2 6 SEP 2805 -1 DI FFUSER AND RAPI D CYCLE CHAMBER Backgr ound of thegg ﬁgp 2065
Invention 1. Field of the Invention The present invention rel ates e
manuf act ure of sem conductor devices. Mire specifically, the present
invention relates to diffusers in plasnma processing systens. 10, 2.
Description of the Related Art Sem conductor processing systens are used to
process sem conductor wafers for fabrication of integrated circuits. In
particul ar, plasna-based sem conductor_Processes are comonly used in

et ching, oxidation, chenical vapor deposition (CVD), etc. Conventional

pl asma processing systens typically control gas or plasma flowin a plasma
processing 15 chanber to provide an optimum environnent for processing the
wafer. In addition, DIFFUSERANDRARIDYCYCLEBCHAMBERers for

handl i ng and transporting wafers between atnosphere and vacuumto ensure a
cl ean process environnent. To process a wafer, for exanple, the wafer in
at nosphere i's transported to a wafer |oad | ock, which is a chanber that
cycl es between vacuum and at nosphere. When the wafer is placed 20 in the
waf er |dad | ock, the load lock will contain at nosphere. The air in the

at nosphere is then punped ou } ondition in the | oad

| ock chanber. The wafer is thth& PORIA SR thle AT ﬁprocessi ng chanber by a
roboti c ar ha Biekkofttheipvientien vacuum chanber. The processi ng chanber
processes (e.g., etching, oxidation, CVD, etc.) the wafer by exposing it

to gas or pl asrkhe mbdeohinsendiopunlpiesl to theamamubhcone ob sentibendottanteyices. ThMae
process chgn cs:aliyhgx 25 %E]q/rat?ter%%t't?cdﬁ of the wafer. After t rge waf er has
been procespse CAPh e PEBEY M R TP RS 17 @'ﬁéﬁdﬂp{aﬁlﬁﬁgﬁo&?ﬁlﬁ%ﬁﬁﬁ "noves the
waf er ck,tq the | oagd.| i h,vacuum condition. Once the wafer is placed
in the?&l o%'dﬁf’s(’f’élll’,tm'?ﬂgﬂ\?%#ﬁﬁessure in the load | ock is changed back to
at nospheric pressure b flowing in a gas such as N2. \Wen at nospheric
bressure has beSHSINUYR Aot HES el FE usee 16 migreorrmeP ey ae, for
cassette fpbrigdibeof PItOSRSS cidehiS! aP partibllar) PLEHSBAMd semiconductor processes are

commeonly used in etching, oxidation, chemical vapor deposition (CVD), etc. Conventional

=

plasma processing systems typically control gas or plasma flow in a plasma processing

15  chamber to provide an optimum environment for processing the wafer.

In addition, these systems generally include other chambers for handling and

transporting wafers between atmosphere and vacuum to ensure a clean process environment.

To process a wafer, for example, the wafer in atinosphere is transported to a wafer load lock,
which is a chamber that cycles between ﬂracuum and atmosphere. When the wafer is placed

20 in the wafer load lock, the load lock will contain atmosphere. The air in the atmosphere is
then pumped out to provide a vacuum condition in the load lock chamber. The wafer is then
transported to the processing chamber by a robotic arm operating in a vacuum chamber. The
processing chamber processes (e.g., etching, oxidation, CVD, etc.) the wafer by exposing it

to gas or plasma, which are pumped into and out of the cﬁambcr. This process changes the

25  characteristics of the wafer.

After the wafer has been processed, the robotic arm in the vacuum transfer module
moves the wafer back to the load lock in vacuum condition. Once the wafer is placed in the
load lock, the vacuum pressure in the load lock is changed back to atmospheric pressure by
flowing in a gas such as Np. When atmospheric pressure has been achieved, the wafer is

30  transported to a wafer cassette for other processing steps, if necessary.




2 6 SEP 2005 -2 In sem conductor processing, the value of a processg@@ig@rrgg%
depends to a large extent on the rate at which wafers can be processed.
That is, a process systemw th higher process rate will produce nore
processed wafers in a given anount of tinme than a systemw th | ower

process rate. Thus, the greater the process rate, the nore valuable a
process systemis due to 5 the great@r throughput. In conventional

sem conduct or process systens, however, the process rate of wafers depends
| argely on the speed with which chanbers such as |oad | ock, vacuum transfer
nodul e, andIppedrieerductos presessing: thevdye bbd pheesesyntehoderends ti glarge extentr e
states nf or at.el t he cl e speed, of, a chanber in conyent.i onal
procesd" é@és{agen%tl{%sm% S’ﬁgef %F?’S/g%ﬁmf:?ﬁ“?g‘?'e%h?tﬁs'par BOFPS S ey ‘P‘i’éﬁ ChBACFScal
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velocity may nove the wafer out of posSition. Further, If e nmaxi num

vel oci psocess ralee Tjms.abe gseateo thehprgbess trite, tha snse valyalsle tarprbcess SWidm padid ©l es i n
t he. vgcuum chanber and. redistribute some of themonto the wafer surface.
As %anﬁﬁegreaé?fﬂﬁ@é‘géﬁ%d, particul ate surface contam nants may lead to

failures of integrated circuits nmade 15 from such wafer. To prevent such
failures, tHeprveniéonal prmicordiictargiroedss gysiens) homever thenpiontsi medofbebferwy a

taip level. To ad ! | e, ti onal b ft
el acierhy Ene oM i e PHOGHEAGIBES FEbWScld JPSadIHyEn By
evenl yndel, andi fREeAR SRkt LOf BRABRELS befenPIRY ! £8 HHED of

[ a
diffuser is typically equipped wth a nmenbrane provi eg at tﬁgﬁ%oﬁgﬁ:sﬁmer
i nt er f Hotortuiaielyashd cyolespaedi afad chambersinstaveditidnab prazess spteme s paiepdily or a

plate wth .many.smal] holes in it. In this configuration, a cavity behind
Enfd il in B ey the Jpaximym logal yqlegivaRidhe in-Grame gaseRd oMEOTHE BB eaNe
provi desr axdngsik StRNkigh tL vElRgit] | | | i r re.to
equal i ze _bek??iﬁd t he ghenbyane.)t'llgﬁagr umni ??P%qgéfg‘tsgﬁfgf é)ﬁgllntgﬁi Eﬁ%e&ﬁ?f%
menbr amexmesn sebedy girtbe igdeesais uno flogim the qyses2malieverdier smald rpaeiilésofinthe
di ffusers equ]igap}@ge% vvith@gsengranes have several drawbacks. For exanple,
such dV¥PE%ef A IesEstaE nROmG Ob cthams anton e M PwTacet aidd sebdeant i al
appreciated, particulate surface contaminants may lead to failures of integrated circuits made
15 from such wafer. To prevent such failures, therefore, the local velocity needs to be

maintained below a certain level.

To address such problems, conventional chambers often include diffusers to slow.the
incoming gas flow by spreading the flow evenly over a wider area in the chambers. To
provide such functions, a diffuser is typically equipped with a membrane provided at the

20 chamber interface. The membrane typically consists of fabric, sintered metal, or a plate with
many small holes in it. In this configuration, a cavity behind the membrane serves to spread
the flow over a wider area. The membrane provides a resistance to the flow. This resistance
aliows the pressure to equalize behind the membrane. The uniform pressure and the uniform

membrane resistance provide a uniform flow.

25 However, conventional diffusers equipped with membranes have several drawbacks.
For example, such diffusers tend to be expensive because they need to retain substantial
pressure. Typically, several pounds of pressure across the membrane are required: The
membrane thus needs to be strong enough to withstand the pressure and yet allow gas to flow
uniformly‘through, thereby adding to the cost of diffusers or limiting the speed of the venting’

30  portion of the cycle. Further, during the pumping part of the cycle, the metnbrane man -



pressure. Typically, several pounds of pressure across the menbranezﬁ§EE;3 2005
requi red. The nenbrane thus needs to be strong enough to withstand the
pressure and yet allow gas to flow wuniformly through, thereby adding to

the cost of diffusers or limting the speed of the venting 30 portion of

the cycle. Further, during the punping part of the cycle, the nmenbrane may

2 6 SEP 2005 -3 hinder gas flow, theréby slow ng down the punp cycle. In
addition, the small holes in the. nenbranes nay trap mnute particles

during venting_and/or punping cycles. Due to these particles, the punping
and vemindsh ees flow; tseabysslonming dlegimaihe pywer cyclerelnoadditien, tae siall delepriry thepe

rel eas ' the vent .fl ow and | and on t.he er surface, In addition, the
oo st be s b, MR i@ doBiticn ARfheeling ahof pubbing Cctey: PEafoohohe
f or egoipaficledh@e pusn hﬁ@b‘:ﬁiﬂgsefﬁpféhéifeé‘ﬁﬁg d%faﬁ@ oAer Rind\drdfe bAgicles Gty ed

| arge area and l'ow velocity fllow in both pu and vent parts of the cycle
wi t h | bevrelessed inindke vero fidve afid tand .onTthe svafiarishirfadd. oln sdditions tieamembranthin waf er
process, r . In additjion a diffuser through which both punping and

ven inzhec‘ﬁ%ﬁfe&ff(@aﬁl ﬁéié#f\ﬁmtltoﬁléa‘bn advant age because of cost 10 savi ngs
and/or the ability to. fit a larger diffuser with the avail abl e space.
Summary of {hEiepnidhe fersemnaavihst 18 desinableds adiféuser whisht ani provide itharrequirgds

h i di di.f d id l e ch f ir
ana or MEESeRinEIG VLB, Aol ih pHCHNRRtnEyent BBl YR 5e1E IR bl on ©
can be té fHe! Bows)t THisl WilNAERYT QH Snd¥BasS, in ItAE Wil Po@Ss Patb! 0 @a8itioANa dFfuser

apparatus, a system a device, or a nethod. Several inventive enbodinents
of - t he tippeghewhich ibathepumping ané velsing ¢apdeketdhapwill be aicadvattage beasuschofoost

thedi t i nvention provides a diff that includ body -
and0a PRt e TRy T Rl aE RSB R kR Bt ont or por i on and

has a curved surface on an upper side to define an open space above the
curved surface. The 20 nozzl VeNtloR a gas to fl ow through
and expand in the nozzle. The reflector is disposed over the nozzle and is
arranged t oBrefdigspeaking, 0@préseninbfiondALl tRedeHedd BEpRRRIing & AF6Rer dhd e

body whi'le expanding the gas flow. In this configuration, the flow of the
gas i stapid cycle chamber for venting and/or pumping gas. It should be appreciated that the

present invention can be implemented in numerous ways, including as a process, an
15  apparatus, a system, a device, or a method. Several inventive embodiments of the present

invention are described below.

in abcordance with oﬁc embodiment, the present invention provides a diffuser that

includes a body and a refleqtor. The body includes a nozzle through a center portion and hﬁs

a curved surface on an upper side to define an open space above the curved surface. The

20  nozzle is arranged to allow a gas' to flow throug]-i and expand in the nozzle. The reflector is
disposed over the nozzle and is arranged to reflect the gas from the nbzzle i‘ntorthe open
space in the body while expanding the gas flow. In this configuration, the flow of the gas is
slowed in the nozzle, the reflector portion, and the open. space in the body so that the gas

flows out of the open space with low velocity.

25 In another embodiment, the present invention provides a chamber for cycling gas in a
semiconductor processing system. The chamber includes a set of enclosed walls and a
 diffuser. The diffuser is mounted in an aperture in an enclosed wall of the chamber. The
diffuser includes a body, a reflector, and a set of vanes. The bddy includes arnozzle throﬁg_h

- a center portion and has a curved surface on an upper side to define an open space above the



slowed in the nozzle, the reflector portion, and the open space i n2thERHIH
so that the gas flows out of the open space with ow velocity. 25 In

anot her enbodi nent, the present invention provides a chanber for cycling

gas in a semconductor processing system The chanber includes a set of
enclosed walls and a diffuser. The diffuser is nounted in an aperture in

an encl osed wall of the chanber. The -di-ffuser includes a body, a reflector,
and a set of vanes. The body includes a nozzle through a center portion
~and has a curved surface on an upper side to define an open space above the
2 6 SEPup®05urfgre. clirevpokzinisf acmged heallwe 2l gas its flaw dungpegih dnol edplhodvtlze gass t o

.the gas flow _The reflector i posed over the

fl t di
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open spiacfow bf thetdae ekparidaahe slowstih tHeawzxle) e iréflectofndsie opén o intd she

di sposed in the open space of the body for partitioning the open space
int® achanbarwithy joyn yelopitypdbe selsefctinghist disprsed) s the qpgs spege off the Hedy Tor
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a subseginsdhlspadéinfsabstudtl a0 cquil lountsTRorR PRIpEREGRd Pheestife thbaRdsber. 10 | n
yet another enbodinent, a flow restrictor is disposed on the inlet to limt

the vdhsarmpeandahapsmplitheganes 4rp chosen enpisdtidesniubstandad haprfasmsidow eut plow

restricto %e tilize tolimt the gas flowinto the nozzle to slow
t he gagﬁe’f P&&‘T%é%c 1?Jtlryoled\}ee(r:llt%mfaljbeﬁurst of gas flowinto the nozzle when the

upsitreamvalve is opened, The present inventiop provi des supstanti.al
ot ages Sy ae! Butbenembadieal s How: ooy ikpsDreivandhe tHE & AL of

t he pr | ' . \, L.t ‘ he
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r ef | ectolimit thedaseiipaisioche hotzlow sop dedgas flow mebpicnent galniritl af\gag fladuatd y i n
a snall height. Due to the |ow and uniformgas flow into the chanber,

vaf er s 2R YWeR B EPSHeAm Yibve BOPERSPed out of position. In addition,

mnute particles within the chanber are |less likely to be entrained in
: The present mvention provides substantial advantages over conventional diffusers.

15  For example, the diffuser of the present invention may be used to vent gas into a chamber or
pump the gas out of a chamber. When used in venting, for example, fhe nozzle, reﬂector,
and expansion hollow expand the incoming gas flow gradually in a small height. Due to the
low and uniform gas flow into the chamber, wafers in the chamber will not be moved out of
position. In addition, minute particles within the chamber are less likely to be entrained in

20  the flow and deposited onto a wafer in the chamber. Accordingly, the diffuser and chamber
equipped with such a diffuser of the present invention increase wafer throughput and/or
device yield in a semiconductor processing systefn. On the other hand, the diffuser may also
be used to pump the chamber to vacuum. By using the diffuser in this mode, the chamber
need not employ a separate pumping port or device, thereby saving space in the chamber or -

25 allowing a larger diffuser to be employed. These and other advantages of the preseht
invention will become apparent upon reading the following detailed descriptions and

studying the various figures of the drawings.




20 the flow and deposited onto a wafer in the chanber. AccordinegHZﬁhSEP 2085
di ffuser and chanber equipped with such a diffuser of the present

i nvention increase wafer throughput and/or device yield in a sem conduct or
processi ng system On the other hand, the diffuser nay also be used to

punp the chanber to vacuum By using the diffuser in this node, the chanber
need not enploy a separate punping peft or device, thereby saving space in
the chanber or 25 allowing a larger diffuser to be enployed. These and

ot her advantages of the present invention will becone apparent upon

readi ng the follow ng dBmﬂBdscﬁﬁid)Qbehe Dralwingsdyi ng the various
figures of the drawings. 2 6 SEP 2005 - re Scription of the Draw ngs
The presenty | 2 I t he l. i ng. det ai | ed
descri pt i on e beRpt At whfed RaHLY UndBRELT00 R Blohile o8 S

r ef er ancenjunoioraivith dRs behoaipanyinkedrawingy Cond Rke RFGBERRY SuméraBWeRighaghies a
schemati c overvi ew di agram of an exenpl ary sem conductor processing system
with whiusir gliamenty aut omation in accordance with one enbodi ment of the
present invention. Figure 2 shows a perspective upper-side view of an
exénpl ary dFigurskshiws aschemdtio ogervivvt tiagraen efiroekentpiry sémidoadpetes ent

i nvention. .10 Fi ureﬁ_ﬁ 3%tgﬂ%§ illustrate various ways the diffuser with a
nozzl FTEHRSHE SHiER #Gth Walgr AR @ptomation ig ageordansGavith enearbadimentfal vi ew
of thendblkiighvehibgn across a line AA ~ without guide vanes or flow
restrictor in accordance wth one enbodi nent of the present invention. 15

Figure 4B S tional view of the diffyser,taken across the
[ine AN wit Aire g shELS s perpecie bpot ik iow,of f Gies Rl GHTAERIN ACOMdRECS esent
I nventwith ondahbediednCEEE pRbéinRintioe Preferred Enbodi nents An invention
is described herein for a diffuser and a rapid cycle chanber for venting

10 Figures 3A to 3C illustrate various ways the diffuser with a nozzle can be placed in a’

chamber.

Figure 4A shows a cross sectional view of the diffuser taken across a line AA’
without guide vanes or flow restrictor in accordance with one embodiment of the present

invention.

15 Figure 4B shows a cross sectional view of the diffuser taken across the line AA’ with

guide vanes in accordance with one embodiment of the present invention.

Detailed Description of the Preferred Embodiments

An invention is described herein for a diffuser and a rapid cycle chamber for venting

and/or pumping gas. In the following description, numerous specific details are set forth in

20  order to provide a thorough understanding of the present invention. It will be obvious,
however, to orie skilled in the art, that the present invention may be practiced without some

or all of these specific details. In other instances, well known process steps have not been

described in detail in order not to unnecessarily obscure the present invention.

Figure 1 shows a schematic overview diagram of an exemplary semiconductor
25  processing system 100 with wafer handling automation in accordance with one embodiment
of the present invention. To streamline wafer processing, one or more wafers 102 are placed

in a wafer cassette 104, which is then placed in a load port 106. A robotic arm 110 -in an



and/ or punping gas. In the follow ng description, nunerous specifi c%@t%ﬁ S005
are set forth in 20 order to provide a thorough understandi ng of the

present invention. It will be obvious, however, to one skilled in the art,

that the present invention may be practiced without sone or all of these
specific details. In other instances, well known process steps have not

been described in detail in order nebt-to unnecessarily obscure the present

i nvention. Figure 1 shows a schematic overvi ew di agram of an exenpl ary

sem conductor 25 processing system 100 wi th wafer handling automation in

accor dammesph¢ricntranséer endubidi h@fhpickofp & veafgr B2einom ithe eassétenl 04T Bath teealdaidne

waf er pr sing, one or .nore wafe are placed. in a fer cassette
o4, whPBHOpand s P aBEe® FATsLehTaGe 30§ cdttn mosH 5Bt BRI EPER o, 2 6
SEP 2005 -6 atnospheric transfer nodule 108 picks up a wafer 102 fromthe
cassette 104s thyiebotigarmodd pigerap theevaderdl 2ne deormbipines wafarrlaakiosk 1dddul e

o ok Opetsrte TRl nd a1 G CPREREONS o TP HfaRitstine dfafto R s Bafy”
" eci veupoft MaliftholOder TR 160! GRRYTIYR & ARSDRET: bREWIERRR sHODiEON 2

wafer 5 'support 114 in the wafer |load |ock 112, which w
at nosphler waleprl62 has deei phaced on tn veafert hippoafdd ihOte heafebboad lptladéd, te t he

e SR A B L g e e e LM R i 1«
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112 i sestablishediimthe toadiiddkochamberdoor 118 of the | oad | ock 112 opens to -
accommobdat e a vacuum robot arm 120 froma vacuumtransfer nodule 122, which
repgi ns i n aVheachb MoaP ikt 112NistiiALGRA WonkiftidnPh W85 118 [MPURY §6ad foBR Macuum
transfer nodule 122 may need to be punped periodically to ensure optinum
vacuunPPasd etemipedaie a vgerum gibos agy 426 diom arveapim transfer madeled22awbichnber

cl eani ng. .The vacuum robodtl.ar ErlzéeﬁL?kS 15 gﬁp 3_Pe v‘\]/af ere'102 &rrrlogpalgs?eer waf er
suppor 1% bt tHEREpEM qog Hpy Bt BIWESY ndlHEYGhethe VRsR
Speci f h@ahiem,zz\eﬂ@wn@dqb%e‘%mp@@?éﬁécﬂéalgﬁ%%su& RtiMAGY VBURADESndRIdR didd

pl aces the wafer 102 onto a wafer support (not shown) in the plasna
pr ocespithgf & Rysidye stattPp, orfsepart of a chamber cleaning. The vacuum robot arm 120 picks

15  up the wafer 102 from the wafer support 114 for transport to a plasma processing chamber
126. Specifically, when a chamber door 124 opens, the vacoum robot arm 120 places the
wafer 102 onto a wafer support (not shown) in the plasma processing chamber 126. The
piasma processing chamber 126, which is known in the art, is initially in a vacuum condition.
After the wﬁfer 102 has been placed in the chamber 126, the chamber door closes 126 and

20  the wafer 102 is typically processed by venting one or more gases (e.g., source gas, plasma,
etc.) and pumping the gases out of the chamber 126, In this process, the wafer 102 typically

undergoes physical changes as in etching, oxidation, CVD, etc.

After the wafer 102 has been processed, the chamber door 124 opens and the vacuum
robot arm 120 removes the wafer 102 from the plasma processing chamber 126. Then, the
25 | door 118 of the wafer load lock 112, which is at vacuum condition, opens to receive the
processed wafer 102. The vacuum robot arm 120 then places the wafer 102 onto the wafer
support 114 and the door 118 on the side of the vacuum transport module 122 closes shut.
With both doors 116 and 118 sealed'tight, the wafer load lock 112 is “vented” by venting a
gas into the wafer load lock 112 until atmospheric pressure is achieved in the-chamber.

30 Preferably; the venting gas is clean, dry nitrogen gas.



pl asma processing chanber 126, which is known in the art, isirﬂthIquggmg
vacuum condition. After the wafer 102 has been placed in the chanber )

t he chanmber door closes 126 and 20 the wafer 102 is typically processed by
venting one or nore gases (e.g., source gas, plasma, etc.) and punping the
gases out of the chanber 126. In this process, the wafer 102 typically
under goes physi cal changes as in etchi’ng, oxidation, CVD, etc. After the
waf er 102 has been processed, the chanber door 124 opens and the vacuum
robot arm 120 renoves the wafer 102 fromthe plasm processin%&chanber 126.

Then, the 23VkRsormpsphesie preseurgdine beanpstrblished inthe wafer dord lockal 12 dbeidoer
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doors 116 and 118 sealed tight, the wafe oad lock 112 is "vented" by
vent i ngp the qgssstte A0 in He load port 10GdWieakalllw2fetsnihithe adssetspivoeibeep simsidarhye | s

achi,eved in the chanb . 30 Preferably, the venting gas is clean, dr
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to back to the cassette 104 in the | oad port 106. Wien all wafers in the
casset the WEEIMeen sinmilarly 5 processed, the wafers 102 in the cassette
104 may be renoved for other processes. It should be noted that the
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chanbers 112, 12 an 26 in venting and/o npl ng a gas. For exanple,
t he fabe placedhin thafveafer loadildchdR2 faeventyali ppedssing) eSismibumkyy theHestomtherwdf@2 can

be pl aced.i e wafer |oad |ock 122 for eyentual processing. Simlarly,
he 1 adpalodnbiiaPEned; e opeciee pin Whsa B dctoprd e dorian R dPerhend can
be et gfieded. OALSGAMBRS e fredeRtHirfvRhtiH PiSWides a diffuser in such chambers that can

15  be used to efficiently vent and/or pump gases to increase the throughput of semiconductor

process systems.

Figure 2 shows a perspective upper-side view of an exempla.ry diffuser 200 in

accordance with one embodiment of the present invention. The diffuser 200 includes a body

202, a reflector 204, a spider 206, a pair of guide vahes 210 and 212, and a nozzle below the

20  reflector 204 that is not visible in this view. The spider 206 has a set of arms 206 and is
A fixedly mounted on the body 202 by means of screws 214. The reflector 204 is disposed
over the center portion of the body 202 and is mounted on the arms 206 for holding the
reflector 204 in place. In addition, the guide vanes 210 and 212 are mounted below the arms

206 and extend downward toward the center of the body below the reflector 204. The arms

25 206 may be a spider or trivet; however other structures may also be used to mount the
reflector 204 and the guide vanes 210 and 212. Preferably, the arms 206 are mounted on the

body 202 by means of a ring structure 216. Further, the diffuser 200 may include any
number of guide vanes or no vanes at all. The body 202 is preferably in a circular shape;

however, it may employ any shape suitable for expanding gas flow.



processes. Accordingly, the present invention provides a diffuseg §rSERf5
chanbers that can 15 be used to efficiently vent and/or punp gases to

i ncrease the throughput of sem conductor process systens. Figure 2 shows a
perspective upper-side view of an exenplary diffuser 200 in accordance

wi th one enbodi rent of the present invention. The diffuser 200 includes a
body 202, a reflector 204, a spider 206, & pair of guide vanes 210 and
212, and a nozzle below the 20 reflector 204 that is not visible in this
view. The spider 206 has a set of arns 206 and is fixedly nounted on the
body 202 by neanthodiffiserel® ande vstefor ethtingt arpud@ping gadeiﬂ)insaaémimnductbhe

center portion of the bod 202 a d on the ar 206 f ol dj
Che. 1 ef | echBresbg sTsiem ML v aiiulond Giek TRevop i pareris pdifd ezt
mount ed bel@ Wk Broéding 22RbaNtEX: ARk cgééé”%@'bgdi an@wte@a 5%1&; opﬁmwe
body bel ow the reflector 204. The arns 25 be a spider or trivet;

however ot h&l8 Eltﬂlaétl‘lgrsé@cm2h6 sy Eﬂi@cmsedh@t d)lffumrrﬁ%me sciew| Asused xadinand

body 202 by et Ay i Guacy e T 1 ooRa e SR B R P80 2oy

i ncl ude anyplagitarpedcesting thaaiEbey AES afd aflp ot RBardberd Ithat r&nﬁrel@%nuﬂ@andjsr
preferably 1n a circular shape; hovvever it may enpl oy any shape suitable

for expandi PEURES flow. 2 6 SEP 2005 -8 The di f f user 200 can be used for
venting or PUTD! igy8es i 6 AcaRm 000Gk ot BESEINRIPYSHEM S laps 10

waf er | oad | ock vacuuny at mospher e o pl asma processi ng
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chanbers that requires venting and punpi ng. Fi gures 3A to 3C | sf rate
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diffuser 200 may be provided on both the ceiling and the floor of the chamber 300 as
shown in Figure 3C. The diffuser 200 may also be mounted on side walls of the chamber
300. Preferably, the diffuser 200 is formed of a metal to provide hard surfaced shape.

Figure 4A shows a cross sectional view of the diffuser 200 taken across a line
AA' without the guide vanes 210 and 212 in accordance with one embodiment of the
present invention. As shown, the diffuser 200 includes the body 202, reflector 204, and
nozzle 302. The body 202 is formed to have a hollow 402 in the center 404 to fit the
nozzle 302 in the hollow 402. The nozzle 302 can be a separate unit from the body 202
or integral with the body 202. On the upper side of the diffuser 200, a curved surface 406
is formed to define an open space 408 above the curved surface 406 and around the
hollow 402. The ring structure 216 is provided at the outer top edge of the curved surface
406 for mounting the arms 206 on the body 202.

The reflector 204 is coaxially disposed over the center 404 of the hollow 402 in
the body 202 and is adapted to reflect gas from the nozzle 302 into the open space 408
formed over the curved surface 406. To reflect the gas, the interior surface 419 on the
side of the nozzle 302 is curved downward toward the outer bottom edge of the reflector
204. This allows the gas from the nozzle 302 to expand before entering the open space
408,




accordance wth one enbodi nent of the present invention. Figure :«235 SEPtZ%S
ot her hand, depicts the chanber 300 with the diffuser nounted on the
ceiling of the chanber 300 in accordance w th another enbodi ment of the
present invention. Alternatively, the diffuser 200 may be provided on both
the ceiling and the floor of the chanber 300 as shown in Figure 3C. The

di ffuser 200 may al so be nounted on side walts of the chanber 300.
Preferably, the diffuser 200 is forned of a netal to provide hard surfaced
shape. Figure 4A shows a cross sectional view of the diffuser 200 taken
across a line APfhe wzzdwBd?2 ishesgodakdallyadigosad Svithntle AdRowrt0dda ahed bodye20d t h

mbodi ment _of th t ion, h the diff 0
"ol udes. t NS 8lo & BrEan hITasA 1 ofTdhe e Pl Hiosie ohanssbrgie 03 ey
formed to hayepr ﬁ}@bi:d@av Afzly %EHM! HERbBEw MR Lhbi! ploftdind FAmfvas@2Thd T he

hol | ow 402. The nozzle 302 can be a separate unit fromthe body 202 or
i ntegral wiinteriohevdlbdy0 292ape@d gérdlyuppbrthei the dibmetee ofi the weal 420 0ncreasesr ved

surface 406__ i.s.farne 0 fin n.open ce 408 abpve.t curve ur f ace
206 and ar otk b VRS 8 sftistot 20 PRRRGLSY RGSeisrer 938 4 bpfsiiiada 02t ne
outer top eft@gRedht ihghglellcyLthas bf EQRE to 4Q0chREs HRY s iditEndiéte B Boptld the
body 202. The reflector 204 is coaxially disposed over the center 404 of

t he hol | ow @i0theinterienigalh 4 aboys agas enietmmihe a9zzlo 3P2 10 sraduglsexpendrdutieg
nozzl e 302 j formed over the curved surface 406. To
refl ect theﬁggaegﬁaipﬁgﬁiaﬁg}gﬁg%&%snég &e 419 on the side of the nozzle 302 is

curved downwar d Inowmsr énbdiément] g difftidcd 20 AGE o inbwide ah lislet 012, a2Qke A S
al | ows theélad;%fromthe ngzzl e 302 to expand before entering the open space
408. 2 6 S gew.restiptor A6 Ve yenting sgassuph asiNa) p progrusp sepiaios PRVIdRS

hol | ow 402 I—%ﬁ dthRe lﬂ?ﬂ%’ea&ogf F‘érﬁjovg)fésﬁnaér hed Rz‘é\’th% ARt h?f‘é@ el sfiddm Ofrnd he

body 202. wever, nozzl e 30 ma)l/ al so be provided entirely wthin the
hol | ow 402 flowmenirictpr k¢ is dilmyeditviima itk gaffw fromahé pressat begdilb@oriand itapey ed

ently such that, the di aneter. of .t he . 410 i ncreases radual | y toward
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The diameter of the hole can be adjusted to provided desired flow restrictions. The valve
414 is a shutoff valve that either allows the gas to flow into the nozzle 302 via inlet 412
or shuts off the gas to prevent passage of the gas into the nozzle 302 when the diffuser
200 is operating in a pumping mode.

The location of the flow restrictor 416 may be varied in some embodiments. For
example, if the flow restrictor 416 is to be located upstream, it is preferably located as
close to the valve 414 as possible. In one embodiment, the flow restrictor 416 may be
incorporated within the valve 414. In another embodiment, the flow restrictor 416 may
be located down stream of the valve 414 and is arranged so that the flow below the
restrictor becomes substantially uniform before entering the nozzle 302. The flow
restrictor 416 also allows for linear in time chamber filling or only initially linear
chamber filling, depending on the input pressure,

In the pumping mode, the diffuser 200 is coupled to a pump by means of a T-
shape pipe 418. On one side, the T-shape pipe 418 is coupled to the inlet 412 for use in
venting gas through the diffuser 200. On the other side, the T-shape pipe is coupled to a
pump (not shown) to pump gas from the chamber via diffuser 200 to provide a vacuum

_ condition in the chamber.



formed at an angle less than or equal to six degrees over its dfzagng@? 20Hhe
sloping angle of the interior wall 410 allows a gas entering the nozzle
302 to gradually expand during traversal upward through the nozzle. In one
enbodi ment, the diffuser 200 may al so include an inlet 412, a valve 414,
and a flow restrictor 416. Wen venting a gas such as N2, a pressure

regul ator provides gas at the upstre¥mof the flow restrictor 416 to the
inlet 412 at the downstream The flowrestrictor 416 is adapted to limt
the gas flow fromthe pressure regulator and it m I mpl enent ed using a
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the gas into the nozzle 302 when the diffuser O is operating in a

punpi npresigie ratiphis majntainednlesss the trecrf fical pressurnei retioe.g.1 653fafor )y aklieeiown some
e di ment s. r. ex le,.if the flowrestrictor 416.i§ to | ocat.ed ,
pet r eler 418 nl BRER Ny b dceigtiids e gt Hopn § Hidhustres (e SRLE, bi o.

| n oneseeediRdiitiof e HoWdsRhér #1@bredfts WulCor LRCRAAASHRY ild Hen (e
val ve .414." I n anot her enbodinent, the flow restrictor 416 may ~be | ocated
“down sthaazher efhen libe vertvenlvid 41 A imdopenedr rAvgedingly, theatonttast masswloe| adlewshe
restrictor b(gco S, sugs%:anti | Iy uniform before entering the nozzle 302. -
The f 1 CRRTOHES F98RLAHIGR Ok the chpmGenTany jigne d IRXRAM YRt PFs¥&tEnanber filling or

only initially linear chanber filling, depending on the input pressure. In
t he punpi ngPapagreanhef dhe flowerestripton 416 dhe pessswre 18 nearrhebghanthen pressurg T-

shgpe pi 4 one. side, .the T-s e pipe. 418 is coupl t-o the inlet

a1t ol ibne (R S FicRRRDn phe SR R aiPiudivons o R e SonFadoce.
the T-5aRR dHaRfbet.S AteHRLiRS befvedn RATRg GAHufpM¥) thd ShAHPER Wésule @fdshe
chanber via diffuser 200 to provide a vacuum condition in the chanber. 2 6

SEP 20swear) then vapwm hagm prassuge (i sthe | shavt ofit thiaj apampere yeotr enditthe raximpemr eam

of t hec}'falm er rp?ésstsﬁrle? tw%rich4}s6 usually the atmospheric pressure as gas is flowed into the
chamber.
15 The diffuser 200 functions to regulate the gas flow through the hole in the flow

restrictor 416 and then to slow the gas velocity from that in the inlet 412 downstream of the
hole by expanding the flow area gradually so that a low ﬁniform velocity gas flow enters the
chamber through a large area.” Speciﬁcally; the gas flow entering the nozzle 302 is slowed
within the nozzle 302 by the tapered wall 410, which expands at an angle ]essl than or equal
20 to6 de_grees. Then, the flow from the nozzle 302 is directed to the reflector 204, which
reflects and further expands the gas flow into the open space 408 in the diffuser 200. On
leaving the reflector 204, the flow enters the open space 408, where the gas flow is further
expanded to the full open area of the diffuser 200. Preferably, the volume of the diffuser 200

is kept to a minimum so that the chamber can be emptied (i.e., pumped) in minimum time,

25 The diffuser 200 may also have a set of guide vanes to partition the open space 408 to
provide flow velocity uniformity. Figure 4B shows a cross sectional view of the diffuser 200
taken across the line AA’ with the guide vanes 210 and 212 in accordance with one

. embodiment of the present invention. As shown, the guide vanes 210 and 212 are provided
in the open space 408 of the diffuser 200. In this configuration, the guide vanes 210 and 212 -

30  are arranged to partition the open space 308 into expansion spaces 460, 462, and 464. For




The diameter. of the hole in the flow restrictor 416 and the upstregfy SEP 2005
pressure determ ne the mass flow i ndependently of the downstream pressure

as long as the downstream upstream pressure ratio is maintained |less the a
critical pressure ratio (e.g., .528 for N2). The flow 5 restrictor 416

limts the gas flow and accel erates the gas flow to a high speed (e.g.,

sonic speed). In addition, the flowHMestrictor 416 prevents a burst of gas
fromflowng into the chanber when the vent valve 414 is opened.
~Accordingly, the constant mass flow allows controlled regulation of the
chanbeexapeple, thi rgsidgnangeddOrpanitianstthy opers spase 308 vintot ¢xpansion spaces AHQwnd

restri r 416, the pres e iS negr the chanher. pressure 10 because of
he | ol eiiFiths bR VAN AL2 BuioReie ARt SHRCIVY Bl CHEMSOD SPRRE AR Shfle f | ow
of gasggsnto the chanber. Aternating between venting and punping, the
chanber pressure ranges between the vacuum base pressure at the start of

the chanb t he i h L Whi ch i th
t mospher  c T aeely e R T A sl TY Aie SERET ek niline ohab 3O $0cor
2005 f uns1,i HAs4340 facaguihat chatdber dRSeduaPWThBr QuaNakMigarnRbS 450,1432, bh@ws4

restrictor 416 and then to slow the gas velocity fromthat in the inlet 412
downst rkews sybstantiallnequal bmountefrghs fipwshato theowhamber fjemdbelekpansiontspatesa | ow

if it fl t th hanber th h .
Spect { FRGA6); wid 4B SesnePitaTin F P gmbarmins she 28 vagep Gt 2 88y e ne
nozzl ey Q&e@yeﬁiﬁﬁiﬁﬁﬂ%ﬁ%ﬁ%ﬁtﬂgﬂéf}xﬂw ?%Ehi@@@%\g%nﬁ’ﬁnﬁi%angl e l'ess than or

equal 20 to 6 degrees. Then, romthe nozzle 2 is directed to

the refl ect ich. reflects d further expands the..c . jnto
the open spans P B Ebion B L SnBBE b Wiiag RER RahABER SiRd ™ O
1 o eThedsushieofaRepresditGieventiSn ma ek &isdd 1 @as gdd iaw 4 Shanbick bspumpxtiw%@ed to
the full ogen area of the diffuser 200. Preferably, the volune of the
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taken across the line AA" with the guli de vanes 210 and 212 in accordance
with offandedhiedirade systangally paidersm sasflaninte the chembabwn, the gui de vanes
210 and. 212 are provided in the open space 408 of the diffuser 200. In
this confi ghwatto éhg lavhend winiferm agae S1dd thtartbe 2i@nber from the expansion space,

wafers in the chamber will not be moved out of position. Further, minute particles within the
chamber are less likely to be stirred onto a wafer in the chamber. - Accordingly, the diffuser
and chamber equipped with such a diffuser of the present invention increase wafer

throughput in a semiconductor processing system.

20 When used in pumping, on the other hand, the chamber can be pumped to vacuum
rﬁore rapid'lyi as there is no volume connected to the chamber via a restriction. In addition,
thé chan‘iﬁtﬁ' need not employ a separate pumping port or device, thereby saving space in the
chamber. In this mode, the flow restrictor of the present invention allows more rapid
pumping of the chamber to achieve vacuum because there is no volume connected to the

25  chamber.

The present invention also provides other practical and cost advantages. For
example, the diffuser of the present invention is relatively easy to.clean because there are no
fabric, sintered metal, or porous wall surfaces of conventional diffusers having membranes.

The hard surfaced shape of the diffuser of the present invention ensures that the parts will not




30 are arranged to partition the open space 308 into expansion sp@@k@E@BQmﬁ
462, and 464. For 2 6 SEP 2005 -11 exanple, the guide vane 210 partitions

t he open space 308 into expansion spaces 460 and 462 while the guide vane
212 partitions the open space 308 into expansi on spaces 462 and 464.
Preferably, the guide vanes 210 and 212 are spaced such that the annul ar
areas 450, 5 452, and 454 facing thelxhanber are equal. The equal annul ar
areas 450, 452, and 454 allows substantially equal anobunt of gas flows into
t he chanber from the expansion spaces 460, 462, and 464, respectively. In
one enttdl AWAr becpme glagged.y imaddiarg thndiffasar ofdhie prsseridiventiod iv cheapentd y

and/ or i I . rovide achieve flow upiformty. The present
inventfgﬁ&%%gg% ggx%hgé éﬁ?F%PWBHWEﬁPEBEE U¥Ghventional diffusers. 10
The diffuser, of the present invention may be used to vent gas into a
chanber or é@ﬂif‘ thisinygation, hasgpeen depribsd in tymsrafsevaalpre rfnelenddimentan

When u i b 1.0%: ) f.or e as thro .t he
nozzl eﬁﬁ% a?ee ﬁgltgbgl% g)%grgtﬁ%gl%gﬁz%% %@%@%{t‘? %‘Wb %Z%&l’g?l tg&sgpp? fﬁlf %E‘bst s the
gas5i ntvehtien. ek paosidamsosiasae AMIRE thekd SreGAdny AR MdiTe Wiyt BEimpleMbREng Bt
expanded to provide substantially uniformgas flow info the chanber. 15 Due

to t hemMethpdsaad apparaiusasgidhe presernt inventine Bhathsesfoferiotentdért thak fherfollowingpace,

waf ers _j r Will not be.npved out of position. Further, mnute
part i CF@% n@mp‘fhﬁ%ﬁ{gﬁz’e Bﬁ%{'%sé?& & elqréﬁf@gng iaxlelsﬁ}d} d’?tl‘iﬁmgf‘f’r PETYAERNS, er in
the chaglieslentdas tildvitllihhe iri@siif £iBRbpe &Mile pRACRSHveARBhPPED W th such a
di ffuser of the present invention iIncrease fer throughput in a

sem ComgeiQ,iRla3essi ng system 20 Wien used in punping, on the other
hand, the chanber can be punped to vacuum nore rapidly as there is no

vol ume connected to the chanber via a restriction. In addition, the ,
chanber need not enploy a separate punping port or device, thereby saving
space in the chanber. In this node, the flow.restrictor of the present
invention allows nore rapid punping of the chanber to achi eve vacuum
because there is no volunme connected to the 25 chanber.




The present invention also provides other practical and cost advaptgagés. 2005
For exanple, the diffuser of the present invention is relatively easy
to.cl ean because there are no fabric, sintered netal, or porous wall
surfaces of conventional diffusers having nmenbranes. The hard surfaced
shape of the diffuser of the present invention ensures that the parts wll
not 2 6 SEP 2005 -12 wear out or becone-H-ogged. In addition, the diffuser
of the present invention is cheaper to produce and maintain than the
conventi onal nenbrane diffusers. Wiile this invention has been described in
terns of several preferred enbodi nent CLAIMSre are alterations,

permutati ons, and equivalents which fall wthin the scope of this 5
invention. It should also be noted that there are many alternative ways of

i npl enenting thep netﬂq%sgﬂqog,?ggﬁg; uses of the present invention. It is
therefore intended that the followng appended clains be interpreted as

i ncluding all suxtody thevimgi ®mezzlpcshrmughta ofrgsr portionethei balyehavings fwvdéd
within the true spirit and,sco of the present ingventian. at s .clained
s 126 S OF oh epd e B BT spycraPa gt B g mAR g
nozzl e thr opghleds 6@MgRA tOBMEW @as Ul%\bﬂﬂwu%%dr&pﬁl&iﬂrﬂi@ﬁbzz&l;ﬂ face on an
upper side to define an open space above the curved surface, wherein the

nozzl e i s arrangetlleegionfispesed oyersthe sotaloend bringigangad tesebigeiche gas fremils 7| e;
flect i . i NgQ. f.] ect
from t o _rTARARRTH S srbOERBE B0E R PR i BRAID Sulkfin B ne 2, °¢

fI'ow, wher ejeficitbe and fird @pen spadel £€ torifi guddibiot dav theeMovs padR @k euctomhbi eged to
sl ow the fl gw of thﬁ gas such that theﬁrgas fl.ows out of the open space
wi th subst ahtVaPRyOLker e BrecoVHE SubHaERHE gnHerm (i gt intended Der-geifern and
a set of Vai%@@véi'&c?@?é&ﬂ in the open space of the body for partitioning the
open

a set of vanes disposed in the open space of the body for partitioning the open

space into a set of expansion spaces such that the gas flows out of each expansion space

in substantially equal amounts.

2. The diffuser as recited in claim 1, wherein the nozzle is formed integral
with the body.

3. The diffuser as recited in claim 1, wherein the nozzle is formed separate
from the body.

4. The diffuser as recited in claim 1, wherein the reflector is coaxially

disposed over the nozzle.

5. The diffuser as recited in claim 1, wherein the curved surface of the body
is arranged to expand the open space radially such that the flow of the gas expands in the

open space.

6. The diffuser as recited in claim 1, further comprising:
a set of arms mounted on the upper side of the bedy for holding the reflector in

place.




space into a set of expansion spaces such that the gas flows out 6 8&8Ph2005
expansi on space in substantially equal anobunts. 2. The diffuser as recited
inclaiml, wherein the nozzle is formed integral wth the body. 3. The
diffuser as recited in claim1l, wherein the nozzle is fornmed separate from
the body. 4. The diffuser as recited in ¢claim1, wherein the reflector is
coaxially disposed over the nozzle. 5. Mhe diffuser as recited in claim 1,
wherein the curved surface of the body is arranged to expand the open
space radially such that the flow of the gas expands in the open space. 6.
The diffuser as T.eci t Bt difus¢radsnedited mrdldier 4,cobgpeinghaget of ssms ioattamhad to

nmount ed on fhe upper si f the bo for holding the reflector in place. 2
6 SEP 2005 {hiﬁe . vﬁeésfagﬁqlgglgﬁﬁ%ielg?g}é/w&&l&ﬁcecl aim4, wherein the set of
arms is attached to the set of vanes for holding the set of vanes in

place. 8. The diffuser as recited in claim1l, wherein the nozzle has an
interior wall that ithedilusadstreciteddnelain I, wheteamthearozelgbas dn ierior wall

refl ector. : AR ecited in.clai wherein the interior wall
of the nozz‘?lee1t ll-itﬁ%efggﬁzéﬁcgéaasgsfna%ﬁ%ﬁ{gefgovf%ggletrﬁg%cg%rr equal to six degrees.
10. The diffuser as recited in claim1, further conprising: an inlet

coupled to the nozzle to flow the gas into the nozzle; and a fl ow

restrictor dispoded ohhe figfusen astreeiied, iprplaimah wheprin theeingior ywadiofdhe pesln
T the. di £ s e e R R Rl TP ¢ oW restrictor 16 a
disk having an orifice to allow passage of the input gas into the inlet.

10.  The diffuser as recited in claim 1, further comprising:

an inlet coupled to the nozzle to flow the gas into the nozzle; and

a flow restrictor disposed on the inlet to limit an input velocity of an input gas,

wherein the flow restrictor decreases the input velocity of the gas.

11.  The diffuser as recited in claim 10, wherein the flow restrictor is a disk

having an orifice to allow passage of the input gas into the inlet.

12, The diffuser as recited in claim 11, further comprising:

a valve coupled between the inlet and the flow restrictor, the valve being arranged
to open to allow the passage of the input gas into the inlet when the diffuser is being used
to diffuse the gas through the open space, wherein the valve is arranged to shut to
prevent the passage of the input gas into the inlet when the diffuser is used to pump the
gas from the diffuser. '

13. A chamber for cycling gas in a semiconductor processing system, the
chamber comprising:
a set of enclosed walls; and
a diffuser mounted on an aperture in an enclosed wall of the chamber, the diffuser
including:
a body having a nozzle through a center portion, the body having a curved

surface on an upper side to define an open space above the curved surface,




12. The diffuser as recited in claim11, further conprising: a val 2§ SEP 2005
coupl ed between the inlet and the flow restrictor, the valve being arranged
to open to allow the passage of the input gas into the inlet when the
diffuser is being used to diffuse the gas through the open space, wherein
the valve is arranged to shut to prevent ttge passage of the input gas into
the inlet when the diffuser is used to purT'd the gas fromthe diffuser. 13.
A chamber for cycling gas in a sem conductor processing system the

chanber conprising: a set of enclosed walls; and a di ffuser nounted on an
aperture in an ewbtroinatic watdle sfartahgedctioaubtowrs gasie fldinf thresigh and expland ithrgugta
body having a nogzzl e Hhrough a center portion, the body having a curved
surface on an up%‘&m?rﬁ’e to define an open space above the curved surface,

2 6 SEP 2065 - 15 whgkdfidatdr igspBsuazdRr kife AZRNERAheRY /tdngwd & Afscilte ithow
t hrough and expand through the nozzle; a reflector disposed over the

nozzl e and bei ngftemyrthageazle dntodhe epen spase g the bodynwhile exnanding theiges flpw, open

space i n the body, i e HEAANILD0.S e8RSy thONer A SLA AR LOYR e

gas expands in the open Space su €9 Ws “out e op

space into the cofthieespew sphces itlts tlanthambBey with fgbsmnvigllo ahifyrnt Relocitys that awer
than a velocity of tggﬁgas entering the nozzle; and a set of vanes di sposed

in the open spacloVst thare wslasity odthes enterps theqioers: a¥hen space into a set
f i . f D i
of expansion spaces sygh Jrhahcd &t (%@%Hfa{r]}%‘g@.ef?%Egcgfﬁ?ﬁ@ﬁ%dr?ﬁfggiﬁﬁﬂﬂmggﬂge In

substantially equal anmount into t e c as recrted in
claim 13, wher ei openhspano b @ ses of expEidnnépagesasuchvihaththe has Hiosks. oul ©f chble

chanmber as recited in claim13, vvherFi n tpe nozzle is.formed separate
€Xpansion space in substantially equal amount into the chamber.

14, The chamber as recited in claim 13, wherein the nozzle is formed integral
with the body.

15.  The chamber as recited in claim 13, wherein the nozzle is formed separate
from the body.

16. The chamber as recited in claim 13, wherein the reflector is coaxially

disposed over the nozzle,

17. The chamber as recited in claim 13, wherein the diffuser further

comprises:

a set of arms mounted on the upper side of the body for holding the reflector in

place.

18. The chamber as recited in claim 17, wherein the set of arms is attached to

the vanes for holding the vanes in place.

19. The chamber as recited in claim 17, wherein the nozzle has an interior

wall that is tapered to increase in diameter toward the reflector.




fromthe body. 16. The chanmber as recited in claim 13, wherein theégﬁ SEP 2005
reflector is coaxially disposed over the nozzle. 17. The chanber

recited in claim13, wherein the diffuser further conprises: a set of arns
nount ed on the upper side of the body for holding the reflector in place.

18. The chanber as recited in claim 17, wherein the set of arns is attached
to the vanes for holding the vanes in plFace. 19. The chanber as recited in
claim17, wherein the nozzle has an interior wall that is tapered to
increase in dianeter toward the reflector. 2 6 SEP 2005 =16 20. The chanber
as recited in cla?m 19he okpmber ps ragded i daimo}9, waiereim thetinterioowall ef the ozzlper ed

at an angl elstgﬁe%&ﬁaaﬂtaﬁgleg%ﬂ%atcﬁ-e,?qh)a(ltﬁgg(r eseﬁf)rzllse‘sl'he chanber as recited

in claiml13 erelin st urt an inlet coupled to
the nozzle to flow the gas into the nozzle; a flowrestrictor disposed on
the inlet to linmt an_input velocity of an input_gas,  wherein the flow
restrictor decredbes The SHaper \a8| Rsiteq ir clai i hpudhersa the digiysesufurther t he
inlet. 22. ghanber as recited in claim2l, wherein the flow restrictor
is a disk aving an orifice to all ow passage of the input gas into the
inlet. 23. The ch:ahibﬁrcoalsleal&nihbedzilmmﬂmmh&gas imhehiee:hozzlehe di ffuser further
conprises: a valve, coupl| er tween the inlet and the fl resfrictor, the

val ve being arrafg@d ¥ E‘ Eﬂﬁ SROBCGHPT to lizub g mppt ¥ 801% 0 Jput 3% o
the inlet Wagreledidv ké%ﬁfctdrﬁie@t"ehi& thS Bihut Q'é?oﬁ’ryf Jf"lﬁ@ ifphe g 88 bipArGhL he

open space, \i\,herel n the valve is arranged to shut
inlet

22. The chamber as recited in claim 21, wherein the flow restrictor is a disk

having an orifice to allow passage of the input gas into the inlet,

23, The chamber as recited in claim 21, wherein the diffuser further
comprises:

a valve coupler between the inlet and the flow restrictor, the valve being arranged
to open to allow the passage of the input gas into the inlet when the diffuser is being used
to diffuse the gas through the open space, wherein the valve is arranged to shut to
prevent the passage of the input gas into the inlet when the diffuser is used to pump the

gas from the diffuser.

24, The chamber as recited in claim 13, wherein the enclosed wall on which

the diffuser is mounted is a floor of the chamber.

25. The chamber as recited in claim 13, wherein the enclosed wall on which

the diffuser is mounted is a ceiling of the chamber.

26. A device for venting gas, comprising:

a body having a nozzle through a center portion, the body having a curved
surface on an upper side to define an expansion space above the curved surface for
expanding gas flow, wherein the nozzle is arranged to allow a gas to flow through and

expand through the nozzle;



prevent the passage of the input gas into the inlet when the di ffugdy SEP 2000
used to punp the gas fromthe diffuser. 24. The chanber as recited in

claim 13, wherein the enclosed wall on which the diffuser is nounted is a
floor of the chanmber. 25. The chanber as recited in claim13, wherein the
encl osed wall on which the diffuser |s nDunted is aceiling of the

chanber. 26. A device for venting gas, FlSlng a body having a nozzle
through a center portion, the body haV|ng a curved surface on an upper

side to define an expansi on space above the curved surface for expanding
gas flow, wherei anretﬂfoetondiapdmdiowelauhbanwdambbfang mu\ar@e@asreﬁbcmh@gasﬂnmmuw and

expand t hrough, th 2 6 SEP 2005 -17 .a refl osed over. the
movel'e and Wersgg (S rSRdisich sart oy (e ey ghuftdSnmdie Be g 3T bR e
expansi on sfiggeof thel B8 LPavdsMi HR &4RANGH r&ga&hﬁmﬁaﬂiatf ﬂfé"\gas"\ﬂ@\ﬁr@'oﬂt bhehe f | ow
of the gas expands in the expansi on 'space such that the | ows out of

the ex panswmqn%praéleaowmﬂl substantially amufqrnumlomyrﬁhetensd@wmyt @tVellQﬁltV(ﬂfléhe t han
a velocit I nozzl S when venting the gas; an inlet
! Bk PP e 010

coupled to e NOZTI 6 Pnto the nozzle; and a flow

restrictor di spoaeiladotpled iothehoiAle ol faw ttRpak Roitheulzale] 4nd of an i nput
gas, wherein the flow restrjctor decreases the input vel oci tty of the input
gas for output t®fleHerestrigtosdisposed amhegalpt g lipat %@Pt"e‘eﬁli’%t}w Atninpst gas,

wherel n thewRagE) e by LERK: dBLRM:AIne Mbhivddiey Welﬁ : gab'16r BRBLCS By,

recited in claim wherein the nozz sepa
29. The devint®. as recited in claim26, wherein the reflector is coaxially
di sposed over the nozzle.

27.  The device as recited in claim 26, wherein the nozzle is formed integral

with the body.

28.  The device as recited in claim 26, wherein the nozzle is formed separate
from the body.

29, The device as recited in claim 26, wherein the reflector is coaxially

disposed over the nozzle.

30,  The device as recited in claim 26, wherein the curved surface of the body
is arranged to expand the expansion space radially such that the flow of the gas expands

in the expansion space.

31.  The device as recited in claim 26, further comprising:
a set of vanes disposed in the expansion space of the body for partitioning the
expansion space into a set of expansion spaces such that the gas flows out of each

expansion space in substantially equal amount.

32.  The device as recited in claim 26, further comprising:
a set of arms mounted on the upper side of the body for holding the reflector in

place.



30. The device as recited in claim26, wherein the curved surface of2 ghSEP 20i5
body 1is arranged to expand the expansion space radially such that the flow ’
of the gas expands in the expansion space. 31. The device as recited in
claim 26, further conprising: a set of vanes disposed in the expansion
space of the body for partitioning the expansion space into a set of
expansi on spaces such that the gas fl owsl®dut of each expansi on space in
substantially equal anobunt. 32. The device as recited in claim26, further
conprising: a set of arns nounted on the upper side of the body for holding
the refl ector in3pl acthe geGeeSaPredaObin d8inB32, Whaciche cet afsarmeds tigathedta| ai m
32, wherein,the s%t EH argg is attached to the vanes for holding the vanes
in place. 3% VNS Ieloldwe e Yaues Rlass, | ai m 26, wherein the nozzle has an
interior wall that is tapered to increase in dianeter toward the

reflector. 35. The device as recited in claim34, wherein the interior wall

of the nozzle i3tapéhedevite aavesitrl ia dlaigs?b, nderedn thegupgilethss oi interéeyreds .

36. The devjce. it [0 i e e flowrestrictor is a

di sk ‘havingﬁgﬁ F%?ﬁ%g&?%kgﬁfgw %&%gaﬁégg%”%ﬂ%&&hput gas into the inlet.
37. The device as recited in claim33, further conprising: a valve coupled
between the inlet_ and _the flow restrictaor, the valve being arranged to
open to all ow t he>-pasdbgedse aneciterhin: clyjas34.hereindhe mtcator ot the nazal¢ user
i's being usgq, etrﬁi ﬂiafafahl%l% 1L R B35 o H"‘r‘l%ﬁ& cfegleeegxpansi on space, wherein the
valve is arradbe to shtit to prevent the pdssage of the input gas into the
inlet when the diffuser is used to punp the gas fromthe diffuser.

36. The device as recited in claim 26, wherein the flow restrictor is a disk

having an orifice to allow passage of the input gas into the inlet.

37.  The device as recited in claim 33, further comprising:

a valve coupled between the inlet and the flow restrictor, the valve being arranged
to open to allow the passage of the input gas into the inlet when the diffuser is being used
to diffuse the gas through the expansion space, wherein the valve is arranged to shut to
prevent the passage of the input gas into the inlet when the diffuser is used to pump the
gas from the diffuser.



