
;XYe3e|G|D<R46jT.;  , 09 October 2002  Description APPARATUS FOR DISPENSING
PRECISE VOLUMES OF A LIQUID This invention relates to an apparatus for
delivering precise volumes of a liquid repeatedly. More particularly, this
invention relates to an apparatus which utilizes a pressurized hydraulic
liquid to deliver precise volumes of a 5 sample liquid. _i A variety of
industries require the delivery of precise volumes of a liquid to an area
of use. For example, precise volumes of a photoresist composition are
delivered to a 10 silicon wafer substrate in cider to form a photoresist
layer of uniform thickness or to the wafer . The requiremert 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 deliver=ng
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, displaces 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 no=mal variations
in electrical power delivered to the solenoid result in a 30 variance of
piston stroke length a.^.d thus, a variance in volume of fluid delivered.
It is also difficult to control a    9 October 2002 2 position _ of _a
solenoid_arm to other than its two extreme positions. Accordingly, it would
be desirable to provide an apparatus capable of delivering precise volumes
of liquid 5 repeatedly. In addition, it would be desirable to provide such
an apparatus which is capable of delivering precise volumes of liquid over
extended time periods. The present invention provides an apparatus for IO
delivering precise volumes of a liquid as defined in claim 1. Preferred
embodiments of the apparatus are defined in the sub-claims. 



In a preferred embodiment the apparatus includes a linear actuator stepping
motor which drives a piston into and .5 'out of a reservoir containing an
incompressible hydraulic liquid. In one embodiment, the reservoir includes
a wall formed of a flexible diaphragm which expands and retracts in
response to movement of the hydraulic liquid within the reservoir. During
expansion of the diaphragm, a liquid , 20 .sample is dispensed from a
sample reservoir to a point of use of the liquid sample. During retraction
of the diaphragm) the dispensed liquid sample is replaced with additional
liquid sample into the sample reservoir. 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. In 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 l   9 October 2002 3 Fig. 3 is
an exploded view in partial cross-section of a linear actuator and piston
structure utilized in the embodiment of the present invention. 5 The
present invention provides an apparatus which utilizes a moving piston to
displace an incompressible hydraulic liquid. The displaced hydraulic
liquid, in turn causes a flexible diaphragm to expand into a sample liquid
reservoir containing a sample liquid. Under the force 10 exerted by the
expanding diaphragm, a precise volume of sample liquid is dispensed from
the reservoir to a point of use. The piston is mounted on a shaft which is
moved linearly without being rotated. The means for effecting linear 15
movement of the sraft while avoiding rotation of the shaft include a linear
or a rotary stepper motor or alternatively, a servo motor, a threaded shaft
positioned within a motor driven rotatable nut including means for
preventing shaft rotation or the like. 20 For convenience, this invention
will be described below specifically with re=erence to the preferred
embodiment of utilizing a threaded shaft positioned within a rotatable nut
to effect linear movement of the shaft while preventing rotation of the
shaft and with reference to the embodiment J 25 wherein a chamber
containing a hydraulic liquid is separated . from a chamber containing a
sample liquid by a diaphragm. The piston for displacing hydraulic liquid is
attached to a threaded s haft which. is positioned within a motor driven
rotqtable 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 =nto or out of the hydraulic liquid positioned within the
chamber having one wall comprising the flexible diaphragm. In a preferred
ernbodiment, a sealing arran.gemer.t 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 



9 October 2002 4 _ _ _ available from _Bal- Seal -Corporation of
California. '.'he seal _ _ _ _ structure preferably has a U-shaped cross
section. The inner radius of the seal which contacts the piston is spring
biased toward tile piston so as to provide intimate contact with the 5
piston surface. The spring-loaded seal, together with the remaining portion
of the sealing arrangement prevents by-pass and leakage of hydraulic liquid
around the piston and air inclusion into the hydraulic fluid. This sealing
arrangement, in turn, permits the apparatus of this invention LO to be used
repeatedly over long time periods to deliver the _ same precise volume of a
sample liquid to a point of use. Optionally, more than one such seal may be
used, such as two or three of these seals mounted along various portions of
the length of the piston. While the sealing arrangement set L5 forth above
is preferred, it should be obvious to one skilled in the art that other
sealing arrangements may also be used such as, but not limited to one or
more O-rings secured around the circumference of the piston or one or mere
various metal glands or metal or polymeric packings, a11 of which ?0
,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 :5 invention includes a motor 12
which includes an internal - rotatable nut 14 mounted or. bearings 11 and
13. The nut 14 has threads 15 which mate with the threads 18 of shaft 20.
Motor 12 is a stepper motor designed to effect rotation of the nut 14 in
both the clockwise and counterclockwise 0 directions. An electrical coil 15
and magnet 17 surround nut 14 arid, 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 a.^. open
slot 25 =nto which pin 28 fits to prevent rotation of the piston. 22.
Rotation of the piston 22 also can be effected by means of a key way
positioned en an cutside surface o. the piston which mates   5 9 October
2002 _ _ _ with _ a _key positioned_ on_ a.^._ inner. wall_ of . the
_housing _ for _ the _. _ piston o. any other well known means for
prevent=ng the rotation of a linearly moving object. Piston 22 is sized to
fit tightly within housing 30. Sealing, to prevent by-pass 5 of liquid from
chamber 32 to motor 12, is provided by sprirgbiased shaped seal 38 with
sealing back up 0-ring 30. Leg 40 of seal 38 is spring biased so that it
fits tightly about the entire outer periphery 42 of piston 22. 0-ring 34
provides a preloaded bias o. the seal 38 to the rousing 46. Additional 10
seals such as seal 38 also can be utilized to seal about piston 22. ' To
effect use of the present invention, chamber 32 is filled with an
incompressible hydraulic liquid by removing plug 44 while ensuring that a11
compressible gas is removed. 15 One wall of chamber 32 is formed of a
construction which includes a flexible diaphragm 48 which is retained on
housing~ 45 by 0-ring 50 and plate 52. Platy 52 can be secured to housing
46 by any convertional means including screws, 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 sea or, such as a photo sensor 62 to
sense the home position of the end 64 of shaft 20, an additional shaft
encoder 64 can be y used to sense the position of the shaft 20. These
sensors 62 25 and 64 can be mounted on bracket 65. In operation, shaft
position sensor 62 senses whether end 54 of shaft 20 .s in its home
position. In response to the determination o. end 54 being in its home
position, motor 12 is activated to rotate threaded nut 14 is order to ;none



30 threaded shaft 20 and piston 22 away from motor 12 to a predetermined
position in chamber 32. Fin 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 liquid and causes 35
diaphragm 48 to expand to position 48a (Fig. '_). The expanded diaphragm
increases pressure within chamber a9 and when valve 51 is open and valve 55
is closed, sample liquid    6 9 October 2002 witz~n chamber _49 _is
_dispense~ through conduit 53 to a_ point cf use (not shown). After piston
22 has risen to a predetermined height within chamber 32, motor 12 is
reversed to reverse the direction of rotation of nut 14. This 5 reversal of
rotation causes the shaft 20 and piston 22 to move toward motor 12 and away
from chamber 32. Movement of the pi stop from the c:^_amber 32 reduces
pressure within chamber 32 so that the diaphragm 48 is positioned as shown
at 46b (rig. 1). When the diaphragm 48 is so positioned, LO pressure within
chamber 49 then is reduced. Valve 55 is opened and valve 51 is closed so
that sample liquid at the i volume previously dispensed from chamber 49 can
be reintroroduced into chamber 49. This cycle then is repeated. In a second
embodiment of this invention, the diaphragm L5 ~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 liquid is
eliminated. Dispersing of the sample ?0 .liquid is effected by the
increased pressure exerted on the sample liquid by the piston roving into
the sample liquid. ~~ Ref filling of the chamber for the sample liquid is
effected by a reduction in pressure effected by a movement of the piston
away from the sample liquid. ?5   9 October 2002 7 Z^^~~!dcd ~1~=r..s ...
".. ~n appa=atu5 f0= ~epeGtedly d_sce::sir.g a precise volu:;,a G. c d?
SDe:?Sed ~ 1G';;"d w ilCh COi::i.;=l5eS: ~-, a r i ~ i a!i ' 1~ i ~ C ^,-v
r c ' a i i ~, a c..~~r~ber (3Z) _ _ .~ wit.. a:: _ o~:.~,_e_sidy c,.ld, a
pistol (22) poslt_oned with'_n a boos=ng (30g5) , seal'_ng means (3i,36,38)
between said piste (22) and 



`s Said zCUSi:~g (30, ~6) =^~ r er i.^.g iq, '~ '^. _ p ev .t 1 u'_d it
sa~~ c. a~^v:,.e (32) =nom by-passir:g said piston (c2) c. said housing
(30g6), a threaded s_~a=~ (20) and a :~c~or driven =otatable r.Lt 10 (=4)
haJ_rg threads (16) which mate with said 't~:readed shaft ,. r ~ :. ~ i ^
Pr = .^. a y' 1 ? 1,.. (20) fC_ e=_,.C;._ng 1_: a :CVe:'.l 1'1~ :1
Op,_.'~OS to d ~eCtlO!':S Of 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 ) while Freve:~ting rotation cf said shaft (20) a^d said pis;.o:~ (22)
, ~ means for preye:lting rotaticn o. said pi stop (22) Se! eCted frO.Tl
t)'le g=Oup CO:ISlStl~'1CJ' Of a ClXed i~Jl:1 pCSIt~OY'.ad wit?:in a slot
'_n said pistcn (22) a:ld a keyway positioned on W.e O':ter SL:rra.Ce e.
the piS~0i1 (22) T;latlng wlt:1 a key pOS i ti0?':ed _ .C:'! a:l i ^^__=
w8.1 O~ tl'le ilCL:Si_^g ( 30, ~ 6) fOr tf"le ?0 p'_s~on (22). I^,eanS fOr
8_Ti eCtl.^.g d1S^e:lSl:'!C~. a WC_'.:i^e Cf a C~..~ Spe:lSed iicwid
fro.^.. .. ?:cus_rg (49) for sai d dl s^ensed 1 lg;~i d havir:g an _n 1 Et
aI?d ail OL:~~ et, 5ci d vCl'w;le l'Jei:'.g depe^de:lt uDOn a positier. of
said pistol (22) wit~:'_.^. said chaT:ber (3%) , and -, `,.,111:'1g a pOS ~
t0:1 Of Sal d pl S t0:1  me.. S Or COI"iL_v L:1~=eCy t0 CO::tr01 Sale
4ClL:me. -7 .., _~- ^ l i m 1 Lv!`ie'-el'1 $"' d Se Ii nr, ~-, _he appar~;
.us o. c_a_... _ , ~_ ~ ,.~ m " s i:~cludes a sp=i^g tJ_2sed seal
aos_t=c^ed abcuc the perip'_:e=y ~0 0. said of stcn (22) .   9 October 2002
8 3 . `=..^_2 c"'~~=avl:5- CL C_c?.".? ~ w::=ra_:: ti._ C:^.?:1~J_ (32 )
cr:.'~.~ L:.? ~o~C? L~~ (~~) -o_ .7._.._.~A 4_WJW:~~J ~ _J~.W .~ G.._r,. ,
~ n~ ~. rrolrL~~~:..lC.,.~. ~iCJi: . 4 . =::? ap pa ra tL:S Of C:...'-.'
::~ ~ W:^=r elI"'. tl Cha:"..'Je~ ( J 2 ) G'.'?d t~.~ hoes=.-.g (a) for
=aid di Sp~r:Sed li~~:=d art S=pa=ctSd a::d Sea LSd f rC." eaCh Otl:er ~ jJ
a ==.SXi::' a d' a^ h=aQ:Tt ( 4~ ~ ) . r.n aDp a=ct'"iS f0= =Sp~4t2d~ V
diSp=::S1:':g a D Ci 1 



r2 Se vC_4:"~e 0 of a sa:rp'_e liqui d w::_ch cc.;~pri ses '1 a cha:We=
(32) filled with cn incorpress=bla ?icuid, a wS~ _ Gf 5ai d Cfla^l.C2r (32)
CCmpr7.Sing a ~~ =x~,~'lE diaphra~T~ (38) , a t:lrSa::ed S:':==t (20) and a
i'.lCtGr d=lWi1 rutdtab! 2 nL:t 5 (l4,) havlr:g~, thr_adS (~ E) w:''.iCh
ICtato wl.th Said threaded S~':a'_'t (20) fOr effecting 1'_near
L"~Ov2r1$ni. in OppOSito dl reCtl.OnS Of said shaf~ (20) attached to a
piston (22) while pre;rezting rOtatlOn Of Sa_d Sf':aft (20) and Said piStOn
(22), rLeanS fOr preVe:lti::~ ='Otati OIl Of Sa?d piStOU (22) selected from
t~^.e group cor.sisti r.g of a fi xed pir_ positioned ~w~t;~'_; a slo~ in
said pistcn (22) a^d a k~yway positioned on the outer surface of t~:e
pistop (22) mating with a key positioned or. az inner wal= of a housi^g
(30,4E) for tha pi stop (22), sealing means (3a,30,30) Latwaan said p_s~Gn
(22) and said hcusir_~; (30, 46) fcr preJentirg ? icuid ir. said chamber
from hv-passi::g said pistor. (22) or said housing (30,46). said di ap
h=a5~ (38 ) being expanded to a degree w'~ic'.^. depends LOC~:'1 a
DOS_t7.C:'. Of Sa7.d piston (22) w_tfli n Said cha:r~er (32) , and ~ear.s
fc. con=rolling a position of said pistcn (22) thereav to control said
~o?um~. D. T~?e app?rat::5 Ci C1c_:W J WhE='in Sai~ 531 i nQ ItlBanS
lnC:.LM:eS Or:c OC :T:Or2 5pr_ry .~".7.v'-..SSd SS,.l S p05=t' Q^ad a~Q'.:t
rr8 y periD~!?ry of said pi s~~or. (22) .   9 October 2002 9 _ _- =~o=
~V".,~_Yat'.r5- v. C'ta=^: J Gr C w'::erc~=' a S~~r__-'.Cc'' O. S?_d
d_apnra gr?'! ( ~J ) 1S pCS=i._O..^.eC 1:: a S~CC:!d Ciia~,'.^.$'_"
COr.~~l?'1:..T"~ Sald S :".ll a liC''_d, Sai ^' sC^v::d C^e."C~e= ~"..-'.~~
i::g a:Wi:le t a 2_^. Ot.a' ~.e~. 5 I1 app,'-.._S.CL:S C. a:':y O::e O~ C~
3.^lS Jr t0 % W^ercii~ =3.d Sealing :'acr,r.3 nC_UC.,? a .,~1 Sel Ctd ir0:^
t~':~ gr:Wp COnSlSt'!rg O_ C:le Or :"lOrc Ca:lted Spr~:'g Seals, 0-_=ngS,
g1 a:ldS, paCrtlr:gS a:ld COi:u;~l:?3i.10:'1S t hereof pCSitlC':'ed
at'JOL:~ 0 th` c=rcu~':ference of said pistcn (22). r awDar.t'~S for
re~2atcdl j di SpenSng a pr2CiS= VOJ.C.i.iW of disners=d liGSid w;:ich
conorises: 



a chaser (32) =filled w'._th an _^ce:;pressi~_e dispersed 5 ? i au~ d, , '
' said chas:ber (32) '.^.a~irg az inlet a^d an outl=t, a pistcn (22)
positio.^.ed with.n a housi r.g (30, 4n) , sealing means (34,36,3) ~etwee=
said piston (22) and said housing (30, 46) for proven ti ng l iauid i r.
said c::a:;ioer ( 32 ) f rom by-passing 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 n r a i
r~ i1 r (20) _for ef_~cti:.g i..ea_ r'.ovem nt in oppos_te diy..c~_er:s oy
said s^a=t (20) attac~md to said piston (22) w:~ile pra~e:.t::g rctat'_on
c. said shaft (20) and said pi stc:: (22) , mea::s for presenting rotation
of said piscor. (22) SeleCt2 : ZrCrl t}"!e grCup CO:'.SiStlng O_' a f ~
:fed pi i: TJOSi_~_Oil=a with_n a slot in said piston (22) and a keyway
posi~io.^.ed cn the OutCr SLriaCe Of ti':c'' p_stOn (22) .^,lati:?g wi th a
kafi positioned Oa d:'1 i.'1^er Wall Of the f':CL:S.i:":g (3~,~F) f0. t)'?e
piston (22) , said dispe;sad 1 icuid beinc disgerised fror,'. said c!:a per
( 32) .r an 'c.^'.C~:.:1~ W:?1C:'? d?pe:ldS LpO:: a pOSlti On Cf 5ai d
DiStOU (2t~.) 'vvlt:':_n Sa=G' C~.'1d.^,'L~'~'e= (37) , a:~d means or
cor,troll~ing a positi o:: of said p iston (?2) there~y to control sa_d
volume.   9 October 2002 10 ItiC G~.JVC.~.~.. .:..J C. C~ ~~.a ~ 1N~.~W.-._
.cr~~~ J~E.~.T ~L:~ iC.,a..~:J ncludes G.^. C. i::0"2 S~ylr~ '''J7.=S_'~
Sc'c.l NCS7. ~' O_^.d ~~OII~ ger~ g::~=y o ~ said pi sto:. ( 22 ) . S l 1 ,
'r~l" ''c_.rr.d?'% L15 Os C~ 3i^ 9 C. ~~ Wf?2=E'7.11 Sci G'~ 5_,.'.~' I:C~.
Ii:~?_n5 -~.^.C1 Ld~ ~ SSST Sc~.CLd =YO^1 ~:1~? C~~O~~J CCPS1.'-.t=i~~ O_'
O:1 .O~ .;v0~~ Cc:W~ S~ yl.::~ 5a~.'-.~ S, ~-?,"? il JS, C~ ~ SiadS,
L`dCiC7.T?~S c::d COivlJli:c ~=OnS t:lA~ ~O= D05 i ~' Oil_d c':OLt ~~1_
C_'_'C4~=c=EiIC 0 c. said nys~cn (22).
.Al.Ayf%.Alf.A,SR.A,f_.A!.A..Ay.A.y2.A,;f)
U^_FGL/0RSijUVKL}~|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]cTa]cTa!~"$QSghij0 2    ikmn
Y`]}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
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ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca!12"#?@Z\Q}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>MO]_efqrtuTU 



[\}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!  ] ^      ,!.!1!!!!!!
"!"'"("""#`#|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca
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