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 nyosyas/@rss0 Particul arly, the present inventi onPCEUSLRE 047002
throttle valves 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 valves include gate val ves, butterfly

val ves, nulti-vane val ves, and gfif-vah& Shrobfeaigdt € val ves are designed for
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 BACK@GREOUNDIOR BHE MVENTIONt 0 achi eve a |inear conductance
response. |ti-vape valves provide nore precise control than butterfly
val ves. [O%ﬁ% ﬁﬁ?(@lyr?)

rf“@nof a nmulti-vane valve is described in U S. Pat.
No. 6, 293, 30601PBr eimegpres2tiddventidsr relaes gdnarallyds eslves forlpraresding gyatemsval ve t hat

i ncludes a L.gh . val h ' ythin the val ve
housi ng isrb[;’l(l];ﬁs%:jJ laﬁ%hheed& g&%{ ﬁg%r?{'f)@?eﬁr%va iﬁllergtg%f’égveéjl?r\ye&@wgﬁe}(%i ng off a
thru-opening formed in the | ower part of the valve housing. A pneumatic
act uat or asseidlintieh OMh&PgorfRf noving the gate val ve between an opened and
a closed position. Athrottle valve assenbly conpartnent forns the | ower
si de of vall980Fous argusiepsral yates ame beaiydovighd Opessim¥ACHHE Prosessitdes a set of

throttle vapasmsOotid Bhdsyof PAGEsihENRRAyavd Fallies, Huh@»g} VHIvRY huIRRE vaBes, Andlr i Ve
actuator is ,row ded for rotati t he vanes, and,i ncl udes a ﬂl’l e actuator
conpar £ mentNSHE: SOMEERE elES H6 RN ingoente SECIasPEPOSns RelRw o5 ¢ | e
Vﬁnez. The eithéntel fnestaiab dow bsgasealsdtlide yhraughahd vahve. Shit@fhdvaestalee poi nt vvhﬁre
the drive . r LNt j.0r t_h. i 0004] Anot her
type of wﬁ%l%%g%ém@(gfn\?d%gﬁgbg '}%ﬁé Ic'}ﬁ 'f(%dg&b@gltggcﬁ%legmﬁ%%ggﬁ‘ﬁ%n?% aderrLr Kk
"Vari-C)" Wgspopsevadylti-vane valvheprwids/more precise doatrel Hlandultarty (aikes. a circul ar
val ve cha onte&i 1y 1 . er-r ot @ty j ular (i.e.
e chapat 00800 Gietap’ oP it Jahl valie SHBHEL] P Bl el flo, 8 e 1 (1
system [ 00857t 2001)aREnpeflis¢logss admrowgp@we-vaéﬁ@avarpw@ia@ Ugright,geerraltysi t i oned
\égne valtye ré&é@ulang@\ve ﬁdﬂj@iné.&%ﬁ%%iﬁ@{)éé/g&@%ﬁ%rﬁgaﬂa boé&?bp&?éﬁr@aﬂﬁmlﬁm_ gate t
rporation as,paft. nu r - - 'S -vane valve, i s no
PP et ool i Abiing P78 B RE i REEC te ovel oF orihe VBB TOFSE A, ¢ ho r ange
of 30-45 degeansic ashiabhassemblyprdvides tbr omwing teapta valve bietwen ay ogeand angunps.
The vanes ar hra j L. verse to
AT of Tt he AcsBa 0GR Aol v bEUeMbfR BBk ifen: oG Abler sBe ARSI B 2E
heat to thédousiag anddesmestthathrougihepanivgtand mgtudess set obthiotlly vaagsaptafablywi ng

through t heygkitibied with@BWEBroligh 85KhingB 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 val ve showi ng a
front view and a cross-sectional side view of the structural relationship
of the cowbizap/aizase and the plurality of fixed vanes. INN¥SRY1208710HE
| NVENTI ON [ 0006] Vacuum processi ng systens generally have a processing
chanber of the type typically used for fabrication of conputer chips and a
vacuum punp, which is used to evacuate the processing chanmber. H gh-vacuum
gl u Irms It %/pl maét}afemxaﬁqsze?ﬁ sd&? %ts’f&etu AfuIPRARWak & t@t&ﬁwrngi ftrcmk aéwanﬁ eeessi ng.

mul ti-vane valves atte 0, provi rea ntr e processing
envi r onmenteXRGR! 815 ¥Eyo H‘F "Heurgl 'g(i?t%g&?ﬂ{“ﬁﬁﬁﬁtggf%ﬁr‘ﬁ@ﬁtp Ul debris from
t he processixgugraabanber. Milti-vane val ves work by throttling the gas in
the process chanber to create a differential pressure across the valve

al l owi ng the vacuum punp to operate at high vacuum |l evels while
mai nt ai ni nGUMMARCOF FHEJNYENPOMsures in the chanmber. Multi-vane throttle

val ves havi éﬁbﬁr ot %ﬂ%ﬁprg@({%gﬁ%ws?e\éﬁsd%ngfaﬁﬁ% A PSYeE g Ahmba 5t &%e¥p%ct

process pr ssu es | roviding |I'It near “control he full
range of opeical t@ﬁd&rfqbﬁ@atmptqompateémﬂwavm@lr@ip%w@wba@g@e@tothe

mul ti - vanee&d%abttﬁeepry@syﬁécmmdeh%@ﬁ us&uuardumpg wg#raggropi%geoat?t Fbs&lﬁgﬁg In t gbjt gct

shield the at and

of the pr eggﬂ‘gr}] Pﬁfﬁagg)cﬁsg\g, "H”'rf{ﬂ”?l"a'v%ﬁ?éte?"ﬁtr% fovideggales for use in
vacgum pr ocea®i mghépfséeegﬁg eramai&r]@wt@h% p:rmmnednmghu@ -Faglibm pangetraad hédt near
conduct anc I er ntion to
provi de a %u(f??%"‘%ﬂ mthwrg?ets? v%q%bggtM@ﬁ -tvaﬁ)e ‘f:aygg B.fk%g?ﬁ‘ &ém? gh%rﬁaﬁg as a
heat shi el d\efmﬂcesﬁ@avweummqatﬁmdiffd!renli%praséﬂm achi@ls tftﬂ)jableta”@’flﬂgme present

i nventi on Uébupﬁlg)\(;h%% Qpé?‘éﬁeral hl%{@\'fh%uﬁrﬂ é%fslmﬁulé! ﬁﬂlah‘u%lrﬁ rréﬁ g%c@&at shi el d

with vane o0 | ect resent
i nventi on P@SW%‘—‘V‘FH@ Cé‘aWQPft |MWHY?é‘et“h'9'H? t’q"‘éesx}'é‘b"(}%’%t@q‘lﬁ ¥angs H’ﬁF'F"Fl ed

constructi gmaf Eorftidi ¢ i dokrB&t ptdwsy@@mmsslemb chaHhteg by mswbﬁg Weghcdnhiel vane
chanber an rese i nvention

t
ceh eves. 1 At Al ABaR APt Tl ong GG Th dadn ere JARET e or 1 o
val ve for eamwtthottkivalged dfehecmiodart lsamgeinited aapeaityto shipld thzi igh yaonim and t o
pr ot ect thﬁurﬁﬁﬁ&ﬂ%&%fow%ﬁbdeb” s and heat exposure. [0009]1n one
m 0

enbodi nment tr-vane rottle valve for a vacuum process chanber
i ncl udes a [@0R73t t Ités arobidstef tmﬁmrysemaimvwoato frepdechemeliiparsdtirottle valkeforacuum

PrOocess Chgég%ij g?&mﬁm ;ﬂ&e@é&{# H%%%gﬁtﬁ%oft&oﬁ&ﬁ&sﬂhgh?&ofﬁuhééfsUr e, the

chamber inin % (F:lj for contr vacuum wi thin t he
vacuum pr o@@?ﬁc@ﬁ@rﬁ?&m' B isAngingY ‘PQJ%Ft gt ?B@é‘f’ﬁﬁV%"t@&Wé@‘fﬁﬂmpé‘H vai& hi n t he

t hr ough- opeidtiigvdivertha @ dapabie bﬂﬁarf@rn’ﬁlh@!ﬂ; @ﬁemmaa tdr hreaaagiuni Rénp. Itis a
t hr ough- opgm ﬂ where each ota fluid pat hway

O A oRate She et RGN st R s BT o 8% Al bl

r ot at abl e vkigd witamaheacodling 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 vaive.

[0008] The present invention achieves these and other objectives by providing a
multi-vane throttle valve for controlling the conductance ot a vacuum pumping port and to
protect the vacuum pump from debris and heat exposure.
[0009] In one 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
2



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
fl ow of pvocesgizgases. [ 0010] 1 n anot her enbodi nent of (RCINR2EROGATIO2

i nvention, the cooling fluid pathway is a cooling conduit disposed

| ongi tudinally along the rotatable vane. [0011] I n further enbodi nent of
the present invention, the cooling conduit is selected fromthe group

consi st i ngdffe echhbfigh ara.boéé@ R Whél coretod WA di@dldert@ méuhrbme ghafbeRbeyWay e
shaped condui udinal conduits with a transverse conduit

1
o ¥ oo uetpf e it g Bl 2T B A R et Blocoas g art ot

concentric [@mmqlw trﬁandeufar srihglirerit bome pmtséhthrﬁbmmh@mdnmmrd GaivEHyiid a and an
out er condw(%,h % ? on (ijfudhw | g qut t%0012] I'n yet another

embodi ment NG FAHT U8RASEA ORY! {”f“(l}’ e{ RIGHEEHhE B urality of rotatable
vanes are |[001e||]colm‘emmdmbodimemtloemefpmrsnnmgfeatml thg kegling omiduitis@atectet ow pat h.

0013111 Sl AR ST IR G Sbo NS, BREREACohACILk N e or [ ve

mechani sm 1 hcl connected to
each r ot at aliiped vendit, aeyad Oélohgimdlnﬁgsoaduﬁsmlm@tt@m\fﬁrs@@nmmmc%ﬂgﬂm ating arm

of one rot glighlighg meuﬁdn.tsaorwe%urwpﬁrd%&icemc é’di'idé‘n%‘f‘déhmﬁ&éﬁ&v@!?étﬁ vane in

series where one linklng arm connects to the actuator arm [ 0014] 1 n
anot her enBIWPPRAR ingEr cPRBItFND 8 Avte] Gapdwt; ?6‘?13 lopgidingkN@al RIRF-ar m i s connect ed

on one enddg 2] hepryet Mr@mﬁ@@ﬁe@%@th@@rés@%%h@n @d&ﬂoﬂﬁe fealtylonki ng arm
[0015] In a further enbodi ment of the g esent [nvention, h e throttllng

val ve i ncl [(piED'e,vaep aredntetsprijegtedin SRig rmﬂgééﬁ'ﬂ'eo@"f"ﬂ’@”ﬁ Aredtty of
rotatable Ywm. [ncaﬂnﬁﬂdtmhr@trbbdjum@mﬂh@rpr@mqmeﬁmt thefdritdaeamisant

| nvention, mE:ID es ar?] ac ualo? arcrrﬁ1 %n:‘gt%{lngbé)rgyﬁxedly 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 fo the rotatable vane and on the other end to the linking arm
[0015] In a further 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 a turther 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 throtile 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.



I ncludes 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 have a0ie/oedsdimber housi ng contains the plurality @®CTust@zawile vanes.
[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 chamfgpopi d@ a"?@ﬂtﬁer%%&duﬁ@rﬁ{ﬁ%hﬁjlt?\mﬁeﬂﬁ@thé Mvelitditiods H%tﬁN’%Ma br @

rotatabl e vane and maintains the pressure differential between the vacuum
chanber preRiBeEediRPne KB gl 56% EPA%'I“Q Ha’tﬁrfeé%%‘ﬁ%o”"[%@%‘ﬁI“H'd>P§EW98F| 88Her

enbodi ment rodting kehepr esent i nvention, the throttle valve includes a vacuum

R L A N R R SR Rl
t he t hr ot t ¢dndgit igal heet pided Mkhrbile aaiod fuvetheramihaids aeodling blbek foudotatabiyane throttle

val ve i ncl ydgs, 20 RORDiHGN b b de U BGHYM LERALN AUANAA4BRRIL] AiGRCN Of the

rotating vanes s 'de”0

throttle cﬁmﬂv@hnmy.maywimﬂﬁwmmmmltt%maereome@mc[nwzta]umka further
enbodi ment o 4 eoRdtidd my@pe throttle valve includes a rotary adapter
connected to one end of each rotating vane for transporting cooling fluid

bet ween eal@922bt alniyakgngeeembpastipant phthe fufti-vags Bvqiids vabishibel raEing vasie t he

mul ti - vanemétbmtatdo@mga!ow@u é&e’fbﬂﬂm@ ta@erag@wn@%@@rrgﬂud.ﬁal ténté lik@atth®i pe, the
throttle valve furth oolin rotatahly receiving

one end poliAIH e %ﬁ@%%ﬁtwpwtm{ﬂafrawsgg%ﬁﬁogf@é ugkbepegh ALV b er

housi ng. Twmecool ing bl ock may optionally be a I | qU| d flow bI ock or a
e e ety oo e T B S SR SA St bR vt oot

includes a cooling conduit having a pair of concentnc tubes extendlng laterally along the

longitudinal center line of the rotating vane and into a rotating joint that transports cooling

fiuid between each rotating vane.

[0024] In afurther embodiment of the muiti-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 fwaiai3wersgeen each rotating vane. [0023] 1 n anotHEYURMGdTIoENt Of
the multi-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 transpsgdis CP@UF{EM fs'dﬁ'eriQWoﬁl@&é}nlﬁ&ﬁn?éft mmg/@@ﬁow.h PedbbR a

further enbodi rent of Ilti-vane throttle valve, the rotating vane
i ncl udes aStP'?'Féf‘d E‘Sﬂiqgﬂﬁt'cd@ﬂd?ﬁci‘ "¥%posed on the vane to one side of the

| ongi t udi né[tboazqent EIGUF{EW&s(EfpeHﬂ)@cﬁv@Tv%wdﬁ@né’érﬁﬁbdﬁﬁéﬁt@f Soefibb waebithg condui t
di sposed on t %1}@. B@OSH teHsll ea@glL trlle Ioglﬂﬁt udi nal center line
of the rot B@F?fg"\yg an shyyung & Pt 01 P3P RO §08 fluid communi cation
with the s¢e033 CcPBICUREBABRGeSpectivd vieatdh acmitdriemgodionatuf & sotatatse vanef | ui d
communi cation.with.a.rotatin 0i.nt ts cooling fluid between
each rot at ?W&V'%%%a"o[lﬁbr%]m?&aﬁ%%aﬁe nggﬁ%%ffg%gﬁ?u (E)f the nulti-vane throttle
val ve, the[(i(mmaatl Rl URENRIsiael spdetve aicdald phesemsbudahaht di ssgebseshiatfdh@ne si de
of the rot w%é%ﬂ%n [0026] In still another enbodiment of the nulti-vane
€

throttle v val ve includes a cool ant sel ected from water,
cryogeni c ﬂms'éﬂ i aFIGAIRE T ls@ sidekéew GRNEPMDRBORIPTA Otatalie TH48 SHRANY AIGS

[0027] FI w%'gslé&&aﬁwé\ﬂﬁmmggr%ﬁ%ﬁﬂjid&%oﬁ%hﬁé iy jofeYi ce of a multi-vane

val ve. [00 s a VI ew 0 [prl or art device shown in
Fig. 1A | F| BORIRES isa ngropestypeiploged \dew elfro@iioith ghietpresent he present
i nvention shguwbRg a multi-vane throttle 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 12is 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 13Ais 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/ 0128801' CT/ US2012/ 047102 [0031]FIGURE 4 is an expl oded view of the
enbodi mernwoi2m3mizes0 2 showi ng the debris shield and t he peagisoizo4fibui 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

anot her enipgshizrentIGURER1 7 18 baldRUdy of aNSodmtnihd pRAkA ifkniBhifRfsd Mage,
squar e-wave coQl i n,alicondw ts. [0034]FIGURE 6 is a perspective view of one

enbodi nent MgENedic feB{4edteqIB) d of the present invention. [0035]FIGURE 7 is
a side view of one enbodi nent of a rotatable vane showi ng a

Chose Fres BEPALEY Y RoRROETHERA PGB RRORIRER, 2 LoLory T

pr esent [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 o 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 muiti-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 iliustrated 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
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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,
parti al cwosstigazasdoonal view of the fluid conduit showRrayr/tsze12amoecti 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 hOUSIuglgjwr{éA%QdEd@f&%ﬁc&@d irém dosder ewnbevareoarabhaleaaohaginent of a
vane of the E esent _invention showi ng a coolant conduit that is a single

tube posit PERkBC SFHH1E §hIPIHR 2IEd1969558Wi nal central axis of the vane.
[ 0041] FI GUIRB05EY | wvirrethe pRcsehb@bélis Mpueauy@fse@femﬂmfcawﬁpoﬂhepmmonof a vane

a1 ong. t he. ARG AIGSE Ui pir P pp g e RREEN %Ba%zf%t”s?e A 75 an

enl arged, proosss-chemberdsimbrevdasily remowdddroaesiaueldsah&bl tln trore cpeper. Kdrthegncentri c

t ubes sho f
[ 0043] 71 GUHET93EBieSands! AESTHREn: iR Bading REVEAM bR & e
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 tength 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 mutti-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)
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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 merwoeb1zaifseedt hr ough of the present invention. [POCABRARGURE: 16A is
a perspective view of a quad O-ring incorporated in one enbodi ment of a

f eedt hrough of the present invention. [0046] FIGURE 16B is a
cross-sectional view of the quad O-ring shown in Fig. 16A. WD

2013/ 0128804 {iird ke S sk AnithAPd Ebdtingbiiaul 444 @@e@ér@%&ir@\@oﬂiunam
f eedt hr ough . of the pres s a feedt hr ough.

i nvention that
DETAI LED DRUR$eMEH§ehya Ei:eﬁftfé tpRfeeteragant ’%f%ﬁﬁ?‘ﬂiﬁ%ﬁorﬁb'b ]‘Wi'@“%‘rae 88 ed
enbodi ment cafing Med patiResdr coniué ik illkatrated, i is hoted that teel codlind-t@sluit Rad ffaveFi gure 2

11 ust rat oh R RIPIHIRD o20 ATl AR L BEOM YRR dedliddl®
a plural i t gongdfit, agaisoblbhgitudinalesnd.its with d transyerse sondit henmesting®® palafot t | e
charber boﬂﬁ%:%gingl%gﬁmg69%n&9@7ﬁ%|rBpéb%bélﬁnc%ﬁdunéeeﬂr{@'aql %ﬁ ace 21 and

an outside s ace es a hr ough- openi n Ich are
di sposed t Bewpgnandnner gorsiuit apd an aBercopdyfiedn @'Oﬂqu niFPB0 i s

di SIoosed Oflusiaths QAARE witeE phiPofdquattinalel@odihg@bndulte throttling chamber body
20 for bﬂ%ﬁ he plurality of rotatable vanes 48tov e fl ow of

process ga Dr F'Q'éfeﬁé]l!ﬁg PSAPEEPeLHYe Yew Pl Qpionaheehris Sﬁ&ﬁﬂ?h 8'Sact uat or

arm 82 congtegld e8lat2hés thehesidabl wnk Momragramyme&’ﬂdetthaﬁs ex@ogeellt@msabl y and
rotatably conne

0t or conneltpbasahambe et BrkOB e AP paBr B BBPELS el for
[ 0049] Fi guergerdgiirgo thelyatauompunievidasiis ﬁmblﬂ%m@eamwed loevap@ @ usinganyFr om t hi s

view, it C@Rwnmethods including, but not fimited 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 stee! 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 1o 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),
438b (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
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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 twe2m3oemss chanmber side. Between first body flramges2e/0and2 second
body flange 26 is through-opening 23, which includes a vane chanber 28 in
which is mounted the plurality of rotatable vanes 40. Vane chanber 28 has
a bottomplate 30 on which is nmounted a cooling fluid inlet port 32 and a

cooling fl Hhdingub! AlaR& =50 a%% .Ms ﬁcﬂ.oncﬂv chaft8akHang a&. (ﬁlspBEéH idhrchirst4
[ 0050] Turnl%qq’ynowto Fi i s, shown

L bod) mont Ity Rsino 2p s AR ScL0 (4R 8 T 1 bh 1 Pign gty B P3mnG can
be nore cl maydeporgienayy lidusing 64.eA epariten idfomed2@tweas aphitioughhopesitang 23

h h hanb
has s 11 1 SboERE Ao fi? S g TR BRI A ot PP Sg B rcen -
openi ngs 28paca Sadniluidiy exrahurigedasi with cer aensluitrotambed 48a of pexinmal suppbrt #8&edt hr ough
70. Each vgg Fi:xjﬁr(ﬂnlsir? f 7, %Sﬁ’lﬁnjﬂrsﬁ porPedaSE B %ﬁllytcﬁﬁ’ﬁe%bﬁrt&?’rgﬂ of8Fg 41 of

one of theg of rotata e vanes Vacuum sea roughs 70
rot at abl y 8appbioplapbintien supply ot 534 EaBrsiGHly etreegediogpsang fQith@‘E%’tgabl e vanes

40 are rot g4 affiyerdibtResd pdviass GdidAPRLnt Sued darbaohirodgHisatinaigasd mount ed
on second SICP wal | plate 36. Second side wall plate 36 is sealingly but
renmovably & hed to second side wall 28b with a plurality of bolts 36a

to facilit yooBe}eskigtre wamﬁereb@nﬁgparz& dres-se@tiondl @fearut encind emepdinmentwhen

43t t achetl PBTEE Bb BT aaGn g Aed o R PR OB BredE il per -
Debri s shi edusing48 and e nuditibe rodeoy ghait 57uwtarymlngéﬁeromes befabe funattoad from

COBPET . el YAl SENE] SRIAES gggfﬁbﬂ%ﬁ%%&eﬁzs%ﬁﬁ.s pEngDN i o ohi el ds

are necessary I ca used for

cheni cal v@pgh déﬁmgplﬁ"@rﬁB &ﬂ'@lﬁ?finﬁ‘amwﬂﬁ cpefant ifws F’Pﬁé @a?h'%?]@bqgﬁféqﬁ cal s

that are UgRMcdsPe AMet Blgaa?tgféiﬁtréﬁWﬁommaddﬁ@rmmﬁﬂﬁg;aﬁbﬂﬂl?@hd' s nore
easily renmoved from st ai nleilss

th
ot Sl o OARiERHIS Carre el e G tre & e RORRE o MhlF pRgOe e punp.

which is neange fangbhy to repair so preventing debris from entering the

[ 0053] Anot 9% bR AP <A REEbE bt PREB e BIERR SR o cess
bei ng undesumkrdam smmﬂwh@ﬂmmf%mmvanesé@amms eeodime@ntitris Justateds
typically GaNdd iRty oﬁ&s;lahf Qpitdd Berdafly 45851%q leAkssh gaRes | nvol ved

in the process w er are evacuated through the vacuum

punp. The $HPROTTO, dY‘ﬂ'Q“H%SQjH§é§° fplhaphgiside will#ig and pnarideiie @Hﬁ"ﬂ‘ﬁu np. Even

though t hep@bhd %bdthb()u@fﬁ sup@aueso 4fY ‘M’O&Gtatyrvaﬁre%onmr@hﬁ% itdicafadle PeGHIL | ON
hel ps reduce thjs S0 utg@n since the purpose

of The' ¢ hr G W g et oo Bandtal B hot BicoSRn L Nai B oceos,
cl osi ng t hHowitiewidekehe/ddssription ptogidegatmsa abiout entary GEJ0Aetrhted ini g @ t ant

e ot it BUnBAERER el MERELAR0 i ok DR BRI Sabit sbofiofld 19 SYStem

for coolini rota e vanes ura f vanes 40 in
the pr esentOtath/@\rﬂﬁ(bﬁ" hauelrolgey heueind G erpnedertigitie @@laﬂtrﬁarpplv BorH¥%posed in and

| ongi t udi ngkikiy oR%h %H@gn@tbmobraﬁt rle@.ﬂg;sdat b tl%ﬁ&@rs@fy bhheatmetﬂeal ity of vanes
40. An external cool i hr ou 00 conduit 44 |n or der

n
to renove BHEeRR4Ne éBQ’% 'Bé'ﬂ'd'l’/ch?HePWQ inseges %a['f'e ?aéll'eé(‘-ig g40e(?é?6¥1‘éﬁ"@cp by the
vacuum pungillthaveroginy immehg B6 caheotbd rLthe cookanestdripat 60beaxiady orethd @nd Cool i ng

conduit 44 ' ! anc]:olopl nt su@ﬁ%ﬁ" é[gaat}é&nv O&%I;} r]:or Féﬂh%dﬁﬂ&%\"vah %5 t}(n\@' ch incl udes

~a plurali t?n onal - drive nechantsm cover 110 may
be nount edamgamemofa@olmemmmweaa%qoqlm egtufn pest #fibdo B axi@l @ncl ose and

protect acfuatQte 85imb&dn td foffy ARG BB witiieMdiera8sdiNgiPh BrdeB b 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
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[ 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 woaniymtssvrane end 45 and a di stal vane end 46.r@ires2aiz/ivzmoe 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
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rotary adapter strated I1n Fi g enbodi ment of rotary
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di sposed mPWWPﬁ9F§¥@?9P%?5$“‘ﬂ@ﬂ@?ﬁgmé’ %ngewgﬂ g%P@&OY receive inner
t ube 49b t hrough holl ow shaft 53 and |nto second rotary housing 54. A
space 52a is fornmed between a portion of the outside surface of holl ow
rotary shaft 53 and the inside wall of 1% i r st rotary housing 52, which
space 52a fluidly communi cates with outer conduit chanber 48a of proxinma
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
physi cally connected to second rotary housing 54. This enbodi nent provides
cool ant into and out of vane 40 through proxinmal 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 wak§1341288gl e rotary housing 56 and a nodi f i edOTaISa0/08hatt 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
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throttle veliabdityld¥ver sthedaab®iriggsrent of cool ant supply port 60a and cool ant
return port 60b to the feedthrough collars 72 at proxinmal vane end 45 and
distal vane end 46 will alternate accd?di ngly in order to forma
continuous coolant circuit through vanes 40. [0063]Figure 13 illustrates
anot her 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

proxinal vane end 45) of vane 40. In this enbodinent, coolant conduit 44
is a pair of concentric tubes 44d (outer tube) and 44e (i nner tube) that

Y T R D Y T PR | - T [ | DY T | . o Y o A M Y T P T



[ 0064] Figure 14 illustrates another enbodi nent of vane 40 with a cooling
conduit. In this enbodi nent, the cooling systemof vane 40 includes a heat
pi pe 130 WDpt#E2B88l ong t he | ongitudi nal central axis GiCWESe124870hat has
a heat pipe proximl end 132 and a heat pipe distal end 150. Heat pipe
distal end 150 is rotatably supported by a bearing 152 disposed in a
beari ng housing 154 attached to second side wall 36 of throttle housing

body 22. Hqeten) p¢.gnreow.mlrat@§as;a82rewé@?@é@lale»hbame&rdf%dmbubﬁwthrough
70 and ext ousi n into a rotary adapter
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a rotary h i rm adapt ool ant Su |y port
60a and a gg%'?@%frgr?é{eﬁf’%k B%?@%O@WS #OEHM?@&&I“OQ{OW apt er
chanber 56&00-8FB%d heat pipe proxinal end 132 that is dlsposed within
adapter ch ; ing fins
131 that are't er%g'?(ﬁlgﬁm% néggﬁedg?t%dﬁéﬁsadﬁﬁey r%f%hﬁfehg geB?&ia cool ant
bl ock, onedescripgsthereimdhengove descriptionisinEel Ilhaﬁsvatb@ Fw&@rmj@ﬂl@ﬁaéﬁh eihepart of

rotary ada%@ﬁtuoﬁﬂereml&lbsww#l@ccEUr RthE®: dified FﬁQﬁH r'eg&cmfd?é'&hé g cooling
heat pipe proxi nal e Heat pipe 130 and the thernpel ectric nodul e

nd

have the t {i9flcatioBhHP 9?%@? 19r%8 "‘étf“l“d'&% Yae Ofdh%'r“‘é%l“%fi #sfafiped Brthe hose
conponent s apptddéd ¢aiie] | known to those of ordinary skill in the respective
arts so no explanation or discussion of their operation is required.

[ 0065] Figure 15 illustrates a perspective view of one enbodi nent of

f eedt hrough 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.
Feedt hrough 70 al so includes a hollow shaft 76 for receiving and
supporting the end of vane 40. Hollow shaft 76 rotated w thin feedthrough
70 and maintains a seal between the inside of throttle vane val ve, which
is at a reduced pressure, and the outside of throttle vane valve, which is
at atnospheric pressure. [0066] Fi gures 16A and 16B il lustrate one

enbodi nent of a sealing structure of feedthrough 70 used to rotatably
support proximal support 48 and, in the case where a single cool ant
conduit is disposed along the |ongitudinal central axis of vane 40, and

di stal support 47. In one enbodi nent shown in Figs. 16A and 16B,

feedt hrough 70 incorporates a quad O-ring 77 seal to isolate the vacuum
inside the throttle valve body 22 and the atnosphere outside of throttle
val ve 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 i nner periphery of the O-ring. The quad O-ring 77 provides increased
reliability over standard O-rings. WO 2013/012880PCT1US2012/047102

[0067] Figure 17 illustrates a side view of a preferred enbodi nent of
feedthrough 70. In this enbodi nent, feedthrough 70 incorporates a nagnetic
fluid seal and associ ated conponents for form ng such a seal. The
preferred magnetic fluid feedthrough 70 is avail able from Ferrotec (USA)
Cor poration, Bedford, NH under custom product no. HS500- SFBSC.

[ 0068] Al t hough the preferred enbodi nents of the present invention have
been descri bed herein, the above description is nmerely illustrative.
Further nodification of the invention herein disclosed will occur to those
skilled in the respective arts and all such nodifications are deened to be
wi thin the scope of the invention as defined by the appended clains. - Wat
is clained is:
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1. Anulti-vane throttling valve for a vacuum process chanber, the valve
conprising: a throttle chanber body having an inside exposed to the vacuum
process ovanpdienizmem an out si de exposed to atnobspheric pCEFaSsa01R/041100
chanber body defining a through-opening for controlling vacuumw thin the
vacuum process chanber; a plurality of rotatable vanes nounted within the
t hr ough-opening for controlling a fl ow of gases through the
t hr ough- opemang cisiRued-n each rotatabl e vane includes a cooling flow
pathway in fluid comuni catiopn with and di sposed | ongi tudi nally al ong each
Pot at abl e and muliane oft(ia vale foraivariiin RiBRsS ahaTPekite i RoEPESPd o an
out si dgl of the atthroﬂ[etd}&mbérmfbﬁhavb@(hyl ifside dxpbseditntye vauupl pisaeks t y of
rotatabl e vanes t ry.the flo r e i.-yane
throttling val ve @PK%% dikek 'earglee%ﬁo{%ﬂgg%ﬁ%ﬁﬁ%gg?rleﬁl ée’l@t%'\a@béribggé cool i ng
condui t di sposed deadinigyadktbwgi-dpgnial domgontroding sacutabiteinylaneacudn pibhess
mul ti-vane throttlipgenal ve of Caim2 wherein the cooling conduit is
selected fromthe grogrp’ consisting of a strai a si nusoi dal

[

ht conduit,
conduit, a squarRuiyef reltableyapesTaeinted wthsphe ﬂbqugf‘@ﬁ@l"!gféi Geafrolingredui t s
with a transver sefigwofiduids teROGARE tHAclghdPeMad Wharbin badtdblatiBienahe condui ts on
one end, a pair of Cé)ncentf:ig conq]ui ts fie i nin .a.flo\ﬁ/aﬁgth bet ween an
i nner conduit and"dWJES&LPINGIRY RAfway fflu qoﬂﬁ'&%{cﬂ%ﬂnﬁﬂﬁ geresede. 4. The
mul ti-vane t hr ot tibngigdivally\atngieact aiamble wineyaidn each of the plurality of
rot at abl e vanes, | : ! ' ' . ' j.hally al ong
the rotatable \%adﬁiggk%gﬁ%ﬁ?n e@%’%ﬁ%@%ﬂ %Wﬂh%cé% %EPP @rglﬁ”% ﬁfg}ﬂ%}“@ﬁm e,
conti nuous fl ow pelembeshody Fas rotatinpithaivrelity b rotatablervgnesdd vary de flovaif m 1
wherein the dri vgorgg&,gaggegm includes an actuator arm a rotating arm

fixedly connected to each rotatable vane, and a |linking armpivotally
connecting a rotating armof one rotatable vane with a rotating arm of an

adj acent rmt atrabh@gmneltﬂrauiﬁ@vdlmgmﬁﬁleiwnemetlhbb@dﬁ?@%ﬂ@pmﬂ@\nﬁ@cts toht he
actuator arm 6.. The 1i-vane of.tling, valve o aim5 erein the
rotating arm f’gO"Egﬁ?@@gﬁp??ﬁgmgﬁ@?&h‘f %'O'fq(%'gef:o&tgql%ﬁng‘ vane and on the
other end to the linking arm WD 2013/ 012880PCT/1JS2012/ 047102 7. The
mul ti-vaney,th f i 1 of : L SHANE: is shield
attached 5 eanh raiind Boifingland # olink 2utolqifthe EEUIRG Loyliis So0ABH 5 0e
throttling valro® teF groymgansistingod e Straigkticenduily » sinyseidaliendidl a Bo@ye-vansl udes a

first body fl grgRdcandfCopd JIRYitddmanaMdardvith MRS cPdsBRA cORERLiIMD
connect ed between.the f| rSt|rﬁ%ﬁ‘S}'(tF];?| an(g he second b fl an%e, t he

o e d
vane chanber b oBgiyeiap B ORE gk Aipal, Ogon e RicaBI gelinieg)

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 chuaioizers/g2sde wal |, and a vane support feedt hr ougiCTAIS20K08THOL O 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 nulti-vane
throttling valve of Claim1l further conprising a vacuum f eedt hr ough
supportlng each of the plurality of_.rotataple vanes between the vacuum
chanber  pr oestermidf vinedtiaPaale RLBRLF bRy Pablio Aol i ptohar
throttli ng val ty eachldk thelph@alipbitrotaisblrerahdw. ot t | i ng val ve of Cl aim 10 wherein
t he vacuum feedt hrough is a nagnetic fluid vacuum f eedt hrough. 12. The

mul ti-vane throttling valve of Claim2 further conprising a rotary adapter
for the co8l i ndecosivane tiydttiog valvedf Giaig viarein theyhroltle charalieabddy vanes. 13.
The multi - vanndiiedlikd By ¥ahye adk &Jd%m flrih 8k PancigRpdREuGRP! [ NG

conduit is a heat lpe Ott val ve further |nc lil es a cool i ng

bl ock for rot &°8M rt@é’@evlﬂiﬁj"ﬂr?édléﬂﬂﬁ‘gﬁéf‘q fhg seeond bey flaaes. theivgBe t hat i s

out si de of thehd@pe Helanhedntdidshe Bluralif.of IdkRatBNdnks.vane throttling val ve
of claim 13 wherein the cooling block is selected fromthe group

consisting of a water flow block and a thernoelectric nodule block. 15. A
met hod of Pr oviihdinngfi-eankditrbtting malee off Claimrtealnereio thé wabechaebeohusioy i n a vacuum
process chanb agl I r Ng vaI ve,

t he nmet hod corq}r;i)rlqyélg Iﬁg&) %%%{al n:&ﬁ}n Q[rst%%ﬁtge??lﬁ%’%lﬂ]ﬁﬁ%&ﬁégﬂéﬁﬂ)#

with the vacuilepyalcansia \tmammé?ftﬂﬂhf@t@brﬂﬁmﬂ faibe trspthamier side wall rot at abl e

vanes di sposeqndt @up?poﬁ@ﬂ% c‘éblﬁfﬁmawd héW Eétﬂ\ga)Péf a%tbf&bl@tvhheearﬁjhﬁém&hs ih@dy,
configuring each of nguraltgn rotgPﬁ e vanes with a cooling
condui t di spoé’é?fs'l”ﬁﬁdfef% filbgiwegn HleoRguuen e imost pipcase andBR&MasPRiEng  cool i ng
| i qui d t hrouglprdssgrecool i ng conduit of each rotatable vane; and rotatably
adjusting the orientation of each rotatable vane to thereby provide |inear

conductance control during vacuum processing in the vacuum process
chanber. 1®). Tihe multtend thodttliah salve GJEDIaiNdrfeithert:dmprtsmgfaivgeuunnfgedhrepgﬁ ncl udes

conf i U1 19t BepEAflioae SOAHL DS AR vaeStapbdiihe FRIGH hamiy ST nuSO! da

conduit, a square ve S conduit, a palr o ongltu na conduits
with a transvé¥aestsigeand @)ﬁ'ﬁé@@h%'@pfﬂﬁé'JrBQPtﬁ'd%P”h%Wg?"!'W%I condui ts on
one end, a palr of concentrl c conduits defining a flow path between an
i nner cond condui t i tudinal
conbi nat | ob-t HOPaRt vas rawES Have o S BheIAES Sarebd e @RbaE i gur i ng
step incl udes nidgoel fipido@omec feedijrough.seri es t he cool i ng conduit of each of
the plurality of rotatable 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 20131082886 Nng st ep i ncl udes obtai ni ng a thrott IRATES261210e7102

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 pat PW\@K A ﬁemo@eeéromma fuﬂ@dh@é@f nnréar @naméric@gormonﬁ& vh&uﬁﬂe end
Phe. at mospher R AgIbeE 70 R e L Sl5r el WESSHh Lh el 3 NULGHET 76 bl ook
rot at abl y suppostbal domgprisingg end portion 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 afong 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
fiow 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 Ctaim 15 further comprising attaching a debris shigld 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 cocling 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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