0 7 JAN 2005 - 1 MODULAR TWO WAY CHECK VALVE CONSTRUCTI ON BACKGROUND OF
THE INVENTION 1. Field of the Invention This invention relates to a nodul ar
two-way check valve construction for delivering precise vol unmgs; RN%D
liquid repeatedly. More particularly, jthis invention relates to a che é

val ve construction which changes dlrectlon of fluid flow automatically. 2.
Description of Prior Art A variety of industries require the delivery of
preci se vol unes of &l SrUAyByAY EREek YAEyE PLNMATBERORT eCi s

vol unes of a photoresi st conposition are ellvere toa SI¥ICOH waf er
substrate in order to forma photoresist [ayer of uniformthickness onto
the wafer. The requirenent for precise volune dellver nmust be effected by
an apparatus which is capaBACKERAPNI,QFHIE INKERHON, ol unes of sanpl es
repeatedly over |ong periods. A wi de varlety of apparatus utilizing a punp
and a check valve arrangenent presently are available for delivering

| i quids. The check val ve is intenspegedsPetiNeenoa reservoir for the liquid
and the point of use of the liquid and functions to control liquid flow
from the reservdilis inveniggpoles to enmdabsmcemmchdmk taleeuionistonadioh ded by a

punp. Typic a three wa S uti oper.ated by a notor
that res por?%b %Blgd)re“sIFngl%}Pl ]¥1°’ Bﬁq ]éqf’r“ TEQE"F?Ch ﬁ’ﬂl}‘éﬁ?lft'ﬁ}l afselif usHBveRign Flatehj s
ar I angenenty b $hitdatid ARluctonShidilhankd dBotE ot MY FolPutembiRRAFNCY L 0
seize, and the arrangenent requires a belt transm ssion tor which
are expensive and are subj ect t Q. peakptomef PAacdndi ngly, it woul d be

desirable to proyvide,a -way check_ val yve apparatus . capahl e of del i vering
preci se vol unes Ab’f’ari‘ert?ﬁﬂ V\%P%‘Bé%l‘iegﬂfeythe?{ﬁh%?ﬂﬂP?Prﬁﬁse el uﬁkﬁ'ﬁpg fgut (ﬁ%%‘i‘rabl e

to provide C fluid
i rbet i on R ot B GEPRo RS o S EoSist BN il arf B R
ext ended t|sdmonp@f¢rcmibstmt¢ hmrtlexttb\éome&photchemsidaye&u»fhlhifamytlﬂﬂttﬁfs andtheol |1 ng
t he check valve par at us. ?UMVARY THE_| NVENTI ON The present invention-
provi des a "@‘f@c APQUTTRE F9r PEFCISS Y Olpmecde iy ey Tyt o sffegtad by an apparatus

which is capable of delivering the same volumes of samples repeatedly over long periods.

A wide variety of apparatus utilizing a pump and a check valve arangement
presently are available for delivering liquids. The check valve is intersposed between a
reservoir for the liquid and the point of use of the liquid and functions to contro! liquid
flow from the reservoir in response to pressure on the liquid provided by a pump.
Typically, a three way valve is utilized which is operated by a motor that responds to a
signal from an electrical controller. The use of this arrangement is undesirable since the
three way valve has a tendency to seize, and the arrangement requires a belt transmission
and a motor which are expensive and are subject to breakdown.

Accordingly, it would be desirable fo provide a two-way check valve apparatus
capable of delivering prec'ise volumes of liquid repeatedly. In addition, it would be
desirable to provide such a check valve apparatus which is capable of changing fluid
direction automatically while delivering precise volumes of liquid over extended time

periods without the need for an auxiliary motor controlling the check valve apparatus.

SUMMARY OF THE INVENTION

The present invention provides a check valve construction which utilizes either

two free floating plungers, each positioned within, a separate liquid flow path or one free
floating plunger and a spring loaded plunger, each positioned within a separate liquid



two free floating plungers, each positioned within a separate liquid flow
path or one free floating plunger and a spring | oaded plunger, each
positioned within a separate liquid -2 V 7 JAN 2005 flow path. A f{ g
floating plunger is positioned with a |iFGuid flow path between aﬂlia NS
reservoir and a punp. A second free floating plunger or spring | oaded
plunger is positioned within a liquid flow path between the punp and a

poi nt of u he &L oHid: f. ' r_and .t he sprin

P oaded pl umoay Py rbitbding pliffeet fsiihit w08 sRlaHtERCy BB RebTecB B AP ou 1
response tQ-e@r\rﬂieaﬁlwmgp.nws%b@ﬂmﬂd&ﬁnﬁplﬁﬂgerﬂkﬁpﬁﬁgﬁaaﬁé@ﬁmg& is pl ungi ng
and spring | oader plunger are sized so that they do not restrict liquid

f1 ow when Repdgnedryghirpbiquid flowepagh batween the prmpandelnoit wdussofithe ligeidd for a
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an isometric view he free floating plunger utiliz e chec al ve
const r uct i @nging aidspring deadepplungirgre @iediss thatftheyndo nat esstradt lighel fiovwe evhen

floating plunger, of, Fig.. 2a...Fi.,g. 3a is an isonetric view of the spring
| oaded pl ur?&glg E??.?]?efkg'a}vﬁ of fhe 18}"1%’31&11 eﬁ’é‘l“iﬁées g?\&? I+ BRYANhi s i nventi on.
P 3b 1S aBedihiOUlindl RUoPLurdR 150k R obBAAL Rl dHBgLYPL Fio- 32 Fig. 4is
a cross-sectional "view of pl unger “housi ng” ut'i '7ed 1A the check val ve

construction of this inveBRIBRDHES BIONS OHTHEDRAWTIGS ew of a |iquid
del i very appar gEJS utilizi he check valve construction of this
i nvention. DESCRI$T ‘GROEEP VeV e eRiembadinrat ahibe sheckivalvg opasteusiionofict i on
of this i n\{ﬁgqﬁ@}ﬁﬁ%ﬂcl udes at least one free floating plunger having a
sealing surface and at |east two prongs, preferably three or four prongs
whi ch are posi t ifogeh BrandsaneifiacizvwopiibsfiteflodiSdal den gtiBrydfiacles chEbe valgal i ng
surface can be | .. .
construction of this invention,
Fig. 2b is a front view of the free floating plunger of Fig. 2a.
Fig. 3a is an isometric view of the spring loaded plunger utilized in the check
valve construction of this invention.
Fig: 3b is a front view of the spring loaded plunger of Fig. 3a.
Fig. 4 is a cross-sectional view of 2 plunger housing utilized in the check valve
construction of this invention.
Fig. 5 is an isometric view of a liquid delivery apparatus utilizing the check valve

construction of this invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The check valve construction of this invention includes at least one free floating
plunger having a sealing surface and at least two prongs, preferably three or four prongs
which are positioned on a surface opposite the sealing surface. The sealing surface can be
a flat surface or can include a raised lip extending around the circumference of the sealing
surface. The raised lip, when utilized, functions as the sealing surface. The prongs
provide a means for stabilizing the position of the plunger within a liquid flow path so
that it is oriented to alternately permit or prevent liquid flow within the liquid flow path.
The prongs cooperate with a seat within the flow path which, together with the seat for the
sealing surface defines the permitted length of travel of the plunger within the liquid flow



a flat surface or can include a raised |lip extending around the
circunference of the sealing surface. The raised lip, when util i.fed
functions as the sealing surface. The prongs provide a neans fdr T JAN 2005
stabilizing the position of the plunger _wi.thin a liquid flow path so _that
it is oriented to alternately permt or prevent liquid floww thin the
liquid flow path. The prongs cooperate with a seat within the flow path

whi ch, together with the seat for the sealing surfaceée defines the .
pernitted IP8fyehise foptingplupgerinposiionsdanilyg tiiliquidflow pebibstweenwlinuian 2vp

3 path. Af ) .0atd fAgn,p! unger is positioned within the liquid flow path
bet ween a Ir%%ﬁ‘irofclil fg@eé erv]g'i r and a punp. A free floating plunger described

above or a spri mgfrls@ﬂdeuihg_qblmwﬂeécﬁib&@ﬂidvb@ﬂ_@dp% ToBdldd Phrhdefl W fbsitiogwd pat h
bet ween t he ,ﬁ_‘tjg%rrp and a point of use of the liquid. The sprin | oaded
pl unger hasViEiR adnpidglew pathdwtwgendhe pump rd § pemt ofuse afithediguich Theispaag| i p

about the ,citrcu rence of .t he seal ing surface. At.least.two pro
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seal i ng sUlfrogferddte o HRN@S1IRY Sirfabe. CANMeAR twWipidhed prefRidoNOmMY & FoRPidlgss the
spring | oaded plunger to open or close a liquid flow path in response to

pressure exersceured putaursoerpppothietheseaipg sorfaentThelpeomgsrarain doomdiesitiphunger

so that it can effect itg functjo f. opening or closing.the liguid flow
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Is preferred to utilize the spring | oaded plunger wthin

pat h bet wedhnt tttvan pifept itaftinctiven gfmipeting br clesing thetligmid fowipdth Wehiamwhicigitiso Fi g.
1, the check .yval ve construction of this invention includes a housing 10
havi ng an @B@X‘Pﬂ 12, an opening 14 and an opening 16 to formliquid flow

ths 18 d 20.: f | : : | . | | ; .
pat hs an ThERe (%Iﬁ{j% gg@ggﬁg uﬂiliéﬂ%ﬂu% (%16; llﬁq[u§d A6¢ pafh Igét&reénrlfhe 11@%8.” ' ng

12. The spring- |oade 4 1s size I nt o “openi ng ring
| oaded pl ungervodanddh¢ putp. IisippieafigreédGo ukttizetht spraig logded plogesr waiRirf dhes wi t hi n

Lm0 28 o s RS, RLANGET 02, L5, rec o Moug, it (111 n0 28 and
and are secur ed iYerAHE %o 7. ANfle eckNUhR cBfsttiior 8t nRGhYERIBREGLAGS 40 and
housing 10 having an opening 12, an opening 14 and an opening 16 to form liquid flow
paths 18 and 20. The free floating plunger 22 is sized to fit into opening 12. The spring-
loaded plunger 24 is sized to fit into opening 14. Spring loaded plunger 24 contacts
spring 26. Free floating plunger 22 fits within fitting 28 so that the plunger 22 is firee to
move within fitting 28 and housing 10. Connectors 32 and 34 fit into fittings 30 and 28
respectively and are secured by nuts 36 and 38. Nuts 36 and 38 include openings 40 and
42 into which tubes can be inserted to be positioned on pillar connectors 32 and 34.
Connector 34 is in fluid communication with a liquid reservoir (not shown). Connector
32 is in fluid communication with a point of use for the liquid (not shown). Connector 44
is secured into opening 16 by nut 46 and is in fluid communication with a pump (not
shown).
Referring to Figs. 2a and 2b, the free floating plunger 22 includes a flat sealing
surface 50 which seats on a seating surface within connector 28 to prevent liquid flow to
the connector 10. Plunger 22 includes legs 48 which position plunger 22 within
connector 10. The prongs 48 typically have a length between about .425 inch and about
435 inch. The plunger 22 includes concave surfaces 51 which form spaces which permit

liquid to bypass plunger 22. The total cross-sectional area of the space between the



42 into which tubes can be inserted to be positioned on pillar connectors
32 and 34. Connector 34 is in fluid comrunication with a liquid reservoir
(not shown). Connector 32 is in fluid comrunication with a poiq}yqupﬁﬁs
for the liquid (not shown). Connector 444-is secured into opening 1@ by nut
46 and is in fluid conmunication with a punp (not shown). Referring to
Figs. 2a and 2b, the free floating plunger 22 includes a flat sealing

surface 50 which seats.on seating_.surface within connect 28 to prevent
liquid flofPi87 e ihand P Tt Sl%ﬁ%ﬁ@é?ﬂ%ﬁ%?? aae%nne'éf@g?ésqm &
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| engt h between about .425 inch and aﬁ 5 1 nch. e plunger
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bypass pl unger ZiﬁjﬁThg total cross-sectional area of the space between the
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fl ow path I n connector pat nnect o As

shown i n Filgdiquibflewgaflbit i locdted: OWbay 8 vadifubaiseBavad By a phinpl (A6khoth) iS to be
understood _that at | east two concave surfaces, preferably three or four
concave suflpiicomupupcaonvith ppasing Ihphingemd? is mevgd fovad ¢oprechut] Orthrough ct
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permt liquid ow from connector 28 to connector . At the sane tine,
spring 26 psepertdeuicbilpsde comeciond0.pMhegdhe Pump (ot shdven)doemases presdfe,tther eby

to preveng. liquid flowt nnect or,.30. When the, pu not., sh .

i ncreases 8?%%@ Bro.gfnquqgaenﬁ?ftggpﬁaﬁer&z lﬁfﬁ)’gﬁéﬂf—‘o H'_fat Rﬁ?‘%ﬁffgﬁ Eﬁg@g&@
reversed s@ithliddonhbet6f 22 ahBtoTRMprAS sPiingd 2L by W %é'ﬁrﬂt g&w %ﬁﬁﬁﬂm%ﬁn@nd to
conpress spring 26 thereby to permt flowwthin the flow path containing
t he pl ungepatRgontainghg thetphiriggu24topdict iwid gast pRuhgen24 teghp poimt obliseud¢heof t he
l'i quid. As.shgmn in Fig. 3a and 3b, the spring | oaded plunger 24 includes a
sealing sUffce conmprising a flat surface 53 which supports a raised |ip

55 whi ch ext endas3howh in Fig. 3a and 3b, the spring loaded plunger 24 includes a sealing
surface comprising a flat surface 53 which supports a raised lip 55 which extends about
the periphery of surface 53.. The spring loaded plunger 24 also includes prongs 52 and
concave surfaces 54. The prongs 52 are attached to a surface opposite the flat surface 53.

The prongs 52 typically have a length between about .0085 inch and about .095 inch.
The total space defined by the concave surfaces 54 and the inner surface of connector 30
or connector 10 have a total cross sectional area liquid equal to or greater than the
smallest cross sectional area in connectors 10 or 30, connector 32 and nut 40. As shown
in Figs. 3a and 3b, four concave surfaces are utilized. It is to be understood that at least
two concave surfaces, préferably three or four concave surfaces can be utilized. It is also
to be understood that the sealing surface 50 of plunger 22 also can include a lip about its
periphery to form a seal as described with reference to Figs. 3a and 3b. It is also fo be
understood that surface 53 can be free of lip 55 so that surface 53 can function as the
sealing surface as described with reference to surface 50 or Figs. 2a and 2b.

Referring to Fig. 4, the'seat 56 comprises the surface which cooperates with
plunger legs 48 to stop movement of plunger 22. The seat 58 cooperates with sealing
surface 53 of plunger 22 to effect sealing within opening 14.

Referring to Fig. 5, a dispensing assembly 60 is shown which utilizes the check



t he periphery of surface 53.- The spring | oaded plunger 24 al so includes
prongs 52 and concave surfaces 54. The prongs 52 are attached to a surface
opposite the flat surface 53. The prongs 52 typically have a Ie QA

bet ween about. 0085 inch and about. 095 ingh. The total space deflne gy”@he
concave surfaces 54 and the inner surface of connector 30 or connector 10
have a total cross sectional area liquid equal to or greater than the

smal | est croPs secti qnal a jn connectors 10 or 30, connector 32 and nut
40. As showAlvecAnsEuGUon §3 offius @Heﬂff‘:@dﬁ st alles asspmbly 69 1 Uéﬁ ledeg@mumpe@ot |t i s
to be U”dersﬁé dsiiRhedlvi us %Y% T eg‘t%%ﬁ Y cg Gﬁa&n%{ étugd &, or

f our concave surfaces can utl |ze is a e un ers hat
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periphery %ﬁ@fgrn1a seal as described with reference to Figs. 3a and 3b. It
is also to shersretted i ¢ fg ligwdirasevaB(neashaye)f ree of |ip 55 so that
surface 53 can function as the sealing surface as described with reference
to surface 50 or Figs. 2a and 2b. Referring to Fig. 4, the seat 56
conprises the surface which cooperates with plunger legs 48 to stop
nmovenent of plunger 22. The seat 58 cooperates with sealing surface 53 of
pl unger 22 to effect sealing within opening 14. Referring to Fig. 5,a

di spensi ng assenbly 60 is shown which utilizes the check 5 0 7 JAN 205

val ve construction 62 of this invention is shown. The assenbly 60 includes
a punp (not shown) positioned within housing 64. The nut 46 connects to a
conduit 66 connected to a point of use for the liquid (not shown) through
conduit 68, reservoir 70 and conduit 72. Nut 38 is connected to a feed
liquid reservoir (not shown). t 7 JAN 209 -6 CLAIMS 1. A dispensing
assenbly which conprises: a first housing including a first liquid flow
path through said first housing between a first opening and a second
opening and a second liquid flow path between a third opening of said
first housing and said first liquid fl ow path,



a first free floating novabl e plunger positioned within said first liquid
flow path between said first housing and a first connector, said first
free floating novabl e plunger having a first sealing surface, af 7 &s$t)Mst wo
first prongs attached to a surface opposite said first sealing surface and
a plurality of first concave surfaces interposed between said at |east two
first prongs positioned about a periphery of said first sealing surface,
said at least two first prongs and said plurality of first concave
surfaces having a conmon top surface.cpaggsond novabl e spring | oaded

pl unger positioned within said second Tiquid flow path, said second novabl e
spring | oaded plunger having a second sealing surface, at |east two second
prongs attached to a surface opposite said second sealing surface and a
plurality of second concave surfaces interposed between said at |east two
second prongs 1.pAditpconied aasaubly avhjphrcopipesgs:of sai d second seal i ng surface,
said at | east two second prongs and said plurality of second concave
surfaces having a canfish hboging ldalire, a Jastdliduid dowl pajiuitorofiyivwaidafirst bogbirgai d

second liguid flow, path in fluid omuni cati on wi,th nmeans f.o0 h [
or esour e SYRSH? Ot HBeiagAnd arseconst onRNidE A Breol I oMb hetig R R L.
first houspening ofshiddirstdoasihg et said dicat dqdid Guww patih) t hr ough said first housing
between a first opening .and, a,.second  opening and a,second. |i qui th
botween a third  opdligaoBigple BBk ng: RERE A L hdig 1o g ¥R,
pat h, a fbeatweerf sae fifst haddimgamba atst eorplettoger positioned within said first
liquid flow path bet n said first hausin a figst nﬁﬁ , |
first free floating Sﬁﬁﬁﬁ iieepfi] 'B%P%Q@Fr?éu'%eﬁﬁggﬁg Egg?ﬁisﬁé%ur agéé,atz%sg
| east t wiwoffirstqtromysaataehed toea barthce @ppositer fait firsbgpgatisg serfacei ahdfa plerality e fitshg
surface anpd lucality,of fir ncayv r I.nter L said
ot | oact Ry pUlRisstisdbassd ProseBR R Bt ! 35 prebhBr 8GR e LA
seal i ng sperfphesy, ofsaidifirat séating tsutfaee, Shidsit lgEsd hes fiesh grangs cénpIsaidgilurality of fifstr st
V7 JAN 2MB -7- €O cave surfaces hatvi ng.a comon top surface,
concave surfaces having a commontop s e.
a second movable spring loaded plunger positioned within said second liquid
flow path,
said second movable spring loaded plunger having a second sealing surface,
at least two second prongs attached to a surface opposite said second sealing surface and a
plurality of second concave surfaces interposed between said at least two second prongs
positioned about a periphery of said second sealing surface, said at least two second prongs
and said plurality of second concave surfaces having a common top surface,
said first liquid flow path and said second liquid flow path in fluid

communication with means for changing pressure within said flow paths.

2. A dispenser assembly which comprises:

a first housing including a first liquid flow path through said first housing
between a first opening and a second opening and a second liquid flow path between a third
opening of said first housing and said first liquid flow path,

a first free floating movable plunger positioned within said first liquid flow path
between said first housing and a first connector,

said first free floating movable plunger having a first sealing surface, at least
two first prongs attached fo a surface opposite said first sealing surface and a plurality of first
concave surfaces interposed between said at least two first prongs positioned about a

periphery of said first sealing surface, said at least two first prongs and said plurality of first



- a second novabl e free floating plunger positioned within said second |iquid
fl ow path, said second novable free floating plunger having a second
sealing surface, at least two second prongs attached to a surfage ‘@Q?ﬁ%te
sai d second sealing surface and a plurality of second concave surfa

i nterposed between said at |east two first prongs positioned about a

peri phery of said second sealing surface, said at |east two second prongs
and said plurality of second concave sutf aces having a conmon top surface,

said fi rsgorlchgéjglgj-fgcggwagﬁ?g c@ﬂﬂnoﬁﬁb sagsend liquid flow path in fluid
conmmuni cation with nmeans for ch an pressure within sajid flow paths.

The di spenser assentfl %Wpd(ﬂ‘%{\fa\ﬁ’lel g@@ii“ﬂ Ringer Prpifengd within Isé‘ﬁtﬁeﬁ@f‘drﬁ'ﬂ}%l e
pl unger hasypomr of said first concave surfaces and said second novabl e

pl unger has tour of said second concave surfaces. 4. The dispenser
assenbly of O ai m 2 SifepeGond Jap\able; fren flaaties plungst hayngraegpend sqaling §erageas

four of sgi 1ga§tlm§ge@@fac&8ﬁg§étfacﬂ§@§; @aﬂfa%a' péﬁ&%}ﬁd SR8 s8aliR lé[]ﬁé‘ée mﬁa

four of said second concave surfaces. 5. I spenser assenbly of Claiml
wher ei n sBluEplify pkseeang pwawraiJa‘é@esCmppws batwegubwérﬂhlaastywplfaﬁt BIPNPAcCe.

6. The di 5p&R3EH aBESEARENIR Bbﬁs%'.a@e%ow@g aang ffheln. fs'aLdsét Iéa%f"MJEEéc%hH Pn%‘ﬁ@s

conprises a |ip extending out a peri a substantially fla
surface. @nd 5’@1@PM@%WS@CO%§@?@WSWGC@5Qﬁwgammﬂéﬁmmgépdﬂ@econd seal i ng

surface conprises aerld irSX g1 figw 2PAHT aﬁd dipgléacro}ﬁdoflq@d Wéﬁm I hl}‘d

flat surface. 8. The di spenser assenbly of alm 2 wherelrn said second
seal i ng s@emaBIcalihith meanafor changindnrassvie wibintsaid flw pahery of a
substantially flat surface.

3. The dispenser assembly of Claim 1 wherein said first free floating movable

plunger has four of said first concave surfaces and said second movable plunger has four of
said second concave surfaces.

4. The dispenser assembly of Claim 2 wherein said first free floating movable
plunger has four of said first concave surfaces and said second movable plunger has four of
said second concave surfaces. '

5. The dispenser assembly of Claim | wherein said first sealing surface comprises a
substantially flat surface.

6. The dispenser assembly of Claim 2 wherein said first sealing surface comptises a
lip extending about a periphery of a substantially flat surface.

7. The dispenser assembly of Claim 1 wherein said second sealing surface

comprises a lip extending about a periphery of a substantially flat surface.

8. The dispenser assembly of Claim 2 wherein said second sealing surface
comprises a lip extending about a periphery of a substantially flat surface.



