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[0005] The gas delay delivery problems may be attributed to the volume through
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delivery of key process etching gases to the reaction chamber impacts wafer etch rates
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorporated into and constitute a
part of this specification, illustrate one or more example embodiments and, together
with the description of example embodiments, serve to explain the principles and
implementations.

[0010] In the drawings:



i mpl ementations . [0010] In the draw ngs:[0011] Figs.
A and IB illustrate an exenplary gas stick. [0012]
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d_elaytima of a low flow gas. [0013] Fig. 3 is a block
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AT FigR AR Al o Remean So04th Fos. 4A
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rranlfﬂttwgaS[0015] Fig. 5illustrates the flow of gas in
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glwgtty@fhﬂgngmﬁgbmr@mum ver sal fluid fl ow adaptors.
017 Flrﬁg. 7 is a flow diagram of an exenpl ary nmet hod

beO nankigal4Ayand 46 Hlystate jap exgmplpryofangs seeducgihre gplume of a
exenpl ary gas feed
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[ [00.15] r atidg. filkchaenthe clow evgasfin apat fiek ueixenid Aange of Figs. 4A

pl asma processi ng chanber. [0020] Figs. 10A and 10B

i fddPrate an exenpl ary conputer system which forns
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controll er“system [O Fig. 11 is a w di agram of

alﬁluebctéwmlaaawomat hod for cont rol I ing a pI ur ality of

BT Ve TG 51 HinbEi i ooy et os PGy ixing a

Eﬁlrggg;bg ise@f gas transport delay resolution for

ort et c reci pes. The follow ng detail ed description

i :EOQ]JSH ustliat§ s sshepatndew of apexemplaryokad fead deeice forany
é/ . n&ucéor% OCeSSher enbodi ments will readily suggest

t Renser OCSUitHF ski | | ed persons having the benefit

0{0(11'9! S CFlg C9 DRirges RedherAnE Qiew bl anBer @;&n{fﬂ pldf%ma processing

detall to Inplenentations as illustrated in t
nying draw ngs. The sanme reference indi cat ors
r .
A, 1 P S A

ppaﬂt of the@BRArk) andtik @ultalbleeﬁOE§t0V[Iﬁng3h aonttofler motenal |  of
the routine features of the
[0021? Fig. 11 is a tlow diagram of an exemplary method for controlling a
plurality of mixing manifold exit valves.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0022] Embodiments are described herein in the context of gas transport delay
resolution for short etch recipes. The following detailed description is illustrative
only and is not intended to be in any way limiting. Other embodiments will readily
suggest themselves to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations as illustrated in the
accompanying drawings. The same reference indicators will be used throughout the
drawings and the following detailed description to refer to the same or like parts.
[0023] In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It will, of course, be
appreciated that in the development of any such actual implementation, numerous
implementation-specific decisions must be made in order to achieve the developer’s
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i npl enent ati ons descri bed herein are shown and
described. It will, of course, be appreciated that in

w0 b@oggssed opnent of any such actual i npl ement abCHS2008/087270

10

15

20

25

30

numer ous i npl enent ati on- speci fi c deci sions nust be
made.in order .to ach .eve t. e
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an exenpl ary gas stick. Although illustrated w
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| gL, ehd ‘é‘&’m%&leﬁ%, lHe'FP&&HQc&ﬁ &ieﬁfsearré‘ﬂét 1ﬁ63HE’éEiW8'%§m‘I§BMg he
used and/or less or nore C% onents nmay be used

f diffarerh eoglasnfmltsi Ry béds:hdtandm ldsy pr mloteha@ungoneets mayki&dlsed to

Wi.t h sin stick, the nunber of. gas. sticks.is

6t B @it acptn i et e BE Sl Sy the
PhimBbi dEa®btidass fdtlifkRded ObEMIBRS ROYisOs s&ﬁﬂ%'ve d Plurality of
an enbodinent, the valve on the conponents is an

i g@@gm&s édrns aghabex erownel. Jalky embpdingahdharalvaen the components

Icgt eﬁ{a éﬁface mgggt \p ?{{ﬂg Sl%reag,t aéll 1§c’1tetghagc?ds su f%ce mount
C @@Iﬁp@ﬁeadlstaOga@bhﬁfolgaﬁlp@@m (®g., CAMPANRAtdsc. !mmls gbnnected to
channel s on a substrate asse I , upon whi ch t he gas

c GHICF 81s Q?@Ffﬁb‘??éﬁ*ﬁ%l%tﬁ @r%ﬁh@@anelsrﬁn 8 splstiate aseppblysypopgvhich
g

SRRSO SRTRRIEDY e g SEDEAY (L SEAEE) componenc
c ﬁmphﬁcgehemgy att:idh@& Slrolregdf lilky cupduies itg. VR attidhenepasvacuum
stick 100 nmay have a gas stick input port 102 to i nput

a St S}ngjas The term gas used herein is not intended
U e0028] | 1 ML NG RO Eid § ATBRYas bk ﬂﬁi ™ hé\JEy s QHE; 102
gg)s %)r a corrbl nat |lgon of rga(sqw%l and a%‘ranua mput port
v & inputlDshipphygdseThrstedn fgay u&celrhlelgcumg mvutntctrhied scupqalnyutmg and is

VB8 oaheii Anyiiggieh Bod ob e e ER Bt AEiutd fulFte A penual valve
ahoy galytbe WV @ EarPRhE bt the S bORSIaBE sﬂth wgﬁy 8f §upply gas.

pl asma’” processi ng manuf act uri ng equi pnent
a&hfs wnpdryapiedPé mayorHschayai lb¢h0y1t/tagg@tlﬁea§66106 above it. Worker
katg/grteétala %l‘sl toftrgg tha%ﬁl t% rﬁ]lat GFars]r%El %lroI F]Sl%%l%%g %cht]%rm% ec%uh%ment

deVI uses pOSI Ive ans Suc
K enelale ac@vdronréventiby Pepability, Ratitlased oeR&It @Yol 6 Mleetaniieh.

device in a safe position. A tagout
Generally a lockout is a device that uses posifive means such as a lock, either key or
combination type, to hold an energy-isolating device in a safe position. A tagout
device is generally any prominent warning device, such as a tag and a means of
attachment that can be securely fastened to energy-isolating device in accordance with

an established procedure.



device is generally any prom nent warning device, such
as a tag and a neans of attachnent that can be
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accordance with an established procedure [0026] A

r | at or, 108 nm ul a the sure
o0 o e a0 Bt Ebs el abidilidk e ot iRy BET R Sty e
t Qnd® ik Qlre gﬁ\ﬁgenn@srﬁw& ®kd wﬁoﬁi%}ﬂhé’ @8sure bﬁhe@epply as. In
enbodi nent, the pressure may be prese? and not nee ?

beng elgb¢<i1tredt therpre‘ﬁmerreay @m@@htﬁedmot ngeg t@lstslt@gelated In another
a dis

tra uce ' p
?EP%WP Sl HES G0t TSR pleBfa B aisptay e
ﬂd@ﬁdélﬁfa bea¥ed) erlmbgsufamSmt ma® bt Ppesitiegid ikoto the
8. Afilter 112 be used to renove inpurities in
t h@umpw daflteral lﬁrmmbwussﬁm regaqve\apyiatiostia thepsppply gas. A
u
- Bk B s A ] S 5 BRIk PR5 30 B sy from
1 tedmainiyig e thevwas piiokt. Mel prindiavhutgbfnaledll bimby e two- port valve
pneumati cal |y operated val ve assenbly that causes

vaﬁveg 1% ARG He PRradRAticHIAY RRFT et Bl¥g ?Ssewmyctﬁaﬁ UGy rﬂPF Valve to
ei)&ﬁﬁ'ﬁé d’e%l:ﬁl’va?t&p@ﬁ)s&h)amhgﬁ%lﬁ leﬁ‘é(:tWei)hét s flow within

stick. Once deactivated, a non- corr03|ve urg as,
S ﬂtergaastmrk Onogdeactinatgd, benanseurdsiye [purgyegat fraclyasnistogerk .may be

The lve 11 have three-ports to provide

' BFedttﬂé’ e v iR R piRe b 118 aBode iRt O papyice for
%‘69&%9§n BRtrdnce pBRZA e ACAIM a dil@aRier@e. val ve

116 rmy e an MFC 118. The MFC 118 accurate y measures

t 0271 ow /Néltaeen@fhetmeg%‘(ﬁéw vl 6glasy b@@isMHCbhl&agTherMFﬁulrlée

a ser
= B outSs iR 1P Qe Pt 5 R s BYeRSanve 116
Vﬁ’:)&t&o rROVIFEXLt Stallotvi @ ubkrGo ey cbgoysEhpphy €8Ksi@khe MFC
the armount of supply gas to be m xed with other suppl

gd$&ed mixinghelpakZOgigrkto, the HHEE] 1Eman be e?ﬁﬁiotﬁéﬁtltr@ifth% wegunt of
bl ock. A
o} pfo! %&Sﬁf.i PRRGHIP SERL7BENE & BB LS 55
| $0028] of Emhlcbﬁipdné:ﬂt otk dah aﬁckCIhEﬁbeﬁoﬁditﬁleﬂlabwmﬁlbniﬁld
th th tjck 100. Th del ,
ggﬁgﬁgz énﬁlépaﬁg)wfﬁe%%ﬁ%ﬁ P%slkéwrlaﬁ %Jhgr%%f‘aﬂff <] %@%\ége%glfw blocks
2R k&gee@ (SRS Hs@ eé"ﬂhwh#ﬂ gs%ﬁeméo tﬁlfﬁgas delivery

R
sealant (e.g. ](33 sea e |l
i kbmponcatsasay b@p@utimledtonftﬂla)mwamfolg btceks bh amulgrrowmmeg&ssuch as

sti.ck 100. Tk as . m f omthe ur ge

» 46 APBusedOpASG Thte faE 248 apd e £ ect  on o

f yooaopat hrib. 1B hRIs@ASs maxeuheﬁrﬂévt el th@cﬁugqlhﬁe MsGtidl 300. The
into the substrate 122, through the mmgg val ve 120

ag@B Ay Gowivait nf ﬁ(pmghmwgﬁ shide 336 andinth fh F@tléa ibghe direction
IHaFi St [ a (e)%tca). maa enzﬂ W v ot ot}’ltﬁek/{ E sgﬁsgrate 122,

T e Of
through the mixing valve 120 and 1nto the mixing mamfold 226 as illustrated by flow

path D.

[0030] Fig. 2 is a block diagram of Fig. 1B to illustrate the delay time of a low
flow gas. The gas box 200 may have a plurality of MFCs 118a, 118b, 118¢, 118n
(where n is an integer). Each MFC may be a high flow MFC or a low flow MFC. A
low flow gas may have a flow rate of less than or equal to 7 sccm. A high flow gas
may have a flow rate greater than 7 sccm. For exemplary purposes only and not
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fl ow gas. The gas box 200 may have a plurality of MCs
118a, 118b, 118c, 118n (where n is an integer). Each
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flow gas may have a flowrate of |ess than or equal to

7 i i Hhatd. QipsR, IRy, Bave Ll LAk LS low fow
NRIFOLENNEY | BaheillustFhibd Aa h ﬂd“t Nﬁtcr AEFeven, M@QMF@ may be

M-C 118c is illustrated as a low fl ow MFC and
i sithdrladggh HowdMBS oaatiwghlom MWCMFC. However, any MFC

(BT EePoefe 1B pat e T LR e mising
C @EALBIACIGI VAN g ihfet 14, 1426, Ng2d18ARH OTHe da2GnMét Bag®S any type of
inlet 142a, 142b, 142c, 142n. The gas inlet may be any

t yﬁe that may e memdly @ﬁg}e%@ewﬁuwﬂ%d dtor essaple tye gas inlet may be
%{%\lﬂﬁﬁ?c %hﬁﬁ?gﬁag nﬁhﬁhﬁgﬁ%‘% 109!3(% %nsz{}’l?é/ eﬁ ga @f&(ed %osmon In

Oﬁﬁcb'thﬂfexainpkte chep,gas ifletanay benargrigiokharvatveahimt gy tbeh@ngaﬁed viaa
inlet may be an& known val ve that may be controlled
vigmeje P%ff‘f%rt‘e cQBHQIET toPe EptelyIandior popatisallygrositipned in an open

aptiBLed Rfaﬁt 'ﬁ@'vbb{ln&oéﬂ § aRGLnk W@@&emg}{ to(dl@%d%qnlet 142a-

position. The volune of gas fromthe MC 1
t hengds: nepﬂee:tnt&ﬂlzjaﬁl nByicdihe igeperess e Xiyg Mﬁmf@nd%,tlh may

AP Bt Tt B pRTEP to BTsinR ing R oh0 T e i fow

NRAFC 1 P&, hTH]:rhl%ﬁ ﬂ%%ﬁ&el }8acauidien RicB ot PWnGaETINRD dERS the
causes a high Torced convection to drive the |ow flow

g&ey tlowegad tavpsd ﬂiwmn@ngrmmf@d @xieX i theadytatfemehysg to rmmrmzmg

at Ela?ﬁé{heg% élng.mlgl {Hg og&%egaggg%ffe rVS{r;ﬁn%ehoefx gﬁggr @18 £as 1nlet 142¢

1402@16trﬂxin|gﬁndﬂlf()lld1@x1m hey Be prdsedtd@byay, be
re resented b . [0032] Once the gas m xture exits

t B33 xi rigneetne E%ﬁl Hixfyrg exithibie gaigingimanifold hafy thsegap nyyige may
agd gl()gzte@ LR edife AR a{q%%ﬁﬁd ﬁl%glnp [yttt i) Hgércrlbm atprec%ss
er ‘may

used In a process c e I'sol ation cha
behariyert Sf]‘he isotatioh al’rhﬁberumgdbd anyitgpd aft chatniber gsed t@isblake the gas
to being.used, such as a du gas, feed, or the like.

[ 068BY bring wseihatchiat agual |gﬁ%f%8? oA holikd | ow gas to nix
VV[(S({SS? hi-gh tt){a?%lﬁﬁflﬁieq{f ag %délto ek @Mth-g lﬂgl; htgwe:da%r gas

may be cal cul at ed ast e ti It takes
| ¢othll Dela g deneio. neaed ntayderalclaedrathd oind it(talmas)fopthe sow flow

the tine. it takes to diffuse ffus on) wth
¢ B KB o e as Aero B Gt eies hide 1t beng aifule
f @TJlfgm%mue eHéatizieNow tatrRh ghehadiulirid kPt FbIQW iR 8qmtion:
Trm + Tdl ffusion ( 1) Thetlneforthelowflowgasto

reach thig) MHeXivig nlfold 126, the inertial delay
of the | ow flow Igngg “CFY Phist e lfiatllss“’IlVl) may be n

?%18 ﬁhﬁtfggth@%&/ ?ﬂokxpé’}ﬁ ‘to 1dR0h "he(r}{{)m{g mm%f 1d %,%? 'ﬁpé iﬁgltti)al delay

of the low flow gas (illustrated as V1), may be calculated as follows:

Tom = (V/ (Pm)*(Pmm/ Pambient) (2)
Wherein V = volume of the gas
(Pm = mass flow rate of the low flow gas

Pum = pressure in the mixing manifold

Pambient = ambient pressure
6



Wherein V = volunme of the gas f m= mass flow rate of
the low flow gas Pmm = pressure in the mxing manifold
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10

15

20

25

30

that are

fromthe MFEmt

flow gas to diffuse (Td ffus on) with the high flow

carri.er .gas, b_.e cal cul at ed s follows: . .
T e BRes oo Fiduti & ¢y Sireion L g high Loy garrer gas,
c ot fleChROtatc@df asttBo W fl ow gas D effect ve =

efféctive rate of diffusion Exanple 1 [0034] The

exanpl es_proyid herein are nerely for exenplary

pur posgz‘fﬁé?ﬁldoy%r@%ﬁeé‘tvei ntended to be liniting. The 3)
curr entWiweéiine of’a diffusibl eouftiesntiof @i folvefldrgas 0 t he

m xi ng mani fol d may be between about 4-5 cubic
centinmeters (cc) Petehies Prideiye ate af gHsionki ng mani f ol d

may be about 100 Torr, and Panb ent nmay be 760 Torr.

T delay tinme for a low flow gas to reach the

ki i fal T : | cul at as fol | ows: f
8049 Ce el g BRI SRR BERmbRy B! and are

cc/ st intefaled/to be tifthd. QPEQUkrent voldiiBofa Yovwrfl8® &6 EeRdte MFC
(4) \sccm 160Torr. [0035] Thus, a 40 second del ay i

el ay in
t he tPItepmafingmgaidoldanayRe berwesiRbrutt-p spbicwsitimeters (cc), the

d .af . .
i L
r eacTonv.eThonthetdehiyngnofor gdew fiodugatte deaalp te madingmsanifsid (T )

t he proces ases not be m xed properly or the
pro %%b‘“g%?igga‘ﬁgﬁs m“’éven be mi xed together in the

m xi ng mani fold. Additionally, the slower the flow

rate, the gfeat bscanhe delay will be. Thus, a way to

reduce the tine lay may be to | ower the gas vol une
1_‘812)-%51%% the mxing manifold 126 or

| ocate the i xi ng 7gpnifol d exit 140 near a |ow flow

MFC. [0036] Fi'g. 3 is a block diagram of an exenplary
m xi ng mani Vot @ chaeé ng a

_ Scc/second y 100Torr
lsccm 760Torr

T

mm

=40 seconds 4

[0035] Thus, a 40 second delay in the flow of a gas to the mixing manifold would
adversely affect etch rates for short process recipes that are 30 seconds to 60 seconds
long, such as in reactive ion etching or gas modulated applications as the process
gases may not be mixed properly or the process gases may not even be mixed together
in the mixing manifold. Additionally, the slower the flow rate, the greater the delay
will be. Thus, a way to reduce the time delay may be to lower the gas volume from
the MFC 118a-n to the mixing manifold 126 or locate the mixing manifold exit 140
near a low flow MFC.

[0036] Fig. 3 is a block diagram of an exemplary mixing manifold having a
plurality of mixing manifold exits. The mixing manifold 126 may have a plurality of
mixing manifold exits 148a, 148b, 148c, 148n. This allows for the flexibility to locate
the mixing manifold exit 148a-n proximate or substantially close to a low flow MFC,

illustrated as MFC 118c in Fig. 3, thereby minimizing delay of the low flow gas when
7



plurality of mxing manifold exits. The m xing
mani fold 126 may have a plurality of m xing manifold

wW@2000088d8Ba, 148b, 148c, 148n. This all ows f orPE€TES2008/087270
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flexibility to | ocate the m Xxi ng manifold exit 148a-n

pr oxi mat. r tanti cl ose

PP EE PR BN Bipah ufe. B ot SLMEAC K Sioy goter the
dﬁh@ylg HankfdR1 128Wik ?Mn&@mmen{@ RebI oW %t\a/FnIa Qhé?i ﬂmv 1n the
flow gas. In use, high flow gas in

edirestionted flemxpatly Crtawnifdghel lavp Hovigas gatsring inge thrmalngﬁhemfold

a8 205 T eh b5 e AL g isdeiond 18

mrr}ikllﬁg nitBifofdodxak MiSa, §3s.. infdyete thd 26lumEnT c@asofi thé dii€inlet 142¢
en exit the mxing manifold 126 via m xi ng

nﬁmﬂ}ﬁémesln@xmnlfplﬂa%m 1Afee mhighynayebet Ings than Mnﬁl%tratg@@ Fig. 2.

O . 25l Bl g G 00 B L St e i

[ eadifbldEyithiagh-meprotihtatepbrec] dbexti to chenmavi flaot MFEX ithis eﬂ.ﬁﬁiﬁrthat the
and qpening the m xing mani fold exit 148a-n proxinate

olove flgwesetopiling ¥ N3P E S8R PEOB ST @ A gtixing gnanifold
| gy f i%%&ﬁs "Malv ﬁrﬂuﬁtl tnlf'antlﬁfd &g r}new AW AP ERe @Jlé}p& flow
to exiting the mxi old 126. In other words,

héawierfgr thallow plosv granod ﬂrﬂtl rdlxmg msmf[ﬂ(;l/ exik michi thg thehbv&dﬂd)ﬂ)gas may

t fl 1 he .m xi ng.
b P il B Al S b 0% ST il 126
t {’003‘8]( Wi A Di1fub@atBd ghFi %' 9%1& Ridifd EﬂtsePﬁlJSEJ B& ﬁlﬁ‘}ebesclosed

m xi ng mani fold 126. illTustrated in Fig.
masd mgxmamamfpkﬁl exidi §c mabe openagl agalis kpéomm@@eqﬁ chser to the low

oS EFen PP b el PP SRR S8l dhls Iowdtow e

oflaes finxiheMP@Ni Rotokhe xiiking htBeroldl26) theAdgH ﬂ@wlg@yvmay
flow gas flows fromthe M-C 118c to the mX] ng

méimlgpepusbieflow fremihg MG dhsatasheinyxisg mfmtfgwéwswc Just as the
oW AGOBL G Greltithel Qadififa kit 20 TR BB me low flow

as e hig ow gas reaches the m X
g drndrihgetie nididgenanifoldmely gnd ixlesi t2c. tTie ga@\mﬁdmmggshen exit

enterjng the mX| ng. manifold via gas jinlet 142c.
g &% MR ManiRLY 1R &R BRine PRuiGH! i 34%{{ gy e ﬂgley \Wﬁg or lag

mtlﬁier}gr {fl@nb\(l @ﬂo% V\?)é'tct) f1b436 theTﬁHém%vﬁlgﬁlf&iﬁleQX rﬁdy'ﬂ% RhithBEd.
tinme for the low gas to f to the m xing

mi390! d /ébthdugha&umtemmthﬁhzelde of t@x@@]sesAthehmugiepr of gases used is
iIIus ases

th.th fot
et ERER 8 g e RGeS e b trg e egh a Fas mixture.

NEEPSlantHic, 9ABET 1 8BXnDEI JSBE, b&th bOhBha1BRSaRE ¥AHMEC Fl¥c may
exanpl e, MFC 118a and 118b M% bot " be high fl ow gases

ahel aMRCTloyagns miy ansshes eikempl| MCobsia rnay tanbligh flow MEC and
h.fl ow MFC and MFC 118b
a%@bﬂ@%ﬁa&?ﬁ% Vo6 0t be Og‘fﬂow 2585, [ 0040] In one

e pd0Adi| e M, ont: Renbotxheng tﬂ@ﬂmilﬁg eha@¥fbldSexid 8482 n FRY be@ny known
any known junction that may be manual |y positioned in
ahun@ﬁ@lh thgt may gs @@nﬁgﬂﬁ Posgipned in gheraney closed position. In another

embodiment, the mixing manifold exits 148a-n may be valves controlled via a remote
server or controller, as further described with reference to Figs. 10A and 10B. Thus,
the mixing manifold exits 148a-n may be remotely and automatically controlled to be

in an opened or closed position.



enbodi nent, the mxing manifold exits 148a-n may be
val ves controlled via a renote server or controller

w@200psI8her described with reference to Figs. ROAUSI0A8/087270
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10B. Thus, the m xing nanifold exits 148a-n may be

r ly and .au |y controlled to be in

oEURE' Y A SRt 1 SOR nliEe boasr o sHiresor
MaYntAIRe. PRe MF@ tsrrﬁiésl%ja Q/Yde@aﬁg’d e 126 {ns&he MWility to be either a high
controller. be a w de range MFC havi ng

t HlewadiFCiary low flvav MK eThea:mtrgHeﬁm@a\bmfxgnred tp gw1tf¢1@wd

ontro ntrm
o iings ST FUEPF &b Badtol BEMIRLY, ot Rn e LR Ry be
S Wi gulrdtEroGAdHifod kHeSloviTBite 6 cae MY hadink ehaabilidy @6 chdi@e the
flow rates of each MFC, having the ability to change

t Hewipiswf cagheMEC, daernivE @ hideMECHas dhawpwest P 1aigs alt(h@ntrol
S ltl%viﬁﬁc% ng &gﬂfglﬁﬁ%’ts t%rb?)eﬁ ﬁ%ﬁ% O%%Srélgalif LY Bf@ﬂh%tgl I%hlowest flow

exits e m Xrng

| emeMFC. ITCh\m may be WkeCul ﬁ[lprcs:emy sind agpaf uiodu]ratlpm pmesgse§ Such a
such as gas nmodul ation processes. Such a process .,
f BFCREYIS g@%r Aessibechingflefall in cpppvesd PRirEHNHRPE R 1qe rf‘ée?ntlﬂed

6 fﬁ%ig Pzﬁ‘@ma‘ﬁ@é EEC&lE% of ']Blgltéct%% rﬁllﬂ{smﬁg Pé‘l&f’é N’ﬂ)dﬁfatlon of Gas

ctric kil Per1 odi ¢ Mbdul ati on of
Caamsstnyy, filedl iAlpeid 9A2[)03I anf is DOOPorutadl hiegein lbgmcfpmnad: frat all
herein by reference for all purposes. [0042] The
cBhtPPBT er may al so be configured to close the nixing

mﬂﬁbd B donrbNAtmAF fshBd ccﬁff@ﬁf&ﬂb R1dsb ehel AWRSE mhhi®M exits

' wever, the controller be configured to open
atfdit gtegwe PIOIXem@tﬁ |th651081§8tcf@t\’%MﬁG1 eIdowweé, the epntepdler pay be
ey PP Rehdnd Do o bitibe iy LREFKuf Sudfhfuesive
te hwéemaumekbcngop@ed EQ{}féreﬁmh b@ﬁﬁfe PahéRIweflawNMBA, the user
flow MFC, and the |ike. Exanple 2 [0043] The fO||0MAng

emmsieéqu o Irage a @xsimgiranjiofliepberes rseipaterighighflow MFC, and the
pr fended to be linmting as any conbination of gasses,
fl'ows, processes and the like may be used. In a first
pE@m@gRilhe foll owi ng requirenent nay be desired: NFC

h fl ow gas A MFC 118b hi flow gas. B MF
@ﬂ wTh lgy@eExRmps 1s mrﬁXﬁ@P%ahWrBP%?S ORIt aném%)ntended to
1‘6§ ﬁmlémﬁ’]ﬁ]s Jﬁ@%o%uﬁltlgﬁ %FI gs %s ;ﬁ%@&s@%nﬁ %é)lﬁl{?erlﬁgy be used.

y tirne t ereaft such bet ween about
2@1 6ﬁrsg eowasksthe éﬂkﬂwmgreslen’qndnt may be desired:

MEFC 118a:  high flow gas A
MFC 118b  high flow gas B
MFC 118c  low flow gas C

Thus, mixing manifold exit (MME) 148a, b, n may be closed and MME 148c may be
opened.
[0044] Any time thereafter, such as between about 20-60 seconds later, a second

process may be desired. The second process may have the following requirements:

MEFC 118a:  low flow gas A
MFC 118b  high flow gas B
MEFC 118c  high flow gas C



process may be desired. The second process may have
the follow ng requirenents: MC 118a: |ow fl ow gas A

WOR©I9B6 hi gh fl ow gas B MFC 118c hi gh fl ow geGI/U31908/087270
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m xi ng mani fold exit (MVE) 148 b, ¢, n may be cl osed

ot S ERT s Do b b2 O TR may be

c ep&feal e MECQO4RI (h&AMMIEs hi§ beeuRmthtiRkl W@%gé&wa a remote

conpl ete, such as between about 20-60 secon he user
rrayma’etsrmecqntro}l@vert back to the first process and/or

o ofldsha, | B IRERT Procld hiraplEL R RSN Hen APy 204gysecond
béneneef @b jraekiesb RevetthRcY & the lﬂﬁst@i’@ﬁﬁ’d ARINrSta@f a thid€ process. As
present invention. [0046] Fi 4A and 4B illustrate

Wﬂéia@meémywm awg@m'%nat@a@é OWétG\?mre‘FPéSf‘éf angl t@aéﬂw Mgy be

IR se
=BT eR SAlre hvieh Tl R et eRGHESED ¢ 1
n{004|6§; mefig$. dlAdaniiedB fedtiate ah bEerﬁj)lalvy flinge t@fedacd thwvbluowe of a
gas fromthe MFC to the m xing nmanifald. Fi

BRSOV dious ths MFG ¢ thseriapegapivioldi Andsruseda gt&yenﬁsﬁg@gg the
f lvamfe @%q s b thé §m¢ tHBE hRk 3 r@an%%m% FRRes IHe\fRWiRWof a

of the exenplary flange. The flange 4 may have a
rrhlw Agwresiem & MFQO tcvrﬂleemmrtgl’man@m Elgl 4 A eliystrates a front

Epgmayve KiPhegn et e tad g B bbnaleS i e Pectve
MRIERest O xerhSlaMl ﬂdnﬁg 0 h O RakRAVO rhdifavt RendT fénber 402 to

nmenber may be any shape and/or configuration as

nawswEh ¢ capdetesy vﬁmppnanty SeRbAs gl Xgreesv adied MDe(nlylstrated in Fig. 5).
n fl ange 400 .may have RALL

4%(?10 el} llust&aq%d as Cé‘atrlnaaﬁm\%nr{l alfeﬁ él%é,gigw&llpo nown that the

C aieap efimbRA thag be ARy Oktipe @hdR E&nfAdBation ab |nH¢d§sary to mate with any

comuni cation with the m xing manifold 126. [0047]

Filgpired gap feliierneenapansat. f Theaflapee GAQ may haveyagasipjeg Rort 406 in

uﬁhﬂﬁcoﬁﬂﬁu&tﬁ%ﬂv the %%%del%;ﬁ%e&tl%g a}c %agtgﬁgét &?tSLLOS in

fromthe purge Val tot
dIﬂlu&bctdnﬂﬂulﬁﬁatfdnwt}pﬁltehmAmg&nzﬁilfﬁld 826.to the flow path
| B. However, theflow th from

Il ustr.at Fi
@'41%2:5 11%13 ie Blults‘igféte%r&% ifloy e ARt g2k using e Pllange of Figs. 4a
d hhé @B.‘ qfle @1fowf (L ﬁ%ﬁﬂhg gﬁ\%@ v%l\JquY% fto YH@:' MEE: 1 ﬁﬂ- N?thyal?rectlon

gas flows direct ytot xing manifold 126 fromt
MBCtlow Sathad hesimilaatw thé flowghtlaassillbsitatat ie Fig 2 B aldowever, the flow

illustra g}{[ | A an 2 NeWi |ess

¢ Rl T R RS 1o o TRep 412 TR chegion ol path E has

p ﬁ@é&éﬁ@l&n@ at\ee nrh%tgay Hlo@s Qire&ify bhd mEEing BnlfERUCETEbM the

V1, the flow time delay of a | ow f| ow gas may be

dé@l?@ d &% tpther than through a substrate 122 (as illustrated in Figs. 1A and 1B).
Thus, Vnew 1s less than V. Additionally, Vinew 1S less than 1 cc, and preferably
between about 0.01 cc to 1 cc. By reducing Vi, the flow time delay of a low flow gas
may be decreased.
[0048] Use of the flange 400 may also result in an efficient gas delivery. The gas
delivery component, the mixing valve 120 as illustrated in Fig. 5, may be positioned
in a horizontal position along the x-axis. Positioning the mixing valve 120 in a
horizontal position allows for the low flow gas to be quickly measured and flowed

vertically to the mixing manifold 126. This position not only reduces the volume,

10



[0048] Use of the flange 400 may also result in an
efficient gas delivery. The gas delivery conponent,

w0 b@s3sshig val ve 120 as illustrated in Fig. S5PCTHS2008087270
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positi oned in a horizontal position along the x-axis.
itio th 1 xing valve_ 120 in a horizontal
O3t ShEa s aBoRUPvE fls iy feiske s uTGR Bkg fp the mixing
rr%%@du@nd flowed vertically to the m xing manifold
126. This position not only reduces the vol ume, VINeW
0{0@% tiﬂgs @IAsamdaﬂB vietspectyayitvs flugvatiogieskmplagneniversal

oRu P ABRSs. 30t 35 el i A0 el o ek e ] 8y

uadwﬁ@io (Eﬂsbl hlﬁlsfrht@mlnﬁﬂi%pb'%?decﬁﬁﬁ Basoitriecd gaB o fEdn the
be used wth a universal fluid flow adaptor 600 (al so

i Mifsd F&toethe pHxipg gnangfpld B0y dtg s & & peaspestivpdey ot g 4go-port
t |
ARSI 1 8 % KRR KL Al
f Floid Mapﬂmo@n&fﬁmgg t&Bigh S6/ a6 B phe tthiversul fwid dloweadaptor 600
three-port universal fluid fl ow adaptor, Referrin

Fiy begAingle stasture Ravinaaven guface pY7 BPI?CISBW‘ Qa%ﬁ‘b‘%léfl%é‘@cﬁm a

nﬁ)‘st@ﬁie%l@' E Gte SLEUHIW & (h@vhrﬂga Arst Oy 6O eﬁfb@lt@Qgecond end

opposite a bottomsurface 604, a first side 610

0 pﬁ@s"lfheeacmplm ©00 thayitckee 6 ymralaly aof aerftucalsmamedis @O&nduits 616 to
% site a second end 306. Thgl ad(? pt or a}z)eAa h

F’aYFuaP9 OB Chadrid s 1B b At ’t“§“%“_t eegt)- As the

r RGRI iV AsRANErGRMRBNIGR TR t§a%hirnet tulR, BRSing pbAUbife, o@ﬁhe like

combi nation thereof). As the termis used ﬁerel n,

c dw@l pmmtsaaefrosls pbﬂaldcq@am@lcatltou thetwaen tvp terapoirst Tl}@u veetical

tha mts gasequs fluid

ool 46 Frsk Sl BLR e AT Ptk e spitasg 602 to e

C @B@sHh lserfackG 0By tRXihefdr bihthe d@ibtéedoaddmioagh ﬁQQ/eft[dam:ondults
the top surface 602 to the bottom surface 604 in the

i Al @piegHussratadx tend st through the aslapten OQGin hetrajght ding glong the same

C t ¢

CRAACHY S bR DR B UBAS ogpine o

axiestop biirfadelthat bedidfofpne thaathe dpthiag oh e etokr ﬁﬁface Ol%itﬂxtample,
havi ng an oqq%gﬁ% on the top surface that

%‘@Fé‘ﬁ*% oyt Fﬁ@ opgNipgKgn B&tPBFHr?&PﬁQ%éntCFS&Ft a
elﬁ@ﬁﬂln@al CBH@MV @lrélt \kfﬁl"ﬁh tﬁ:é) {otr 66@ GanH%Xu I?l?é’ﬁia for 606 Qﬂ tﬂg bottom

on the top surface 602, ersect a horizontal conduit
6 $uvirfage it at & hmamtamtablrs qupntafmjn éxi vertidabaxad aptheropéiifg at the
at the bo%éfm surface 604 at a location that is
dl‘?pfsé’rrfé‘ﬁ? omthe vertical axis of the opening at the

soyr f ageilfQiated BOBQ] 6 ASorel Jf Wikt Veati@d chitiufits 816 Gy bRNEA

the vertical conduits 616 may be an entrance port '
aﬁ@trame pottlaad thﬁeqthérrcvartw@b@mxdutt 66@ mawﬁy AP EXHPOEX |As illustrated in
p%rt 6BA8 é\lff! 1§z¥1rcart1(§ult él% be ane t%rr]lge b Ct%l r Veri& lfc?ndult

e ah entrance por anot Verd'ear' ton

6866 ﬁﬁy be@n@Rit §¥itf arithé lasengtiéd eoﬁc&ﬁﬁ61‘6&ﬁiy bd disetggd port.
616 may be a di scharge port.
Gas delivery components, such as valves (see, e.g. Fig. 1 A), may be coupled to the
top surface 602 of the adaptor 600 such that gases enter into the valve through the
entrance port and exit through the exit port.
[0051] The adaptor 600 may also have a plurality of horizontal channels or
conduits 614 to receive and communicate the gas. The horizontal conduits 614 may

extend through the first side 610 to the second side 612 and/or from the first end 608
11



Gas delivery conponents, such as valves (see, e.g.
Fig. 1A), may be coupled to the top surface 602 of the

wW@ampoease®c00 such t hat gases enter into the vaP@BUS2008/087270
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through the entrance port and exit through the exit

ort. [005”1 .adaptor. 600 may al have_a plurality.
PRt shgeatt S0 i e paSlior o Sptop b 290 A T Bied e yfticar
C oAk 6@6 halyRBn@a@8e with ehd R 60801 8dndaRbdUiat greBAdriBRL the
extend through the first side 610 to the second side

6 adapaerd/Ofranfl tiohartrental earduign 14608y gonteegeswito nethentigera@6orm at

in the interior .of the gdapto 00. As jillwustrated,

t IO ThlaGln 0SB0t cORGws 5 it BREHE1ESt four
haiffez@ntfdhy pandibh vhidh @tfildwe interior of the adaptor
600 and the horizontal conduits 614 may converge wth
ef052bt hebheraslapior RPQMmay alsethaphe Py ok prgseies@r20. Although

t- ' -

o FRERE At 80 A GRaTRIRYE 56 phE3I00} e oo
adaiidce 6060 apartiatsmanene eatepl prdially yhrofigtaghe tdpusuetice 602 or the
620. Alt hou%rbéti [lustrated with the apertures 620

eRPERISHEAEHVGugHlditnatip he aparaises BRI tecagest eigipsigned to

S %cfe%%nggﬂ’chrﬁéﬁ? R, LHHER A RYew? '?J) ¥ouitd &1@@@ B&i@blté( a gas
t hrough the top surface 602 or the bottom surface 604.

Addliteirp nathpgnent drea Qpemetd0D€Big620 nmay be t hreaded or
designed .r.eceive an attachnent neans, spch as . )
S Bl °F ARtitrd e anit Shd S Ta et b el the various
C OABOMa R sAisAsdet HRLen 48Fu ke Hiscadsed PRI i df)én!dﬁ@'

universal fluid flow adaptors that may be used w th '
t Replicatiposesiabniyobéridfil /9. hiSseniglod d UneeeiahFlaieE four Agiantor”, filed

ORGP el BB RS B VRN e

AdBRkidle' Mahifbld Fod Mnte@h@B€Fas B2ste?i0Qds, Paael” ile@ A G G1, 2007,
agpl i cation serial nunber 11/761, 326, entitled

" pp@afpyhachwmiincorrprated hensindyr igfesencedar dlrurepsesas

P "L £ G R i
BT - R n tetehn p L BenoB R Bamh S BRI o plurlity of
[ @0¥4] Afhgugh/illusiraed Walvtith g lod ove@ fasas, iewwhibebw b& known that any
dynamcally mxing a plurality of gases. Although

| PRmbErolisse s DE Hed (R orBrangifs iy AfiRgpplethe term
52%"@56& RaleiPRMoPHINRE] &) bORS R TRY i PR 8 iﬁcﬁldfe‘ﬁﬁmigﬂi)ﬂ, gas,

sired gas mixture. Additionally, the term gas use
her e combinanat ofi Infuedhaketigaso Aobrsk gari aynbe weaelved atrmeianst gasanlet to a

i nclude a iquld, s, or a conbinatjon of |Jjquid

L Atga o, it Bipentoohetan o S taloara #apghgecond gas
i ﬁ{ag_tbetr@ce@veﬁiaxh@gcdﬁagw 2 to tREnikideSthariftd RBE §&ond gas being
received at a first flow rate at 756. A second gas may

beecewediptesecand Howaalent 7gs inlet to the m xing

TP, R0, B0 08 BFFL G, By R a5 nvne

mplurdly of eadg infihFoRl axiit¥] NPhidBNbWOFd tiafléxiBilidy to locate the
mixing manifold exit near a low flow MFC to minimizing the delay of the low flow
gas from mixing with the high flow gas to ensure that the low flow gases will mix
with the high flow gases prior to exiting the mixing manifold. In other words, having

multiple manifold exits and/or having a manifold exit located proximate or

substantially close to a low flow MFC provides the low flow gas time to flow into the

12



plurality of mxing manifold exits. This allows for
the flexibility to locate the m xing manifold exit

woeap/08s8beow fl ow MFC to mnim zing the del ay oPCT/Hg82008087270
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fl ow gas fromm’xi ng with the high flow gas to ensure

ngé@tg Bﬁ?%ﬂbfm B aseﬁtfﬁg mt&ﬂﬁdlvl“w%% sigptd g e with

Weedsigh Nawidag pﬂyll t‘b'e&it&gr@@hﬁﬁhg nfXifbR &nd/ or having a
mani fold exit | ocated proxi mate or substantially close

t 0056l ow Aldetervipdtipn may desnadnes kowhich @ngégstt ﬁlcnve ratgand the
flow into t it

Rl AR FaRls T T ot o o it nte

f W bgasitopidtRall} Opedsd thag itlih @etBintin® ehabeei firod fbveKdté is less than

[0056] A determ nation may be made as to which of the

f thesyecenddilpw sateataild. (Pfbersaico ig Mixgig manifold xi§ prpgirpate fo the
mségo ﬁeft %a@r Xallutonl?e[tﬁél ef%ﬁleh gvhtterl] i 1E 8&%%1}1%?%1&% p‘i%:Zs:econd

t Iﬁlewfmteat lefs!; than it ferst ﬂoxlv ests at M Tﬁwn&ercgonndnlfdld)mmahey be
at 704, O herw se, the mxi n% mani fol d exit proxjpmate
t @@H@%@@&ﬁ&e@%remte& coriiplisd iR epraes Oarleyedopsitiog. The

V\,ﬁﬁﬁn? trndn‘ff_ogﬁéx‘?trs rHl t\iﬁ?stes Ebﬁr(ﬁﬁgq)?z{ja fén‘RWe Eé’(’&' dr%oht?oc‘lfer as

than the tfirst flowrate at 706. The m xing mani f

eXurtler desgribed with uefeteyce @rifigol10Achndr] OBe ridtue] the mlxmg mamfold
controlled in an opened ar closed si.ti.on. The mxjn
et Grubestu gt Bacaniul CORPNET Pt 10t cRRaElon
S@byMBsn.or controller, as further described wth

reference to Figs. 1OA and 10B. Thus, the m xing

mbMIS7b1 d Iékhetmomay iyt cempletd af 78h.the gasoes Faged gy be monitored

[ BB P AT ok B S ERRBY Gpbler e BB LR, gt varc

f Wy beal wisle i@pe MFOBAT N HiRchbalty ¢4 Be eltash m@mom@ ®r a low
control |l ed by a renpte server or controller. Each MFC

mEPWDMFE. vihe&ontaelire nicberrevfiggyed froensiol pid chageghe flow rate of a
e'g&&% 5t @b l\flllge C on%&lcﬂr th@ bYoilek By M:Cc}ontggtﬁrﬁd to momhor the

control r may gUre to contr ange
f flow met ef efchaMBashdvimgethe abidity tohdynMn@ally ABaridahs ﬂ«bh @ate of
control |l er may be C%nflgured to nonitor the fl ow rﬁtes ,

ofaMECrirternyge Mhirh MECASS feryjowsst Howdaecald pnipkiiganixing
t Iﬂﬁmffbf?i"%xﬁt@%@o&fn tﬁ@ﬁpmwg Qlanggfdeerx'i'@ @Xlﬂﬁtecthe M%&shﬂ@wtr!&@ MFEC

sl owest flow rate ont r ol m xi ng mani f
exnd/sr ¢loseotpe miting nmnxiohly tie raref Imt@rmmnteph@}»qmtt @ow iete MFC.

flow rate MFC and/ or. e the nj in mani f ol ds
t D e b Stz S o8 i EredREy Favoae 15t B pteny B Repeat
SheH 70d. hes GRAL theké®hd 4abEHEbxithat @R el hikend maNirslateit may
at 712, the process may repeat from 706. As such, the

s evtermativallyehe qrensd whetelt tsodefergurashibatih swgndrﬂﬁwfreteds less than

exh automatical ly be opened when it is determ ned
eflrts OW Iate,

e second flowrate is less than the first flow
r §0038] The embodiments described above may be used in various applications.
For example, Fig. 8 is a schematic view of an exemplary gas feed device for
semiconductor processing. A plasma processing chamber 810 is supplied processing
gas through gas supply line 814. The gas supply line 812 may provide process gas to
a showerhead or other gas supply arrangement arranged in the upper portion of the
chamber. Additionally, gas supply line 814 may supply processing gas to a lower

portion of the chamber such as, for example, to a gas distribution ring surrounding the

13



[ 0058] The enbodi nents descri bed above nmay be used in
various applications. For exanple, Fig. 8 is a

waelvensisse vi ew of an exenplary gas feed devi ceCT/G82008/087270
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seniconductor processing. A plasna processi ng chanber

o s o€ CheBieh s el S e Tif HE B HBL b Mver, an
t 91t@m§tmvxzﬁfah§@%m arPdnd8Mmeftdsn %g;gﬁ% %asa&)rtﬁ@ﬁ)%ré%ﬂtter and top

arranged in The upper portion e chanb
Addiimetonel thy chayalsersPioptspingigae m@y be wapplisd ipkys line 814 from gas

eTRT S I AER O 5 LB R sl el e 378, SHE a0 being

S Wiigpdien € MIFCt §E% 851308t 83 heksiefivaly. Tﬁngmnaszzo 8066339
arranged in the substrate support. However,

aPYRn Hieipyeceagdsseds afpigingapaufnde ﬁ%&whave%ma ﬁ@p@}ty ofyadxing

t t - f

Pgloaﬁqﬁﬁm Xlts %6@& %bz&%zé,gag%ﬁ ?g(&ﬂ&%ﬁ% gge mixdd ggggr&%r%%tﬁ]d to an
gaslsiop pharﬁserSSDa T8& Bix&Pghs M3Othehbe piratab® Q&lﬂ%&lshne 814.
fron1supplles 816, 818, 820, 830 heing supplied to MC

g > é24 Ins@sratls@ Ahe gk nay; sgler the fRgtiquret rgxsd ﬂezmto be delivered
8%8the B2 &!eXsﬂi% EhdMEXr %2 egﬁﬁﬁlgsthE Qs Iﬁ'ﬂgﬁi Q:%ct a flow of 250
mani fol d 8 havi a pluralit m xi ng “mani fol d

ex¢dns AB02Q scc&ﬁ)@hfs /815)2@:;m euan QQfstan (nhietiberedh dlrnmgleldwgfﬁsl By

is direct ol ati on chanb 804. The m xed. ga
By PHERE 56 <t BOraB DS FrR] e ose g A of the
opRHakhd®its dife NERTY 8TMBR25e28CE3 1 ahd ERAVIXOheRbnidb @ dan adjust
flow to be delivered to the plasnma processi ng chanber.

Fére degraeif dhrottheg indéne &igpachieveetbe desifel dlaviodistpibotigeem
' d
CV GRS SRt DR e b BRI DA NIR R or e

| ik $nEaBRI mubdnéaeummt@taeﬂohryof&mm B, adﬂher@lﬁantdwermmmg
fl ow readouts of the MFC 822, 824, 826, 832 in the

bée, totah Howdwrsupiniag thegnadeus afithe NFGrekgRe824826, 832 in e gas

tpppettling in line 814 to achieve the desired flow

distribution. Alternatively, an optional total flow

mEA0®0] coulncinbgher eraingdld, g, | iditistehoamrsdchedmiofietvvg anbtkiemng

nanlfold 828 to neasure the total flow of m xed

r SYHTRRIARY PR TRAERIBF G B G2 P 9P§tt%ﬁt Ay Usgd gxﬁml?wgm?% of the

r ﬁﬁ@ﬁﬁ'&? 'Pﬁe ﬁlgﬁnd\ﬁg&:é% .chB4fer ﬁ)@%a)ﬁ% rﬁetcbﬁfn%%nt rings 902,
[ 0060] 1n another exanple, Fig.” 9 illustrates a

s ain apmrleb%tméw@@ff adoetireectode APS, ar gas pbaserfll (hraod es skimgst pump

ot foi ot i D iUty TR e gy D10 discussed

C QIR k2fenC® &S FIRESBRAY will ﬁ&so&ﬁ&us@a heRPE rwdhﬁﬂgmﬂ@processmg
904, a |ower electrode 908, a gas source 910, and

eghgmlgqr 9pl+tpe g,ﬂc@tratch@afga%os ovar g e @ay:leﬂ@yer is deposﬂed is

subst.ant, al | as. source 9 i.scussed
Wlp?sr% 1?% eu en)é}(lee owe € ectrtgleang '9h ower ?le%trodl&(bs()g l}rslcso rates a

heiiigible subbdite Bh@kﬁi{grfﬁedhﬁﬁh@ﬁﬁ(%!gn Qaldi:h@é’fbﬁ‘cf n2l8anitdI@lamping, or
substrate wafer 980, over which the oxide |ayer is
é}}?dﬂiet) &y hojding the substrate wafer 980. The reactor top 928 incorporates the
upper electrode 904 disposed immediately opposite the lower electrode 908. The
upper electrode 904, lower electrode 908, and confinement rings 902 define the
confined plasma volume 940. Gas is supplied to the confined plasma volume by gas
source 910 through a gas inlet 943 and is exhausted from the confined plasma volume

through the confinement rings 902 and an exhaust port by the exhaust pump 920. The
14



positi oned upon the | ower el ectrode 908. The | ower
el ectrode 908 incorporates a suitable substrate

W@ bweksisge mechani sm (e.g., electrostatic, neche@i/vsl008/087270
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clanping, or the like) for holding the substrate wafer
980. The re r top 928 incorporates the. upper

o PR OHETISOED G 6 2ato it it By PSS EE CHRbPHARE
ekegtd 00eis B richh§ cHReted b Bft16REE18Qtbde 908 hamber walls 952
el ectrode 908, and confinenment rings 902 define the

c deffineeplaphasrdospod urrehioh the cGafndrgers wipgs PEH theouppleeelectrode

c i n | as vol b as_ s C 10 t h a gas
PR e P et Ts A A Rest HE SRS R P ftBfse a 27
VO MABoW & QUAR ahl@ 20 RIZi po@RE Muréd. MiFer3AcoaitdnAdns of connecting
exhaust port by the exhaust punp 920. Theexhaust punp

oRY Havarko theglestradasiase pessible-he pl asma processi ng

c r. [ ' Q0 to

¢ ROEIE e AR ERHAPS e o ST E sty T RELEln
plCaspoaatanC} of Breendnn, Qdlifciodified eopiolvienintycid tigs rQ@i2ed by the
the upper electrode 904, and the | ower el ectrode 908

af B RIS BaR A° Ui N RPPTEBUFC BMBABMFRY LB PR Aocpnfjgier 935 is
ggéﬂn\gcfolﬁlgw&ﬁn@é?gi @ tRe W?soﬁ’[@%%ﬂ&stﬁéjéﬁﬁustgu DR PiA bnd %18 glurality

I nati'ons of connecti ng power to the electro
apémpasg nfahgold 36 8)22Am a2B OB iBbees FO(a-myFidi Bl ghs saurce 910. A

etch system nade by Lam Research rporatiqn(t of .
BT G B SrOARaPED o 26y GO 981 16 By uitg P e be a sngle
r et (heshcR¥al furddyenditeRnRYet B dasB dad dufceRr &I RIHhEY of inlets
enbodi nent of the invention. A controller 935 is

c brrteaoh Basioyrce orinthet pebsibde ¢drabirmiansur ce 948, t he

YRR SR R0 30 PSR HEB it Sl RS o

S adplemefdihs a ortRMveideaasl eBydiBRnGTARCHesEnt MvEeorgdSg. 10A
inlet 943. The gas inlet 943 may be a single inlet for

e 89V s Rostiblehyrica faing pethe spmpicesystesn. PAepurggshe computer

. il ‘ ‘
o Pt ol P T sl For bl o B IR Ry e
| tlradt batré, aad asplithandisys e, a MgeshpdreosiputeabCemputer
LTI T B oo STlE SRR TR v
PhYSd, Galeyb QM 010, 2NE 2 GRIIRL T 612. SYRK 8014 {Fa CRPuRS-redddBle

conmput er “system nay have many physical for rangi ng
f mediven usadtte gnaatfeddata focandtfrona cpmpuieesyseinr EUIt boar d,

a S i dhel d deyvi ce tp a huge super

o B o Fia A EAR <Spepliat Stk fe i e OB sgptem 1000.
10Qiched tdis$Rb@Pbud 9020 ard aRAKS bkt 8D Qibs stéth§ KPdENSr(s) 1022
1008, a keyboard 1010, and a nouse 1012. Disk 1014 is

a (demislaread-tp aackibiab prpselising wiste (P Uy arpsdoapled 40 atotage devices,

and. from conpu stem 0. 063], Fig. 10B is
M RERRE] Bl MPRET AP rtimioc Eyed ol adRams and
Aldadcdnedmiemosy @M bUS i @20 kaswn & the A&, ROM &ty tddfransfer data

subsystens. Processor(s) 1022 ) )
and instructions uni-directionally to the CPU and RAM is used typically to transfer
data and instructions in a bi-directional manner. Both of these types of memories may
include any suitable of the computer-readable media described below. A fixed disk
1026 is also coupled bi-directionally to CPU 1022; it provides additional data storage
capacity and may also include any of the computer-readable media described below.

Fixed disk 1026 may be used to store programs, data, and the like and is typically a
15



(also referred to as central processing units, or
CPUs) are coupled to storage devices, including nenory

wamd/083gedory 1024 i ncl udes random access nenoPGT/[5ANg/087270
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and read-only mam)ry (RO\/p As is well known in the

art, ROM acts to.tr ata_.and, i nstructjons
uﬁ?coafi%éﬁf%ﬁ‘?&fl‘?%}“‘%l S‘t éls é%@‘gﬁ’fg‘géml? gdoysehan pmayy ftorage.
@ Wil ggfec&@&ﬂhmqe itSifddohir@Bed vidilfizdl diSCi0Nahy, in

manner . of these types of nenories may include
aagprgnmtaba@s dfe in¢reporotedin enndaedublos avedial degory ledemory

oT08t" RAppibE ik PR kB o B S BN &b sompytespeapiable

da{ealasde@&ag;atﬁmamty and may aI so include any of the
co ut er-readabl e nedi a descri bed bel ow. Fi xed di sk

Airay ©RUU8&Y isabsosqawpledisp 8 yreets of dpuoutanicravinss. suRipas
I
i fut/betpapduvéce radyelst dnyadf: video dlrgfnlaysmtaclobaltsetrMm Relyboards,

within fixed disk 1026 npy, in appropriate cases,. be
i HUGOBBMEE daUGseabiking Ql«salaf/%léwrl%mwa%ca&qi Faages. MAgRsEE OF Raper

g@{p@ ré’adl‘gz f]ableﬁe g?f‘l’tﬁ@é Soflk B h&l@ilvdrltﬂﬁyreéo?ﬁ?zehh Slofn%rtﬂ"& sqrEaders or

of thé conputer-readabl e nedi a“de | bed bel ow.
[ 0ﬂﬁﬁf§:otﬁ1ﬁlﬂeﬂs OQEUI 1922 bptordly phaytba wupleddo asdtiergbmputer or

ut / out put. devi ce such as displa 0 oard

s Biesoripgbiiiphs B SRa wbaneP et Bey A0gE RN ctvon
i E}Réﬂfﬁc‘éuﬁ RUton€l@yi158d FRY tHR&C BN Yni St re M AEAfSHNAROBHSm the
track balls, mce, keyboards, nicrophones, touch-

s episiork.\oe ndglstmuayg mfprraartmu@ dhe eeqwerrkrin dpegosirsernd gadoinging the

r {,a ablets, styluse Vi r
aRBR e IERTRC AR LR, SPGB i ERRe b o pgpoent
C Qﬂ?@ﬁﬁ@{ fhay eR8dukd1p ﬁf)cer@BU mzmay @ ekERd &ebr a@etwork such as
anot her corrput er or tel ecommunicati ons network usi ng
néltevlmeﬁnqt it eqrpuncsion gt a sgmoke SRYHha sharend PRILIOA 0 fifequacessing.

md@ cont, & ti%h Qﬂﬁé@ﬁleﬁtg Sﬁ{ﬁp &g@&%h}fﬁ(ﬂ%&tﬁ 'F%Ift‘her relate to

tion rorﬁ e networ
| obiapuoat storgt pradoets metnmdmﬁunertl’emabmms@umfthmdrafm cofh pgrer
the above- escrl bed method steps.. Furthernore, nethod

NRsAR LT qerioRBINg vaE @t CHTRAST T MpIPTRRedeoRs Edsioas- The media
SQh@L&nﬁkﬁeﬂco@E% ?th@§e s?@éi ﬁx@&}gn@d Qﬂ@éorﬂtrﬁg&mrlﬁh urposes

such as the Inte nction wth a renote
t héthesmaﬁetsinaerp'mnt <|>rcthe301fnay he Obﬁmd@stwcﬂg kn¢ @0 6] avaglable to those

g\lg%l% 18 11& Ifrg)elilneéfsgﬁf értglglgtls E[%ﬁems cﬁr%%tulte? rr]eafdlé{ lter}gerdla
Cmeﬁutra@@ﬂ&hin@ltdmgl Magﬂehatméa@afﬁmﬁ QURA@FiskS Ot§hpy disks, and
thereon for performng various conputer-inplenentéd

opréugmtwdﬁge, O]Ph@al miadlicasughds EONBOMy ar@ddéogfaglllbéew1¢m5@agnet0-
Eem Zil des d anpl clgns pet ed for.th ur.pgses
ica such t1ca d1 ardwar eV1c s that dre; SH%FR\I/\}Q/
r esent | nven 1
k B@Yﬁgu@éﬂjto%‘v’cﬁfb hﬁkbl:ﬁ:chté ﬂrhg’i‘éﬁ d@d&’l slﬁ@h §§<z!1ﬂﬂhcilt[bnt-§p%01flc 1ntegrated

ﬁgggégse(rAS‘;’gg)t I\fgfgfarr?rrrlatlbsie loEg)l(ca(rin;efllceg (S{Dg)oa?lg uRtC()al\r/I arn?iell{dAal\t/)Il devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher level code that are executed by a computer using an
interpreter. Computer readable media may also be computer code transmitted by a
computer data signal embodied in a carrier wave and representing a sequence of

instructions that are executable by a processor.
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include, but are not limted to: nagnetic nedia such
as hard disks, floppy disks, and magnetic tape;

W@piovmosisesredi a such as CD- ROVs and hol ogr aphi cPUEUB296889087270
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15

20

nagnetooptical nedia such as floptical disks; and

hm‘%? lﬁta BY é‘@ar 0 eCIXglglllQ Confﬂo%%r controlhng a

apRIralG ‘bfﬁf‘xﬁ SfinfrbRl dxit\a0real Ad stkddCabols, thé SlsGohs b
p?oéraﬁn& 1Eoglc devi ces (PLDg) and RCndé%%S (Y

deentedied b&wanmb@ssoofrold@nﬁihb gemeliggenirplddr uiey lma&@hﬁg@red to
d d i f.iles.
RIS iR etirafs orue Bl o8 o Bt siigg vpeter cacn

C U §sedpeHEd HidlaediaRl GERFRine the (WPALE BF edcBAIBO! Q‘hHEedhc&te

may al so be conputer code transmtted by a conpute

d g@lgr(g]eg ﬁ@y hapdemrney rgadpblegade &or detgrmingpg which of the plurality of
r instructions that are
TIOR8, (056 "Fi o 11 1e a 1 ow

d{Gom7am dfhe&'ﬁrrﬁl’eemnhaHM meyf fieslbé osnfipardd tolcbmngingcate with the

Iuralltﬁ of ﬁ]XIﬁg mani fold exit valves. As stated
aBB%htYP Bga8 magUPldeexifakpl s it B5 120 PIUSEE 19yPPEN ARGBE gose each of
F{l §/r of nli Qﬁlrg ﬁﬁfﬁfo@d Qﬁpst (fnoéhE ﬁ{lx Iﬁ\\%)fnetﬂ?foﬁp MHIEMSE doftroller
nic the plurality of I n the gas
S nuuydfmv@ oordlsltelrmdvéala/wmib Her opeamily aFe@sti seopeimednarifold exit

I d and. det the fl t Th
- ePB R BRGE el mive ot bisgiert e SA%H pubdhbesy flow race
dﬁ@ £107 Nidg, WoHGRy Bfneldd@aghindé flrithe/10M 1104 &8s @ v from the MEC
| owest flow rate at 1100.° [0067] The rendte controller

miythgInsisingenaoield giit @dy bomgoimizasi cate with the

p ity~of mxin nifold exit, valves

CLABY ¢ ¥l PR LS RS il 3T pach of e
MpKirdlgy GBMFf@ dhdhsivé SorBputtneadibld dt@le ﬂ’aﬂl&é}hﬂmng h&’len there is a
renote controller may have conputer readabl e code for

opegadn ary oldhs MignEoyirgienat Wi fopeptasiembpedimes. the remote

r
¢ ROMTUEE nfy At b 2 0B ed 4Ty ¥ iy st
| Sfotilid niee fearotd datiotivr delteeva ghanct on i Flow rhteothetrr@ofeGntroller may
t he n1X|ng manj fol d eX|@ may be mnimzed. [0068] The
r 152N BFCPY fum sitRy 1¥dnt i nue to monitor the flow
r ?6(%9 f eqlle Qﬁlbt)@iﬁlemsl'hrnﬁlabféﬂcaﬁt)n isaReknliBN Rave been shown
comput er readabl e code f eterm ni ng en there is a
c hachdesciibecamywafld b epM@tttcb tlwser skibeal iatthd 4@ havihg the benefit of this

anot her odlnent e contro

atSS ‘Ere a4 ﬁ‘é‘?{&é‘“{bﬁ% 1P‘8>% %W“B?neélrﬂr?%‘? XfFrPSS“ble without
dsaling Sro@ithrGentivEhombehed Rgeinenot e control | er det ect

chance in a flowrate, the renote controller may

repeat the process fromstep 1100. [0069] While

enbodi nents and applications of this invention have

been shown and described, it would be apparent to

those skilled in the art having the benefit of this

17



di scl osure that nmany nore nodifications than nentioned
above are possible w thout departing fromthe

WO p0oensisee concepts herein. CLAIMS What is cl ai PEUB208/087270
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1. An apparatus for providing a gas m xture of a

plurality of gases, conprising: a plurality of mass
flow controllers (MFCs); a éﬁ%ﬁﬂ% mani fold in fluid

COMREL d1fhewif:h each plurality of MFCs; a plurality of
m xi ng mani fold exits positioned on the m Xi ng

mani f olAd: apga@tusror momaimgcmgaﬁemxcee pha plugdldy ebgases cpmprising:
wth eac

2. Theaé’glg%f‘tét 55 HoPighbifay (7 ggPrIpE ."L.‘jnSXLtS'

pl ural 'atrIYIXﬁlffg marmomgmrmﬁd tohdcexi Witd @hateSluraBacdf MFCs;
pluralit m xi ng mani fold exit valves coupled to

each of lﬁ@htpnolﬁ FHKINg ynagifold it optiangorthe griking munifpis and
appar at ys, 8?attloﬁ 'd@bn%% ﬁ} félgl éhgml?étfcﬁfiﬁw 'e%&ﬂ‘@f thé‘ &g{ﬂpgl gmemg

configure eac
enmhﬁvmkyes to open and/ or cl ose each of the nixing

mani fold exits. 4, The %p paratus of claim.3, where
each ofl N RBP5IYS aﬁ slagn btuppescompaswRlprabiyed hging manifold

ckos @QV@J‘ gaé’l‘@ﬁ%%&%}/ecﬁqglg n{%ﬁﬁﬁhl%@ehﬁ%l%sf éo‘agegg% gach of the

wherein th I ses conput er
npﬂuduyoﬁnnmngmn@ﬂbm&nm&ter readabl e code for

d term inﬁbMMICh 2 hurallt of MFCs has a

west ‘?QP%O JHB ?epnﬂ’ {#8bl e code for
0 peni ng coRBuRf célTRuRldUb@binVun®atdWyith BEhTRIXifOmeni€ Exit valves
val ves, wherein the at | east one open m xi ng mani fold

efd epepandior glos pacheos tie m@ilwﬁlﬁh@mtﬁﬂﬁ@ of the MFC with

wher e 76 Rl EEuTim Sautkra 2RAEEhY By oEMR e giner

Copatibiadlode@ ag@hihereePeRhfopen NEREhAN N6V rivberhdréianige ¢dmputer
change in each of the M-C flow rates; conputer
r €eiBncs cepgrter sadekle BlefianForEPHARS:MFC Wit h t he | owest

flowr §6ﬁﬁgut@fl ; ye%“%’ de'fof &&%h@g%ﬁﬂ& éf%e ﬁ?ﬂit? 9t RIHEs has a

of the m X1 ng man
Whﬁﬁﬁtﬂo@hﬁbﬁmuﬂeast one open m xi ng nanlfold exi t
valve rcrz)rgi)lrlrt]erz refzzdable code for opening one of the plurality of mixing manifold
exit valves, wherein the at least one open mixing manifold exit valve minimizes a
delay flow time of the MFC with the lowest flow rate.
5. The apparatus of claim 4, wherein the computer readable media further
comprises:
computer readable code for determining when there is a change in each of the
MEFC flow rates;
computer readable code for determining the MFC with the lowest flow rate;
and
computer readable code for opening one of the plurality of mixing manifold
exit valves, wherein the at least one open mixing manifold exit valve minimizes a
delay flow time of the MFC with the lowest flow rate.
6. The apparatus of any of claims 1-5, wherein a volume of a gas between one of

the plurality of MFCs and the mixing manifold is less than 1 cubic centimeter (cc).
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delay flowtime of the MFC with the | owest flow rate.
6. The apparatus of any of clains 1-5, wherein a

W 0001085806 a gas between one of the plurality BET/NFI088/087270
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and t he m'xi ng mani fold is Iess than 1 cubic
nt| 7. . The appar.at us cl. re
SRR e R i M L AR R

a@y of b ﬁ}f);lb'ﬂiatﬂts &6 adyWrichgs OMpakiRl: egmgnmag Atidi@ting flange in
flange in conmruni cation with each of the

p fluirdadommpurg £ atigRGsittaersh tofi gherilwiatity ofeviF€s kit the mi¥ing manifold.

o nor T oSl G SR ACTO TR 4478 (AP Eomprses

c oMMunk %ai indét peittih flufiecdMirhimiaatbnayigaghe MEC £4ndport i n

direct fluid comunication with the m xi mani f ol d.

10. Thé sappetiehpos iniregh fluik C%mawirrﬁat@ngmﬂmﬁﬂé maixHgtpgnifold.

f '16” g€ T‘h§ ab%jﬁthybfjar@omﬁlg gt% Wheldid Ble"haggé 8 lHuyery
nponen erern the ivery nt is

posmtnunrcadoﬂ Wit alyas tiél(i)m“rjal:orppmleht (wherellithe/gaﬁrﬂélh@dy E@nponent
controlling a plurality of mxing manifold exit
val RPé§1°n9\ﬂi1§’r%h‘?¥l7€§EalllpﬂﬁlR‘Prhg mani fol d control val ve

ceptr OlASm@thBH ﬁ%n&@lﬂh Q éﬁiulgl)fﬂty of Mﬁlﬂg%ﬂllﬁ)ﬁ?&lmﬂbé@gwherem

mani fold exit Is conne ween a m xing manif
ang-hamixigmanifad cdlﬁmlofel,vewhmlr@ls A naxpigunadifold/exaf, V\r}EEsn each

fl ow contr ers. (MFCs re either en .or, . cl psed

WOF e ARl it et B iR hifly S SERoRNGh device,

CQIMRHHIRA pRIPATRY b§§1§s§@é‘§p@6ﬁfolfe§sa{$@ ) a8 HRr open or closed and
whi ch the plurality of M-Cs

conpri s determ nin

hadiegein @fwgs@pelﬁ MK hagt etlow mate opleaieing conmwutsi comprises computer

pludab of mxi.ng mani fold exit valves, wherein the
ohadas fieda Corﬁp%ﬁ%f old exit valve mninizes a del ay

fl ow t de@riidehehitr6f ietplurhig Jf MEGY hdsladviveatfRow fide; and
The nmethod of claim 11, wherein the at |east one open

m xi ng ORENRNG @meoofém plugality ef wwving 1agifalderiivaly eprrhierein ghe one
Tégén & :ﬁ%@ﬁﬁﬁf e MRE rﬁ%ﬁﬁﬁ‘%&l&’;}"ﬁ?\% rt]lfrﬁe Y tﬁé‘fvﬁﬁc Jv?th the

any of craims er conpri si
. ladedseflownatag when there is a change in each of the
I\/FCrowrates termning. the Cwth the | owest
fldw r dhe megipd %ﬁwnn‘g} yheeyy the ﬁg"‘:%%t&i‘l%PP?Iyma?anPﬁ@d exit

”@Ql'vg Ql)lqrcﬁg(h E'anlﬁg Y@ﬁufow@ﬁtedl@segﬂg (i M'F@a@fth tHaGoRP&E Row rate.

m Xi ng mani f xit valve mnimzes a delay flow tine
ofl 3t he ThE@ewiadhoftang of olwass 1 -l dviurtbéreompdisinghe net hod

bet eofBHBIE Th B sl FEpeom ebe! HMEhelo Biety
mani f olygkeirfiniRSthie MM wlthGhblo%eSEMW FRS;&hd( cC) .
opening one of the plurality of mixing manifold exit valves, wherein the at

least one open mixing manifold exit valve minimizes a delay flow time of the MFC
with the lowest flow rate.
14. The method of any of claims 11-13, wherein a volume of a gas between one of
the plurality of MFCs and the mixing manifold is less than 1 cubic centimeter (cc).
15. The method of claim 14, wherein the volume is between 0.01cc-1cc.
16. The method of any of claims claim 11-14, further comprising dynamically

changing at least one flow rate.
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15. The nethod of claim 14, wherein the volune is
bet ween 0. 0lcc-lcc. 16. The nethod of any of clains

W@ b@oMasBie 14, further conprising dynam cally cP@mngbreg8/087270
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at least one flowrate.17. An apparatus for providing
a.gas mxture, conprising: a first MEC to provide for

2 Pow ATOWRPYALS EBBHEME Y Shdms WeBMMEE (o pr ovi de
for a Rifgh NFOW PRVIRABPL ENHow\ WA EShPortdA® aigh f1ow

gas conponent forns a high flowgas line, wherein a
vol une alsetond MEFE e pfovidstioMrD ghrithw gas deimplenéritowheyaie the high

line is | han 1 cub . . 18. Th
R8s Rt B 98 ReP B BB ol ik 1 5 0. 01 cc

to 1 Cerhedkth a Vol@nRRAV&NUBe Afst MBC 8fd Gk Algksfidw gdBline is less
wherein the high flowgas line flows in a mxing

néknflofulic otimgtep(esgr am st or age devi ce readabl e by a

hi n ' ' - ' tions
oxScur bt SR P TRREN) SR PRIl A ORL i o
Cc 91 r olThe appagatps of @lyi df\cladins M7 XiSngherem the hikhekdvw gas line flows in
val ves, wherein each m xing mani fold control valve
cBMIXBEMAIR&i ng manifol d exit, wherein each i xing

magi f OlAde% llahl {Sral onpged fedqdped Weg thahiflk ﬁn@%l?&?hf)@%@g a

and an |so?at|on gEVICE, wherei'h a plural ity of nH
f poograo ot mstrhaians edsiblalrethe intdebine ap perfam ¢ heted fand

wher ein eac en.M=C has a flow rate, the nethod. :
c G B e EP R P CATEH Ot RGeS B gnirold
hasntfol vame ebndd19WnkiRtn€ m Al PBEN WhSrePN A mik R manifold exit is
plurality of mxing manifold exit valves, wherein the
oRennspied batweeng minigfroanfad ind ymisolation device edieeeiniephyality of
f lrn%\évs (I)vrx;ecor?tfroﬁergse (I\D(ESS)V\AI'E Qit}tler% %p!:no O gseti'a%&’wrh%}e?ﬁ each open MFC
has a flow rate, the method comprising:
determining which of the plurality of MFCs has a lowest flow rate; and
opening one of the plurality of mixing manifold exit valves, wherein the one
open mixing manifold exit valve minimizes a delay flow time of the MFC with the

lowest flow rate.
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