; XYe3e| § D<R46j T.; , 09 October 2002 Description APPARATUS FOR DI SPENSI NG
PRECI SE VOLUVES OF A LIQUID This invention relates to an app@ddnes 2002
“del i vering pr g \mm \i of aliquid {epeatedl y. More particularly, this
i nvention rel M\m paratus which utilizes a pressurized hydraulic
liquid to deliver psgei se volunes of a 5 sanple liquid. _i A variety of
i ndustries require the delivery of precise volunes of a quuim
of use. For exanple, precise volunmes of a photoresist conpole“mm“mmmmmmr
delivered to a 10 silicon wafer substrate in cider to forma photggesi st
| ayer of uniformthickness or to the wafer . The requirenert for precise
vol une dgl.i st be effected by an apparatus which is capabl e of

Blek Moﬁ'“ne

deliveri vol unes of sanpl es repeatedly over long tinme periods.
15 A wide variety of apparatus presently are available for deliver=ng

l'iquids. g r b C inhd f I pa ince the walls
of the beﬁgﬁﬁ%@% %@)ﬁppfsﬁﬁﬁglﬁe%\%&dﬁgﬁpﬁfﬁggd@?s‘B‘I g(&égﬁ? hus will vary
dependi ng on the > pressure of the fluid. 20 Apparatus which utilize a
pressurized gabifoimyestaon mehahesarceramarranidii aisfarddaphrvaginshi ch,

in turn,oebspkaces amdalidh al Sp; ah equpdeRlalie, Si &rd ar
conpresg?ble and thenbolune of %ﬁe gas aeggggi‘upon theagggggggé t&}khich

the gas $RISuBfEERE4ONTHALANRT UFR BF 2BPREGTHSi"Eht @t LESSary
dependi ngr&stihezpie hydre0fi¢ heifh ol de oAgpanatass pre ehsdt blaned & enoid
to Jiove atglftog.or.the | i ke al so are undesirable since no=nmal variations
i n %l ectFICRFSpdhEFLGeal i vered to the solenoid result in a 30 variance of
ph§ton stroke length a.~.d thus, a variance in volunme of fluid delivered.
It"is also diffjculf.to_contraql e 0,001 Oher 0 NESLLi .
solenoid_arnf%oV% kéf&té%i%%é?%%&f%&tF%ﬁ%gbgsfggoééaégé%#d?ﬁg???éf?gmould
be desi rablemés pfori déguidpparan udreapabl vsef. déloweaXamp b2 ecprxeciuskunes
of Iiqui , eaked! ¥n et aldi 44 o0, : =desiir; rgvi de such
an appar&%’s&%i gﬁ |gs¥('?:1§tarbb'l'e o%& pd%??%%?lx\ggbgrggrsg%\}oﬁqﬁén%%&g?cpl|Qqui d over
etlended it} hecpevabas. SRS graswentn i pNART| BA PPETI dePhat appk et ukayer 10
deliveridyg preeibsh ¥ahemBe Y chdd ahé Rerdeli nedal Rehpiadendtrederred
enbodi ments of the_apparatus are defined in_the gug-clalns.

precise volume delivery must be eiffecte Yy an apparatus

which is capable of delivering the same volumes of samples

repeatedly over long time periods.

A wide variety of apparatus presently are availakle for

}
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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,
deplaces a fluid also are undesirzble since gases are
compressible and the volume of the gas depands 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 scolenoid to move a piston or
the like also are undesirable since normal variations in
electrical power delivered to the solenoid result in a

20 variance of piston stroke length and thus, a variance in
volume of fluid delivered. It is also difficult to control a

N



In a preferred enbodi nent the apparatus incI udes a |inear actuator stepping
not or which drives a piston into and .5 "out of a reservoirgguidkr2008 an
‘inconpressible hydraulic liquid. In one,enbodi nent, the reservoir includes
a wall fornmed of a flexible diaphragm which 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 dipgsirsigy ¢headsopensdd lEmyuitd sampee thanepitacadvan ¢t neldet i onal
liquid sage &H the sanple reservoir. Two chanbers are separated by the
25 di aphfagm e chanber houses the hydraulic liquid and the ..second
chamber housedfadrrdanple. | Furaulinbg davinpeh®odPnerEyidee aft aphr agm can
be elim g add‘st@ééaﬁlﬂéoé"’”%ﬂh 1vieh8 §sﬁxb§§£svghLﬁ%@ wmﬁ#&#aml e

l'iquid wi thout the need for a separate hHydraulic uid oW ng
is & desEreiPﬁﬁrcﬁ’iﬂdf pr@e?ﬁéatéﬁﬂodllﬁ"er‘ﬁ%—-(ﬂ %ec%?éé'éﬁt—el FPemEVH:A8 n t he

drawi ng EBugh b Saﬁoé"'é.j%ﬁr@%cse(ifsl @&@Jabm @prfdanlegbw;ng&te&fsé he
appar at uspclf this i'nventj i's, an, expl oded view, in partial

cr 0ss- se¢Promsst Qﬁwela%"b%l a?h?roF%FF’-&dIEd dnd'd PEBL@8Eober 2002 3 Fi g. 3is
an expl oded view in partial cross- sectl on of a linear actuator and piston
structure utiljzed in t_gkg enbodlma V\iq%ec‘-ﬁ resent |ny§£1t| gn. 5 The
present |nvent“r'0'n BRiA° bﬁ?a?u? Ait 13585 a4 fovPhg piston to
FI! spl gce;iaﬂ:.mo.nm ensddid ee hydlljaméscolrl euild.guihe ab sqgéﬁn:ﬂeldhyclr &tllau.@nl 1. g
i quid, _rg_ us p i qui
reservoi Fgg_%%frai? nér%a san%ﬁeee(élégugiag %ﬁggrp ttﬁ‘ese;%f%ed%ghg?(gr ?gg%g t he
expandi ngu’dl-aﬂlma'gm a precise volune of sanple liquid is d| spensed from

the reservoir ¢ UsiEh Lsten is$ ,g?én&%d L whichis
noved | i nearl y vm t ﬁgﬁfgbel ncgig rot%%-gﬁegThe meg'hg fectl ng | near 15
novenent 1ahegke agtarat ami s e pRHIY| ROLPEL ¥HilsH SFEIMRE shapisteRl 48ECaarchear

or1 & rotahy sEeRPele MRS PIcsht £INAhEVEhY inRcPres M0  hpathneaded shaft
p05|t|oned Ww_t_hi n -2 rroto:ﬁ%go en rotafable nut incl udlg'llc ans fo

preventi hyTeRgrt Lot &R% HeeRt k L RO T RS LTV eritt °% I‘ﬁ"sw?{ﬂent i on

will be ﬂ@ﬁﬁéaba(i b,elfq_w;&mre fd:cﬁl{\:yag\mt Whieheeepathdo é*h:e feefectedin
ot at abl e nut

enbodi ment _of utilizing a shaf Lt nedn t hi
to ef f ect*FPRESF ﬁﬁvg}?é’rﬁm%'?t t% %‘Fuaf?yéﬁ%@ q\}gﬁh tghﬂlto‘n of the
shaft andesetrtrotef er Ouwxeriep dxprrestbonli oéntha ’215 phe'rag'm & Chisaydoed

aini yraI | i 3, er ing.a
sgirlépl e- ||£'%“L}§%ng a%dl ap nrsg:gb:jamckﬁl%é pl%@fg %I g%am Inlgjﬁhéy rg‘u‘fl gé'T?pl qgl dis
att achedof othet higaded sanplfe. which. is positi oned within a notor driven

rotgtabl e nut 527 hBdrbREgAts dphig \-T’F?éedv\ééhvééﬁ { Breads $endld he iy gaded

shaft. Wen t S rotatlona act uat e he piston is nove
li nearl yswma@rlsnréoélaq%% Wt R @Rt ol #Haaﬂdsw@. € dFe® ihshin the

chanber é@wpns QEQeWb|1rC0WWvd§|d}QirﬁHE§f§|£i<ébbé pdirapbEag the a preferred
e MR TR LT K é?st%ﬁg'm%ﬁ KR AERLTE N

bi ased. sestosdr ohatber Reefsesalihe idanslanl boeidi zenspr sagoadal , such as
'S embodiment, the diaphragm can be eliminated. In this
embodiment, the piston acts directly on the sample liguid
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 inventicn,
35 Fi 2 is an exploded view, in partial cross-section of

ig
the a paratds of Fig.1l, and
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9 Cctober 2002 4 _ available from _Bal - Seal -Corporation of

California. '."he seal . _ _ structure preferably has a U gleedie 200DS s
"section. The inner radius of the seal ich contacts the piston is spring
bi ased toward tile piston so as to provide intimte contact with the 5

‘pi ston surface. The spring-loaded seal, together with the remai ning portion
of the sealing arrangement prevents by-pass and | eakage of hydraulic Iiquid
around the piston and air inclusion into the hydraulic fluid. This sealing
arrangenent, iTigurd, iped® exalndedpatew usnoparhiieli mrems wed¢Oien bE ased
“repeat edlyy; ver éeegakb%em'ﬁds%cs@ e, Tzewh@uﬁ% W?Cﬂﬁﬁ vol une of a
sanpl e I|qU|d to a point of Opti ona nore than one such seal nay be
used, suéﬁﬂ%%S%mbnbrOFhﬁéé<ﬂ”%ﬁﬁﬁﬁa%ﬁ%ﬁﬁthﬁﬂnted al ong various portions of
t he Iength of the piston. Wile the sealing arrangenent set L5 forth above
is preferred, it should be obvious to one gskilled in the art that other
seaPi ng arr angeR3efaptalsyers igePEANCIFSS  aDuRPRBT LS #d ald one or

more O rigkgs ﬁ@yrfdm@wy.@dp iR o5 I £4:8TE8e Ofint Bﬁc@“n%t ! s%ol@heogr mer e
Q | C

vari ous taI and net al pol yneric¢c Jpa Kin |
, per f or éhk ihqBcheaFW%;q %ﬁ%ﬁQNr¥#kP EF dASHE  cHENSSTS r om
| eakage eLufsJau b PEBéxibBReplshohyaith nfcev@fﬁartalemtachusae@l@f laiduid f
desired a conbination of .di.fferent s a ﬁl .Xg? o%bg us gg E ferring to
Figs. 1, *8S57d %7 15 apparacud £6 i nventFdn FfictGdES a notor 12
whiLeh |newahﬁa&ubyrMEmnakpa“nmhgtdmaa1na,ﬂﬂ-mnmmeedservohem5|ngs 11 and
13. The S e i W ds .1 f .shaft: 20.

t or 122%n é'%s{igp%%ré ag ggglqsg&d t(?%efW%%tJ@g Yh(?g% g ?hgcrjfut‘tl £F in
bot h t heuskockw se and counterclockmnse O directions. An electrical coil 15

and magnet 17 sy tpuncul s 1oghida BACR e @0n kS | S; eRErOAZednonul 14

is caused to rota In the | ockwi se or cocunt erc W Sse I rection.
Shaf t 2own§‘=§é:eurkwmq) preapAd22 Elyepm@@s % it 9Pt i pg| Léssay. ~. open

sl ot 25 mRLAMMCh Didhe8shhts {18iDkeweR) JilAldan©iok hes PEBLOBRa2E.
Rot ati on, of _the plston 22 al so can be effected by neans of a ke

posi t i ondBCéN LN T hISIRRT SBF f AcECHETYNhE SFENE M Th Tt tergaé Cﬁigbef

2002 _ _a_seikth mo’ctozl'<e>/apﬂﬁréadaddshalft @o’é*tﬂdﬂﬁ wighin &fmocbhe
housi ng

preventJﬁg yﬁ@iﬁﬁ%ﬂﬂ?ﬁ}%ﬁgéFlfﬁggPF 3%@9 g%ﬁnpré¥%#{gﬁggsP§ *%i zed to
fit tightbyawiiom mrhadlrs: nhilse, Seallng to prevent by-pass 5 of liquid from

s Thg back E8toShrvenasndie oiEs, B EReLEIATT LA ML AR o L IbIT,
fits ti gﬂpe9+ab@atllmev1e¢h|r@-memepeou pher yrﬁie@ﬁqﬁgﬁ'@pmem réfg 34
provi desu iPEgk gd%d:@i»aéaa)adt aseaﬁ:l Ze%BnEBewrl(E‘I'ﬁ'fP% %ta‘idé%ié%?& 10

seal s suc as se 38 al’so can to _seal .about piston 22.
effect us@ BFIERE Jriceant meNRMeRBNCLcRRALER2ES RIS R VAR R

i nconpr %étQEQOH}’@rfalﬂ:'HeC dH e da*l%l waavragepbuga%owblee RtPHinmhd hat all
is.regoved. 15 wal | formed of a

b
T Re IR, ah SRS Cori T s R p cn R EF R O e Loiidy 150 SRRArA RS on
hOUS|ng~fﬁ5mb; efamM@%ﬂbdnmhxdﬁﬁ@ &2saRbatyliZuddnblye as eédiapéat zigm hOUSIng
46 b t | k.
Sone) o Mg CBYELLLORR, TR 1 DA S D8 2R L 2001 BRLES 18 LIS HE L r PR | e

shaft Z&Mneadddngﬂaﬁhaﬂumgs|mESanneq1 withiasaamphiottodgensar 62 to

sense t e, hopp:PoSLLLOROfs Jhe iend, 82 of : shafl.c20v: 3R addi Lignaly shal
encoder B4 can be y &d 't the position of the “fhese
séfsors mez*eshaaaaed @@rﬁﬁfe- mothaRe o o m@fékets%o‘:ﬁﬁlépéﬁ-ém mtugmfd

posi tion$ensoL: 82 s8NV elhalaend o4 0f-shatb 20 o8¢l Bri kBehone
position. |m response to the determmnation o. end 54 being in its hone

posi t i oty 122 1iguic Rpftidd A Jr it iR N badeasREET 1&“V§“6r8§? to ;none

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.

Prefera bl} it is an ensrgized spring seal, such as is



30 threaded shaft 20 and piston 22 away fromnotor 12 to a predeterm ned
position in chanber 32. Fin 28 is positioned in slot 26 of @iwtehar 2802
‘thereby to prevent piston 22 fromrotatjng and to allow the piston 22 to
nove linearly into chanber 32. The piston 22 displaces |iquid and causes 35
"di aphragm 48 to expand to position 48a (Fig. '_). The expanded di aphragm

I ncreases pressure within chanber a9 and when val ve 51 is open and val ve 55
is closed, sanple liquid 6 9 Cctober 2002 witz~n chanber 49 is

_di spengyalﬂ-mbd@rfmoﬁﬁl 88atoCarppaianixt ebeCihbforhdan) . Te esealst.on

22 has gt%&—@ﬁd@@@l@ﬁmnﬁgsh@ el S rb%@gbséﬁ%mt e dSar

reversed to reverse the direction of rotation of nut |s 5 reversal of
rot at i oh28ausedt Hfé‘% g2l 20h4A8 BPEEES TS the MAELPBWARd SPFeY i asedavay

from chaaba&-dB%neMgﬁegm 96 Lbecpi S'I:Qﬁdfer GAdiNe e "cB8ABRE 3% ieHUCES
pressure w thin chanber 32 so that Ee dl%ghraqn148 S g05|t|oned as shown

at> 46b P%Fﬁonl)suz\ﬁﬁé'@ 1 hel ¥ aPh¥ AQET 282F8 S §850si tGFRBNSEOVAEES S within
chanberr4Qat heRd poredused: £ \@*aeséélmgowi%&@?@ﬁ@l ¥eabdnks BhapksSO

that sanple_liguid at_the,i volu reyiously ensed from chanbér 49 can
be relﬁgggrﬁéé é&-lﬁho}ﬁﬁ%ﬁ%%}lﬁg- g g eyered iRiFepRabed. 3% a second

enbodl nenE1QEibhAl S nickyeitd wadwt-mmtaﬁmua@m L&h@ géalil@f'appar atus of Figs
and 2 is elinnated when contani nati

deqr ad TSR BRTERE oy GHETH Co1 FO8EFER At S o B bl BHETH Thi s
embodln@mtbenL;ebheegamdanJycpneklEongqUnmedpamiddEet@mﬁahiverltheld S

e' | m nal g dﬂprggae%a' 99100 d e Scﬁr@ér?ofg 1}1;8%0' affrfc?.cﬁt?d by, Lhe

Crease SUr € exerted on ston rovi ng into
e sar@preicngdly, mormefclsn 9ng Wchhéeéﬂ\aﬁ*ﬁé’r bﬁoﬁlst ssnph eabi gicd i s

ef fect ed. by%aeéeesectch%é dﬁl@é%fn@ééem edgbx-aé-wgew~ pépé hSFp{:ﬁteO”

amay from the sanpl e t ober MM ~~I'd ~1~=r.
" ~n pesht e £be Déﬁé@”edl yhitkeethaj peglangr éé'r§é'lgﬁi'1‘%Pt s ¢ d’?
@e ?Se‘d:rtrjrg‘bo Q Wsi b%f@g-ed it SE&9uld, bd bbvizus &d one1 skirlkd", -V

a ~~I ~ber e sidy c,.ld, a
p| stol 3('22‘)“%0%1"? bﬁé& RERT ﬁ%%%’f?@g@?“tssé‘&l\’ ar?g@rébaﬁ‘\s‘—%%‘ii 36, 38)
bet weersisa da i Sbet (33 adthited to one or more O-rings secured

around the circumference of the piston or one or meore various
metal glands or metal or polymeric packings, all of which

20 .perform the function of sealing the piston and wall of the
chamber from leakage of fluid past the piston and prevent the
"inclusion of air. If desired a combination of different seals
may also be used.

) Referring to Figs. 1, 2 and 3, the apparatus 10 of this

15 invention includes a motor 12 which includes an internal,

.- rotatable nut 14 mounted on bearings 11 and 13. The nut 14
h&xs threads 16 which mate with the thrsads 18 of shaft 20.
Motor 12 is a stepper motor designed to effect rotation of
the nut 14 in both the clockwise and counterclockwisea

0 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 25 into which pin 28

5 fits to prevent rotation of the piston 22. Rotation of the
piston 22 also can be effected by means of a key way
positioﬁéd cn an outside surface of the piston which mates



s Said zCUSi:~g (30, ~6) =A~r1 er i.N.giq, '~ '™ pev .t 1u dit
sa~~ c. a~"v:,.e (32) =nom by-passir:g said piston (c2) c. s o ?YPDAY
'(30g6), a threaded s_~a=~ (20) and a :~or driven =otatable r.Lt 10 (—4)

hal rg threads (16) which mate with said 't~:readed shaft ,. r ~:. ~
Pr =." ay 17?21,.. (20) fC_e=,.C._ngl: a:Cve:'.l 1'1~:1
O, .'"~CStod~eCtlO'":S O said s:aft (20) ettached to said piston. (22)

to effect,linear mov e.;:ent of said pis ton (22 ) within said c!~a~nber
(32 ) wh¥iehrpe w@@wgﬂrlc%@@mﬂcansanaeghaﬁ 1 =) whe Bardipigsios the?).
, = rrearﬁlé%npbeyaﬂlvt 'd’tgué@tn@élfnk%wﬁahgal?'s %foep;(_ epeingCreg fro Tl
‘le g=Qup CO ISl S r~'_1CJ' a dX pCSIt~OY' .ad wit?:in _a slot
n sai FPFIEERT( 25) aa1|ld*eearklexgvqua6§|t>baﬁé& -on PWSe@ Rerd SLSF-FQdCéOe

e p|Sﬁﬂi@ t22he Ty'@&k%ldMHoﬂsﬁn eYODCSSéaEHQE %%_préleﬁtab?- ass_ =
e il s~on eanS fOr

fO’tf"Ie .'
eCth"’\ i;qugL"‘P@ %hl(aéie*a I €0 eEcEs 13.¢cis p‘%\élé%édbh ERFdng -
: b"aé’eﬁuﬁhageﬁ43)aaf10r3Ssafblﬂqdé=§I£ﬁ§eHa3:k| QLU‘IO-Cki't@gIIeg aDegn4d Et

w; Jei ! t
SI QoI593Y) 24 15, sBoihg Hefead iy rrdsont. Targ ioRILE, °8'&g'e
O &Satitle pbu SetOné*uuhevﬁSil dIJbitta1%?2~—erﬂJth34tpfﬂvfﬁés a
negreloadec} b:.as o" r@h% Isvea'e“ N %§ nguginl tJ‘r%‘se“da Je%? gppar-

cI Qe
(ﬂEEhb@Cﬁ@Chhespeeaﬁ 38ea¢sd)¢a Sbeduoil$2en €22)seal #adt ober 2002
. T se%§c§é~~—avl 5- CL Cc?.".? ~w:=ra_:: ti._ C~" . ?2:1~-3 (32)
~. = ~o~C? L~~ (~~) -o_ .7. .. _.~A 4 vwm1~~J = I~ W.~ G._r,. ,
! n~ ~ rrol rTe--effe¢t use, ofj (g}qe prasent_ ll"."\t'%t anly acﬂn@.r@eg 32 . lS' '
s - Ween s lyientin C’i‘%ﬂompﬁé%s:.(bl]e 419&*%\11 é lm‘ﬁ*&o%ﬁr *'engaw(:.&}gfor _
=ai d di Sp r:Sed [|~~: = rt S=pa=ctSd a:.:d Sea L&d eaCh Ol ~]J

a ==. SXPLUG £4 wlahlﬁ'a@wfnm:has a‘lr GP%%E%@&P?-@. saﬁoﬂ-&gm

thp— Btic vh¥l L cBamber 32 is formed of -a constructica which
includes a flexible diaphragm 48 which is retained on hecusing-
45 by 0-ring 50 and plate 352. Plata 52 can be secured to

housing 46 by any conventional means including screws, bolts
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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 sensoxr 62 to sense ths home position of the
end 64 of shaft 20, an additional shaft encoder 64 can be
used to sense the position of the shaft 20. These senscrs 62
25 and €4 can be mounted on bracket €6.

- In operation, shaft position sensor 62 sensss whether
errd 54 cf shaf: 20 is in its home position. In response to
the determination of end 54 being in its home position, motox
12 is activated to rotate thresaded nut 14 in oxder to move

30 threadad shaft 20 and piston 22 away from motor 12 to a
predetermined pcsition 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 displacss liguid and causes

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

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

A



r2 Se vC 4:"~e 0 of a sa:rp' _e liqui d w.:_ch cc.;~pri ses "1l a cha: W=
(32) filled with cn i ncorpress=bla ?icuid, a va~ _ & bBai 9%4@’4(55'?)5 (32)

CCnpr? Sing a ~~ =x~, ~'| E di aphra~T~ (%?) , lrSa::ed S:
ACG d=IW1 rutdtab! 2 nL:t 5 (14,) havlr g~ thr_adS (~ B w |Ch
ICtato W .th Said threaded S~':a' _'t (20) fO effecting 1'_near

L"~Ov2r1%ni. in OppCSito dI reCtI OnS O said shaf~ (20) attached to a
piston (22) while pre;rezting ratlOn & Sa d Sf':aft (20) and Said pi St On

(22), rwesasnf @hq@rkwe 4$|15~d*sp)BaSﬁGOIthr©‘u§a’7¢b‘pd'$LQJS@ZZ)D selpecitred from

0@ 9beURSEONA Sty of .ﬁ‘FvaX‘?QsP - PP apede awety 5 a sho=in

sald pi stcn K~yway posit one on the outer surfafe of t~ e
pi stop EZQ?“@@ﬁmﬂTQﬂthﬁ%GReprééiﬂl§hé@b@” AP WaR=16f re&vieawsid g

(30, 4E)té>0“e’ir|3§'s@ &{@mf@@a 15‘?%"”9093%’1%1‘(%35 %9_:30:24 Latwaag said p_s~Gn

(22) and said hcusir ~; (30, 46) fcr reJentlr%‘9 rcurd ir. said chanber
from hvIpassEaly ofaiZP iAok . C3293S oFNEaSR M GUANFIBE® 465onsaRd e ap

h=a5~ (ﬁévé E@u@.&demuiedli%@dd%age £ Wor %haméie@eﬂds M&zmedtdos
DCS Of Sa7.d piston (22), wt n Sal cha: r~er (32 and ~ear.s

cont?%lPrﬁﬁoﬁ &ﬁﬂ?l?ﬂ?(ﬁ"%@ﬁtFp?%tEﬁ US2F PREEHFR oV tRol said
~o’>um~ cmamie?eaap@?:r &.tha:B t@ta @&@Wéchﬁ\hEs B1S) S@sn:i?drédn& | §LBRASat

InC . LM eS SSd SS, 05=t' Q‘ad a~Q .
rr8y pegPDgtégycg? sai (ﬁla?Qﬁﬁcm 28916 FGher° %&%%F ed, T ——o=
-ﬂn dbeSSnBe w;tﬁxh&éhambdi O vtheer ts=reduBed. Vale2' 55)157 d
_ pnr - N eC
O?' qﬁ%ﬁ d gnd v%&%% %ESHS 0%78 =4 Sggt sgga;% %&é@@d gt o the o
|:: a: Wlxueetpaegwus@y dispansed ﬁllorappbambe“s"s@L C8TChka:':y O:e O- C-
IS 5733 ﬂg@; aghi k- 3 e h gdiro:n
t~ :~31$EY/§8 @@F%ﬁ G5 &é %'IOrc Ca?te pk’e:l'als :éiéﬂ% _=ngsS,
gl a:ldS, patmtarsgsoa | gnsadiment = ulpis1Enyeneiest tdl@p 1R E™
ats JOL.gg Oofheng= ESH—*af*%rse'H?e 'Qch\/ssai Gk 04 S CRs (E2) mikhaddaryHerrS for
re~2at cdl di SpehSng a pr2 |VVof dlsngrs =d 1iGSid w,:ich
conori sentamination ©f the samnle llcu* or degradation of he
apparatus of this invention are not a problem. In this
embediment, only the sample liquid is reguired and the
hydraulic ligquid is eliminated. Dispensing of the sample
20 liguid is effected by the increased pressure exerted on the
~ sample ligquid by the piston moving into the sample liguid.
"Refilling of the chamber for the sample liguid is effected by
a reduction in pressure effescted by a movement of the piston

away from the sample liguid.

s
ur —



a chaser (32) =filled w._th an _~ce:;pressi~_e dispersed 5 ? i au~ d,
' said chas:ber (32) '.M. a~irg az inIet a*d an outl=t, a pngﬁ%b
positio.”~.ed with.n a housi r.g (30, 4n) , sealing neans (3 ~etmee—
sai d piston (22) and said housing (30, 46) for proven ti ng | iauid i r.
said c::a:;ioer ( 32 ) f rom by- pa55|n9 said pis ton ( 22 ) ~cr sai d

housir:g (30r4 ), a ~hread~d shaft (20) aid a rotor drier. rotataal~ r.'~Z
( 1 4) having threads (16) wh' _ch mate with sai d threaded sr:aft nr a
r~ilr.(20). for.ef ~cti:.g.i...ea__r'..ovemnt in oppos_te diy..c~_er:s oy

"said s™a=t (20) attac~nd to sald piston (22) w.~ile pra~e:.t::g rctat' _on
c. said shaft (20) and said pi stc:: (22) , nea::s for presenting rotation
of said piscor. (22) SeleCt2 : zZrCrl t}"!'e grCup CO'.SiStlng O' a f ~
fed pi i: TIOSI _~_Gl=a with_n a slot in said piston (22) and a keyway
____p;stCh (22) .M lati:?gw th a

kaf i p03|t|oned Oa d:'1i.'l%er WAIT—OFThe 1T-TCL:S. i:":g (3~,~F) f0. t)'?%e
pi ston (22) ; said dispe;sad 1 icuid beinc disgerised fror,'. said c!:a per
(32) .ran’'gnazbaratds VﬁﬁiGe éP@@7§d5 bp@"s1 $pQ§d*eé}kéjxéaL
D|StC1J(2_t~.) ‘vvlt: dd. N L~ . ~d neans or
cor, trola=ih@hspeesef” olcﬂﬂdsﬁQTFp ?%15n155§) there ~y to control sa_ d
vol une. I E9 @t@@ﬁoéﬁobi@ |f‘t]J.lQeG‘dw]'V~.® =T nr'o“m}egs_@“lrﬂ B *j]%l\FgW-
. CF ~~~ ~. T ~L: ~:J .ncl ude ; ~y r~'"n
sc'c. | NCS? a,o.@t\oa LZ%PI“OSGI“‘ g""‘dsj'ﬁl—‘aﬁ : s%u‘ao F1860:(30 4By . s 1
raltot rrsaia'”'%d_lrﬁeﬂssCfBZI 369 3@) b*ﬂNi’-a‘FEsaLdlpSGtUG +22), .énad’ |:C~

~? o~ — ~~ e !
lO'l Orjga‘_'_\?o :IC’ 1"\‘& 5358?% _S(éﬁvcjbq.'.EVYaﬁé gvlj,},qh)_doi‘ Sc‘.cdsjéaﬁxg.d?s; O
L dci C7(32+S:o:c"d h@Gw&ssn,g szOalSpisitan ~(@2 )DO%: | saidChb budiog OLt ~~1_

R ! | C 0 c. said nys~cn (22)

Ayf&sglf 'SR Af A .A . Ay. Ay2. f)
LP FGL/ORSlJaVKtFﬂadaﬁmﬂﬂqc@]é&?éaF@d}@aP@ﬂQﬁﬂQ§HT§Hcé@eé}%bﬁ@ap@&]ca]ca]

o2l oal s8] caloaloahealbal onl 69 paleal cake” shaTelotol L AQBELO 821 Lk
}xsnid ca cal ca ?ca]ca?ca caj ca] ca]ca]ca]ca]ca Jj]ca al ca] ca
]ca]ca]&&?baF@é]@&Hﬁﬂ?&ﬂ% t@?éé]@avF“ﬂwa$@*PPQQﬁ{FQJ?bﬁ?@E}@aFCQ ca] ca]
ca] ca] cad £al galeal qalgaloal sl £l €8] sal gabsakeal q@zqﬂ*@]&@ﬁ&@l cajgakeal cal
ca] ca! 12" #7@\ Q xsni d_Z] ] ca] ca] cal ca] ca] ca] ca] calc m&ﬁa]gﬁ#ca]calca]ca]ca
] ca] ca]f&%ff%af—éé] Pa] E&TCh R ) cé%%b]ﬂé]:Ea cd &§ 9%6}

preventing rotation of said shaft (20)
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L5 means for prevsnting rotaticn of
selected from the group consisting of a fixed pin positionad

- -

and said piston (22),
said piston (22)

within & slot in szid pisten (22) and a keyway positioned on

“he outer surface oI ths piston (22) mating with 2 key

pesitioned on an inner wall of the hcusing (30,46) for the
20 piston (22),
means for effscting dispensing a veiume cf a2 dispenssd
liguid from a housing (49) for said dispensed ligquid having
an inlet and an outlet, said veoclume besing depsndent upon a
vosition of said piston (22) within said chamber (32), and
'3 mezans for contrclling a positicen of said piston (22)

Thersby to control szid volume.
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rotation of said skaft

means for praventing rotation of said piston (22)
J elected from the group consisting of a fixad pin positioned
within a sl

ot in said piston (22) and a ksyway positioned on

the outer surface of the piston (22) mating with a key
positioned on an inner wall of a housing (30,4€) for ths
piston (22),

) sealing means (34,36,33) batween said piston (22} and
said hecusing (30,46) for pravanting licquid in said chamber
from bv-passing said piston (22) or szid housing (30,46),

said diaphragm (38) to a degree which

depends upon a positicn of sazid piston (22) within said
chamber (32), and

means for controlling

a
therebv to contrcl said volums.
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said chamber (32) having an inlet and an ou
a2 pisten (22) position
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said housing (30,46)
) (32) frem by-passing said pis

{30,4%),
a2 threaded shaft (20) and & motor driven rotatabls nuc

) (14) having threacds (1¢6) which mate with said threaded shaft
(20) for effecting linsar movemsnt in opposite directions of
) sa o said piston (22) while preventing

id shaft (20) attach=d t
(20)

ﬂ)

retation cf said shaft nd szid pisteon (22),

mezns for prevanting rotation of said
sslected frem the grcup consisting of a fi:
within a slot in said piston (22) and a ks
the outer surface of the piston (22) mating w

;
positioned on an inner wall of the housing (30,4

piston (22),
said disperssd liguid being dispensed !
. .

{32) in an ameu 2ger
piston (22) within said chambez (32},

e
and means for contro ng a position of szaid piston (22)

o =

thereby to control said v
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