[0022] ffigwgilAds & yetionsl {iO® 2aken Rilagrike plané dicatedbyli@R 191-8Win Figure
of a fluid blending system [0028] Figure 18 is a view
10; taken along lines 18-18 in Figure 17; [0029] Figure 19
is a view taken along lines 19-19 in Figure 18;

[0023] Figure 13 is a sectional view taken along the plane indicated by lines 13--13 in Figure

11;

[0024] Figure 14 is an elevational view of a fluid concentration sensing arrangement and an

attached conduit;

[0025] Figure 15 is an elevational view of a fluid concentration sensing arrangement and an

attached conduit;
[0026] Figure 16 is a schematic illustration of a fluid blending system;
[0027] Figure 17 is a top plan view of a fluid blending system;
[0028] Figure 18 is a view taken along lines 18--18 in Figure 17;
[0029] Figure 19 is a view taken along lines 19--19 in Figure 18;

[0030] Figure 20 is a sectional view taken along the plane indicated by lines 20--20 in Figure

19;

[0031] Figure 21 is a schematic illustration of a flow path of the fluid blending system
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[0030] Figure 20 is a sectional view taken along the

pl ane indicated by lines 20-20 in Figure 19; [0031]
woi20nero866821 is a schematic illustration of a fPowysaiok004824

of the fluid blending system |lustrated by Figure 17;

illust 993 | . 22 is a top plan view of a fluid
usb%gng%rﬁgélgggﬁem [0033] Figure 23 is a sectional view
of a valve shown in Figure 22 taken al ong the pl ane

i ndi d |jnes 23-23 jn_ Figure 22; [0034] Figure
[Oonjzgfgugea%f?ea%? Bjﬁ‘ﬁl"l‘?ﬁ b g‘fud}mﬁm&%me ntration
sensi ng arrangenent shown in Figure 22 taken al ong the
[0033]p#ane 'bgdi cated by lines 24-24 in Figure 22; [0035]
P igUre~238 p Sectionah gkt pica iveive shewniio Figire 22f tabon plhp the plane
. .of the fluid blending systemillustrated by Figure 22;
indicgied bydimes 23R iwRig@e 225 a schematic illustration of a
fluid purity sensing arrangenent. Detailed Description
[0037] The present invention relates to fluid
[0034]clhigues24 ttd seactiomal siiavy o brfand eomishgatléh §dhgingl aehBéBent shown in
fluid concentration sensors 12. The illustrated fluid
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concentrations sensors, but It should be reddily
apparent that any type of fluid concentration sensor
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concentration sensing arrangemen

illustRRdd : 0 hat may be used is an index of
Srefr%@#ﬁ%ﬁﬂ%%%%%r, such as Tl refractive i ndex sensor

nmodel nunber TSPR2KXY-R. The di sclosed fluid
ratiQn sensing arra nents 10 include a flow
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Detailed Description

[0037] The present invention relates to fluid concentration sensing arrangements 10 that
include fluid concentration sensors 12. The illustrated fluid concentration sensors 12 are
optical fluid concentrations sensors, but it should be readily apparent that any type of fluid
concentration sensor may benefit from features of the disclosed fluid concentration sensing
arrangements. One type of optical sensor that may be used is an index of refraction sensor,
such as TI refractive index sensor model number TSPR2KXY-R. The disclosed fluid
concentration sensing arrangements 10 include a flow member 20 and a fluid concentration
sensor 12. The fluid concentration sensor 12 is assembled with the flow member 20, such
that a sensing surface 17 of the sensor is in communication with the fluid 19 (see Figure 7).

The fluid may be a liquid or a gas.
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fluid 19 (see Figure 7). The fluid my be a liquid or

[ 2 e .
TR I R o ok 20
v B I S, LM ES Bl TSR S et

[ rangenents are exanples of the wide variety
arrang?o r%%tlﬁﬂgrlh%r ﬁg fENing ngfg@iiﬁ drepexamypdes. ofthy wide variety of

npunting arrangenment that places the fluid
mountigErnEereh et peild be vsadf duey howpimpxirmmgent thitglaces the fluid

fluid can be enployed. In the exanples illustrated by
concéntigtion serisirgy amfhofil g predmateto the 10 daade drhSIb{ . ﬁn the examples

concentration sensor 12 is positioned to sense fluid

. : . i i e | _1ens .
hstbiougTigosd 1D Hakls B8 b PR IA e Sl 12
erials..The wi_ndow

P Bl b T, B B o
: i w can

exemg%r}?rg%lrggglﬁ%e%g s ZIS%E‘%VS@OWEQ{) ﬁ%;( g‘p @Sﬁg&, E\LM qxg@; tvgl;igty of different
optical lens quality plastics, any crystal material or .
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Various criteria nmay be used to select an appropriate

sensings nEgsrexamplie Menwindowal4. cafittesmadeafidmrsapphied, w&pphird Uyl Squartz,
not limted to, howinert the window material is to
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the W%d%%vc‘ Wciﬁnge': %gpggeﬁdtgyv'the-r%osqcl l) \’é\},let Igv?ndow material, and/or the optical
performance of the window material. In one embodiment, the window comprises a glass
layer and a sapphire layer bonded to the glass layer. For example, a stock fluid
concentration sensor may normally be provided with a glass sensing window. To allow the
sensor to be used in more environments, a more chemically inert window, such as a
sapphire window, may be bonded to the glass window. In another embodiment, a more
chemically inert window, such as a sapphire window may be assembled directly with the
fluid concentrations sensor, without the glass window. For example, a sapphire window

may be bonded to potting material of the fluid concentration sensor. The potting material

may be a polycarbonate material.

[0039] The window 14 defines the sensing surface 17 that is exposed to the fluid. The

window 14 may be fixed to the liquid concentration sensor 12. Fixing the window to the
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illustrated flow member 20 defines an inlet opening 23, an outlet opening 25, and sensing

cavity 32 between the inlet opening and the outlet opening. The housing 16 may be coupled

in a manner that exposes the window 14 to the cavity, and thus allows the sensor 12 to sense

the fluid 19 in the cavity.

[0041] In many applications, it is beneficial to prevent fluid from entering the housing 16 to
protect internal components such as the sensor 12. One method of preventing fluid flow
into the housing is to create a seal at the junction between the housing 16 and the window
14 to inhibit the fluid stream from entering the housing 16. In an exemplary embodiment,
the coupling between the housing 16 and the flow member 20 is configured such that the
majority of the force coupling the housing 16 to the flow member 20 is applied to the

housing 16 and the flow member 20 and a small portion of the force is applied to the



avai | abl e from Loctite Corporation. The housing 16 is
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can be adjusted by changing the depth of the recess and the materials the interface members
are made from. The interface members 22, 24 can be any material that allow for a seal to be

created and force to be transferred. The material may be, for example,

polytetrafluoroethylene (PTFE), also commonly known as teflon.

[0043] In one embodiment, a layer of protective material can be placed between the window
14 and the cavity. This material can be any transparent or semi-transparent material, such
as teflon. The layer of protective material protects the window 14 from potentially caustic
chemicals, may enhance the seal created by the interface members 22, 24, and can allow for

a smaller force to be applied to the window 14 to create a seal.

[0044] The flow member 20 may be coupled to a base 34. The base 34 allows the fluid

concentration sensing arrangement 10 to be conventionally and conveniently secured to a
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[0046] Referring to Figures 7 and 8, one aspect of the present application relates to directing
fluid 50 flow toward or against a sensing surface 17 of a fluid concentration sensor 12. Asa
result, fluid 50 is constantly against the sensing surface 17 and boundary conditions, which
could inhibit constant contact with a sensing surface, that occur when fluid travels in a
direction that is parallel to a surface are reduced or eliminated. In the examples illustrated
by Figures 7 and 8, the flow member 20 includes an inlet passage 23, an outlet passage 25,
and a generally bowl shaped cavity 32 between the inlet and outlet passages that directs
fluid flow toward or against the sensing surface. In an exemplary embodiment, a portion of
the fluid is diverted toward the sensing surface 17 in a direction that is generally transverse
to the sensing surface. The bowl shaped cavity 32 illustrated by Figures 7-9 is but one

example of the wide variety of different cavity shapes that may be employed. Virtually any
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re‘pmconcentrac;li on sen;lor 12. gAs alér esuf?, ??{gl %?obu sgzr arrows
: ' the ' ace and. baundar
e i B R sHRESAEbRY s dF e ﬁmlc Hoy: e 7
: [ Surf t ccur. when uid travels in
st IR QG i gig l@m Gllf?vj\t’k%]éftff?rtaé%@ % s 25
i i | he exanples illustrated by Figur _
the ﬂg‘%iﬁaw ,r}sahﬁgr 1P F%WEYgYT@éTr rg@ortml ocrdgheAuidfiOeflovpatesarkthe sensing
23, an outl et passage 25, and a generally bow shaped
surfaqeal/ iy thpcayétywe Bhis thad icbwatesrinl theithty pab gagdesllyt aks out the
directs fluid flow toward or against the sensing
outlets (Flieaflew dfrflud texatphasshserOeoR Y and ROk MR ot e flow in
fluid is diverted toward the sensing surface 17 in a

cavitydis Sipaificantly SRvet thad SREAS | d¥rebliPABYEHS St 3 RGHS SN 39, I the
ﬁgg‘l | F’Flbstra &a y

surface. e bow shaped cavity
exemﬁh@u&ﬁ@od?ﬁlgnﬂ, ﬁlebééks&rl'ﬁeasures the reflectivity of the slower moving portion

of fluid. Measuring slower moving fluid improves the accuracy with which the sensor can

measure the concentration of the fluid.

[0048] Figure 8 is another illustration of a flow pattern in a flow member 20 with a bowl
shaped cavity 32. Different cross hatch patterns 62, 64, 66, 68 represent different fluid
velocity ranges in the flow device. The patterns 62, 64 are located in the bowl cavity 32 in
.the region where fluid is directed toward the sensing surface 17 as described with reference
to Figure 7. The patterns 62, 64 represent relatively slow velocities. In one example,
pattern 62 represents fluid flow velocity range between 0 and 5 feet per second and pattern
64 represents fluid flow range between 5 and 10 feet per second. The patterns 66, 68
represent relatively higher velocities. In the example, pattern 66 represents a fluid flow

velocity range between 10 and 20 feet per second and pattern 68 represents fluid flow
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exanple of the wide variety of different cavity shapes
that nmay be enployed. Virtually anycavity shape that
wdizommsesst | ui d fl ow toward or agai nst the sensPa@/US2006/004824
surface, instead of parallel to the sensing surface,
velocigythbeisyseer thin 80 6% $EPLRbY4. € i e sepsor., 12
measur e;g&a concentration o?ﬂq'hg})@gw %erlggfe%%ec?@%g’rgare 8, the
fluidt R8oSLLS] 7, [.0047] Fi e 7 js a schematic
T Uty awgn&#egg&ﬁ gnowa%é’tq@gp S?Wg:%%tow ie%g&édl%%ﬂlyz- For
exa.nﬁﬁe chl ﬁllftl ow nmenber  20. Linpes 54 ill ustrate’ fluid
ow' AY SRR SHITTLY B sReicsinately 80Abfewe 18@neeprmpkntiow in the
b lfé}e vel ocité of the fluid flow ng through the flow
oW AR cayBY Searidin Sarm ofthes@nsieg seamt offths basof sUbd than 10 feet
flow and snmaller arrows represent slower fluid flow.
per seGogdy &n theickbmptarpembodihmht, drow@irotd myin®findd g thd tivty29 nd fluid
flows directly fromthe inlet 23 to the outlet 25 an

is constemtlfylimvorghcttwittstht ketisthd 6. at i vel y fast. A portion
56 of the fluid 50 flows toward the sensing surface 17

in the cavity. This fluid circulates in the cavity and

. f f fluid
ooty T4, Gulchif Sl I, B ! i senor 12

toward the sensing sur
r than the

incre%s@@asf ﬂh@ﬁ&eﬁ é&’rﬂr){l) )é]f th% efﬁ;:i(g %{alng% Q{i%%aﬁi%ggﬁﬁ sgasopd2 inggeases and

| ow di

e ary enbodi.pent, the_sensor neasures the
as theutr é;eli?‘?czt)é’t"quxpﬂ“? %gFﬂgﬁﬂllgﬁmewﬁOngs@bﬂs&Q thét Haveideeper cavities
39 asuring slower npving fluid inproves the accuracy
or, Ot"as WHiTeate the tigienwowhichre pestionrcd thédluab seemi iatvicanbRl by the

the fluid. [0048] Figure 8 is another illustration of
sensonl3 pshgsaease thre Vatocityfdfaie fimidbeewaDbytelbeRsROWs SREREYhe deep
cavity 32. Different cross hatch patterns 62, 64, 66,

bowl @8vitye fneemed thé fatarenyt of i Q:oﬂ@én%ﬁ&ﬂsl gg%?\ge?ji Ibg t%xg gsensor 12.

fl ow device. The patterns 62, 64 are

Examtblfg*f mgﬁggﬁg \ﬂgh ?E?Pf g@gli %p%@gaéfgtg%lﬁl%% g‘@i Y‘j’algainl:r)oed?et:secﬂsclosed
by United $fafRGGtent 6,3 94,417 to Brown for Sanitary Diaphragm Valve granted May 28,
2002 (herein the ‘417 patent) and United States patent 6,123,320 to Rasanow for Sanitary
Diaphragm Valve granted September 26, 2000 (herein the ‘320 patent), which are hereby
incorporated by reference. The valve bodies disclosed by the ‘417 patent and the 320
patent may be used as the flow members referred to herein. The deep bowl feature of the
valve body increases the time that a portion of the fluid stream is viewable to the sensor 12,
since the time it takes time for a portion of the fluid that circulates in the bowl to exit the
bowl increases. The deep bowl valves disclosed and incorporated in the references listed

above have relatively small footprints. This allows for flexibility in locating fluid

concentration assemblies into a fluid flow system.

[0050] Referring to Figures 9-15, another aspect of the present application is a fluid
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to Figure 7. The patterns 62, 64 represent relatively
slow velocities, i one exanple, pattern 62 represents
wohmethsédsow vel ocity range between 0 and 5 f eePCPRIS2006/004824

second and pattern 64 represents fluid flow range

b&ik : cond...The patterns, 68 .
e pérlﬁg)zl g ﬁlt?Sl r efié%“%\?té’]%@g tﬁl&gﬁ 8?0%\%(%%0%]#} frepaqpg nlaltleé"a? g() positioned to
.l I pattern 66 represepts a fluid flow velocity
inhitt, BERY om Bl 2 SFB°I56 eiot? EfuEscbh andrid) pakigern g8and 13
1 regresents fluid flowelocity that is greater than 20
Hustraie exgaples gt difgront docatensexdthp Iflow ember 20 end the Hougiuge 6 where

8, the fluid velocities may correspond to an inlet

the oppeuesaterialivan bepobitissed. HBire dQué BfatdriaR S0 by lﬁ%gﬂé@ at locations
the inlet pressure may be approximately 80 I bMi2. In

otherothen éwedogitidns {llRwated by BoReM 2 SHAPSIFGANdL ﬁhe@g@ﬁei IE%%I‘ial may

5mm of the sensing surface of the sensor |s

b¢Q r Ve A . I erbodi ment )
not bl SppIRe! & RAHE REMhs el IFISIRLRTY SRR Y prpbqciments. In
; [y ] tact with t sensi surface. [0049]
one RN & oliBoff MR Hepfbirs pafactR Yhe ABus wreRriontiee Byppaque.
an. o enso a&g increases as the tinme a portion

t] |
The fgbspe ] ¢ Py 6 dRadsafiomea nolameamylens ynaterials ditsoilow 2uember may be

i ncreases and as the velocity of the viewable fluid
maded@@ﬁ@a%BEE. (Feflwm) maitrials T2 aphque mateeiabemples agaeltth @Ssurface of
32 or bows increase the tine in which a portion of
the houséng 1 amll/ st the dliowi membemady enHiitih§ @igﬁteﬂ&ﬁrenie%in%rige sensing area
e

decrease the velocity of the fluid viewed by t

82, flsidredacentritoodrsdthbasutdaanSle@Baily, cavi ty increases
the accuracy of the concentrations observed by the

sensor 12. Exanples of flow nmenbers with deep bow

[0051] Shaped caNpltd SRusffed hﬁ, gﬁé'%g% hpds eg, dig %%?g%%ﬁlgti{aéﬂpy sensing

United States patent 6,3 t 0 ’Brown _ '
e SRR 0LA O0Y H 2905, Encl SN L
and al{;~ %{)aqsu%nrlngt%{i% 80 (shown in Figures 12-15). In this application, the term opaque
material means a material that inhibits light rays that can effect a measurement of the sensor
12 from passing into the sensing area 82. The light rays may or may not be visible by the
human eye. Figures 9-15 illustrate examples of opaque material applied to the fluid
concentration sensing arrangement to inhibit light from entering the sensing area. The
examples of Figures 9-15 are but a few of the wide variety of different ways the opaque
material can be applied. The opaque material can be provided on or in one or more
components of the fluid concentration sensing arrangement 10 in any manner ;Lnd at any
location that inhibits light from entering the sensing area. In the examples illustrated by
Figures 9-15, the flow member 20 may be made from an at least partially translucent

material 84 (see Figures 12 and 13). The opaque material is positioned to inhibit light that

can effect measurements of the sensor 12 from entering the cavity. In the example
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Di aphragm Val ve granted Septenber 26, 2000 (herein the
' 320 patent), which are hereby incorporated by
woebwroserse. The val ve bodi es di scl osed by the PA1/1S2006/004824
patent and the ' 320 patent may be used as thetflovvf
il ey Fiqgbeored 0 eature o
1 lus?ﬁg@vgﬁi\}%@bﬁgy@f ﬁ%r ugg{elgtb?ﬁe@ﬁn%fﬁ E%?O ﬁﬁleptg?l‘gll%ﬂn%ﬂ‘ 20 and the
h%e‘ ' treamis viewable to the sensor , since
houSt e($#E%HP “takes time for a portion of the fluid that
circulates in the bow to exit the bow |ngr¢aseﬁ. The
b .al ves, di scl osed and incorporated in the
10052580 bbodifhelt dhe sBsare mtent e b, epplicdntgl only one of the flow
oofprints. This allows for flexibility in locating
merﬂi’?ﬁﬁ(’gan@dh% Beising 16oer beswetniflar esampleptha hbhsingl 16 boWonnet illustrated
system %0050] Referring to Figures 9-15, another
by Figgprs -1 dinclires pr et patiph i86awith bphguematerial 80 that surrounds the
flui dconcentrati on sensing arraggggfnt tzat |§
flow prembied20. W tHis axun@faaHE ofRhR habkridll Opﬂ&’gﬁ Jap Yud portion 86
ip;hi bit light froment er?ﬁig a sensing area 8%1 (Shogurpegt

may dZniRe thdheed ol ﬁéth% %ptétﬂ% r?l%tefl‘i]all s ret 5 \(?vgﬁ %ZSOC?f Similarly,

different |ocati OW ne

R SRR AN (AR Y

position

|-Cf apions .other than the |ocations illustrated by
Inmmﬁ1§%b§§”f§n%nd 13. Further, the opaque material may
not be applied at all the locations illustrated in

[ s 12 and 13 in sone enbodi nents, hi one
[0053] MWQ illysteaied by Rigwe K4 pihgrepaque matzddle’D tanpris an opaque
flow member to nmeke it opaque. The housing 16 may be
condwyteifeccupsdh te thoinjgs 28y loatlet dfahe fbé merkbe: 40, OGRS conduit 88
may be made froma PTFE (Teflon) material. The opaque
inhibiteal gt iiakn Gatribg tRRBAYRLR oF IR O LG IANM e Goment
and/or the flow nenber. By inhibiting I'ight from
10. TetHeaskaRGld MAsEROFH Q{ﬁ{i'lgfg?,sazcoﬁdhﬂ%i RRUAE Ko b 1683 Dartially

be neasured nore acc
translucent material and is coupled to the inlet opening. Opaque material 80 is applied to

the conduit. The conduit 90 with an opaque coating inhibits light from entering the sensing

area of the fluid concentration sensing arrangement 10.

[0054] Referring to Figure 16, another aspect of the present disclosure is the use of fluid
concentration sensing assemblies 10 within fluid flow systems 100 to control mixing of
fluids. Multiple fluid concentration sensing assemblies 10 may be placed into a fluid flow
system to serve a number of functions. For example, multiple fluid concentration sensing
assemblies can be placed at different positions in a flow stream to measure the
concentration of a fluid solution or blend and be analyzed to correct concentrations that are
not within an acceptable ratio. In the example illustrated by Figure 16, two fluids, 102 and

104, are blended by a combiner valve 105. The fluids may be fluids that are used in any
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[0051] In the exanples illustrated by Figures 9-15,

the fluid concentration sensing arrangenent 10
wonalewdes2a flow nenber 20, a fluid concentrat POT/US2006/004824

sensor 12, a housing 16, and an opaque mat eri al 80

SN de LRis tion,
appl?zr m o};%rtrq]elj{le:ah%gét er ﬂalﬁldf}ma € “Sﬁaf%ﬁ r eflj]rﬁig: PI?E}; sgﬁgirpmcess
ne a neas
A ﬂdla 9?1?05: %ﬂ%tg%ré&%émg%?%n}%fé é‘?’l@qrgeﬁlgf’nﬁii dawgstreamhef the ghmbiner valve
not be visible by the human eye.

at P?-Sa%?ﬂ 2@% 9t°1 @qaﬁlﬂrs steatcentzaiione ofofluisp G2 eamitdrefluidl 104.  The
lied to the fluid concentration sensing arrangenent
measfis ek ippelayed e legio proentsarg wt 108 HeRsta@eAkfRn ol'"hﬁe blend of

exanpl es of Figures 9-15 are but a few of the w
fluids; 03 end/ 104 isdhdit fveitlémbn \a&)é‘@taiblberaﬁg@gfjpaﬁgaﬂl% dll)%lc @(!%SSQS% unit can

appl i ed. The opaque naterial can be provi

send an@nahamtd i a RWRRREH Sthl‘ég wa %evJIJJéJ h ijO ‘1‘5194@0 en{r grﬁycess to the fluid

sensi ng arrangenment 10 in any nanner

streath OO Q¥ BRd cérf‘fﬁlst?l!és Ie{ \26%}” ¥ entpg k %Fglgguri;?SI (102 or

area. I n the exa

: de.froman at |east partially
fluid Ilér)g#s uc en‘? st n?‘%/ ga (rgtééoﬁﬂ@‘érl@g and fhwdl 184 )nto Thacceptable

op erial is positioned to inhibit |ight that

rangey A Sgand fuifeauesniabion sengingtamangemesr1 012 flaceth ®Mneliéas of the
t he caV|ty, hi the exanpleillustrated by Figures 9-13,

three- “BPFE RS it Rasitidn B2 ks aggip neasure cthé RenddnewicRGCH ;A0 02 and/or
and the housing 16 or bonnet. [0052] In one

fluid titb o@herereasurtinentojp agldfed it BE i18bic ch?s‘?n%‘HH { égg i %Hﬂr Yat the
one of the flow nenber 20 and the hous

fluid Wbond’éﬁfra@iﬁ@b&rec&.hqf qgéjii)ﬁ] ué‘g’u nawgtgnn d:oHs?thil, the logic

illustrated by Figures 9 inc e the flow
proces%ﬁlgv‘drﬁthcag%@zﬁ ({%Eﬁ{rgﬁer{)ggcl 8cg) gang gv(rf%@r kdvetq divergd 14 or dump

ortion 86
the ﬂu?chLéa%dﬁ01n Q Sro%lgsrs%%gx tg prevent an error in the manufacturing process.

[0055] Figures 17-21 and 22-25 illustrate two examples of fluid blending systems 200. The
fluid blending system 200 illustrated by Figures 17-21 includes a manifold member 202, a
first fluid control valve 204, a first fluid concentration sensor 206, a second fluid control
valve 208, a second fluid concentration sensor 210, and a mixed fluid concentration sensor
212. In the example illustrated by Figures 17-21, the control valves 204, 208 are separate
from the manifold member 202. Figure 21 schematically illustrates the flow passages
defined by the manifold member 202. The manifold member defines a first fluid inlet
passaée 214, a second fluid inlet passage 216, a mixed fluid outlet passage 218, and a
mixing cavity 220 in fluid communication with the first fluid inlet passage, the second fluid
inlet passage and the mikxed fluid outlet passage. The first fluid control valve 204 controls

flow of a first fluid to the first fluid inlet passage 214. The first fluid concentration sensor
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may elinmnate the need to apply the opaque material 80

to the flow menber 80. Simlarly, opaque nateri al
wappleioschse o t he flow menber 20 may el i nate tReTAS2M6/004824

to apply opaque material to the housing. [0053] In the

206 EaTRes boncrddtoSsr Y ey e ﬂ*@f@é@p‘j@%ﬁﬁﬂ%‘ Girgt g 'gﬁg;passage
0. ue condui
2.5 i 1t el Fatur, P ORI Her 3gaardgiiud o atsecond fuid

' ntration sensing arrangenment 10. In the

inet ¢3¢ 216 T8 Sreapddisg cmaagtineltsensorcidanpisugs a congesimtion of
froman at least partially translucent material and is

the gesomd dtnid oflawigi fhiretgho fenisegnd Claiduénlempbassh@. 8Phd Snixed fluid
applied to the conduit. The conduit 90 wth an opaque

concemedtiongensohR bl hfadur@d cdricomfr ¥ edSiRNAL ﬁ%ﬁg C&vity 220.

of the fluid concentrati on sensing arrangenent

A coh®IR4 D3 Ref iﬁrcbhﬂlﬂuﬁ@ati%htgﬁfhethé ﬁuidf%?*%ﬁ{&ti%ﬁ B&%tﬂ{s ; ts} gﬁo 212 and

present disclosure is e use o conce

s S5 200 8T LG8y 0 S AT

contro _

SERSIN ssenbl i 10 may be placed into a fluid flow _
seconsd§ Qltugn;g)lng'og g%@ 2§§ pil ngnqegﬁgtg(.prb ppgnal;@rox@@gh’py ¢he first fluid
It.iple fluid concentrati on sensing assenblies can be

conc%autrgtg@a Seftsor LPé.ethe secqndsiluid mescdntration senwos 2t @aindt the mixed fluid
nmeasure the concentration of a fluid solution or blend

concenigtioe samsek y28d Thecconted tvahves CE0A; @8I aBSconidlle@rts ®krol the
Wi thin an acceptable ratio. In the exanple illustrated

concdmrafroglofehel st tnvbsecbitd £lgids #DRe Addd4, are bl ended by
a conbi ner val ve 105. The fluids may be fluids that

are used in anyapplication. For exanple, the fluids

056 ST 28, KBSy OISR 214,
the s8R il ngagé)% tarf?rgt'geggortcg%t}(f: 9163 iansceacr:on\(/iasleXseor cavity 242, a mixing
cavity 220, and a third sensor cavity 244. Figure 20 illustrates the third sensor cavity 244
and the mixing cavity 220. In an exemplary embodiment, the sensor cavities 240, 242 are
substantially the same as cavity 244 and are therefore are not shown in Figure 20 or
described in detail. The sensor cavity 244 is generally bowl shaped. However, the sensor
cavity can be any shape that allows fluid concentration to be measured, including shapes
that causes fluid to be directed toward or against the sensing surface 17. The illustrated
mixing cavity 220 is also illustrated as generally bowl shaped. However, the illustrated
mixing cavity can be any shape that is conductive to mixing of fluids that enter the cavity
220. Referring to Figure 21, the inlet valves 204, 208 are coupled to the first and second
inlet passages 214, 216. Fluid concentration sensors 206, 210 are positioned in fluid

communication with the first and second sensor cavities 242, 244 (see the exemplary

positioning of the sensor 12 in Figure 20). Referring to Figure 21, first and second fluids
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at position 106 to neasure the concentrations of fluid
102 and/or fluid 104. The neasurenent is relayed to a

woagiswspspcessi ng unit 108. |If the concentrati eaT@S2000804824
bl end of fluids 102 and 104 is not within an

Tow AARLHE s AT ARRN ihL b bl darm brsc oy ~{ dnd ecpng sensor

. rol s, access the fluid stream This command
cav1tie§ﬁbﬂﬁgﬁ4gctw}9ﬂg ﬁ‘ﬁl \?ﬁ‘?‘i OCORGEIIERRLOBS) pTCHFATS aB@0,adbdnmeadure  the
fluid 102 or_ fluid 104 to the fluid streamto bring
concgpfgations b therfirsy andpeqqel fuids.f The frst @ad seeond Anids flow from the first
acceptabl e range. A second fluid concentration sensing
and seeenthgpppmTvavilios 240, 24Adetd thiomidhg eaity@20f Waere i@ #uid@¥nix. In the
val ve at position 112 to again neasure the

illusteated emboditiear) Sepdfratt nvikEhe d tRPEH o dWitfs 294, 24Ge included. In
nmeasurenent is relayed to the |logic processing unit

one kb difeMe fﬂeftﬂiﬁ& Bétsof Ot 24l LeRS g@fﬂe%ﬁi&&%‘f’%&f{g 383 tt}iﬁa:cavity 220

correct. It the concentration was not CO

: 0gj C i unit can relay a co dto .

s oAt CORE SERGR BPe EPnirafis Oﬂsoar#\?a?m%%ﬁn@ta uidgensor 212 at
fluid stre omthe process path to prevent an error

theﬂ?ﬁy$ﬁ§“ﬁﬁﬁﬁggé{uring pfocess. [ 0055] Figures 17-21 and
22-25 illustrate two exanples of fluid blending
systens 200. The fluid blending system 200 illustrated

10057]b§gﬁea @3 iHusinate ameanpdesofe faiditlaidingwsstser 20D®hera chambers of
first fluid control valve 204, a first fluid

the velyat 84,r248i ave dsfamsiory B@6narafoid amntbef R02.d Re@tin@ko Fiu¥e25, the
208, a second fluid concentration sensor 210, and a

manifol& etbnftlen 202 defesalirsl vave BEpaEsagd 250, aFikhea G @M Her 252, the
illustrated by Figures 17-21, the control valves 204,

first %1@53 rﬁ§s§g§§[3@;raaf|§e:%oﬁd 9%% ?rﬁgt{]@dsgge[gglﬁ4n§ g?c%&ld%%gvéesc%iagl%rere 256, the

1 schematically 1l e flow pass_af °
secm‘frérlgi:i%ég ‘li)q%ﬁg¥? 22@ a{;%?s:t ];SgllilS%f %}qgre ?ﬁ(ﬁgféecgg senr%g} cgvity 242, a mixing

cavity 220, and a third sensor cavity 244. The valve inlet passages 250, 254 are in fluid
communication with the valve chambers 252, 256. The valve chambers 252, 256 are in
fluid communication with the inlet passages 214, 216. Referring to Figure 23, a sectional
view of an exemplary inlet valve 208 is shown. Inlet valve 204 is not described in detail,
since inlet valve 204 is substantially the same as inlet valve 208. The inlet valve 208 is
defined by the valve chamber 252 defined in the manifold member 202 and a sealing
assembly 260 assembled with the manifold member 202. Figure 23 illustrates one of the
wide variety of different sealing assembly and valve cavity arrangements that could be used.
In the example, the sealing assembly 260 includes a valve actuator 262 and a diaphragm
264. In this embodir.nent, the aétuator 262 is an air actuator, however any suitable valve
actuator may be used. The valve actuator 262 includes an actuator piston 266 that axially

moves within an actuator housing 268 to move the diaphragm 264 in the valve chamber
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passage 214, a second fluid inlet passage 216, a m xed

fluid outlet passage 218, and a m xing cavity 220 in
wolomehsemamruni cation with the first fluid inlePCT/US2006/004824

passage, the second fluid inlet passage and the m xed

252.TTHY Tlueitb@1diRRSIA0 264 Hé'&utﬁé.sr% Steh] Wb AP taf I%i;)%li/saﬁ/cﬁ clgses inlet

204 controls flowof a first flurdto th
ddalg : irst fluid concentration
pass sggnsgrt(g gé&?n%gsﬁ(}%sﬂuy g%'w' Aufteplen {’) gen ﬁ’ﬁé( alviernlet paspage 254 and

w ng through the first fluid i nlet passage 214. The
Secoé({eg%}?agﬁrﬂﬂndsegﬁq{tlpgf PES§p&Re2 M s Feidhsr rdstadls fof ol vef arsngements that
ﬁgcgnd fluid to the second fluid inlet passage 216.
may be, adapiedoton usq 5 e centingrssemtilp A6 emb confRUMTRASHVESe davitics are
. .concentration of the second fluid flow ng through the
disclesed gndJ.BI Bitdni Nbe6,3padsage Braes i x0vhith ilincorporated herein by
concentration sensor 212 neasures a concentration o
referdrica il itgiextiebty. MTHeHBleM AV 00 CRYDE Yiwki2R ardy ol 8l 83%014 5
is in comunication with theé fI%‘in @gﬁeéglﬁe%?%t\?%ﬂnﬁle mianifold in
the eRBASIE T B 33104 ; ves, 204, 208.  Th ,
control eg‘ﬁgsi%o op’e%z}\‘t%gg Q]S'h&eﬂbgf ﬁ@td ©i %?%%%61?'& st agfgsqfé)nd inlet
h ond £l ui ntrol valve 208 based on
passa%%ﬂ%@ r18a_t Rske %ﬂc’a{: lguﬁf%‘gﬁbe Ui Pop¢satratien genspr,2 1P is positioned

in flpSfacent r.ati on Seﬁégy 206, the second fluid
EOEERTIERY BVl the distand seeond semser pivities 342ui Gbneentration sensors

.concentration sensor 212. The control valves 204, 208
are sigylarly. giengsd|veigh respasb et cayities B0 and 24t Rafeiripsto®hodrbes, first and

&i rst and second fluids in the m xture. [0056]
seconfdlugdsrilavg from thi fiust en@ dscohd) énlemyakdagbsh MEODE [Nt

defines the first inlet passage 2%4, t he senco%%t;lrﬁﬁaerltdsecond
sensopasdtige 220,6248 Whérs 1thS SISO cofAV) 4

sensor cavity 242, a mXi ngocavFr%OéZ e:nsgrls] y?ﬂ."r‘&easm the
conceRRRRAE of AV findt | 2Quillustrates the thir

sensor cavi ty %ﬁse{cﬁ‘gﬂﬁﬁ@&mﬁl&? ﬁ@sl{%{l/ ) .ldsltﬂ“’%\??om the first

d 1hodj .the sensor cayjties 240, 242 are

nd sEEEIRRLY SRR HE Shaishnd rieicyva 42britheas o iAo mar.omn the
lustrLE n%t shown in Figure 20 or
illustrated embodiment, separate mixing and third sensor cavities 220, 244 are included. In

one embodiment, the third sensor cavity 244 serves as the mixing cavity and the cavity 220
is omitted. One or more fluid concentrations are measured by the mixed fluid sensor 212 at

the third sensor cavity 244.

[0058] In the exemplary embodiment, the sensors 206, 210, 212 are designed for
communication with the controller 230. The sensors relay measurement information to the
controller, which processes the measurement information and delivers control commands to
the valves 204, 208. The examples illustrated by Figures 17-25 illustrate blending systems
200 that control blending of two fluids. The blending system 200 can be expanded to

control blending of any number of fluids.
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described in detail. The sensor cavity 244 is
generally bow shaped. However, the sensor cavity can
woeomngeshape that allows fluid concentrati on POThS2006/004824
nmeasur ed, including shapes that causes fluid to be
L ecte oward or_ agai ns he. sensi ng sur e 17. The
10059f rh€ SieBlp LR frrR oA P b SvideaatieD) Qi<h Hareatmatials. The
general ly .bowl shaped. However, the illustrated m xing
mateélé{;i the ragmiold membes Ha mrade Heam jmaayc by aeleeted dont therdpplieajion of the
of fluids that enter the cavity 220. Referring to
blending systernl , Intdve éombogtiment] thesm2ifbld 28nter €02 dsipladel fiotn a material
the first and second inlet passages 214, 216. Fluid

that GosUbRRITiANlY OHeriSANER eSpRes to 21dnRigesdhfink I1RBEGh itk Edrichductor
communi cation with the first and second sensor

i oy oxonn Ui o
e o SR S CF B8 SIs G RERIOA Bl b £ S hydrogen
i cond fluidsflow fromthe first and second. . .
perokighyaB8fioRE cBNEole BUE HAEH T pifapeld it SHE sRfSaLy inen

LS ENSOr aviti e? 240, 242, where ti?ge fluid ) )

whery GEReSHA Fofiapk SloeBinesolitishe usesliiy e serrcandysdor industry include, but
concentrations of the first and second fluids. The

are nof Higyited el PSEERalyitetraftperdetivylent) GPaflon®)for PFA Qredflswodkoky). In
sensor cavities 240, 242 into the mxing cavity 220,

an exvimgrlaryt duebddiments the manifoid teenbel lisigtadatfieeh emtpdd BROK or piece of
separate m xing and third sensor cavities 220, 244 are

matetific| uded. I n one enbodi nent, the third sensor cavity
244 serves as the mxing cavity and the cavity 220 is
omtted. One or nore fluid concentrations are neasured

. [ g ; t hi L .S . .
v, g, 2585t 108 s

fluid.b i;ng. _system 200 re chanbers of .th
ol b b LG SR A0 RPN e s s o
02. Referring to Figure 25, the manifold nmember 202 ]
refragiig pediug. ¢ Ong exgup 0{ e tanp%@ilsgt@nz@dhe a5 iof atliqpag yefracting
chanmber 252, the
medium, such as, for example, de-ionized water, between a refractive lens of an optical

lithography system and a silicone wafer to be etched by radiation, such as a laser, generated
by the optical lithography system. The development of immersion lithography, or the use of
a liquid refracting medium in an optical lithography system, more fully described in
ICKnowledge.com Technology Backgrounder: Immersion Lithography, has resulted from
efforts to improve the resolution of features printed or etched on semiconductor wafers by
increasing the index of refraction of the refracting medium. In such an application, the
presence of contaminants or impurities in the refracting medium may interfere with the laser

etching operation, resulting in errors or inconsistencies in the features etched on the wafers.

[0061] Figure 26 illustrates an embodiment where an optical sensor 312 is used in immersion

lithography to sense an optical property of an immersion liquid 305. Figure 26
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first inlet passage 214, a second valve inlet passage
254, a second val ve chanber 256, the second inl et
woaseages216, a first sensor cavity 240, a secBaw/US2006/004824

sensor cavity 242, a mixing cavity 220, and a third
250, 254

0 244. The,val.ve i.nl et
Smeﬁl%ﬂéﬁlﬁ, ?1?\,}’ g%écommeﬁ(ﬁlglg ks & < tlﬂmfeﬁségl%liﬁgggf&ﬂ@mgemem 299.
56. The val ve chambhers 252, 256 are in fluid
HOWE%‘?Fnﬁ SEROb 3 14 £F0 thSeUied| Bt 2w dauRsssion lfhograghy amrangement to
Referring to Figure 23, a sectional view of an
detergyiaprsnapptioahipseperial 08 ﬂZ@SlnnErsdrm\Mmdl 808t EmimpleR®f infnersion
not described in detail, since inlet valve 204 is
lithogapky amfraredetmentshexrs adiclased nhetT¥enshg n_%fofbacﬂ_ hdek-etImmersion
val ve 208 is defined by the valve cha def i ned
Lithdgdia MERhbR1 e |
aggsﬁgnyg | ed V\/I?ﬁgg ﬁg&?ﬁmﬁ@@f aﬁ@cb éc?{% éﬁnﬂﬁ gure éénzlﬁgogr aphy:

Beydnl! 48 1d53hL R0 r%%\’lﬁ’lf né}ﬂ:% ”M&of’ﬁ%gr%})% %S_Zl?]rg ﬁt EIUI%H 2003). In the

seal 1 ng asse val vé cavi

e e t he eallng assenbl
exantple) lﬁlﬁ% 6B ég%@ @?ﬂ%éfl‘f’s}@? 3 suchyisp ﬁ?ra@ﬁn%@aor wafer,
In thi.s Fb iment, the actuator 262 is an air
is immersediig e ligpdePer S‘Qﬁyﬁsﬁr@%ﬁ@wﬁrvM@@hmdmm%@ﬂ pBan optical
~_used. The valve actuator 262 includes an actuator
lithogyaplibexpRege spraice 398 & Jupmergedsn wi iniontaatwithtthidefiacting liquid 305
housi ng 268 to nove the di aphragm 264 in the valve
at a distenioe b2 thd herfhdd 861 roattkel stbsaply 3gMi2 G étBHédUﬁ?%eaﬂlustrated
stemtip 270 that opens and cl oses inlet passage 2

embdd@meRe NTRNek fok @ &solitddiid 20 B Caly é’fhsge%%ﬂ‘ﬁ{sgl Eagypton fluoride

val ve inl et passage 254 a secon oncé

excit&" B0, 18! &ln ..Ll'clL gmff ar %Q’g RSt ﬁo‘gllézslagquﬁg 319 is likewise

ar rangements t

sealln dCOfI urtlons of val

submEEgsl it f‘ﬁﬁanﬁf% éfua@ 305 o 8\ isriop e thaisubseraBmenribey 308 in the
Browne et al., which is |ncorporated herei n by

illustraggdesrabrdiment. | Tlae samsor eanybe mlnesd; aflaay ppsition svif0zespR08y the lens
which are integral with the manifold in

and the substrate as long as the sensor is able to sense the optical property of the liquid. The

optical sensor 312 may be used to detect an optical characteristic of the liquid 305 related to
the purity of the fluid or the presence of contaminants. In one embodiment, the optical
sensor 312 is a refractive index sensor, including but not limited to the refractive index
sensor 12 described in the above embodiments. The sensor 312 may form part of an index
of refraction sensing arrangement, such as any of the index of refraction sensing
arrangements 10 described in the above embodiments. The refractive index sensor may be
adapted to detect changes over time in the index of refraction of the liquid 305, which may
occur as a result of the accumulation of contaminants or impurities in the liquid. The
refractive index sensor may also compare the detected index of refraction of the fluid 305 to

a predetermined limit value thereby providing notification of a need to clean or replace the
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the exanple of Figures 22-25, selectively allow fluid

to flowto the first and second inlet passages 214,
walrae/oBeder ring to Figure 24, the fluid concenPCatlisenwe/004824

sensor 210 is positioned in fluid comunication with

refracligy f1i#dS305aREbre 8 GANGRENRAL 1@?%6?%1{1)2 gtgﬁc? L35 ukpsylf pfrefracting fluid

Concentration sensors are si : .
impdrgRect to cavities 240 and 244. Referring to Figure
p25, first and second fluids flow fromthe first and
second inlet passages 214, Zégzin&g thetLIr?}u?Sd
. i 1i.es 240, \ ere the .
10062848 At piah i Blinkore Simire 200nmsdwunisdtinea method of etching o
entrations of the first and second fluids. The

Semi‘(r‘:‘?%ﬁ%ﬁab%ré@o ni theumgthofl] the fubsinate 1360 ik risimeased mes Bgghd 305,
sensor cavities 240, 242 into a mxing cavity 220,

Radiglipar i ermigted |triodgh e liqhid fohetcl Ithaistfab st @ERABIIROT An optical
separate m xing and third sensor cavities 220, 244 are

charactecisticlefithe Hiquidh hae FlIGed RAE prdsBiReldtifuSERse fﬂg{ecx%fﬂéw%g fluid is

244 serves as the mxing cavity and the cavit

measoiEt! 1"131@-m@éﬁreﬁropﬁ%lechfa}aﬂiegiiﬁgﬁg‘t%%%;{?géc{ ﬁ)lnaf ar%rggtﬁgngl?lgél Ei?n% value

by the m xed fluid sensor | et he
SR\ - |p_the ex ar odi L, o
s gbrﬁg 2% g]ng %J%g)%tz Tg "8&8%‘@555 e o‘%? j’rqut‘b nrbfigaal thes the limit
' , 230, The sensors relay neasuremnent
amoumnég?érpga?r?%ﬁt%%ﬁa{s:%ree o7ached isarrovigded sihep thrcprsdeterniined limit value
. surement information and delivers control comands
1srea{f§; the val ves 204, 208. The exanples illustrated by
Figures 17-25 illustrate blending systens 200 that
control blending of two fluids. The bl ending system
[0063] 2l shevéh beamdsustand dhkt tthe embbdiatents| dsudisag Dovaade RPFREItative of
of fluids.[0059] The manifold nenbers may be nmade from

aspecta offtkeinvanticet shdafre @rdvidddesitexBib Rk adl Sot I EHBERd RsSrintion of
’ the manifold msnbe? i s made frgm may%be sg)l{ec%edé@or p

impleinBetaBlom d eataspidt 8f the Bfvention.

[0064] While various aspects of the invention are described and illustrated herein as
embodied in combination in the exemplary embodiments, these various aspects may be
realized in many alternative embodiments, either individually or in various combinations
and sub-combinations thereof, Unless expressly excluded herein all such combinations and
sub-combinations are intended to be within the scope of the present invention. Still further,
while various alternative embodiments as to the various aspects and features of the
invention, such as alternative materials, structures, configurations, methods, devices,
software, hardware, control logic and so on may be described herein, such descriptions are
not intended to be a complete or exhaustive list of available alternative embodiments,
whether presently known or later developed. Those skilled in the art may readily adopt one

or more of the aspects, concepts or features of the invention into additional embodiments
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bl endi ng system |In one enbodi nent, the manifold
menber 202 is made froma material that is

weubstiaeiszal | y i nert when exposed to cl eani ng BOTWS2@®AS04824
used in the sem conductor industry, for exanple SC

A 8950 AL IRRLS AT bR Be ot cprsty

. EX | es of terjals that are substantially inert
dlsc‘ﬂf%gﬁirﬁﬁos é‘dﬁ%&) Yy enehanaly sewp Jeriures, gerigpisnon pewects of the
. sem conductor industry include, but are not limted to
invelmEmapoby desaribiel Usrertasybeang)a pibédrtadn fringenrenPBA method, such

(Perfluoroal koxy). In an exenplary enbodi nent, the

descripiiorf @ dotimndariedits swggksst fiiareuah Seatateeisbtcqifed or Rie€Si8ary unless
of material. [0060] In another exenplary enbodi nent o

expréIR $@Rkl 081l FurkHey &eﬁiﬂ%?rgrr@f)ﬂe%té‘t%%am&s and rapges may be
arrangenent may be adapted for detecting an optlcap

: i St [ .a refractin di um

inc AT SERh 12 b ferinding W otiBE BnRTidh, 05506, A GPREE SRk ranges
liguid refracting. nedium such as, for exanpl.e,

are ngh ' b cOWIFoRe . A T piSeive 20A s Hiterded to SR &nigalayplues or ranges
optical |ithography systemand a silicone wafer to be

only g sorfagrassly st#idat i on, such as a | aser, generated by the
optical lithography system The devel opnent of
i mrersion |ithography, or the use of a liquid
refracting mediumin an optical |ithography system
nore fully described in | CKnow edge. com Technol ogy
Backgrounder: | nmersion Lithography, has resulted from
efforts to inprove the resolution of features printed
or etched on sem conductor wafers by increasing the
i ndex of refraction of the refracting nedium In such
an application, the presence of contam nants or
inmpurities in the refracting nediummy interfere with
t he | aser
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etchi ng operation, resulting in errors or
i nconsistencies in the features etched on the wafers.
wpQOBHRedS2 gure 26 il lustrates an enbodi nent WheCe/Ua2006/004824

optical sensor 312 is used in imersion |ithography to

sense an optical property of an imersion |iquid 305.
—Jﬂ—#lgure 26schematically illustrates an exanple of an

i mrersion |ithography arrangement 299. However, the

fqg 12 can be used in any i mrersijon I|thography

arr mﬁ?&&%ﬁ@&@@%@ﬁ%ﬁ&mmﬁm%emy of the

imrersion |iquid 305. Exanpl es of |nner3|on

l'i t hography arrangenents are disclosed in "Technol ogy

bakk dovumeaber hiviag hdnlet ppdning; aptopilet p@amg et g@avigmiisposed

(2003) and Switckes et al, "Imersion |ithography:
bmmwaeﬁmnmhthgmﬁﬁnnﬁﬂhdemmnbpmmmg|cs " Mcrolithography

wWrld, p.4, (May 2003). In the exanple illustrated by

Figure 26, a wafer or substrate 300, such as a

. sem dlaitlcmicefitrmiihedensdrassMBRES Kethithe Aol ﬁ&hﬁe@ﬁr’éh tﬁé’c%hsensmg
as de-ionized water. An etching I ens 307 of an opti cal

surfact id MQBHARINcAHROFH heSAVET, %Vl‘%?%ﬂ 'ﬂge %@9@&8@ &'luﬁ](% Ay dbainst the

contact with the refractiTg ance

t he sy bstr. 300.t0 be etched
sensin Ao ol RG0S Snlog) BE s ST hi L St uece T s
adapt ed to emt a laser, such as a krypton fluoride
excinmer laser, to etch the substrate surface 301. An
optical sensor 312 is |likew se subnerged in the
refracting fluid 305 at a distance fromthe substrate
c% @(:e 301 in the illustrated enbodi nent. The sensor
Ogegﬂraél?né?ﬁﬁlwapg@ﬂe%opmpﬁé@ﬂect to the |ens
and the substrate as long as the sensor is able to
sense the optical property of the Iiquid. The optical
strfs Bpw3amemper/haseng e dnleiooptmings an amtloppendng and a generally bowl
characteristic of the liquid 305 related to the purity
shapedofavithi dispbsadcbetwednithe prietspatiag afd thertudei sp@aing; | n one
enbodi nent, the opti cal

b) a fluid concentration sensor assembled with the flow member such that a sensing
surface is in communication with the bowl shaped cavity, wherein the bowl shaped cavity

directs fluid flow toward the sensing surface.

3. The fluid concentration sensing arrangement of claim 1 wherein the generally
bowl shaped cavity directs the fluid flow such that a maximum velocity of the fluid within

five millimeters of the sensing surface is less than ten feet per second.
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sensor 312 is a refractive index sensor, including but
not limted to the refractive index sensor 12

wdeswrosémsel i n t he above enbodi nents. The sensoPCBLR2006/404824
formpart of an index of refraction sensing

anr angenRe fhid &ﬁ%&t&%oﬁg&ggﬁ C%@%ﬁ?ﬁx?tﬂ%ai%ggawza%%ig the generally

sensi ng arrangenents

bowl [ehal! t refractive index sensor may, be o
SABEELATED Fneclfe i ALY PYA WSRO welopisn ef tr fuid within
refracti of the Iiquid 305 which nay occur as a
five mrﬂzlg}fl? S 8? H]Fﬁsn%% SHHACadS kops Bien senfeaiparsacandowhen a pressure at the
- dmpurities in,the liquid. The refractive index sensor
mmlet iglgss than 0GHfimr e t he detected index of refraction of
the fluid 305 to a predetermned limt val ue thereby
providing notification of a need to clean or repl ace
therefracting fluid 305 before a substrate 300 is
i mproperly etched as a result of refracting fluid
impurities. [0062] The arrangenent illustrated by
R.gur el@oiluideohesntiatioh sensing@iaNgsn&dt o C&ih"OvwAerein th
sem conduct or substrate. In theggrrlét hod, the \gu rg%nr afgenerally
bow] sB&HedicavityiedoteBuitl Mo inl MiR iSO Brat R0l STLLL ED
through the liquid to etch tlﬁﬁe) sabrfacg‘t’éé?&f)ﬁee ensing stirface.
substrate. An optical characteristic of the |iquid,
that relates to the presence of inpurities in the
refracting fluid is nmeasured. The neasured opti cal
characteristic is conpared to a predetermned limt
AIAUG,; ' i.t:n a |imt anount .of contam nation
in t é@?‘%#‘%ﬁ%‘ %gpélﬁgflrrﬁ%ﬁnepﬁ%omﬁ’qﬁmg'am)unt of
contam nati on has been reached is provi ded when the

rmned. limt value is reached. [0063] It should
%g%ﬁfﬁo&g P%etnb%_(?a heving anqalet Qperins e Qutlet operjae andisosawitadisposed
behwee%?l%{,iﬁ%gm ative of aspects of the invention and are
of

gPedng3shiBe eutleloening; an exhaustive description

b) a fluid concentration sensor assembled with the flow member such that a sensing
surface is in communication with the cavity, wherein the cavity directs fluid flow in a
direction that is transverse with respect to the sensing surface, such that a maximum velocity

of the fluid within five millimeters of the sensing surface is less than ten feet per second.

7. The fluid concentration sensing arrangement of claim 6 wherein the generally
bowl shaped cavity directs the fluid flow such that a maximum velocity of the fluid within

five millimeters of the sensing surface is less than ten foet per second when a pressure at the

inlet is less than 100 Ibf/in%.
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i npl enent ati ons of an aspect of the invention. [0064]

Wil e various aspects of the invention are described
waneioséasst r at ed herein as enbodi ed i n conbi naPCONS2006/004824

t he exenpl ary enbodi nents, these various aspects may

be. A edthgrst i IV I ment.s, either

rd ! thehs I o B ShOdn ot IR S Bl Re:

sub- conbi nati ons thereof. Unless expressly excl uded

her e | pat i and. sub- cogbi nati ons are
o ik tégé th gmﬁg%%ﬁ%g?ﬁéﬁ@%ﬂ@ shpP§duIriape tosyard a sensing surface
of a fliA%EALd 0. Still further, while various alternative
SISO HEALY SRS, t he vari ous aspects and features of
the invention, such as alternative materi al s,
ﬁbructunes, confi gurations, nethods, devices,
sUfTGRIFBNE Refonemiiation eh theolluid glifected iawsd the semsjindaurface by the
descri bed herein, such descriptions are not intended
bowl shgpedsurfaesowith Stedlod cendentuatidnsensdrst of avai | abl e
alternative enbodi nents, whether presently known or
| ater devel oped. Those skilled in the art may readily
adopt one or nore of the aspects, concepts or features
of the invention into additional enbodi nentswithin the
scope of the present invention even if such

énbodiTieninsthad & MAAine R PKESEYa dhaGhes ' .
Addi tional Iy, even though sone featur ngfl&g{‘}ﬁég&esﬂ%lfl near the

sensin%@.@ﬁ@&%l@is thﬁ?tehgé’e??tef QBoAfpy be described herein as
ei a

ng a preferre rangenment or nethod, such
description is not intended to suggest that such
feature is required or necessary unless expressly so
stated. Still further, exenplary or representative
val ues and ranges may be included to assist in

der ndi t resent inventjon, however, such
O e R P, Gl 8 Fhreing: B welpey of the fuid within five
i Iiniging sense and_are intended to be critical values
millimegers of hesensipg sprfape isdessxpimsten fset pensesdnd ai s

11. The method of claim 8 wherein the maximum velocity of the fluid within five
millimeters of the sensing surface is less than ten feet per second when a pressure at an inlet

is less than 100 Ibf/in°.

12, The method of claim 8 wherein the generally bowl shaped surface directs fluid

flow in a direction that is transverse to the sensing surface.

13. A method of measuring a concentration of a fluid comprising:
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1. Afluid concentration sensing arrangenent

conprising: a) a flow nenber having an inlet opening,
wanowwséat openi ng and a cavity di sposed bet weeaTis2006/004824

inl et opening and the outlet opening; b) a fluid

congiesthinatihad R/ BWVarda %@ﬁgﬁhf gu;tﬂﬁ% t&g:%irrﬁﬁi::ilcc%\%%ﬁr%% [jensor in a

such that a sensing surface

directi ' o cavity .directs fluid flow
neotibl iy ibyetERUH Bbodf Y soife pfcss Wipiam & maimum velociy

tantly in.contact. wth the sensing surface. 2. A
of the By ftve millimelet of BiesTenyng pirdacg dovens thew taprfeetipeg secapd;
a fl ow nenber having an inlet opening, an outl et
eninﬂﬁand a genenall¥ bow shaped cavity di sposed
bt MEBHPHE GorFetraprat Hy Bwd diteeteduoivertd thpeensigy surfaca with a
., fluid concentration sensor assenbled with the flow
fluid copgeplptineensathat a sensing surface is in conmmunication
with the bow shaped cavity, wherein the bow shaped
cavity directs fluid flow toward the sensing surface.
3. The fluid concentration sensing arrangenent of
claim1 wherein the generally bow shaped cavity
directs the fluid flow such that a maxi mum vel ocity of
tlde f | THednwthodoNclhiny € whdrdii - : ' 3 vy
surface is less than ten #ﬂelgit%%gglngfé%gﬁlg?ﬁ}?g%gq}u%wghm five
millim&eRGTn ' ' I t of claim1 wherein )
The goncrary REAN RS ANBG T baestnd Whe afpcmstfe ot an inlet
iskms%&ﬁ?b@ Gh,2 hat a nmaximumvelocity of the fluid within
rve mllTinmeters of the sensing surface is |ess than
ten feet per second when a pressure at the inlet is
| ess than 100 | bf/in2. 5. The fluid concentration
sensi ng arrangenent of claim1l wherein the generally

15. A fluid concentration sensing arrangement comprising:

a) a flow member made from an at least partially translucent material having an inlet

opening, an outlet opening and a cavity disposed between the inlet opening and the outlet

opening;

b) a fluid concentration sensor assembled with the flow member such that a sensing

surface is in communication with the cavity;

¢) an opaque material positioned to inhibit light from entering the cavity.

16. The fluid concentration sensing arrangement of claim 15 wherein the opaque

material is applied to the flow member.
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bow shaped cavity directs fluid flowin a direction

that is transverse to the sensing surface. 6. A fluid
woan@séasat i on sensi ng arrangenent conpri si ng: PaY/U&2006/004824

fl ow menber having an inlet opening, an outlet opening

and a cavity di sposed between the inlet opening and

the outlet opening; b) a fluid concentration sensor

assenbled with the fl ow menber such that a sensing

swfacesis, in comunication with the cavity, wherein
Ch:' THG T canecRivation sensine FeerTent of ol Isowharmiata gogduit made
& traqsverse W th respect to the sensing surface, such
om g aiileast parkipty fapdnesat mptastal iseoupleditd the tétropening and the opaque
mllineters of the sensing surface is |less than ten
materiplis gppléad todleoeniduiz. The fluid concentration sensing
arrangenent of claim®6 wherein the generally bow
shaped cavity directs the fluid flow such that a
maxi mum vel ocity of the fluid within five mllineters
of the sensing surface is |less than ten feet per
second when a pressure at the inlet is less than 100
|15,/ e fBhid\cORichaatif semRgUi:AdeefBICARN 351RAGH cofhprising a
fluid conprising: a) directing fluid flowwth a
bonneid@ : r d sensi ng, surface..
oo T SNRRRF T oA, WRBEF B SR G 1 Riea 10
the borepcentration of the fluid directed toward the sensing
surface by the bow shaped surface with the fluid
concentration sensor. 9. The nethod of claim8 wherein
a maxi numvelocity of the fluid near the sensing
surface is less than ten feet per second. 10. The
met hod of claim8 wherein a maxi numvelocity of the

qui;iinffhinfive_ )
19.” The fluid concentration sensing arrangement of claim 18 wherein the bonnet

includes a shroud portion with opaque material that at least partially surrounds the flow

member.

20. The fluid concentration sensing arrangement of claim 15 wherein the opaque

material comprises an opaque conduit coupled to the inlet opening.

21. A method of measuring a concentration of a fluid comprising:

a) providing fluid flow through an at least partially translucent material to a sensing

area of a fluid concentration sensor;
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mllimeters of the sensing surface is |less than ten

feet per second. 11. The nmethod of claim@8 wherein the
waoanierosenszel ocity of the fluid within five m | PCI@ISeNs/004824

of the sensing surface is |less than ten feet per

S BY Qiilib AL Mty EHt CRSHH T fPorft L pallln | than 100

CBE o St tho?iﬁo‘fa%gf‘%mr%‘%@gﬂ\kﬁ%% g‘?ﬁeﬁsﬂgaﬂlaﬁy translucent

mat = aped surface directs fluid flowin a

erl%lier ecﬁ%ﬁéé)ﬁé\%eﬂ%{s}lgtaf%ahsverse to the sensing surface.

13. A nethod of neasuring a concentration of a fluid

C isi.ng: W2 a) directing fluid flow toward a
s%gaﬁﬁngg?f’%én%?u% ?fﬁﬁﬁ? au‘@dﬁ&lﬁrﬁeﬁﬁlg 8ffasensor in a
direction that is transverse with respect to the

sensi ng surface, wherein a maxi numvelocity of the
fluid within five mllineters of the sensing surface
is less than ten feet per second; b) neasuring a
c%cgntrati on of the fluid directed toward the sensing
str fad@idiplending systera cemprisingr at i on sensor. 14. The

met hod of claim8 wherein the nmaxi mnum velocity of the
fluid within five mllimeters of the sensing surface

i & 8 ragnifoldhmembenddfdng:per second when a pressure at an
inlet is less than 100 I bf/in2. 15. Afluid
concentration sensing arrangenent conprising: a) a

f | ow rpafiiest flwidimldt bassgs at | east partially

transl ucent material having an inlet opening, an
outl et opening and a cavity di sposed between the inlet

openi ri) aasebrid i@ iMl1k§lasgeni ng;
iii) a mixed fluid outlet passage;

iv) a mixing cavity in fluid communication with the first fluid inlet passage,

the second fluid inlet passage; and the mixed fluid outlet passage;

b) a first fluid control valve assembled with the manifold member for controlling flow

of a first fluid to the first fluid inlet passage;

¢) a first fluid concentration sensor assembled with the manifold member for

measuring a concentration of the first fluid flowing through the first fluid inlet passage;

d) a second fluid control valve assembled with the manifold member for controlling

flow of a second fluid to the second fluid inlet passage;

e) a second fluid concentration sensor assembled with the manifold member for

measuring a concentration of the second fluid flowing through the second fluid inlet passage;
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b) a fluid concentration sensor assenbled with the

fl ow nenber such that a sensing surface is in
woansnseasat i on with the cavity; c¢) an opaque NRCEMIS2106/004824

positioned to inhibit light fromentering the cavity.

18. a Thicell| thid SRBGRALOAT geﬁgbrsfs@%ﬂﬁp%ftﬁ‘qgg H{ﬁ%ﬁfcﬁ% meber for

claim 15 wherein the opaque nmaterral I's app
measutih®W : Juid concentrat.jon sensing
Sargaﬁggﬁﬁﬁ%uégo%'Qﬁﬁgggiﬁﬂé?gPﬁmﬁcﬁﬂ'duit nmade from an
at least partially translucent material is coupled to
the inlet opening and the opaque material is applied

to the conduit. 18. The fluid concentration sensing
arrangenent of claim 15 further conprising a bonnet

that covers e fluid concentration sensor, wherein

tte oﬁ%%l%ﬁe@fm syséera i pleim 22 ey oremenrisingd a Gdwgroller in

fluid concentration sensing arrangenent of claim18
commipHeation it thesirfbiid comttal debreathsiseamd fhad tomrol walkve, the first fluid

opaque material that at |east partially surrounds the

concerftiation meeriser, . 120 .seddmd fluidl d coRRERMTALRDrSORI M mixed fluid
arrangenent of claim 15 wherein the opaque materi a]in

concentiatipti is6@or,aWhEBRIIE CRRLUEL oS @htRY t i
openi ng. 21. A nethod of ne%@%ringﬁzhgﬁggg%fgg?§%%@¥3andthe

a [ i,Si : idi.ng fluid flo hr ough an ]
second? fld eO PR, Ped b DL, sigel, progida chp i it i
fl.yid concentration sensor;b) inhibiting
Concengr%ﬁl&é %{m% agﬁ#h? ?eé‘ﬂ’f“iﬁgléii RYeTFAHARFeNSHe at | east
partially translucent material and entering the
sensi ng area;

24. The fluid blending system of claim 22 further comprising a controller in
communication with the first fluid control valve, the second fluid control valve, the first fluid
concentration sensor, the second fluid concentration sensor, and the mixed fluid
concentration sensor, wherein the controller operates the first fluid control valve and the
second fluid control valve based on concentration signals provided by the first fluid
concentration sensor, the second fluid concentration sensor, and the mixed fluid

concentration sensor.

25.  The fluid blending system of claim 22 wherein the manifold is constructed

from a single block of material.
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c) neasuring a concentration of the fluid in the

sensing area. 22. A fluid blending system conpri sing:
wapow/osease f ol d menber defining: i) a first fluPdTiuskbt/004824

passage; ii) a second fluid inlet passage; iii) a

nged Theiffhi®vldnBingPISRALES clal) B %fﬁ"&ﬂ%t}}%ﬁ\ﬁi@ﬁi}(olcil s constructed

fluid conmmuni cation with the tirst
om : fluid inl S e, and the m xed )
from AR Moot HmBEHEI ol b B pb B ML st vlysapasastined in
theblq%?(senbl ed wth the mani fold nmenber for controlling
ow of a first fluid to the first fluid inlet
passage; c¢) a first fluid concentration sensor
assenbled wth the mani fold nmenber for neasuring a
concentration of the first fluid flow ng through the
first fluid inlet passage; d) a second fluid control
val ve assenbled with the manifold nenber for
coint r of s fgid blending sustemcefnelaiin G2 dviiareihhiie seaofll {d sirdtructed
inlet passage; e) a second fluid concentration sensor
from azsinglerblosl ofimdtertidi enduin fisst duteshio] T okve ‘i@é‘ﬁi&'bhﬂgﬂmav lve having
concentration of the second fluid flow ng throu tahe
flow passagesdefihed @ th@bRtk.passage; f ) a mxed fluid
concentration sensor assenbled wth the manifold
nmenber for measuring a concentration of fluid mxed in
the m xing cavity. 23. The fluid bl endi ng system of
claim?22 further conprising a controller in
conmuni cation with the first fluid control valve, the

9Rconarifel i bqa{zltil{gogys}/e%]l V& el S l;vﬁlgrteirf lhuei f?rst fluid is a hydrogen

peroxide and ammonia solution and the second fluid is a hydrogen peroxide and hydrochloric
solution and the manifold is made from a material that is substantially chemically inert when

exposed to the first and second fluids.

29.  The fluid blending system of claim 22 wherein the first fluid concentration
sensor, the second fluid concentration sensor, and the mixed fluid concentration sensor are

optical fluid concentration sensors.

30.  The fluid blending system of claim 22 wherein the first fluid concentration
sensor, the second fluid concentration sensor, and the mixed fluid concentration sensor

measure index of refraction to determine fluid concentration.
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concentration sensor, the second fluid concentration

sensor, and the m xed fluid concentration sensor,
woheremsenst he control |l er operates the first fl uPdT/US2006/004824

control valve and the second fluid control val ve based

ochonggﬁ&ﬁgaBpge&hgg@ﬁgkprovided by the first fluid

concentration sensorand the second fluid

concentration sensor. 24. The fluid bl ending system of

cl\al.m22 further conprising.a.controller in
c%e}n%lrigjgﬁ%l&g PS?PW?ﬁthr}E%eaftiﬁrﬁgquli uid control valve, the
second fluid control valve, the first fluid
ncentr.ati on sensor, ghe second fluid concentration
S BEASUIE A COBRENHRIN L] ssrRndcibdent r ati on sensor,
wherein the controller operates the first fluid
eﬁntrol val ve and the second fluid control valve based
o TEsHedhe fikt pathsesogd Avidspr ovi ded by the first fluid
concentration sensor, the second fluid concentration
sensor, and the m xed fluid concentration sensor. 25.
Théangaswiing »benedntmafionyaftagnixtire of tierfir@2ndisesorid fluidie
mani fold is constructed froma single bl ock of
material.26. The fluid bl ending systemof claim?22
whecwmitmllitge flumniofothd fisst caids séoead efluills o/ Be Shik@HEbased on the
bl ock of material and valve ports of the first fluid
concentratibnisodf th@Fine flald ekt ARIONiA ahdthcBhRele. 27- The fluid
bl endi ng system of claim 22 wherein the manifold is
constructed froma single block of material and the
first fluid control valve is a diaphragm val ve havi ng
fl ow passages defined in the block. 28. The fluid
bl endi ng system of claim 22 wherein the first fluid is

32N B%ERod of claim 31 wherein the first and second fluids are gasses.

33. The method of claim 31 wherein the concentrations of the fluids are measured by

measuring an optical property of each fluid.

34. The method of claim 31 wherein the concentrations of the fluids are measured by

measuring an index of refraction of each fluid.

35. The method of claim 31 wherein the first fluid is SC1 and the second fluid is
SC2.
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per oxi de and amoni a sol ution and the second fluid is
a hydrogen peroxide and hydrochloric solution and the
woameosé@d2i s made froma material that is subspantisalobyoss24
chem cally inert when exposed to the first and second
S s%en1of.cLain122

fkyi d Ui d bl.endi
\Mbwg:r eisﬁ t %cgllrbr%g{rgﬁqﬁegmﬁgﬁ‘k ATROPH SRS, t he

second fluid concentration sensor, and the m xed fluid

c tion sensor are optical fluid concentration
SEIOY RogBo REIR o 1ieh Shvan 28 pwilenorsming aidva 2avity disposed
betw V\h@%ei n the first fluid concentration sensor, the
etwegn, g irlet ansnipecad desneutist ppaningsnsor, and the mixed fl uid
concentration sensor neasure index of refraction to
dgbfrnine fluid concentration.31. A nethod of bl ending
f i Hed concentration sengorssanrdenwiththoflowinanberr st 1 ui d:
b) neasuring a concentration of a second fluid; c)
m xing the first and second fluids; d) nmeasuring a
coOng engsta twindowf fizedrtok ther Buisf cértventritiont sea86r SRECMAt the crystal
fluids; e) controlling flow of the first and second
windowlislimnimudieatitnxeith Bagaditen the concentrations of the
first fluid, the second fluid and the m xture. 32. The
met hod of claim3 1 wherein the first and second
fluids are gasses. 33. The nethod of claim3 1 wherein
the concentrations of the fluids are neasured by
measuri ng an optical property of each fluid. 34. The
mrggﬂfg%ﬁg&g%e?xe t%@ gén%ir% grpa%ggr?lgr?teo crlgitrr{ gg Swh%];eiltl I?I?e crystal

=

window is glued to the fluid concentration sensor.

38.  The fluid concentration sensing arrangement of claim 36 wherein the crystal

window is fixed to the fluid concentration sensor with a ultraviolet curable sealant.

39.  The fluid concentration sensing arrangement of claim 36 wherein the crystal

window comprises sapphire.

40. A method of assembling a fluid concentration sensing arrangement

comprising:

a) fixing a fluid concentration sensor to a sapphire window;
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nmeasuring an index of refraction of each fluid. 35.

The nmethod of claim3 1 wherein the first fluid is SC
wanadeiokesssecond fluid is SC2.36. A fluid conceRCTAS2ME/004824

sensi ng arrangenent conprising: a) a flom1nenber

hayi n openi ng,. an outl ef opening
B FlRgheffes 6Bt SERSRRBAtioh 8orFH 81 SBRARGASKY the fow member
outl et opening; b) a fluid concentration sensor
having, 48 difflst ofeRinghan watlel epgninarded acgengrablyykavdl shapedicevity disposed
fixed to the fluid concentration sensor such that the
between \h¢ abletvopetomg iasd ithe eotini nparng, osuchi thix theesappliiré Wwindow is in
37. The fluid concentration sensing arrangement of
comm@hRhidBRIHARS W] shifedGayiy.al W ndow is glued to the
fluid concentration sensor. 38. The fluid
concentration sensing arrangenent of claim 36 wherein
the crystal windowis fixed to the fluid concentration
sensor with a ultraviolet curable sealant. 39. The
fluid concentration sensing arrangement of claim 36
rei hi.r.e. 40. A
e T s S s
arrangenent conprising: a) fixing a fluid
C%ﬂﬁﬁﬂt rati on sensor to a sapphire w ndow, b) cl anpi ng
uid concentration sensor and sapphire wi ndow to
a fl ow nenber having an inlet opening, an outl et
openi ng, and a general ly.bow shaped cavity di sposed
bgﬁ%é&rgtetwen?rﬁ%ﬁmaﬁ&ﬁ/%g and the outlet opening, such
that the sapphire windowis in

an optical lithography etching lens immersed in said liquid and arranged to etch a

pattern in the substrate;

an optical sensor, immersed in the liquid to detect characteristics of the liquid.

42. The etching arrangement of claim 42 wherein the optical sensor is a refractive

index sensor.

43. The etching system of claim 42 wherein the optical sensor is configured to detect

impurities in the fluid.

44. A method of etching a semiconductor substrate comprising:

immersing the substrate in a liquid,

emitting radiation through the liquid to etch the surface of the substrate;

detecting an optical characteristic of the liquid, wherein the optical characteristic

relates to the presence of impurities in the refracting fluid;
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conmuni cation with the bow shaped cavity. 4 1. An
i mrersion |ithography etching arrangenent conpri sing:

wa 2bieepsead2 a substrate, inmersed in said |iqui BCTAIS2006/004824
optical lithography etching lens imrersed in said

i id. . . ti i,n. t. . .
T R R L YL S—

L detect characterjstics of the liquid. 42. The

hnut%ﬁ%ﬁ?ﬂ C%N?%Wﬁ%ﬂ%ﬁﬂh%ﬁq@ﬁhin142 wherein the optica
sensor is a refractive index sensor. 43. The etching
system of claima42 wherein the optical sensor is
c }dgfe& agiengl at the dimihpuewnt af sontaminasion| has Beemrbacked when the
met hod of etching a sem conductor substrate

predetegrgniped Emftgalierinesashedy t he substrate in a |iquid;
emtting radiation through the liquid to etch the
surface of the substrate; detecting an optica
characteristic of the liquid, wherein the optica
characteristic relates to the presence of inpurities
in the refracting fluid;conparing the optica
characteristic to a predetermned limt val ue
associated with a limt anount of contam nation in the
liquid; providing a signal that the limt anmount of
contam nati on has been reached when the predeterm ned
limt value is reached.
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