+; H'e3eBj ?<X6Tj , 0 Description APPARATUS FOR DI SPENSI NG PRECI SE VOLUVES OF A
LIQUID This invention relates to an apparatus for delivering precise

volunes of a liquid repeatedly. Mire particularly, this '” i el at es
to an apparatus which utilizes a pressirized hydrauliclmmﬂmmummmmmmliver
preci se volunes of a 5 sanple liquid. A variety of industrigs require the
delivery of precise volunes of a liquid to an area of use. ﬁ%PGexanple,
preci se volunmes of a photoresist conposition are deliv silicon
waf er substrate in order to forma photoresist |ayer oﬂmmmmNNHWNWﬁmckness
onto the wafer. The requirenent for precise volune delivery;ust be

ef fected by an apparatus which is capable of delivering the sane vol unes of
sanpl es fly over long tine periods. Z5 A wide variety of apparatus
presently are available for delivering |liquids. Apparatus which utilize a
bel | ows LI e.sd e I t he hel | ows conpliant. The
vol une o?’('%?’i"tﬁ]%?@lﬁs%&gc&zém&% P%§L§%Qjo@pgw&%né%oﬁ {‘ﬁé&&r essure of the
fluid. 20 Apparatus which utilize a pressurized gas to nove a ' mechani cal
el ement such &his dirsgnsigen whebdtes ree uam, appasphaeesfarf falivaksogar e
undesira 1 ASHRSs o] i e v ; depends
upon theegsgggﬁfgnﬁ%_mhigiﬁt%eﬂg%§§€sp% %?2%?%2: Tﬁﬁgge€g%ﬁ%§8%?§;§’f|uid
di spl acedBdia I10VERE ERIp SR FELDNEP RN RRRINF EUST WRhehf Rhid12aBpar at us whi ch
utilize pregendidtd hydvLubiPi pionidrcéheelikerapsecase uplesksabkeasi nce

normal vari at,i o s.inwflectrical power delivered to the solenoid result in a
30 ariaﬁayaﬁe;;ﬁﬁ%ﬁIStroke | ength and thus, a variance in volune of fluid
delivered. It is also difficult to control a 2 position of a sol enoid

armto ot her tAh%é'te%gl‘@f%é&é@rPé)éiﬁ@% e%ﬁ%é’@'éi‘%&ryi&f pLd; Be
desirable to prOV|dé n apparatus capa o? del 1 vering ptecise volunes of
i quid Svicdpaesedly.a |hiagitronaniarepuPl BeedesFPabEE2TBLIRr oRFEELSBCh an

appar at us;dMintds sy AR o Bl s det | ¥ap gL PL 6.1 S8 VAL UDRSro8 tbayi d over
extended tinme periods. The preseni invention provides apn apparatus for 10
Qeluer | 176 THER: S AP0 RS STae | FRUTEISE TorPrgl f roes RPRPRL=pr Lr¥FPed
enbodi nentts wfi fdyean apipariatess asecdefhaedafart heTsebrerai nement for
precise volume delivery must be effected by an apparatus
which is capable of delivering the same volumes of samples
repeatedly over long time periods.

15 A wide variety of apparatus presently are available for
delivering liquids. Apparatus which utilize a bellows are
undesirable since the walls of the bellows are compliant.

The volume of fluid displaced thus will vary depending on the
pressure of the fluid.

20 Apparatus which utilize a pressurized gas to move a

"mechanical element such as a diaphragm which, in turn,
dfgplaces a fluid also are undesirable since gases are
compressible and the volume of the gas depends upon the
pressure to which the gas is subjected. Thus, volume of

25 fluid displaced will vary depending on the pressure of the

fluid.

Apparatus which utilize a solenoid to move a piston or
the like also are undesirable since normal variations in
electrical power delivered to the solenoid result in a

30 variance of piston stroke length and thus, a variance in

volume Qf’fluid delivered. It is also difficult to control a



-In'a preferred enbodi mrent the apparatus includes a |linear actuator stepping
not or which drives a piston into and 15 out of a reservoir containing an

i nconpressi ble hydraulic liquid. In one enbodi ment, the reservoir includes
a wall fornmed of a flexible diaphragm &hich expands and retracts in
response to novenent of the hydraulic liquid within the reservoir. During
expansi on of the diaphragm a liquid 20 sanple is dispensed froma sanple
reservoir to a point of use of the liquid sanple'. During retraction of the
di aphr ag spense LW i I d 3&9@ liquid
sanpl e |2%Ogbﬁégga8? é ggg&?&éﬁr% %ﬁg%hhagggféﬁggEJﬁ%%g?g?g%&%y the 25
dlaphragnpoﬁhél@ﬁénber houses the hydraulic liquid and the -second chanber

houses the sannb@okagﬁgiy,l Rrawsegandeeredim®it tthe r@vqmy%g{n can be
elimnated. In thi gg g e pi.ston acts dir nﬁy on_ the %5fp

Ui o w TRERESEHE FBBABREr O3 Sepavare  dranine |v03ei Powi ng
is asdescrepEanedmy pr&headddt&mhodumembml@fhﬁh@e@ﬁ&&&ﬂh|unupﬁo«mdeln t he
drawi ng Fj r egt.i ie f, an odi nent_.of the
appar atus ST As 2 PRSERE G PRIERE s B Rantel U T BN e e ¢
Cross- secYpbumes DﬁelagpadapusroEXEengd &riche per&O@ﬁg 3 is an expl oded

view in partial cross-section of a |inear actuator and piston structure

utilized in the enbodi ment of the present invention. 5 The present
i nvention provFABsPARS&PpartBYEE wAPC RTAVLAR e 80 BRBRTAGYS £O5n to di spl ace

an 1oconpdessiekenbygtradice koQuids HSIfe adildphdceashyidfdudd Id qiligimin. turn
causes a %Le%lble dla hra n1%F %ép% |ntora sanp&% %!%un_ eservol Qir
cont ai ni ng- a Eﬁﬁﬁpe P Rder t § PEREE G e2éM 6§ Byeﬁ e expandlng

di aphr agngul- plagmse volune of sanple liquid is dispensed fromthe

reservoir to a R%R%rgffgilz?éd EHBoBE@EHE kﬁe”ﬁ#@%ﬁ‘it% ?n%li%.fdtesvwg chis

noved linearly Wt elng rotate he nea ecting linear 15
novement biNERE IREHELRKI SECRPANG AQLPat ¥hilch Srifrs ShIisHdc|lide® 214 near

or @srot aéMtSbepae&egeWler ;ahta&ﬂahgvaw,ln@o&@&«\é@s&W@ ,hyaixtaimqaﬂed shaf t
positione

nmot or _driven rotatable nut 1Includi
prevent i ng gﬂé t rgPaPFSne OB ke Orﬁgprggﬁ\;eﬁpgﬂglg[%t 51 é”aiq‘r}ventl on
will be désrmeiedfbel dWegpbief diabhyawnt Whiehe repaadso anide nertefaertredin

enbodi msn{'?g}%oﬂtsél Lal agvamgpl&egéeq ah% nesisti qued W LAk 13 19fat abl e nut

to effect ear novenent O I'l'e preventing rotation of the
shaft andrefenvedter eRBEing ?Héaéﬁbéﬂlﬁénﬁhe dlaphragm, a liquid

20 sample is dispensed from a sample reservoir to a point of use
of the ligquid sample.

During retraction of the diaphragm, the dispensed liquid
sample is replaced with additional liquid sample into the
sample reserveoir. Two chambers are separated by the

25 diaphragm. One chamber houses the hydraulic liquid and the
.- second chamber houses the sample liquid. In a second
embodiment, the diaphragm can be eliminated. 1In this
embodiment, the piston acts directly on the sample liquid
without the need for a separate hydraulic liquid.

30
The following is a description of preferred embodiments of
the present invention. In the drawing
Fig. 1 is a side cross-sectional view of an embodiment
of the apparatus of this invention,
35 Fig. 2 is an exploded view, in partial cross-section of

the apparatus of Fig.l, and



+ 2S wherein a chanber containing a hydraulic liquid is separated . froma
chanber containing a sanple liquid by a diaphragm The piston for

di splacing hydraulic liquid is attached to a threaded shaft which is
positioned within a notor driven rotat&ble nut having threads which mate
with the threads of 30 the threaded shaft. Wen the notor is rotationally
actuated, the piston is noved linearly either into or out of the hydraulic
| iquid positioned within the chanber having one wall conprising the

f1exibl e di aphgpagm sl 152 pr hQIIRELRRA) B4 Seald g Ardangeienbei § 35

provi ded between”the novin iston and a stationary housing for the piston
whi ch i nclt4B&88%a 3/t e hitdke P IHA" ST HIU e Fretered nithes an

ener gi zedespbdigedtalof srh predet irdreaaMaidrabl e from Bal Seal Corporation
of California. The seal structure preferably has a U shaped cross section.
The inner radius of the seal which contacts the piston is spring biased

t owafd t he pi sThe poeaento imverntden miriovitde et apparadtug heniolpi st on

surface. i-ng- et i : i ol ng: tion of the
seal i ng aggg%gg%gntg b&g\g’% ?qgéy?oﬁ{agcg) éﬁ?ﬁl\é&ai%géerbéfr{%@% I ckp%qui d around
t he pi st ohvdnauaic ildcuisi-on Tha Sigrd dead dudrauylig diqudd, sieal tyn
arrangenephuskd BUKNexAYIE (S 0 RPPHAIUSH Dd Ll | HVveithd 00 05 pgbe used
repeatedly over long tinme periods to del |,ver,4£e sa preci se volunme of a
sanpl 6 | | HEPAEIEIZ BOPEIGHABE ORI dror FNIRR Oife SREIE seal may be
usedp suchxastedobyr thier expaindies el isgdlragmurd eoread o) wakumisopor ti ons of
the I engt he . pl . i | r gggg;ga_- t t heabove
is prefer?gg‘?llgt gg%a'}dgqbse%ﬁ%ﬁ%ﬁ osﬁ?rﬁder%keﬁl){e i n rl‘Ihetstgr% ]gs%%?é o(tt}}f"ler

seal i ng arfF&ngenents nmay al so be used such as, but not limted to one or

more O rings segdr 8d s26UNG ifdfintidC Wi & @iMeE t0fwHie RIS iy ONReHF1yOre
various netal glands or netal or @ymerlc p ck:ﬁgﬁgﬁs, all aof, K which 20
per f or m t WatPGHEL PEATGE TO5ANSTy t S iMaEdF farﬂf eHLhe KHAtber from

Leakagg Ofnofrktiedl tpast tm]{eeﬂa?itommé mlrx&afmlng lh&:ﬂa[)uﬁldrsidm m{e? alaftf

esired a,conpbi.natiqn_o i fferent sea may__al_s e used.. Referr.i to
Figs. 1, éngﬂgdi 3 ﬁ'é’ngﬁaroart §s 5 ¢ |e§% imn‘?cllteorﬁ i a:jlntceﬁfb%tsl\'éenﬁ%t or 12
whi ch i nchudesvanmofiogr,nal threasiest afflad thpostic innad ed Writheamorgr 11 and
13. The nygl;J4nhischhueads nl whiah My the tdusads 18 dnshaft 20

Motor 12 1s a stepper notaor, designed to effect rotation of the nut 14 in
both the EPBREkWPEeCFndCodrit®rcl ockwi se 30 directions. An electrical coil

15 apd nmagnet #drsubhoendehidle 14ndrd inwaem itdhe waQill bES descaigied zadlowut 14
s eusebbacihabsact e L dliacloniise o ol chpeltas dgecton,
26 into whtthiping28 3hrkiaded ehafiyeus itdiatddowidhirhe pictaoraldle Mot ation
Rl e A Sk
rotation of the shaft and with reference to the embodiment
25 wherein a chamber containing a hydraulic ligquid is separated
. from a chamber containing a sample liquid by a diaphragm.
The piston for displacing hydraulic liquid is attached to a
threaded shaft which is positioned within a motor driven
rotatable nut having threads which mate with the threads of
30 the threaded shaft. When the motor is rotationally actuated,
the piston is moved linearly either into or out of the
hydraulic liquid positioned within the chamber having one
wall comprising the flexible diaphragm.
In a preferred embodiment, a sealing arrangement is
35 provided between the moving piston and a stationary housing
for the piston which includes a spring biased seal structure.

Preferably it is an energized spring seal, such as is

P



W t'h a‘key positioned on an inner wall of the housing for the piston or any
ot her 'wel | known neans for preventing the rotation of a linearly noving
object. Piston 22 is sized to fit tightly within housing 30. Sealing, to
prevent by-pass 5 of liquid fromchanbe& 32 to notor 12, is provided by
springbi ased shaped seal 38 with sealing back up O-ring 36. Leg 40 of seal
38 is spring biased so that it fits tightly about the entire outer

peri phery 42 of piston 22. Oring 34 provides a prel oaded bias of the seal
38 to thsvgwﬁbmg é&io Addit 'sgaql c%qg%ef ales GGt %%fl%ﬁ?rr?ﬁ.aa al sg, can

utilized to seal about piston_ 2 fect use resent |nvent|on

chamber 3PTHSTRFE| BYSRPERDAY h%éo#pﬂe%ameéi m%ﬁe@qqqqm d Bye remest ng

plug 44 Y\B&hﬁseasuthegsbhdt Mlth@mﬁ:%%ftlsthleg%ﬁét%rf emskide Khesyal | of
chanber §2 LS fgﬁ a constr ctlon @H includes a flexib %édlqghragm
28 wh chopuara: BhRcq:Shofo g8 RS %8 By Ao 0 TETE PORGAC W 2 can
be Secureiistonheusifage46 Whnaapraugvéwedamabemdan$dgaﬂhﬂhrpr&r@Ms bolts

the | th
O 0S| o1 Al es R0 AeRs £" IO SR A IR IS Ya gl ! e
sensor 62ndéolsakseet pé hzsrdafapégpt Héquad tarr@uewd tée @Flsdiear tarEd, akn

addi ti onﬁhcﬁﬁgibnemﬁeeeﬁh@lhga&amf&%qdfa Sengf 4 ReNa%id | on Of the shaf t
20. These sensors can nted on bracket 66. --

operatloﬂrr§ﬁﬁFWeBBS|PPoﬁu§€ms8Fr@2t§e AR Seind 54 G %ﬂ%ﬁqt%ﬁpls in
i tsohonmetpobet uead kﬂpé&ﬁﬁdﬂ?eobertDenQEtQMQIﬁﬁﬁﬂmasﬂtdﬂabﬁﬂ%dﬁﬂﬂmbln its

home posifjon agli ya LQt at. rea ut in order to
nmove 30 %%Ilrﬂga eggg'%af %%%Bﬁle p:‘/is% p}% al\(/%@lﬁr tot% %’0 Oq'n% %fllh g.

pr edet er @Phédnpddit i marentohanbae BRchpisealgmay pesiuseshedudh ADHtERS of
piston 22t Eﬁ&@@yokotﬂé‘éée%Ea@lsstvn%ﬂn%%df %Q@n?o%trll%sa%ﬂtq&ﬂé Q¥ e

pi ston 22 to nove |inearl % i nto_chanb iston"22 displaces liquid
and caus8ng5hdPApRRggR!E8°F0 e¥paie F@ep§§%ﬁ¥&ﬁ AFFangeyent Sethe expanded

di aphr ageb 0B €B698 REEpFRFe rteti atcfszmme_rd 42 ans iwWen telome Slikils] @pen
and valve 55, is ¢ O?EQE gggg%e Iigé 6 wi thin chanber 49 |s dIS ensed

t hrough tBn&lft 25 SF2ad89( Rot 3 SR 3iSH s risen
to a presgetkbrasneduhenght luwmtihied tbamberO&Qmom@taﬁrkmgsssaﬂumakd to

reverse %P&;ﬂ ;Eﬁ% 089r§ﬁm&8&%§—1¥:§20‘3f tIP.Llét ]J.%to-ﬁh % %nree‘bef' %ngfdeOfva[xof don

causes t isto &*owar d mot or away from
chanber Bﬁtakbgéﬁﬁﬁﬁ et ﬁﬁéaél@FoﬁOﬂV@ﬁFﬂﬁeP@ﬁ§#ﬁ§ﬁ 32lde@fcedrigitessur e

Wit Hin clbéﬂbsfm32h§0fhhatlbheo@l aeanade 48el %l@@%‘nt aemetads HJoWhat 48b
(Fig. 10 pressure withi

1)..  When the di osi ti
Chavber ABATRER FEoTedBabadeyaiyE1aas BoBberan Bigtrn otk PraySiodde so
that sanmpheliusfiahdost atire Tél deeiprdveoushpidiasjensed tridieateanberealSs can
be reint u ipLo nber 49. This cycle then is repeated. In a second
enbOdlﬂéﬁ€9 %fgﬁlgngggﬁtlon t he di aphragm 15 48 of the apparatus of Figs
1 and 2 is el RefearédgwhenFéoat aki nat Bod 8f the sappletilisqdiod ofr this

deﬁéadatiﬁ@eﬂéléﬁelﬁEPﬁﬁégué HEtBB'iz'QE%Eh'QHth@eBOEnalB@@¥ﬁ¥E In this
enbodi nment , %%t e sanp is required the hydraulic liquidis

an
ellnlnat%%taF?§ n§Pﬁ916fmPH€t§§nBPeb96rFP&§|&1l§néfﬂécte3hﬁynﬁﬁe l%cr eased
pressur engxetheda@s Lbewhasnl ﬁaatequudhbyhtehehweaa@nmeIfngl—alarftto Jtohe sanpl e

liquid Refillipng,of the chamber for .th tf, b
reduct| JICTRF pAStar @ BEPBEEBATDy o8 ABIGHBAL, bF PGSR sEoR Shidy From t he

sanpl e ltlgeinut2%41in both the clockwise and counterclockw1se

30 directions. An electrical coil 15 and magnet 17 surround nut
14 and, when the coil 15 is energized, nut 14 is caused to
rotate either in the clockwise or counterclockwise direction.
Shaft 20 is secured to piston 22 by pin 24.

Piston 22 includes an open slot 26 into which pin 28

35 fits to prevent rotation of the piston 22. Rotation of the

piston 22 also can be effected by means of a key way

positioned on an outside surface of the piston which mates

Py



*7 Amended G ans 1. An apparatus for repeatedly dispensing a precise

vol unme  of a dispensed |liquid which conprises: a chanber (32) filled with an
i nconpressible liquid, a piston (22) positioned within a housing (30,46), 5
seal i ng neans (34, 36, 38) between said @ ston (22) and said housing (30, 46)
for preventing liquid in said chanber (32) from by-passing said piston (22)
or said housing (30,46), a threaded shaft (20) and a notor driven rotatable
nut 10 (14) having threads (16) which mate with said threaded shaft (20)

for effeqhiig é'}E‘@y?‘r;t)HQYEHSHEd' Bn]?QHO§hh@rdbv5§§t bensnaf nsalsd n gh%fofr

attached to said fect linear novenent of sal iston (22)
Wi t hin saﬁ?ﬂcﬁ%%rﬁérawz?tmm @eEaiebéﬁwnn@eaaﬁaﬁpﬁnp6ﬁV§alrtan§h&ﬂe (20) and

sai d pi stxcd22n 4B areanﬁeégnypm@veﬁgl ngé@tatl ensebnsand ipl stierd 22)

selected%romth}é r consjstin |t3 |xeg RLN gosuloned thin a slot

in said prston’s "2?7 lélﬂeb ﬁgs P on8826n°Bhe “BuPEFVENTT &Y PGFS he

pi stoHn (22 hﬁan@ roh ahkmyeposettonmdten am, i heeproatibedf byhephdmsi-ng

(30, 46) fio1 ist 2 f i as a of

& di spensoP 108, Fheped PRal 8L, IERTBEAPERE bRCk Y 0120587 5RY, G AT o

i nl et andPans®ds | igasprippuhtapefngodepardént i éntag & |Yt UG d
% % 28, htapef p fip b % =T té?@i

pi ston (22 W& hbie sai geebgﬂéeg 432pr Bndtda a@ansOteangoahr 9&5&7&@@ a
er

osition of sai i to contro| said vo
D onar bt uS e B b B hPE nr RS L3Py R REABoRALREIEE TRaARE A Blased

sealo p05|$ea)mds1abh)uast@eabeBprEsga d@nobesatdlpizstiono( 88pl abduB. The

apparatu§) 1 wherein the chanber (32) and the housing (49) for said
di spense |qU| are in fluid conmuni cation. 5 4. The apparatus of claim1
wherei n the cHeprbeff¢ap)usadof heh@opseagnt 40nventigni dedpwpenséad REisquid are

separ at ede gt §eRd 4 éﬁOmcsﬁﬁheesbsiebuyarahﬂbbh§qqhapla§,a9mn64;€ih 5. An
apparatus for repeatedly dispensin freC|se vol a sanplé liquid

whi ch corti&ets %h%h%n%%?uféﬁ¥ FPFFea %nFﬁmEﬁeFﬁ&Bﬁﬁr8§§lBFerﬁpaﬁlé
walis of soidl whbobef ¢(B2hbeonpri SBngoﬁméﬂeaﬁbhEthéﬁhﬁag&th&h,lca t hr eaded

Wi ch el ERCS AR oF LR bRUEAISRRAEA8907 51 BPLBPT 65t FRESLI REQP nBOBRERE i n
opposi t e 4k rieet ¢ ensnof S@arddshakte (2D) aPlaCheEZtgaa pésSenutzﬁ)twhlle
preventirﬁbﬁé&ﬁ%iéglﬂ@ §ﬁ§dcéﬂgéﬂt£3931aﬂgaﬁ§ign@iﬁ&@ﬂg(gg}ews, bolts

or the like.

20 Sensing means can be employed to sense the position of
the end 54 of the shaft 20 including a shaft position sensor,
such as a photo sensor 62 to sense the home position of the
end 64 of shaft 20, an additional shaft encodexr 64 can be
used to sense the position of the shaft 20. These sensors 62

25 and 64 can be mounted on bracket 66.

- In operation, shaft position sensor 62 senses whether
ertd 54 of shaft 20 is in its home position. 1In response to
the determination of end 54 being in its home position, motor
12 is activated to rotate threaded nut 14 in oxder to move

30 threaded shaft 20 and piston 22 away from motor 12 to a
predetermined position in chamber 32. Pin 28 is positioned
in slot 26 of piston 22 thereby to prevent piston 22 from
rotating and to allow the piston 22 to move linearly into
chamber 32. The piston 22 displaces liguid and causes

35 diaphragm 48 to expand to position 48a (Fig. 1). The
expanded diaphragm increases pressure within chamber 49 and

when vaiVe 51 is open and valve 55 is closed, sample liquid

Py



‘means for preventing rotation of said piston (22) 20 selected fromthe
group‘consisting of a fixed pin positioned within a slot in said piston
(22) and a keyway positioned on the outer surface of the piston (22) mating
with a key positioned on an inner wall @&f a housing (30,46) for the piston
(22), 25 sealing neans (34, 30,30") between said piston (22) and said

housi ng (30,46) for preventing liquid in said chanber from by-passi ng said
pi ston (22) or said housing (30,46), said diaphragm (38) being expanded to

a degreeyyhhch deRARET URON A QYA ¥hRRidh RIGHRNR (23 W thigssaid 30
chanber %gzz},ﬁﬁand means for controlling a position, of said piston (22)

t her eby t ‘BPCs EN@WRGI-umB L ter Pié Zlathis J159™%i%R 32 wherei n sai d

Sﬁa| i ng pﬁéﬂ&t3f5rrﬂilﬂ©|d_udleig®me walt Hieyr %r&rﬂiﬁe&% ﬁ,aaﬁo&eeﬂﬁfmlsﬁéd@f@@dabout
t he periphery of said piston (.22). 9. 7. .The paratuys of_.claimb5 or 6

wher ei n g°sﬁ§?’555eoFg§afi&rﬁc§ I‘?P)a&% Ei?g)atllsonpc%oﬂu&né‘ in &econd chanber
conbai ni ngveaied s adplretiatdend casmes sheomhaditarferitadiayem Ihled and an
outl et. HoBe BEa2BPALRCYS 10 JBRY 0RG Hrchl Anilhual G WARKARILSAIge seal ing

means inc .a seal selected fromthe group consisting of one or nore
canted spREngis&ans from ithgs chambeds 3 2pFadusps MneF toifoiwidtiiohs t her eof
posi tiongdadbewt 320 sbhe hait! ¢wel eiepteaem 9 A PigHAnt i(3Ad &5 HMbwappa at us

for repeatedly.dispensi a precise volunme of dispersed I|iquid which

conpri se‘s‘.sga(}éﬁgrrb ‘(3R Itﬁ“@d d\?viatf%r&r?“\ ﬁ%on"ﬁr iR i sed 15

| i goi d, pressaird ehathier chaZperavionghaem iid etedarecbdan oalvet ,53 j8 st on. (22)
position Lthin @ i .30, , | i 34,.36, ..38) en said
pi st on (§ggwgﬁdg§gi a’gﬁ'g%s:%% Q%Sﬁi?g)ed?%‘% 5?%\}22%%&%91% ?qugf"cf'%?naés)g%})d@chanber
20 (32) ¥p umgypgaysipw@lyaidgsm Exopp ehasdiey HSusiary BBO, 46) |, a

threadedshatto@d@kaandcd Mhabed isven Fofiaf akla enthdnl4)s hasidumrddir eads

(16) which mae w Ll said L saded s, (200, ot lreetin [ nsar, geveren

15 48 of the apparatus of Figs 1 and 2 is eliminated when
contamination of the sample liquid or degradation of the
apparatus of this invention are not a problem. In this
embodiment, only the sample liquid is required and the
hydraulic ligquid is eliminated. Dispensing of the sample

20 liquid is effected by the increased pressure exerted on the
sample liquid by the piston moving into the sample liquid.
Refilling of the chamber for the sample liguid is effected by
a reduction in pressure effected by a movement of the piston
away from the sample liquid.

25



'25 said shaft (20) attached to said piston (22) while preventing rotation
of said shaft (20) and said piston (22), neans for preventing rotation of
said piston (22) selected fromthe group consisting of a fixed pin
positioned within a slot in said piston (22) and a keyway positioned on 3C
the outer surface of the piston (22) mating wwth a key positioned on an

i nner wall of the housing (30,46) for t’lhe piston (22) , said dispersed

| i qui d being dispensed fromsaid chanber (32) in an anount which depends
upon a position of said 35 piston (22) within said chanber (32) , and neans
for controlling a position of said piston (22) thereby to control said

vol une. 10 10. The apparatus of claim9 wherein said sealing neans

i ncl udes one or nore spring biased seal positioned about the periphery of
said piston (22). 5 11. The apparatus of claim9 or 10 wherein said sealing

neans include a seal selected fromthe greup.gansisting of one or norn
:ted spring seals, O-rings, graﬁ%s——ﬁat;rﬂgs and conbi nati ons thereof
p03|t|oned about the circunference 10 of said piston (22). .A&Us. As! 3. A Ah
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(20) for effecting linear movement in opposite directions of
said shaft (20) attached to said piston (22) to effect linear
movement of said piston (22) within said chamber (32) while
preventing rotation of said shaft (20) and said piston (22),
15 means for preventing rotation of said piston (22)
selected from the group consisting of a fixed pin positioned
within a slot in said piston (22) and a keyway positioned on
the outer surface of the piston (22) mating with a key
positioned on an inner wall of the housing (30,46) for the
20 piston (22),
means for effecting dispensing a volume of a dispensed
liguid from a housing (49) for said dispensed liquid having
an inlet and an outlet, said volume being dependent upon a
position of said piston (22) within said chamber (32), and
25 means for controlling a position of said piston (22)

thereby to control said volume.

2. The apparatus of claim 1 wherein said sealing means
includes a spring biased seal positioned about the periphery

30 of said piston (22).
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4. The apparatus of claim 1 wherein the chamber (32) and
the housing (49) for said dispensed liquid are separated and
sealed from each other by a flexible diaphragm (48).

5. An apparatus for repeatedly dispensing a precise volume
of a sample liquid which comprises:

a chamber (32) filled with an incompressible liguid,

a wall cf said chamber (32) comprisirg a flexible
diaphragm (38),

a threaded shaft (20) and a motor driven rotatable nut
(14) having threads (16) which mate with said threaded shaft
(20) for effecting linear movement in opposite directions of
said shaft (20) attached to a piston (22) while preventing
rotation of said shaft (20) and said piston (22),

means for preventing rotation of said piston (22)
selected from the group consisting of a fixed pin positioned
within a slot in said piston (22) and a keyway positioned on
the outer surface of the piston (22) mating with a key
positioned on an inner wall of a housing (30,46) for the
piston (22),

sealing means (34,36,38) between said piston (22) and
said housing (30,46) for preventing liquid in said chamber
from by-passing said piston (22) or said housing (30,46),

sald diaphragm (38) being expanded to a degree which
depends upon a position of said piston (22} within said
chamber (32), and

means for controlling a position of said piston (22)

thereby to control said volume.

6. The apparatus of claim 5 wherein said sealing means
includes one or more spring biased seals positioned about the

periphery of said piston (22).
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8. The apparatus of any one of claims 5 to 7 wherein said

sealing means include a seal selected from the group
consisting of one or more canted spring seals, O-rings,
glands, packings and combinations thereof positioned about

10 the circumference of said piston (22).

9. An apparatus for repeatedly dispensing a precise volume
0f dispersed liquid which comprises:

a chamber (32) filled with an incompressible dispersed
15 ligquid, _ '
said chamber (32) having an inlet and an outlet,

a piston (22) positioned within a housing (30,46),

sealing means (34,3€,38) between said piston (22) and

said housing (30,46) for preventing liquid in said chamber
20 (32) from by-passing said piston (22} or said housing
(30,48),
a threaded shaft (20) and a motor driven rotatable nut
(14) having threads (16) which mate with said threaded shaft
(20) for effecting linear movement in opposite directions of
said shaft (20) attached to said piston (22) while prewventing
rotation of said shaft (20) and said piston (22),
means for preventing rotation of said piston (22)
selected from the group consisting of a fixed pin positioned
within a slot in said piston (22) and a keyway positioned on
30 the outer surface of the piston (22) mating with a key
positioned on an inner wall of the housing (30,46) for the

[\
w

piston (22),
said dispersed liquid being dispensed from said chamber

(32) in an amount which depends upon a position of said
35 piston (22) within said chamber (32),
and means for controlling a position of said piston (22)

thereby to control said volume.
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periphery of sald piston (22).
5
11. The apparatus of claim 9 or iI0 wherein said sealing
means include a seal selected from the group consisting of
one or more canted spring seals, O-rings, glands, packings
and combinations thereof positioned about the circumference

10 of said piston (22).



