Mul ti-Vane Throttle Val ve BACKGROUND OF THE I NVENTION 1. Field of the

I nvention [0001] The present invention relates generally to valves for
processi yjoysXEeas0 Particul arly, the present inventi onPCg&lise@/08102 hrottl e
val ves for vacuum systens. 2. Description of the Prior Art [0002] Vari ous
types of val ves have been devised for use in vacuum processi ng systens. The
types of val ves include gate valves, butterfly valves, multi-vane val ves,
and the |like. Sone gate val ves pgvaesTigroawk V4ae opened and cl osed positions
to allow for either full flow or no flow of gaseous fluids through the
valve. Butterfly valves are relatively sinple in design but have limted
ability toBRrEIKGR@UND IOFEE INVENTI@N ance response. Mul ti-vane val ves provide

nore precise I butterfly val ves. [0003] One exanple of a
mul ti -vane%vaFfQ\%éflﬂgél \téés?@?rll bed in U S Pat. No. 6,293,306 (Brenes, 2001).

Brenes di sd0@&Hds dhe hresentlinvegtisnaelatgs genarallytto valedsidiamocassingsystms. general |y
rect angul apaMgl My, YR8t inWHtioh Rididi8o YRbYE VAT NGchiin BREmd oned a

| i nearly novabl e gate valve for closing off a thru-opening formed in the
| ower part of the valve housing. A pneumatic actuator assenbly provides for
movi ng t he 2g@ieecripfdiVeér tiePig @Rt an opened and a closed position. A throttle
art nt forns the e of. val ve housi ng and frames
|y

Uhe e ouonoadate? TRRisTioks o RIS faveneenvishl o nitin Yl nigsese

posi t i oned systérhs. nTHehtgpdsiuf valgds ingheleigate. valedrdutterflaedvest multuvan@vaj\msdmw for
rotating the yanes,and.l 648 Sedqtd frd (%djéﬁoot{los%f? J‘éllo@ﬂg a motor
for control sﬁe gom?l on o?j ?ﬂe tﬁ c?tﬁ e vanes. rive actuator is
seal ed by altmﬁélgf’ulldl@zyosnomvwofeaasew flyiss troyghdhevaltee Eiiﬁtpvlévéimstﬁ@or ext ends

into the "Pélﬁfvbl?rsmﬂfle ﬁqms@w&lwage nrﬁ&@%]n&rt@h&ﬁéveta\qma%nawédcevane valve is
a throttle valve d

r the tradenar "V”_tgﬁu Mei Vac, Inc. The
Mei Vac thr6%SPP%SeviﬁVéV%”ﬁd’P'&fa%%f°¥id%F‘PE%H%‘%‘SW”U%'t é%&%‘%frf'yc‘fﬁihﬁsa| ning a
plurality qbo%:qgnt@fe-dmh?neIongmutnwaaggw@e descriBed mlwssw%ggg)s 2@3,:3?6 tha}1 are
i nt erconne e w Tri.ction | not nher
L ome of e fiefesn ety Bitnte SRR o BBl E o BRe T b Tten T, ererdldy | he
t rademar k 'f%rgslaavmvempuﬁeg r Witkio tHelVaAR h@oesnpg)lsabslmmeaa lipearly nmyable ga@627 -
0624-0. Thi,g, o blosiNRBEa HaH-Yediny fBu%edtﬂfi §¥ox@er\6§t8ﬁhéb£\9§g sk]gOfA the vanes

are in a fixed osH?onlnt e ran egr ees are in fluid
commruni cat |F>6?Pr0ﬁ“9 t@%?‘?b@&?ﬁm@'yms for ovipg Hiesoais ealveavennzangpenss and

st ai nl ess stcRRbd padaRnt IZ\EtﬁrottIS, vbl&@@@éﬂfbﬁ&oh@a%bnt%mismﬁb ¥R&esde of havyanes act
as a heat %hl el d to transf i nl ess steel tube

Thar cont aPtse el R P bR OLP SRS et B Aes BB o o

positioned within the through opening. A drive actuator is provided for rotating the vanes
and includes a drive actuator compartment and a motor for controlling the position of the
throttle vanes. The drive actuator is sealed by a bellows shield at the point where the
drive actuator extends into the interior of the housing.
[0004] Another type of multi-vane valve is a throttle valve sold under the trademark
“Vari-Q” by MeiVac, Inc. The MeiVac throttle valve includes a circular valve chamber
containing a plurality of counter-rotating, triangular (i.e. pie shaped) vanes that are
interconnected by a low friction cable-drive system.
[0005]  Still another type of multi-vane valve is a fixed-positioned vane valve sold
under the trademark “Temescal” by Ferrotec (USA) Corporation as part number 0627-
0624-0. This multi-vane valve is not truly a valve since all of the vanes are in a fixed
position in the range of 30-45 degrees, which are in fluid communication with cryogenic
pumps. The vanes are each brazed to a stainless steel tube that is transverse to all of
the vanes. The vanes act as a heat shield as well as to transfer heat to the stainless
steel tube that contains cooling water flowing through the tube. Figures 1A and 1B
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1 illustrates an exanple of such a fixed, multi-vane valve showi ng a front
view and a cross-sectional side view of the structural relationship of the
cool i ng twbeownd288he plurality of fixed vanes. SUMVARY EETMISEDIRNWHENTT ON

[ 0006] Vacuum processi ng systens generally have a processi ng chanber of the
type typically used for fabrication of conputer chips and a vacuum punp,
which is used to evacuate the processing chanber. H gh-vacuum punps

typically QpefaéLarbéxampRSs didhsa @bAWLE-Daseydvers h@Jwﬁ@ B8oRl e SRl aﬂ@fossA' I

e e 2 s ne S B e B i o0l ohe ST OB PERGESS O

t he procesdikethvanbanber. Ml ti-vane val ves work by throttling the gas in the
process chanber to create a differential pressure across the valve all ow ng
t he vacuum punp to operate at high vacuum |l evels while maintaining correct

process pr RRY O THEINVENTEN © Mul ti-vane throttle val ves having
rotatabl e o666 pr\/‘é&htﬁ‘@p:%é‘s%h@%yé%@fﬂ& EHerdl h'é\'/'léaa Br%és%fhb cRERSSDFBRpRSUr €s i n
t he chanber by 'providing |1 near control over full “range of operation of

the mul ti - WealIXAaeg dor igpigation Oh eRrapHie ghirg Ang ﬁéa%F‘tﬁu”\PaWB'C'ﬂ [ri5e€ % val ves of

the prior a&iicua® tlﬁéﬂ@bées}slngbhaﬁb@aﬂ@@tvtayummplaﬁpsay@cdnhepéra@hat pREsLIER purrp from
heat and/ or de ris i nven%l on

bj f h
bt ovi dea. RAPETsR i mP st AR onstep SRl B EU8Ry oy st ems
capabl e of cpntwldidhegrogessinglenviemgenicdndlto ptact ihe high oeancepwarstfroni heatt i s
another obiRgtils (HinEHBEERRARBG AR @Bt AR RoMH Sliny AIGA ot L1 €
eat | e e

val ve that 1Is capab rm ng as a vacuum punp.
It is a fumerféiaceéﬁf:mb%fo qregie Bldé@éqﬁi'a'lpfﬁﬁéWﬁ%WSSE Bepaue plrving thel ti - vane

]Ehr?th tle \t/)ahwtaniMp tb@paawhugﬁha@u% md@mw@nﬁa.m@mingagrr@oap@@éésy tIht It fl a
ur er o jeC of he nve oVvI van ro e
Ll vaCni © Pty R s el dpl B ot eheS o Be Bt sl s on)

integrity lketateseonttohef thacmerechaodsss pmsbrééue tizdt chasblelyi mrowdm@hr@br d:d1nHolvaI ve.

[ 0008] The B(/grstﬁét‘ﬁm Hﬁﬁg '8{ éP%F%t%ﬁ bi e i ﬂé@al%‘dﬂﬁtcfk%;c]jvé’rﬁ it ke

providing a multi-va e va or contr con uc ance of a
vacuun1punwmﬁﬁhwﬁﬁwakﬁﬁoﬂbepWﬂ@é@im?hé“ﬁ%bﬁ@ﬁ@%dhﬁ“ﬁ 5ﬁﬂM@bﬁP@mand heat
exposure. [Q@B%bhheaimareshisment, a multi-vane throttle valve for a vacuum
process chanber includes a throttle chanmber body having an inside exposed
to the vacd®9dr odidsan ehiggipkine RifgeAVEYY) t@léroé%é‘%ﬂ“ Yaedbiris yaue fo8

pressure, ubgincaauineprobesding dedtéms bgpadletohp@viging ap&ivange dfmheaﬁont rolling
vacuumwi thin, the vac pro

h , , bl
e ChitoRRes BRIHTIRS SIRT oBRATY FemeBl iNAOL Y g A FYRLE | pr ough
t he t hr oughhreiie milvegthatie capabeoh pertiratnglab @ hearshidldhior td escunmcmoin. rigis &l ui d
pat hway i nf i} QOA&:‘PB?‘YH%‘ bl%@édt%emolhno 6#89'@9 Lsnaeeteliapal LAGL hal ik ¥ nghong each

r ot at abl e vane,
shield 'with vane cooling capacity. It is a further object of the present invention to provide

a multi-vane throttle valve with a simplified construction for maintaining the vacuum seal
integrity between the vane chamber and the atmospheric side of the valve.

[0008] The present invention achieves these and other objectives by providing a
multi-vane throttle valve for controlling the conductance of a vacuum pumping port and to
protect the vacuum pump from debris and heat exposure.

[0009] Inone embodiment, a multi-vane throttle valve for a vacuum process chamber
includes a throttle chamber body having an inside exposed to the vacuum process
chamber and an outside exposed to atmospheric pressure, the chamber body defining a
through-opening for controlling vacuum within the vacuum process chamber, a plurality of
rotatable vanes mounted within the through-opening for controlling a flow of gases
through the through-opening where each rotatable vane includes a cooling fluid pathway
in fluid communication with and disposed longitudinally along each rotatable vane, and a
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drive nmechani sm di sposed on and connected to an outside of the throttle
chanber body for rotating the plurality of rotatable vanes to vary the flow
of proceswogasas288p0010] 1 n anot her enbodi nent of the pr@sEniS20mwendt on, the
cooling fluid pathway is a cooling conduit disposed |ongitudinally along
the rotatable vane. [0011]In further enbodi nent of the present invention,
the cooling conduit is selected fromthe group consisting of a straight

conduit, a dﬁwmmadialln dabegbu dn ardl c%ﬁhb’tfe@'t&\/aﬂeut&hél@ﬁlﬁe epoteblERambar Bedyr  of
Iongltudln e con onnecting the pair of

d
L oma el i S aEhe Sut S B e R Oe Uk oA bS5 el i i ng a
fl ow path ljeo1@en lmandtienembodimeitiof themntlesant ioveneon, tenwolirg, fluhshttavdydgi t udi nal

heat, bi be. L O0LZLIdEho ARG DR AP ABLTR oBlpblig, r esent | nventon, each

of the plur 8PR6nRetted in series forni ng a
si ngl e, coriOOh‘l]ou$n furtbev gpaboHimen0E 1134 prasest invéntian.dbderolientaydiitisiselected t he

present inygnt t a rotating
arm fi xedl Yr%@othérz@guﬁ %Sgﬁﬁede/l@ﬁ%gﬂmg@ lg{ \%%Lngg(ﬁé’al ﬁ au%m%% ‘gér\% gﬁ\ ivotally

connecting Sbaneétcaﬂcﬂwfga BRIN9fdINgByEngl eenguipyviEh @H@ﬂé*vw@? porglut gerHeEy B¢ m of an

adj acent r ‘Bh@bﬂ@rﬁdﬁu&ﬁ@@ohd&@ eh bﬁ’@ehﬁ“@"p@lr @f@nbéﬁmﬁ dod@s e adwpith t he
at her nt_ of ent invention, the

actuator arm g W}i a 2 r@t | @ ei

rotating aPRIWEEN AR HREGOAgUILH cﬂ’fé)uéeﬁﬁorf 'tar?garﬁrfgétt‘ B LSYBRE and on the ot her
end to the [00THi ngn @etmwcﬁtﬁé}lsﬁ]tiodmmnf unmdﬂ@eSmrtmodmﬁﬁrﬁacmbf théplupligent

| nvention, rét?&g?lg etstalr% ﬂ%a%cﬁi g&ed H% He%ﬁéf@?qdaeg a] Ig,ﬁ% t'ln':ﬁI ngv& &ﬁlj{'e‘j to each

of the plur e vanes. anot h enbodi nent of
t he pr esent[OO‘rﬁ]enﬂn giifi another dnfivaoitindnéoithepieeent bwention, the drive mechanlsm

includes an actuator arm, a rotating arm fixedly connected to each rotatable vane, and a
linking arm pivotally connecting a rotating arm of one rotatable vane with a rotating arm of
an adjacent rotatable vane in series where one linking arm connects to the actuator arm.
[0014] In another embodiment of the present invention, the rotating arm is connected
on one end to the rotatable vane and on the other end to the linking arm

[0015] In afurther embodiment of the present invention, the throttling valve includes a
debris shield attached to each of the plurality of rotatable vanes.

[0016] In still another embodiment of the present invention, the throttle chamber body
includes a first body flange, a second body flange and a vane chamber housing
connected between the first body flange and the second body flange where the vane
chamber housing contains the plurality of rotatable vanes.

[0017] In afurther embodiment of the present invention, the vane chamber housing
includes a top plate, a bottom plate, a first chamber side wall, a second chamber side
wall, and a vane support feedthrough attached to the first chamber side wall that supports
the cooling fluid pathway of a rotatable vane and maintains the pressure differential
between the vacuum chamber process and the atmospheric pressure.

[0018] In yet another embodiment of the present invention, the throttle valve includes
a vacuum feedthrough supporting each of the plurality of rotatable vanes between the
vacuum chamber process inside and the atmospheric pressure outside of the throttling
valve.

[0019] In another embodiment, the multi-vane throttle valve includes a magnetic fluid
vacuum feedthrough supporting each of the rotating vanes on one end between the
inside and the outside of the throttle chamber body.



includes a first body flange, a second body flange and a vane chanber
housi ng connected between the first body flange and the second body fl ange
wher e t hewoans/agsarber housi ng contains the plurality ofPCraiSatalobaoranes.
[0017] I n a further enbodi nent of the present invention, the vane chanber
housing includes a top plate, a bottomplate, a first chanber side wall, a
second chanber side wall, and a vane support feedthrough attached to the

first chamgo2ayi den a\a}rﬂhemﬁsodmp%é rﬁuIilnﬁn&lﬂ@ttleﬂ&lvfe||r\5ltﬁje§§tr$w‘@)éd95tera
rot at abl e vane "and nai nt ai ns ﬁress ure dif th en the vacuum

chanber pr Ge¥EStegiROHGRIAH ﬁ%‘%‘ﬂﬂ@P V%F’é%@P%""”[”@G%‘]”Q r‘l'“';‘?' WERB LAY

enbodi nent rabtinglvang@r esent i nvention, the throttle val ve includes a vacuum

f eedt hr oug orti eac t he r al nes hbetween the
vacuum chang@ A ? il anGRg yfonled RUNE PibinEivart PBoyPer BRESEE of c ne
throttling cvraduila a h&0 pippJthe mrmﬂmwvedmlﬁminm’exdes a coudingrolb ek fox/l@twakﬂ)hr ottle

val ve i ncl 'rléiz%ﬁn JMBYREHbio r{)&flﬂﬁéjhéé‘? BYat 89 gfstye%%@ v%H&B%H Lgﬁ'@h of the

rotating vanes n one en et ween e I nsi de and the out SI
throttle cHafBeingBlagk mamt@()qlblb@mlsoﬂ@wb@sbeﬂermmtr[cmty]el'qlpCé further
enbodi ment or § bembiHAtoh thepse. t hrottl e val ve includes a rotary adapter

connected t e end of each rotatin vane for transporting cooling fluid
bet ween eadﬁoﬁit at'? YRy 20Ahes enfegen| ?ﬂ kg MPi-vapRFRle @Rﬁo@? ﬁ%ﬁtﬂgdﬁn? he
mul ti - vane irchiied & beolivigboreluit ‘ektenidu’ﬁd'lletemugbhbﬁgtf@@cﬂ@uudlnal seraerhiaabf hepe, the

throttle V%tgt%gt %rﬁé Hﬁc{ |{1f0rLCJo%gﬁqs1]o?1t &gﬂlrajmtsgo glc%&kngtﬂ% be%e%%%%l:ﬁ/rolfa%ﬁ Vi ng one

end portion ot noer ou3|ng.
The cool i ngamd.ock may optlonally be a liquid flow block or a thernoelectric

modul e bl o Bo?o‘] Qﬁl%ﬂ%é?% B8mbAS: ?r%fmunﬁ 98%%%%3(/3% ROl pfihg GAfROdi ment of
t he nultl- ane thro e va ve, the rotating va
includes a cooling conduit havmg a pair of concentrlc tubes extending laterally along the

longitudinal center line of the rotating vane and into a rotating joint that transports cooling
fluid between each rotating vane.

[0024] In a further embodiment of the multi-vane throttle valve, the rotating vane
includes a first cooling conduit disposed on the vane to one side of the longitudinal center
line of the rotating vane and a second cooling conduit disposed on the vane to an
opposite side of the longitudinal center line of the rotating vane. The first cooling conduit
is in fluid communication with the second cooling conduit and both cooling conduits are in
fluid communication with a rotating joint that transports cooling fluid between each
rotating vane.

[0025] In another embodiment of the multi-vane throttle valve, the rotating vane
includes a debris shield disposed onto one side of the rotating vane.

[0026] In still another embodiment of the multi-vane throttle valve, the valve includes
a coolant selected from water, cryogenic material and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIGURE 1A is a front view of one prior art device of a multi-vane valve.
[0028] FIGURE 1B is a side view of the prior art device shown in Fig. 1A.
[0029] FIGURE 2 is a perspective of one embodiment of the present invention
showing a multi-vane throttle valve.

[0030] FIGURE 3 is a bottom view of the embodiment shown in Fig.2.
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I ncludes a cooling conduit extending laterally along the |ongitudinal
center line of the rotating vane and into a rotating joint that transports
cool i ng fwoOi2d13aesseen each rotating vane. [0023] 1 n anot ReT/tSabiamiTent of
the nulti-vane throttle valve, the rotating vane includes a cooling conduit
having a pair of concentric tubes extending |laterally along the

| ongi tudinal center line of the rotating vane and into a rotating joint

that transgeosf coRbiRG4hd 4H skpRRENGIBRN oPME RNLBYIREhING FiGAP 8hoviRPRE bibktisa
further enbodinent of i -vane throttle valve, the rotating vane

t he mul
i ncl udes aSF'P'P'@PO'H@@?Qﬂ‘&“‘b%é??th@i‘%osed on the vane to one side of the

| ongi t udi ng0032Nt EIGURDE iDd pérBsactiv aéw BibnéaRtodinténBoi3Qc@RBIecaNAE bMNPe condui t
di sposed on t 0 t he | ongi.tudi nal center |ine of

he .vane to an opposite side_.of :
the rot at | AEoRieninsheigAHRE gl paigmeh sfiatieopDocR it o communi cation wi th
t he second [0088]i ndrIGORIEGA s apetsiEative \Geyobf amgtheoerdbodirseraoka rotatélblelvahe
comuni cat | M ar eI eI . s cooling fluid between
each rot at isﬁég}”'@a‘tﬁ‘mg?“ﬁffd@@f 'hﬁggﬁgpﬂér&ag%%%ﬁﬁgﬁ@% the nulti-vane throttle
val ve, the [P@34t i MEWRNE is mpéraphstvevielebirdne esthodimgntf sysebeasishigid of thére si de of

the rotatingMaMRenlidd026] I n still another enbodi ment of the nulti-vane
throttle valve, the valve includes a coolant selected fromwater, cryogenic

mat eri al arl@033e |FIGERE By Esidprewrf e empadiments! DRARMMCSNESGHPVIFRGURE 1A i s

a front vi @Wseke@ioRal et adidgnétRMiufesuBborfaridd Mar?léj@lhﬁ val ve. [0028] FI GURE 1B
Is a side view of the %I or art device shown in Fi 00291 FIGURE 2 is

. ) \ . 1A
a perspect i[0836; SHaURRS R Rrprecye, erRioqsAy s Af air?l';@g/d‘?”i“d)r‘lt Ho@ERY a

mul ti - vaneidvbiiteit | e val ve.
[0037] FIGURE 9 is a perspective view of another embodiment of a rotary joint of the
present invention.
[0038] FIGURE 10 is an enlarged, partial cross-sectional view of the fluid conduit
showing the connections between at least two rotatable vanes and the fluid flow
directions through the fluid conduit.
[0039] FIGURE 11 is a side view of one embodiment of a vane in the present
invention showing a rotary valve with a single rotary valve housing.
[0040] FIGURE 12 is a side view of another embodiment of a vane of the present
invention showing a coolant conduit that is a single tube positioned along the longitudinal
central axis of the vane.
[0041] FIGURE 13 is a cross-sectional view of another embodiment of a vane of the
present invention showing a pair of concentric tubes positioned along the longitudinal
central axis of the vane.
[0042] FIGURE 13A is an enlarged, cross-sectional view of the sealed end of the pair
of concentric tubes showing one of two possible flow paths of the cooling fluid.
[0043] FIGURE 14 is a cross-sectional view of another embodiment of a vane of the
present invention showing a heat pipe positioned along the longitudinal central axis of the
vane.
[0044] FIGURE 15 is a perspective view of one embodiment of a feedthrough of the
present invention.
[0045] FIGURE 16A is a perspective view of a quad O-ring incorporated in one
embodiment of a feedthrough of the present invention.
[0046] FIGURE 16B is a cross-sectional view of the quad O-ring shown in Fig. 16A.
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[0030] FIGURE 3 is a bottomview of the enbodi nent shown in Fig.2. WO

2013/ 012880PCT/ US2012/ 047102 [0031] FIGURE 4 is an expl oded vi ew of the
enbodi nerwoi2n13Ri1g8802 showi ng the debris shield and t he magaseee/odtio: d

feedt hrough. [0032] FIGURE 5 is a perspective view of one enbodi nent of a
rotatabl e vane of the present invention show ng a pair of parallel,
straight cooling conduits. [0033] FI GURE 5A is a perspective view of another

embodi ment 10647 r HEURBLH 2 is“pdiGe SERY DedhRAGH ofthe PlekEMIMVERREat BGHIATr €- Wave
cool i ng condU|ts.Wh8%§ﬁkgl RE 6 is a perspective view of one enbodi nent of

a debris stagngficd nt invention. [0035]FIGURE 7 is a side view of
one enbodi nent of a rotatable vane showi ng a cross-sectional view of a

magnet! ¢ | ItrdyS4PBRSLRRAOR R Mpkiiten ERBBBIMERIRE 8 T a perspective,

expl oded view of a ro ornt o present
[0048] The preferred embodiment of the present invention is illustrated in Figs. 2-17.

Figure 2 illustrates one embodiment of a multi-vane throttle valve 10 of the present
invention. Throttle valve 10 includes a throttle chamber body 20, a plurality of rotatable
vanes 40, and a drive mechanism 80. Throttle chamber body 20 has a vane chamber
housing 20a, an inside surface 21 and an outside surface 22 that defines a through-
opening 23 in which are disposed the plurality of rotatable vanes 40. Drive mechanism
80 is disposed on and connected to an outside 22 of the throttling chamber body 20 for
moving the plurality of rotatable vanes 40 to vary the flow of process gases. Drive
mechanism 80 has a drive motor 81 with an actuator arm 82 connected to a releasable
linking arm 83 that is releasably and rotatably connected to a rotating arm 84. A fluid
conduit 85 is interconnected with each of the plurality of rotatable vanes 40.
[0049] Figure 3 is a bottom view of multi-vane throttle valve 10. From this view, it can
be seen that this embodiment of throttle chamber body 20 includes a first body flange 24
that is the vacuum pump side and a second body flange 26 that is the process chamber
side. Between first body flange 24 and second body flange 26 is through-opening 23,
which includes a vane chamber 28 in which is mounted the plurality of rotatable vanes 40.
Vane chamber 28 has a bottom plate 30 on which is mounted a cooling fluid inlet port 32
and a cooling fluid outlet port 33 mounted to a cooling fluid manifold 34.
[0050] Turning now to Fig. 4, there is shown an exploded view of the embodiment of
multi-vane throttle valve 10 illustrated in Fig. 1. As can be more clearly seen, throttle
chamber body 20 has through-opening 23 showing vane chamber 28 adjacent second
body flange 26. Vane chamber 28 has a first chamber side wall 28a with a plurality of
equally-spaced openings 29 in which each opening 29 are mounted a vacuum seal
feedthrough 70. Each vacuum seal feedthrough 70 receives therethrough one end 41 of
one of the plurality of rotatable vanes 40. Vacuum seal feedthroughs 70 rotatably support
vanes 40.
[0051] Each of the plurality of rotatable vanes 40 are rotatably supported on an
opposite end 42 by a bearing 35 mounted on second side wall plate 36. Second side wall
plate 36 is sealingly but removably attached to second side wall 28b with a plurality of
bolts 36a to facility access to vane chamber 28 for maintenance and repair when
required. In this embodiment, each vane 40 has an optional debris shield 43 attached to
one side of vane 40 that is facing the process chamber. Debris shields 43 are preferably
6



i nvention. [0037]FIGURE 9 is a perspective view of another enbodi nent of a
rotary joint of the present invention. [0038] FIGURE 10 is an enl arged,
partial cwosetxaessoonal view of the fluid conduit show RGTiUseoicOHTeZt i ons
between at | east two rotatable vanes and the fluid flow directions through
the fluid conduit. [0039]FIGURE 11 is a side view of one enbodi nent of a
vane in the present invention showing a rotary valve with a single rotary

val ve housiysg wtli&%% b (SBricai2a i mecoppéte WHeAWasd 48 @ddfighte@ iR G i of a
vane of the %L saqg ﬂ Eantlon showi ng a coolant conduit that is a single
tube posit PHedl PYRGPRE YOHGPE T nal central axis of the vane.

[ 0041] FI GURADEY i S/Vtmr@mewcsmhambai is Wipallyodsed fayichenicalvbpdtidepetditionf a vane

of the prege e \.r,.of ¢ tric t si.t i oned

al ong.the. o VA RCRE AR b b B aRBl el orC BRE Wb o DB RR Y P25
enl ar ged, @ms@@@mberdﬁmor%a;w efovedkirere alaintese aigelghan fivam perper. ofuribehcent ri ¢
tubes showyngoRRRIQfantyeo RS Slebd i tHe! dé\ﬁ’rléjﬁérﬂ%agﬁm% (e vaRlnt Png, WiicH is

[0043] FIGURE 14 1s a cross-sectional. view of another enbodi nent of a vane
of the more costly to repair so preventing debris from entering the vacuum pump is one

important aspect of the present invention.

[0053] Another important aspect is the heat involved during the process being
undertaken in the process chamber. Because the vacuum pump is typically continuously
operating during a process, heated gases involved in the process within the process
chamber are evacuated through the vacuum pump. The heat from the gases also causes
damage to the vacuum pump. Even though the plurality of vanes 40 when in a
completely closed position helps reduce this effect, it is not a practical solution since the
purpose of the throttling vanes 40 is to better control the vacuum process, closing them
completely is counter-productive.

[0054] Another important aspect of the present invention is the incorporation of a
cooling system for cooling each of the rotatable vanes 40. The plurality of vanes 40 in the
present invention include a cooling conduit 44 that is disposed in and longitudinally
extends along the length of each of the plurality of vanes 40. An external cooling liquid
flows through cooling conduit 44 in order to remove the heat absorbed from the gas that
is being evacuated by the vacuum pump through-opening 23 of multi-vane throttle valve
10. Cooling conduit 44 is in fluid communication with fluid conduit 85 which includes a
plurality of rotary joints 87. An optional drive mechanism cover 110 may be mounted over
drive mechanism 80 and rotary joints 87 to enclose and protect actuator arm 82, linking
arms 83 and rotary arms 84.

[0055] Turning now to Figure 5, there is shown a perspective view of one
embodiment of a vane 40 of the present invention. In this embodiment, vane 40 has a
proximal vane end 45 and a distal vane end 46. Distal vane end 46 has a distal support
47 configured to connect distal vane end 46 to a mating support component in second
side wall plate 36 of throttle chamber body 20 in a rotatable relationship. Proximal vane
end 45 has a proximal support 48 configured to connect proximal vane end 45 to a
matting support component in first chamber side wall 28a of throttle chamber body 20 in a
rotatable relationship. Vane 40 has a first cooling conduit 44a that extends longitudinally
through one half of vane 40 and a second cooling conduit 44b that extends longitudinally
though the other half of vane 40. A connecting cooling conduit 44¢ (shown in Fig. 7)

7



present invention showi ng a heat pipe positioned along the |ongitudinal
central axis of the vane. [0044]FIGURE 15 is a perspective view of one
enbodi mrerwoab13a1pgsedt hr ough of the present invention. [©@OZBISEVIGORAIIGA is a
perspective view of a quad O-ring incorporated in one enbodi nent of a

f eedt hrough of the present invention. [0046] FI GURE 16B is a cross-sectional
view of the quad O-ring shown in Fig. 16A. WD 2013/012880PCT/ US2012/ 047102

[ 0047] FI GUBEmdnitSedtr&isdersaty @ih ikt dofiesbnblicdahinalseédh@ cBsIRgeBhduitadeNnt i on

that is a netic fluid f t hr ough. DETAI LED DESCRI PTI OF THE PREFERRED
B! NENT SRR PSR S 5 BT S e (oA L R A VB |
i 1| ustr at edooling Ruid path@ayl @r. cordgjuis dlu@ratdd, it st modddabatdimecasiitipctindeinhap hava

T sea ! Bl SRS YR B e SE bSO BRSO,
a drive me&hhitsPBR! longitusting eondhitiitiya Brgyers@ceyit gonpgeiadhalpAYed housi ng
20a, an | nﬁiﬁn@[ﬁjoﬁiﬁ'{ &ﬂ@@its% éHaknadla @éiﬁ(ﬁicgl%eﬁtﬂibﬁéﬁﬁji@aeﬂnh@ta RQf dafies a
Zgr ogg_h- opﬁg%g%%gﬁngwmé&&@r e di srposed t he E@r@l Ilﬁnyatot er afts bl e vanes
. Drive i FOLUET SRR AE SRR Bt i PRe 22 of the

throttling ilobeadxes varedyth2(arar squavs-nave, bevlipg conglitd.y of rot at abl e vanes 40
wth an acttddr oS idRER Breehs R SREBe e 42, B hat s
rel easabl y shinld 48attadtheb toyoremteat tvenr: 40 peeferathnthersgleananisgzkpogedftd thied conduit 85
Sors B soP Rt Rt el A B AR
view, it c&nteringintothe vacuum pump. Debris shield 43 may be attached to vane 40 using any

known methods including, but not limited to, brazing, using mechanical fasteners,

attaching components to allow the shield to snap fit onto vane 40, and the like. Debris

shield 43 is preferably made of stainless steel but may be made of any metal and/or non-

metal material capable of protecting vanes 40 and maintaining the shields integrity during

one or more vacuum chamber processes.

[0057] Figure 7 is a side, partial cross-sectional view of the embodiment of vane 40

shown in Fig. 5 with a coolant supply and coolant return member. As previously

discussed, this embodiment of vane 40 includes a proximal vane end 45 and a distal

vane end 46. Distal vane end 46 has a distal support 47 while proximal vane end 45 has

proximal support 48. Vane 40 has a first cooling conduit 44a that extends longitudinally

along or through one half of vane 40 and a second cooling conduit 44b that extends

longitudinally along or though the other half of vane 40. A connecting cooling conduit 44c

communicates transversely with first cooling conduit 44a and second cooling conduit 44b

adjacent distal vane end 46 to create a continuous cooling conduit 44. At proximal vane

end 45, proximal support 48 is configured as a pair of concentric tubes 49a (outer tube),

49b (inner tube) forming an outer conduit chamber 48a and an inner conduit chamber 48b

where the outer conduit chamber 48a fluidly communicates with first cooling conduit 44a

and inner conduit chamber 48b fluidly communicates with second cooling conduit 44b.

Inner and outer conduit chambers 48a, 48b extend into a rotary adapter 50 that where

each of the inner and outer conduit chambers 48a, 48b communicates with a coolant

supply port 60a and a return port 60b, respectively.

[0058] Figure 8 shows an exploded, perspective view of rotary adapter 50 illustrated

in Fig. 7. In this embodiment of rotary adapter 50, adapter 50 includes a first rotary

housing 52 and a second rotary housing 54 axially aligned with and secured to first rotary

8



be seen that this enbodi ment of throttle chanber body 20 includes a first
body flange 24 that is the vacuum punp side and a second body flange 26
that is twe2pr3guesss chanber side. Between first body fl &acgas2¢2awdoszecond
body flange 26 is through-opening 23, which includes a vane chanber 28 in
which is nmounted the plurality of rotatable vanes 40. Vane chanber 28 has a
bottom plate 30 on which is nounted a cooling fluid inlet port 32 and a

[cgggio]n% f 1 wbkiyed. eldaper 50 §|§o meluaéseaihdu@w@hﬁosd thBds Eklallydjléﬂﬁé‘éd\m%hmtfﬁé’t-
ur ni i s .shown an e
brbod! mont SRV AV A s Rinsbien aRete Repr e EE P ol 58 S can e

nor e cl ear linjo s@end rdtdry bousing sghdndpace b2xdy f@2M edh bstwbdr @ pgtierogieine adsi@3 show ng

vane chanb ' r has a first
harbor o gﬁrfa’cé o?ﬁéﬂ@%‘?&%ry%‘ﬁﬁ% S'?d; i s‘o%%‘ﬂo?@rﬁ r}{é@%g@g@&gg%@gs 59 in

whi ch eachS@ﬁ@&QﬁﬁwggcaméwﬁﬁﬁﬁﬁwdhQWQ%EWGWi ﬁﬁeﬁﬁﬁuﬁﬁﬁﬁﬂ§ﬁ$¥®0”E§ch vacuum

seal feedt AQHEM iAFid. 30@0%53%8@%&*609%%@6@ edtthedtbd & firo6taRfholibifg
plurality of (itata s 70 rotatably

D pport  yasRendEoq O By B Sokes BPAab YN EIod SR QY Ao e
rot at abl y suppois emdodineatpraiges sbdlentéma adPolr yf wankaathroggh3soximeintaed on second
side wal | 36. Second side wall plate 36 is sealingly but renovably
attached to second side wall 28b with a plurality of bolts 36a to facility
access to \[@0h8]chdigver 9 B& deospentivie npasiivh noes-sentionad piawof almdirer eendpadimedt. 1 n t hi s

embodi ment o gaeN, agﬂfr‘S&O r}ﬁéer?:Bocﬁ%rHtOHESf?alry %@Le‘rﬁ%%fuﬁﬁ%%?a é‘lhé}l g(%?ﬁg to one

side of vane 40 t acin groces ris s 43 are

preferably hBUS'%@tPW?éHOQ}%ﬂ‘FéO@O’ shaft pabRotarthoysing ebPesigpeie sgmefingéidlle 40 is
1E 88r5I2]C \G;\th ed g lfl@moﬁér@hddsﬁ@%%tﬁ%bolaﬂﬂ%tuﬁﬁpbér%(ﬁahlFQJtéi? St NE ERETRAY -

er S ILca va
Hopoat 11 on Trokth BeRE SRS PR AR fa et Py oy FERE po R B (g8 e g 1 or
coating targetes l\hehhnbertdhparmreqwﬂed fahatatyedapter Stomekiepssembly amdved from

stainl ess ?ﬁaﬁﬁ%” d Jr%%%f?ﬁé’%u?ﬁd‘{hk R8¢ of Fo'ih%p&ép%%@%ﬂé’&%éméﬂmea' S0

prevent the om reachi ng vacuum pu costly to
repai r so PEEQ&MCHANg debris fromentering the vacuum punp is one inportant

aspect of 1b660)" e3Rdte |0WERLhARedl AARTARANAY ITDRRARIE SAE Blochiay L e heat

i nvol ved durln process. being undertaken in process chanber
Because théURpé’gld‘ﬁrﬁhB‘M' theé'UWBWd%flq09"’19d’ﬁf‘?§1%d§ltws %ib'@?dé{"t“?’}‘igt i3 Hpstratech
process, h«m:tjeaegas@&gaﬂ\mimeuwpohhe @?mh u&t)@rtvdfbytahﬁecnlﬁr@@@SSlChanber
are evacuate t ou I he vacuum . e es, al, SO causes
e s o BRI Gacu B MR Rt e HA8 vl Bha b f e M e RS B P o s
conpl et el y beyonsderdiusighisoppdiel qrndigo ri@y valve S@f Arpts, 150tindicateibe flaw pt act i cal
sol ution sipGentiieaR eozﬂﬁzﬁmdoirrowg%é mafaaﬂe'mmwmsaaﬁ%utavgﬁe hetter control

t he vacuumﬁ@r ocess, élr?’OSI ng hem co IS counter roducti ve.

[ 0054] Anot MevinRigediRaihe da%%@&qn Rﬁ@v'@wébev%mt rofany, eaia Bhillysirategldn Fig. 8,
i ncor por at i urRerstood@®dt whgn s @mvb@rr noROVAnag 4@ & B6oldSudHRL Bietbl e vanes

40. The pl ural s 40 prese vent on i cIu a cooling
condurt a4t Rvele SamlBBER wlahnhBisirts R e aEy PeRR ALY BPORRE' he I engt h
of each of akibky qul amrexidianyg tathe casiag retGrn pan GGb(tremsvadselgzcboﬂ thatghé nexti d fl ows

through cogly jabiht Gy that‘?s‘lf dd %E’Jnﬂ@éte& B SoREY fhd %ﬁheﬁ"%’rt zﬁ‘)bFo‘PérEQQ\é%é(Pm the

gas that iS bélng evacu vacuum punp openi
mul ti-vane Wd'H“ra(\J@fthW\halIJW SecconmeaiRd ta dhecesrignt retuynpqrseq Xfal”npfﬂjth@@ﬁﬁum cation

with fluidae@rdn &ocﬁa‘}n &\(qﬂpwbdrtrmhwaﬁ@ease@l trrbaéacwdeif.orrawa%ml @bnts 87. An
optional drive nmechani sm co dri ve mechani sm 80

and rot aryaf%g'meé‘tgfof)@”%?’fepléﬁ%rt Q%a'ﬁWPQEEreQJ&Q %Eﬁﬁf’tg he a8 o i hking ar ms

83 and r ot aaysvarseroBkction to rotary housing 56 will alternate accordingly in order to form a
continuous coolant circuit through vanes 40.
[0061] Turning now to Fig. 11, there is illustrated a side view of a vane 40 with rotary
valve 50 illustrated and described in Fig. 9. Like the embodiment of vane 40 illustrated in
Fig. 5, this embodiment of vane 40 includes proximal vane end 45 with proximal support

9



[ 0055] Turning now to Figure 5, there is shown a perspective view of one
enbodi nent of a vane 40 of the present invention. In this enbodi nent, vane
40 has a wooxiymakssvane end 45 and a di stal vane end 46. pDratsaé12wane2 end 46
has a distal support 47 configured to connect distal vane end 46 to a
mating support conponent in second side wall plate 36 of throttle chanber
body 20 in a rotatable relationship. Proximl vane end 45 has a proxi nal

support 4848@ﬁ<ﬁU@&f%ebﬁdﬂ@%ﬂﬁ@%ta%@bbﬂ? VWO&%flP@'ﬁcédﬂn comRfult by support
conponent in fi

tt 20
ot atabie 1B B HsFIRRCT N BriforiiRe haf pFaSe 4 BF borg S SR el ae
ext ends | otigit extendsadrigitudiimallp thgplglothe olttmlrhalbdif vega40. 4Cormacting cse!mgrmdndmm i ng
condui t ~44b,1 Hﬁ%m&‘ﬁ%a‘? gﬁang\%j |}\yﬂ“ﬂ§t'cb¥nnbl@8H&h t49§n85£b%hd B@dnﬁ? gindigne 40. A
connecting coo condul t
transver sel4gb ﬁﬂJECFﬁnf diptgtvape gnd ﬁ@tomﬁﬂ@pqntmwseﬁ@vngéem 4600’it|pﬁg<'”¢%ndw t 44b

adj acent d'sﬁép’b'rt 4‘6%&1&0%%& ésﬁ]eteﬂd a5 Q’@ttaﬁy RlapRhbo Fﬂbllgél'e% ST rot-‘efi’;ﬂI‘i’dﬂstng44 .
Al t hough a or__condu il rat ed, it is

|i near
ot 0q thar 5P RET CGET A COARIE RIS R GO BRI T EHE SR as

strai ght caostayinbysidy 5 withsepiothat su@pllycrburtﬁoa aRaetqyahef saihedlg bapadnicaesdui t, a
pair of conduit connecting the pai r
of | ongi tuggb%%@ﬁﬂmﬁgngg%gﬁdn\)e%i& 'reﬁm%; $€bconcentr| c conduits defining
a flow pat H0®&]we diguenid lmatee@n@thertenmmdwmt ouaee 4¢ oindhis embedidend,

| ongi t udi n%n&ﬂ?ﬁas@ digle, b&ant% dwthﬁt}__d’t %te@(&mgs %ﬁ@ﬁjd\?f’aﬁ)}hl%d}ﬁé rof

squar e-wave, cool 1'ng con I gure ustrat es erspective
vi ew of opﬂqnéﬁé#'nab%%\”?baxwfé?'w ro”D@'l?P"F?' sipper 48 ioFigalsyerelst/t o one side of

vane 40, p'Pﬂf)&?ﬁa’rll@ okthig iSiotkathélp b@ed&?&ﬁ@&ﬂdo&gh AoEdmicRRIRS § smberrber in

order to prev mat er Cess ¢ romentering
e the Didiuel e KB ORrREH Rk a K S RS Or B oL ahe SR s: ng. any
known net hed,sooolaml smiplpngort Bod mapbe fixatiytattdcheal,to feedthraugh celkr Wgwmae hani cal

fasteners, g@&&@ﬁ@u@g%@é’ﬂﬁ@% @b%%n&h&toa"\é r*b?c@rf&'eﬁt‘rg d{ng Srflﬁ{ﬁaln'h e QO vane

40, and th I ke r's s era €ss st eel
but may beSh%LtBebQ)mOt%Shaﬁ"ﬁeiC&ICOQ'ﬁ@I/C@ﬂdLrMﬁn%@alnglﬁﬂ!t@rth%tlex@a‘éfa@@@ th¢ protecting

vanes 40 anghgiiirfal @édﬂhrh&.stdwarﬁmﬂr@ﬁ menrmgédotam Mugtleﬂer OfCerff of FB40/acUUM
chanber przcesses #0057 cross-sectjonal view

ur i's
e o O AR Tiabrang et 446" ERalyans arag ant e b ofher ST SAveoRBlT - an
cool ant r etdistahsuppoh@? mudsalsy iesludeusinyar deegituag@ d0 ahtl feeddugticoman2 @ vane 40
i ncl udes a 5 i I e 4 ne end
26 has a v RleEEogR e Ap Ha Rl ACRb et AT SR Pt Bladan SO
48. Vane 4@0rammeorm¢rat§d wisio threite ml\rﬁjm thezmaignment oémweunplyr@rtmdu nal | y

al ong or ”éh@la'&ﬁar@%urh%bﬂct G%to\{ﬁ@%eétﬂroﬁﬁl%&ia?seﬁz%gro‘iﬂpdl Z1% éh@'l@‘éh&! 44b that
ext ends | ongi tudi na al ong t hough”t he ot her hal f of vane A

connect i ng @%V?’}?gengﬁﬁdﬂl qlteme %Cﬁ?ﬁ‘ﬂﬁ‘ﬁlyé’h?@%r tPﬂ%WWQ@JOVSﬁ?Q'WtP'F%t cool i ng
condui t 44ghrewh varendul cool i ng conduit 44b adj acent distal vane end 46 to
create a c i.uo co .' cond . At proxi | vane d 45 roxi mal
Cumoort - 46 10084100 i Byl isgaGR Blhé: sttogRlenb o o aR i8S Vet 0 PE e
49b (i nner shae)whEravbivg faid, taltceslamperders tind batytrem thd sarsehdaine.ipneémalcondui t

chanber 489a|‘{>4‘&{de45§]8ﬁ/a gh@r Inﬁﬁ’ggf‘ﬁ‘o&dlﬁgﬁ‘tnpo%ran‘flﬁcgwggiggjf %%oaﬁ%ﬂ?@gjﬂ%ﬁ% es wth

first cooling con I nner condul Tl
communi cat ébeqifdh(ositer 8ipd) aotdedignerdvienl inat @dends|ainng thedpapitydinaceptemdui t

chambers 43gis o%e%%%&ﬂn%&ﬁ Sutér doRUA chaRBai4ehncbh ihgcoNdifticRaRB&4gf the

i nner and quter nber s communjcates with cool ant
suppl v por £o88a GREE el e bglsmbeRad Bt Licgon Pocesy b o 8 shows
an expl odedonduétichqrelodrs. Vg visavllsirateo i eyargdapibe of &ddldnt tarsitit 84 exdistal Fi g. 7.
In this e n e rotary
housi ng Sgggﬂédé@ éeeeﬁérﬁggtrza@%d%g%%e {Omﬁggﬁagﬁ%q% i .Pé&‘e%fé&g&ﬁ %Omjlg secured
to first rdtamthigchdfigeiation, EaZOtaA(d@b'Bé')ﬂ a@@gwltbdﬁe\dﬂmughéﬁ sapieoE pexinghaf t 53
that is axisghdoy 48ii5RRES c%lérﬁ'c@ncfdnt%fat brekiptaVvdneend 18 RLp@kdudi configured
to receive inner tube 49b through hollow shaft 53 and into second rotary
housi ng 54. A space 52a is forned between a portion of the outside surface
of hollow rotary shaft 53 and the insi wall of first rotary housing 52,
whi ch space 52a fluidly conmunicates with outer conduit chanber 48a of
proxi mal support 48. As shown in Fig. 7, coolant supply port 60a is
physically connected to first rotary housing 52 and cool ant return supply
port 60b is physically connected to second rotary housing 54. This

enbodi ment provides coolant into and out of vane 40 through proxi mal vane
end 45.



[0059] Figure 9 is a perspective, partial cross-sectional view of another
enbodi nent of rotary adapter 50. In the enbodinent, rotary adapter 50

i ncl udes w0l2913212880gl e rotary housing 56 and a nodi f i ed PCOitmeO120MED2 57.
Rot ary housi ng 56 provides the sane function as first rotary housing 52

wi th cool ant supply port 60a. Rotary shaft 57 is extended through rotary
housing 56 and term nated with coolant return port 60b. This enbodi nent

reduces t heestiBhe thetdirepintcs cds&awnu.@ﬂow %atf\/@ftc%aferaﬂam{n@fccﬁm@wﬂa{@nﬂ!ﬁrsassenm y
and mainte cost  of rotary adapter 50

ani 1 0 pr ot 41p P2 SamE o BieemdiR FEUUaOP B BEeSHE 1€ an e 4r ged

?Ir OSZ fS?Ct i[006d] ViFewrefs mm:sttrareg aviethsreendddimreat gpfinvane @ itts & ppaing cérBius. hm;m ggt L h;a
ui ow,f oL €0 e a

outer tubet trT £m|8 o%!,r\rgghé’ &fb‘?ﬁ% p&%ten{ & L@Hé 20 %g{&g% %ﬁé’aﬁ g.gbﬁsb ?.s%dsg&% ohg

f eedt hr oquesJQimﬂQ@lﬂachentraJ\,ﬁw%hf vage de that eab a leeat plpgproeslﬁmh@mmgi and avtEIat 28a and

i nner tube p%%us%%ﬁ‘@% h%é?ﬂ?e Bﬁ%ﬂéd@fﬂ;‘é%‘roﬁt‘&ﬂpédppg&dad}da tBe’&hﬁ’g jgpary valve

50. Arrows 150 indicate the tlow of cool ant 40 arrows 160
i ndi cat e t HiSPe3egn dPeHEINaENG 1A %tﬁchf‘&rﬁ%swnd RIS?\Y\‘N i%%f’féﬁ'iﬁi’i“ﬁd“ot’%g
descri pti onbowzauw@dp@@pmmb@m&wm wtatauﬁéu@oﬁ:&j thyl fbetstroagrexh and Fig. 8, it

d d
supply. | ongXratir b duOEE RatsiR ol 22 it Bferk Bk 405 R bR BRI ¢ ne
cool ant supplheat pipe progideal exd H2 lyrcmartatanh@}dlmtlamebtar@ admeré@olP@twy aggptern port
60b transvepgg 3f)etéLtIooltapl3:%jI cwpl%w étrota 6 fgl"ﬁﬂ (Fdﬂ?etrghéfntgejrﬁbﬁl y

connected in S rres to e ear r ot ar
rotary hou§P<Pi§”t£§BpRi\bFPme9a@d'dtac9°9|ﬁ@t r@@fﬂ I%i’rﬁ‘tGOPé"! U#%C%Wn"@%n wikh gqiqp§eron t he
end and t 0 ché’lﬁoeﬁ@@é affousdIRddt Mlp@@l‘dxmﬁaﬁ)@nd {ENAMeS &%déed fuitin @@é‘d[‘eraddl tional

40, t t t t
80 t o t he CBATR 507 v ARt Lol SLRLPE e AR A B e " "
alternate acm@ctédm:ﬂhgat plpeOB(aielmstEaJd bfar coolmntidorki onsoarsnare Gleamdelaitriccui t  t hr ough

vanes 40. si de vi ew of
a vane 40 wt %%-Eﬁé Bbﬂ@gﬂ%\%}?éé{t lj)éﬂo:ra ar éﬁﬁé@”&@%ﬁ"@}"ﬁ %9'g?fﬁ]e. 9. Like
t he enmbodi ﬁe@imgmeckya;:rrﬁén @OCqulﬂgJBQa{QPé@quﬁ“ﬂiﬁ@sz? Hest Blp@ﬂr%@i%ﬁt of vane 40

i ncl udes pru@ﬁmaaécw@ﬂ@d@%vé% .Jsva|@bé}ém{@vdnd%u@amarch%racée%s@e@f fhbsd al vane
end 46 with distal sup irst cooling conduit 44a that

f
ext ends | oﬁ%’PPWﬁé\”PﬁP%‘H?'HWQW” rgoq‘?aqurﬁrfarx,gwlgnm "EPRECEEAIRF 8ol i ng
condui t 44bx;blh‘rm1|0|emtcﬂsuds$|<broaﬂgmetmnﬂjermbrh&Srédnﬁreqh t he ot her half of vane 40.
Connecti ng in ransye Ir cool i ng
condutt 24400881 S lsercS RRRAME Tk o b SEBNEITRU Bl R 58° o
create confeemtmnsgmﬁbmasragee@hrdughflamge 7Aanghsasxiimpahut & yattachir® of pr oxi mal
vane end 45eed[h%@h>7??@§§ﬁ%a@9f \)a'HEOUSI nrﬁg' P—‘ee%ftH?&d 7r0 s%rub{chhb%‘s‘?' ng 56 and

nodi fied rotary Rot ar provi e sane function as

first rotahglonbigft{g fagrecriving aeééu%ﬁwtmglﬁ*pﬁpw qwafﬂe %#O"%ﬁa&fgﬂ%rﬁbﬁqd 57
fluidly COWTHlHIfé‘e@Hﬁ@ugh%%Q haliredigd é/sé!aﬂ)bétW@éh 06 iR oMhikditicrPbante r et urn port

60b. [0062 12 illustrates i ment 40. In this
enbod ment S AGedheed ekt R o Mo i SIS RG e MEST & Lt ends

| ongi t udi natnhqspaér@r[gesShre | ongi tudi nal central axis of vane 40 from proxi nmal
support 48 i stal ar i Pr QX |y supported
by feedt hr(&g‘?}éjm u&e%iulﬁoglaagéégglugilra%%)ﬁ;@%né%o th gea“ﬁq il %ea&Because

f eedt hr ougleedthrough a0 albéd/togoipiably tsepRertaxeximal svmmét @tﬁmﬁolﬂtthéﬂf&lse sbeleant suppl y
port 60a ”%bﬁgl@%o&lh?&%%d’wﬁé&@ﬁ&@&iaﬁﬁg fh%%ﬂgn d?r‘régberﬁ@ éﬁgof@gné"ﬁ@%ﬁd proxi mal

support 48 |3 a si ng t ube and_not a pair concentric tub
Fur t her mor &iStgl $unpRY Vd'”t%‘er?ﬂ’tb@@”teﬁh‘{hoé’f‘Hb@g%déf‘éﬁ?' 1@%ﬁ?ﬁﬂtﬁrow 703 a single

]E Iub_edt hat | ‘ﬂ?@btbﬁdﬁesaa{ Qg G-hiey T70881 folighidiadhe Gatluninsiaxihg tabity amee Yy 2ohen t he
ul COO0l an

ter e 4 vane .end 45 or
di st a1 *vand el s PG culf o Mo vl 22 wbufs PGy MesmbflR Winport a7
must al so sa@mgdeﬁamﬂVYaﬁ7beed@hmmmgﬂwmewamdmﬂéed]hMUwghedmbBaMa%Q to which
cool ant ret or nore
vance 40 arcor raon el hERL AT o7, BRI G AR Seebl? O
cool ant suﬂﬁ??mMQV@‘%ﬁﬁa@ﬁb”@ﬁblant return port 60b to t he feedthrough
collars 72 at proxi mal vane end 45 and,gdistal vane end 46 will alternate
accordingly in order to forma continuous coolant circuit through vanes 40.
[ 0063] Figure 13 illustrates another enbodi nent of cool ant conduit 44 of
vane 40 (not shown) where cooling fluid, i.e. coolant, enters and exits
fromthe sane end (i.e. proxinmal vane end 45) of vane 40. In this
enbodi ment, coolant conduit 44 is a pair of concentric tubes 44d (outer
tube) and 44e (inner tube) that extends along the longitudinal central axis
of vane 40 creatlng an outer condui t chanber 44f and an i nner condU|t

[T ~ o, r 1 o o Y b1 [T o o



described, the direction of coolant fluid flow relative to outer and inner
conduit chanbers 44f, 44g will alternate for assenblies having two or nore
vanes 40.wpQOBAjIE88gure 14 illustrates anot her enbodi nenPCofUSe@ERM4A02 Wit h a
cooling conduit. In this enbodi ment, the cooling system of vane 40 includes
a heat pipe 130 disposed along the |ongitudinal central axis of vane 40
that has a heat pipe proxi mal end 132 and a heat pipe distal end 150. Heat

pi pe di staljoger 1 u're'317f|Wﬁs%hl%§|a)éloﬁeum%fta€tﬁefgbfecﬁerﬁ&ﬂfmé]ﬁof]@gdtﬁllbﬁ din a
beari ng hk@hlng 15 rottle housi ng

body 29, | PaRShodaRok K i 78 g5ome s eI L R rebetyOReRat hr ough
70 and ext eodporeutssdrdernodg duch atsthle The peiangdbedyietRAvidfeedtiougt &riy adapt er
50. An end f p a hel d
wihin ot &bl 1Bt R ECo BB BLT N SR o AT B having a
rotary hou§D%§FBSCforn1ng an adapter chanber 56a cool ant supply port 60a
and a cool et uh f er chanber
56a. Aroun 6??% %Itﬂomrﬂﬁ)ex@rgr% rb@e@bwumeﬁﬁmﬂ%@g@g dtﬂﬂ’%ﬁ“ tPl‘rﬂ@%?‘é{ribtnadapter
chanber 5ege%ﬁﬂée%wﬁ'@dﬁ@abwe&eﬁﬁr@r'@rtIy ”t?fe%@'a?(”abYepeEpUHB% meslficalignsof 11 t hat
are ther m'ldvﬁntﬁﬂfh@%‘ﬁiﬁﬁlds@d‘Wﬂl&icc@*t@ﬁlo%@@mlleb%m@aéisp@(f:tlv@aﬂ@@hcﬁéﬁsd@hOCk one

or nore thernpel ectric, no ncor por.at e rt, of rotary
adapter 50 MRREERTRBEEBPON e THLDE SEHR 0 RO aATG BOFSATANT ng hoat pi pe
proxi mal emadpeh8ad cledewt pi pe 130 and the thernnelectrlc nodul e have the

typi cal operating and structural characteristics of those conponents and
are well known to those of ordinary skill in the respective arts so no

expl anation or discussion of their operation is required. [0065]Figure 15
illustrates a perspective view of one enbodi nent of feedthrough 70.

Feedt hrough 70 has a feedthrough flange 74 and securing nut 75 for
attaching feedthrough 70 to a side wall of vane chanber 28. Feedthrough 70
al so includes a hollow shaft 76 for receiving and supporting the end of
vane 40. Hol |l ow shaft 76 rotated within feedthrough 70 and nai ntai ns a seal
between the inside of throttle vane valve, which is at a reduced pressure,
and the outside of throttle vane valve, which is at atnospheric pressure.

[ 0066] Fi gures 16A and 16B illustrate one enbodi ment of a sealing structure
of feedthrough 70 used to rotatably support proxi mal support 48 and, in the
case where a single coolant conduit is disposed along the | ongitudinal
central axis of vane 40, and distal support 47. In one enbodi nent shown in
Figs. 16A and 16B, feedthrough 70 incorporates a quad O-ring 77 seal to

i solate the vacuuminside the throttle valve body 22 and the atnosphere
outside of throttle valve body 22. Quad O-ring 77 incorporates tw sealing
surfaces 77a, 77b on the outer periphery of the O-ring and two sealing
surfaces 77c, 77d on the inner periphery of the O-ring. The quad O-ring 77
provi des increased reliability over standard O-rings. WO

2013/ 012880PCT/ US2012/ 047102 [0067] Figure 17 illustrates a side view of a
preferred enbodi nent of feedthrough 70. In this enbodi nent, feedthrough 70
i ncorporates a magnetic fluid seal and associ ated conponents for formng
such a seal. The preferred nmagnetic fluid feedthrough 70 is avail able from
Ferrotec (USA) Corporation, Bedford, NH under custom product no.

HS500- SFBSC. [ 0068] Al t hough the preferred enbodi nents of the present

i nventi on have been described herein, the above description is nerely
illustrative. Further nodification of the invention herein disclosed wll
occur to those skilled in the respective arts and all such nodifications
are deened to be within the scope of the invention as defined by the
appended cl ai s.
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What is clainmed is: 1. A multi-vane throttling valve for a vacuum process
chanber, the valve conprising: a throttle chanber body having an inside
exposed twoths/aa2880um process chanmber and an out si de exposas2e10/0atiabspheri c
pressure, the chanber body defining a through-opening for controlling
vacuum wi t hin t he vacuum process chanber; a plurality of rotatable vanes
nmounted within the through-opening for controlling a fl ow of gases through
t he throughvwgramgd/\f@erei n each rotatable vane includes a cooling flow

pat hway in _fl uj and di sposed i na al ong each
ot at abi e Vaneh MufiGRE Hroifht lhloh P AR B8 Smeahand iteaoreliofs an

out si de of the ahratid trandteabdnyrhabiogyn fnoide egpastd fogthe hacupuyredess y - of

rotatabl e vanes t ; e
throttling val ve glbé{@éf aEE'% m};}t@\ﬁ’e Q%Pogh(gﬁ%z@ %ﬁ(??regs#rﬁglﬁhéﬁﬂhﬁfas%a cool i ng
condui t di sposed Id@fﬂfy“'gQIEH'TCWQh1099'a'I‘Q)fﬁgCQrﬁé”"ﬂQ)Y3§PémIV@hN?é'FfEVaCBU”‘PFﬁ@eﬁiﬁJI ti-vane
throttling val ve Qﬁa,ﬁi,@l m 2 V\/nerel n the cooling conduit is selected from

t he group consis lﬁ‘n"% ht cong nusoi dal condui hn a

squar e-wave shap&d' Hr?éi[ﬂt%tab' Meypte d‘f'ltb'int”ﬂ?d [R4ON-CBRItA FPSCaRiTPIANgG2
transverse condui tflowohgeses thgughhies theugh- obedlmgletremleaml roa@bibuiahs on one end,

2 patr of concent i GoEondNyha e LAl M IAERAGHNER] qRfpdaner condui

and an outer condU| I -vane
throttling val ve dfngGiciiatty aloomwc@ma@alewam anﬁe pI urality of rotatable

vanes incl udes §dﬁ\%é@ﬂn|§r‘ﬁ%@éb§eocﬂr§é?{a%6%éc%% b glisiad bb’thé‘lk@&@e the
rotatabl e vane and interconnected in serjies fornmng a single, continuous

flow path. 5. The CRaN®Srbganier ofing melql\tﬁal\;)éq)f\;%ta@ple@pg@s&pyawgléerféthot he drive

mechani sm i ncl udepraabsegdss@t or arm a rotating armfixedly connected to
each rotatable vane, and a |inking armpivotally connecting a rotating arm
of one rotatable vane with a rotating armof an adjacent rotatable vane in
seri es wheRei nThmreultivanie th@tt@mmab/@rmhétatrmMd)eltehethacmliag tiwid pathwaybis aThe

multi - vane tN"Qolid dlaliriyssed ohdidiil JRI Riddlfe (1AL NG arm | s

connected on one end to the rota ab on t e other end to the
linking arm WO 2013/ 012880PCT/ U82012/ 047102 7. The nulti-vane throttling

val ve of Cgai nTre ﬁhulrbwthmrﬁgr\jaﬁ/ierwcaurﬁlgbmbﬁemhé eécﬂtn@bér@mlﬂ%ctete@teaach of the
plurality of rotaiablev m vane t F valve of Claiml
wherein the thfeY hed %Waﬁ?ﬂ%?“”888'§‘zs'irﬂ%ﬁ ﬁa’é‘!é“t a?i“:‘sé’tdaﬁ 9“' géﬂ‘gaée "qV%econd
body flange anshapedemeuittaaabef lohgiusinaigcooduitsedth edrapetensarontitieconneaing body
flange and theth??%iggﬂ%@gﬁgésllc&%ﬁs oft B 4RNE pGBMERALeriREDhAts SRR £ N9 the

plurality of . . . o
flow path between an inner conduit and an outer conduit, and a longitudinal heat

pipe.

4.  The multi-vane throttling valve of Claim 1 wherein each of the plurality of rotatable
vanes includes a cooling conduit disposed longitudinally along the rotatable vane
and interconnected in series forming a single, continuous flow path.

5. The multi-vane throttling valve of Claim 1 wherein the drive mechanism includes an
actuator arm, a rotating arm fixedly connected to each rotatable vane, and a linking
arm pivotally connecting a rotating arm of one rotatable vane with a rotating arm of
an adjacent rotatable vane in series wherein one linking arm connects to the

actuator arm.

6.  The multi-vane throttling valve of Claim 5 wherein the rotating arm is connected on
one end to the rotatable vane and on the other end to the linking arm.
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9. The nmulti-vane throttling valve of Caim8 wherein the vane chanber
housing includes a top plate, a bottomplate, a first chanber side wall, a
second chwaoizers/gpsse wal |, and a vane support feedt hr ougirCatusaciR®d’1dd t he
first chanber side wall that supports the cooling liquid flow pathway of a
rotatable vane and maintains the pressure differential between the vacuum
chanber process and the atnospheric pressure. 10. The nmulti-vane throttling
valve of Claim1l further conpri si ng a vacuum f eedt hrough supporting each of

the plurali ty at abl e _vane e vacuum ch er . ess | nsi de
and Lhe. at s it SpE0bGbRIERe BEEIGT T s sy AQR0R Tudd d6eRs,

mul ti -vane thrlote’abh ofghevpllinatity of ro@tablewah@swher ei n t he vacuum f eedt hrough is a
magnetic fluid vacuum feedthrough. 12. The multi-vane throttling valve of
Caim2 further conprising a rotary adapter for the cooling conduit of each
of the plualithe aelivenedhwbling wplaes Clarm 1 wheinie hratijeehamber 6adyl i ng val ve of

G aim 3 wherei |ﬂelud&3ﬂ|r§t%d3¢%bb rhgséé@ﬁ‘djlbbdy flhﬁgeaaﬁa%alan@b%nbér Reudidty ot t1i ng
val ve further includes a c % gb ? r ot at%g rece|V|n% one end
portion of the® %esqtecﬁ@eﬁ@ewa% IsEbagly 'Q”Q?eanéfthet??é‘fo Y dRBYREY VRBRISi ng. 14,
The nul ti - vanecHambet idusing cuhiviag dfe phiralityofldtawsbrernangs.t he cool i ng bl ock is
sel ected fromthe group consisting of a water flow bl ock and a

t hernoel ectric nodul e block. 15. A nmethod of providing a full range of

| i near conduct Bregeuligane tbiotting vaiveat Glaim gmbewisthe Maneebambentiongina vacuum

chanber pr Oceslﬁclb@swoﬁpﬂam QBétltan‘EIat‘éaé ’f'ﬁ%t cﬁa%ef@@eh\ﬂgl 6By hAdberobt ai ni ng
a nulti-vane throttl val ve use wt vacuum process chanber and

i ncor por ati ng H9%valb é’i‘ ?Y/a’l?fsu%%fleﬁ@hré’“%ﬁt@h?ﬂ o Mussliet ghamiensifeev@dhamber

housi ngl of a tthawubb@tsqh@cﬂwmg iRpaylowqREfwag df & Rgatedie haref andmeaifhibis lﬁl|e| ty of ]
rotatable vanes wit in l.ong eac
ot at abl 6 vandrerlibs LR G Vi PieRBARH hrBSLald i gPiestodier "o “each
rot at abl e vanepressuce.r ot at ably adj usting the orientation of each rotatable
vane to thereby provide |linear conductance control during vacuum processing
in the vacuum process chanber. 16. The nethod of C aim 15 wherein the

conf i guri ndOst Bjf Mt anrelBrogterialygrof Glin A&urbsotamuyisis Adarunbisedhougt a

strai ght C0ndUéapporan@éemhswirdqﬂlur@Wubtbnabla VEfstcBrobAe: wtapadnhanpeiui t, a

pai r of |ongitudi nal connecting the pair

b 1 ongi t ud! el RBRASEE ST eEbsaar BegRrs S brdk S i B au 2 det i hing

a flow path between an inner conduit and an outer conduit, a |ongitudi nal

heat pipe. 19 FAIRLARhRIANERERS ciahl 10 TheeEhE g @ik, wherein the

conflgurlng step 1 ncl connec Ing In series ' ng condui t
of each of themﬂgﬂﬁ'%ﬂ'll"@yawﬂmrf@ﬁdéhf@lmhe vanes.

12.  The multi-vane throttling valve of Claim 2 further comprising a rotary adapter for the
cooling conduit of each of the plurality of rotatable vanes.

13. The multi-vane throttling valve of Claim 3 wherein, when the cooling conduit is a
heat pipe, the throttling valve further includes a cooling block for rotatably receiving

one end portion of the heat pipe that is outside of the vane chamber housing.

14. The multi-vane throttling valve of claim 13 wherein the cooling block is selected from
the group consisting of a water flow block and a thermoelectric module block.
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18. The method of Caim 15 further conprising attaching a debris shield to
each of the plurality of rotatable vanes. 19. The nethod of Caim 15
wher ei n tWe 20i3t@e880ng step i ncludes obtaining a throttl iPAE/US2012647102

i ncorporating a magnetic fluid feedthrough for rotatably supporting the
cooling conduit and rotatable vane for each of the plurality of rotatable
vanes. 20. The nethod of Caim 16 further conprising, when the cooling

fluid pathwsy Ame&]oh@apromwgafmnaﬁgeacdflnnaar@omeﬂahéwcdmr&qdﬁawcwﬁe end portion
of the heat pi e vane cha

I
at mosphertc o1 BBOSR CPHEOY A BR R Gu RGN LA e OUMaNg 81 Bek
r ot at abl y suppmoethed tdngprisimg: end porti on of the heat pipe.

obtaining a multi-vane throttling valve for use with the vacuum process chamber
and incorporating a plurality of rotatable vanes disposed in a vane chamber
housing of a throttle chamber body;

configuring each of the plurality of rotatable vanes with a cooling conduit disposed
longitudinally along each rotatable vane;

flowing cooling liquid through the cooling conduit of each rotatable vane; and

rotatably adjusting the orientation of each rotatable vane to thereby provide linear
conductance control during vacuum processing in the vacuum process

chamber.

16. The method of Claim 15 wherein the configuring step includes configuring the
cooling conduit as one of a straight conduit, a sinusoidal conduit, a square-wave
shaped conduit, a pair of longitudinal conduits with a transverse conduit connecting
the pair of longitudinal conduits on one end, a pair of concentric conduits defining a
flow path between an inner conduit and an outer conduit, a longitudinal heat pipe, or
a combination thereof.

17. The method of Claim 15 wherein the configuring step includes fluidly connecting in
series the cooling conduit of each of the plurality of rotatable vanes.

18. The method of Claim 15 further comprising attaching a debris shield to each of the
plurality of rotatable vanes.

19. The method of Claim 15 wherein the obtaining step includes obtaining a throttling
valve incorporating a magnetic fluid feedthrough for rotatably supporting the cooling
conduit and rotatable vane for each of the plurality of rotatable vanes.

20. The method of Claim 16 further comprising, when the cooling fluid pathway is a heat
pipe, connecting a cooling block to one end portion of the heat pipe located outside
of the vane chamber housing on the atmospheric side of the throttling valve wherein
the cooling block rotatably supports the one end portion of the heat pipe.
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