; e3eETsEnnot gFRgxr 6sTTsny>W O 021318s8 PCT/ US01/ 30178 GAS DI STRI BUTI ON
APPRATUS FOR SEM CONDUCTOR PROCESSI NG Fi el d of The Invention The present

i nvent i owOregl3a858s to reacti on chanbers used for processi pgrTiussesiigponduct or
substrates, such a5 ingrated circuit wafers, and specifically to

i nprovenents in the gas distribution systemused in these reaction
chanbers. Background O The Invention Sem conductor processi ng incI udes

depositW' I e such as cheinlcal 10 15 vapor 0si tion

net al , ‘Ul”ﬂmmmm@ﬁd Seni conducting material s, Hmm]m(ﬂ]m HEJ lmh I ayers

aski ng of phginresi st masking | ayers, et-c. Such se processes are
typically carried out In vacuum chanbers wherein proces®isgas is used to
treat a substrate such as a seni conductor wafer , flat panel display

substrate, etc. The proceas BESTEBUPEHNSWIARATIXS Foge i nterior of the
vacuum chanber by a gas distribution system such as a showerhead, a gas

distribution ring, gas injSEMIGONBUCTRRBARMENSINAG pl ural gas
distribution systens are disclosed in U S. Patent Nos. 5,134, 965;

5,415, 728; 5,522,931; 5,6l4.055; 5,772.771; 6,013,155; and 6,042,687. In
the case of etching, plasma etching is conventionally used to etch netal)
?0 dielectric and sem conducting materials. A plasma etch reactor typically
i ncl udes a Pietistt Bhe buppoiohi ng the silicon wafer on a bottom el ectrode, an
energy source which energizes process gas into a plasma state, and a
process gas sour3@3E@ﬁ%ﬁ9ﬁﬁ@“@?6&@§%wg§§xwéL@W@b@ﬁaﬁﬁbﬁnI¥@%%ﬁﬁbn

requir in.in rat.e Lreupt Fabrication is.the etchi of. _openi ngs
Such 2o contealr et SELaFEh" Githie PP hER MR e o8 M B e
material s i ngleeendRPRANS ohd RMIHANHES sBe hscdsnfthdiptbRabrANShbdEON OXi de
(FSG), undoped WO 02/ 318S8 PCT/ USO/ 30178 _7_ silicon oxi de such as
silicon dioxide, silicate glasses such as boron phosphate silicate glass
(BPSG and phaqosphate silicate glass (PSG, doped or undoped thermally grown
silicon OX|g@ﬂiQQ%RﬂﬂQﬁL—thﬁﬁég—?ECS deposited silicon oxide, etc. The
dielectric dopanis,kRGhiR RGN RRABEDALNSI ARG O QL SEA & chERf?

di el ecti c can over or sem'con ayer such as

pol ycryst al ydpae dspdsiteanC Vet & 1ﬁetsuelli‘elca:Sruahwrsenwmld@om)&ematet it s A eXic i
tungsten, nolybdenumor alloys thereof, nitrides such as titaniumnitride,
metal Ml i coldash &ers, ashing phRhalpiesis| maskieg lageBatie. SUFh sersondugigst en
silicide nol ybdepnum si l.i e et.chi t echni wherein a
paral l el prbesr b el SR R Br Bebie i e A el 11 con
oxide, is dus%&'t@ﬁ%ﬁidfhbkir?ﬁe sP@i@é‘isMcor@ugﬂagu’:’a% fi paneF@kgy No. 5, 736, 457
describes single and dual "damascene" netallization processes. In the
"singl e danawsteate,’ ctapfitogedcesygascaarbd soopittddo dresingn®r fobtimedicimmsepar at e
steps wherein a netallization pattern for either conductqQrs. or. vias is

et ched int oC“é”@FgBé@t%aP élsltréli})é‘lon SyStpRSHED 15 dloveshead) p &as HSTBUEAR et ched

15 ring, gas injectors. etc  Reactors having plural gas distribution systems are
disclosed in U.S. Patent Nos. 5,134,965: 5,415,728; 5,522,934: 5,614.055;
5,772.771; 6,013,155; and 6,042.687.

In the case of etching, plasma etching is conventionally used to etch metal,
dielectric and semiconducting materiais. A plasma etch reactor typically includes
20 a pedestal supporting the silicon water on a bottom electrode, an energy source
which energizes process gas into a plasma state, and a process gas souice
supplying process gas to the chamber.
A common requirement in integrated circuit fabrication 1s the etching of

openings such as contacts and vias in dielectric materials. The dielectric materials
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include doped silicon oxide such as fluotinated silicon oxide (FSG), undoped



| S Gooves or via holes in the dielectric layer; and the excess netal is
renoved by chem cal nechanical planarization (CAMP) or by an etch back
process. wion2uhess" dual damascene" approach, the netalli zatcaruspasties ns for
the vias and conductors are etched in a dielectric |layer and the etched
grooves and via openings are filled with netal in a single netal filling
and excess netal renoval process. 20 It is desirable to evenly distribute
the plasnma over the surface of the wafer in order to obtain uniformetching
rates over the entire surface of the wafer. Current gas distribution
chanber designs include nultiple supply-lines and nultiple mass fl ow
controllers (MCs) feeding Separate regions 1rl the chanber However, the
current gas distribution designs require nunerous conponents, conplexity in

desi gn and dili@h Gadd suchtas shesetiokrleysilitde BRssesucpM ®rbe pneguse t he
conpl exity and cost to manufacture such gas distribution air arrangenents.

WD 021 3185silitesgiasra(BPS6D) anéehosphelatsilisate REEs U38%), 30pg8oThedopeésent

i nvention provide istri tem a.react.i.on chamber
used | n’sennEliicn BrARRish Pk fins A HABRI RS Hephea SHRETEHIEY of gas
suppl i es, aﬁ81Kh@guﬂ&ﬁhéQ&Qnﬂhﬁaﬁa@bﬁﬁﬁ &ﬁﬁﬁﬁ&ﬂ?aﬂth@&b&M qfiegas 5
supplies is mxed together, a plurality of gas supply lines delivering the
m xed das tdiclditfif enenvetionemniurtivher sthmnblea:hmt]t/hélyglaslchwpmbgcl sistrélsnei ncl udi ng

a first gas . supply line delivering the nm xed gas to a first zone in the
chanber andﬂéﬂ§egﬁﬁﬂsﬂé@'§@bﬁW9mplﬁ%”ﬁéﬂﬂ@EPWﬂ&”Eﬂ@“nﬁ?@@dﬁé@‘Pb a second

zone 1 theufOaTeor Aol STt aCARMBANGE Rl VLN SUERRE LA ot e of 11w

of the m xe second such that a

desired ratgigi@f, CBbﬂWSlﬂlaklestu(ﬂffstélhﬁllﬂﬁé(Qﬁol@@@erﬂuﬁl aﬁ&luevaci |Anp1h§]ﬂafl rst and
second gas supply | i nes, at | éast one flow measurenment device nmeasuri ng

flow rate ofichihgleaixgue, qalgeleln atméalki pktc Ednoreagiot sndedal®r seppizy | i ne, and

troll t t. St | to th
Pl ow e rnsdlied boenaiaf s aEP Y ORI X B Dew: oo 15 -
According to a puef anidl nemBodhuBnliediltes GAOKS Ll CoRkaes @ computer or

programmabl e | ogl ¢ devi ce h’ operates thé at |east one control valve
such that anprbipatidii plrmccn‘sesm bnertie fesglddhmaeesel’ sppradchl ems tindnendotiorhe
plurality of gas sup lines is changed froma first setpoint to a second

set poi nt ~ duif “E@d@é@@ﬁr?‘n‘ﬁ sPs yhewH %BW&P&@%P“%%%W% %ltheﬁC@wC@ﬁ%mber I'n
one embodi mEnt, . LRe.ak u'ngfat %g)cg[ﬁ }ggrg?ﬂé%tg 1@/59 M%n‘é&”ﬂ%' {m det and

second control ‘val'ves ow nea evi ce

conpriiges fdrbstesandisasienth tht awldrgasuyamend tlﬁae\kb@s@sl]etalhelérhmu ont r ol
val ve and the first measurenent device bei ng |l ocated along the first gas

suppl y |i nechamérat hechace @lagantation (GMR) er didintdieh @@&@rh@ceﬁﬂ olw Weadurlenent

devi ce being | ocated al o ot er
embod: mont  PPHECSs gprioaner O ReTBERN LT e Y et Sl BRI EE cont ol
val ve and té?&eatm h&ASECAR fayel OV BRRUES BRI SN 68 opORE] HETiRISHAL! € (] ow
measur enment devi ce | ocated along either the first of sedond gas supply
| i ne. The rmetel inansicglamies] fdhmy cwhpresendalviecwyn mhessher such as a pl asnma
etch chanber of a,. CVD, chamber
It is deswable to evenly distribute the plasma over the surface of the wafer

in order to obtain uniform etching rates over the entire surface of the wafer.

Current gas distribution chamber designs mclude multiple supply lines and

multiple mass flow controllers (MFCs) feeding separate regions in the chamber

However, the current gas distribution designs require numerous components,

complexity in design and high cost. It therefore would be desirable to reduce the
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complexity and cost to manufacture such gas distribution arrangements.



V' O 02/31858 PCT/US01/30178 _d_ The invention also provides a nethod of
processing a substrate in the reaction chanber) the process conprising
suppl yi ngoaxsess conduct or substrate to the reaction chanber/uSoeagwr i ng fl ow
rate of mxed gas in the first and/or second gas supply line with at | east
one flow nmeasurenent device, and processing the 5 substrate by supplying
the m xed gas to the first and second zones, the at | east one coati of

val ve being adjusted by the controller in response to the flowi ate
neasured by the at | east one fl ow neasurenent device. In a preferred

enbodi ment, the controller nonitors tofal gas flow supplied by the gas
supplies to the m xing mani fold and conpares the total gas flow and the
measured gas flow in 10 one of the gas supply lines to a target flow for
the second Syasmanipefl thellbnentiduhe at | east one control valve being repeatedly
adjusted by the controller to achieve the desired ratio of flowrates in
the first and sddBmicEASIERPIINDIPYIARS sasrbstEibpi¢bygiset BicteyBser at e can
COmprLSe 2 (Bl B Shed S S REBE SRR BodSRRE Ligd e o

material on er  or asnma e sém conductive or
conducti ve fy@aygfy &fgaM@nlbala mlﬁmamlgrwheﬁﬁh%ﬁs BeaLihe Pl amyaff abie Drawi ng
The obj ects and advant ages of the invention will be understood by readi ng

t he fobl owisnppletetsamixed tolgsdlari pq)maﬂltyr@t@amupmt limns dedivéringhibe driagd pags i n
which: FIG 1 illustrates a ga ?trlbutl n arraqg nent accordl g to a
first 20 erbOHISHENEORS Hike ’bk?aél Rt (NF oeHPPORINGE ! ngg gs:fgaé\ﬁ,u gram of a

process of 6Nkl lisNg. 9ﬁ§edd$a§tt5'atmgﬂz%r1e Wil dEARL A hamReEaaccording to

ment of the ‘present invention ust ates a gas

di stributi coppgly maagemce:mhwanmmhdr@stt@aaecma@nﬁb anhedhambd: , af leahenpr esent
invention; 35 FIG 4 Is a flow diagramof a process of controlling gas
di stributi GANIPL RlvecaBtP M chiaelr %ebﬂwwqefﬂ 82¢ Wehe degnadenserdinfrent  of

th t t /[ / 8 El | lustrat
. gab B ot ebat EBh i juch sV RELRE B BTt o M sl Auachibb e ™ ©°
present invgRntd M8 ﬂd@ec@nd ézlsb!;%bﬁl@tlﬁés 3&[ m@@r SHesdw hﬁhm@m@ﬁtr@ew;@rrent

according to a fourth enbodi nent "of the present invention; 7A

i Il ustrat esn@asgag ﬁiwxstrmﬁ@ﬁtllmmlwdmmgememnstmdm decogndt gas aupsplj’ ﬂ1|ne enbodi nent
of the prese |nvent|on FI G 7% |IIustrat as distributjon
arrangenen@“géé@PH? ; opeiakingithg # %ﬁb%ﬁ?ﬁ%ﬁp Hﬂv %b“ﬁP@§@ﬁ?“Fh hidten; and

PG B Yk %eggge%eegé IBHLKOR, ALfANGRARN wherein fixed orifi ces

are 10 used to s to l'ocations ma pl asma reacti on chanber.
15 According 10 a preferred embodiment, the controller comprises a computer

or programmable logic device which operates the at least one control valve such
that a proportion of mixed gas delivered to at least one of the plurality of gas
supply lines 1s changed from a first setpomt to a second setpoint during processing
of a semiconductor substrate in the chamber. In one embodiment, the at least one
20 control valve comprises first and second control valves and the at least one tlow
measurement device comprises first and second flow measurement devices, the
first control valve and the first measurement device being located along the first
gas supply line and the second control valve and the second flow measurement
device being located along the second gas supply line. In another embodiment, the
25 at least one control valve comprises a single control valve and the at least one tlow
measurement device comprises a single flow measurement device located along
either the first or second gas supply line. The reaction chamber can comprise a

vacuum chamber such as a plasma etch chamber o1 a CVD chambe.



Det ai | ed Description of the Preferred Enbodi nent For a better understandi ng
of the invention, the follow ng detailed description refers to the
acconpanW¥ong/3d#8w ngs, wherein preferred exenpl ary enbodiP@a{1/66178 he
present invention are illustrated and described. In addition, 1S the
reference nunbers used to identify like elenents in the drawings are the
sane throughout. According to the present invention, a gas supply
arrangenment supplies a mixed process gas in desired proportions to a
plurality of zones in a processing chanber. The gas supply arrangenent can
be used in any type of seniconductor 3@-processing apparatus wherein it is
desired to selectively distribute process gas over a sem conductor
substrate. Such apparatus includes CVD systens, ashers, capacitive coupled
pl asma react or s, Tlienduatriov alsougptiees phatmd of pactoisy a EERXmedatior s, and t he
i ke. According to a first enbodi nent. of the invention, a m xed process gas
1s ?S del i VER@@NAMBCTgHY RIPSSH FORIPTIGAS SYRY WHE £ SCRMACRT ALY HERERCE t hin a
sem conduct,or  or agessi nd. M&[H}ﬁﬁo Svﬁa?esof*”}mlxﬁé‘(&laé fﬁrlp@ﬁv?ﬁ'&g% B SBgphamer or
or eedbac

ot her vacuuni pr ocessi ng reac K controlling
the fractiqas@hp }wn@w%/m&gtanﬁcﬁﬂwﬁ%él&&ﬁaﬁ dﬁ@lgep’fr@q&%esglﬂﬁ tekel i vered to
each zone, basecj) upon a given setpoint and at | east one flow rate readi ng.
| n et chi ng sabsti actcohv dm[mkyldg heahixgil gausmo Be fyglapdisedondrongs), the dreast one

sem conduct or vvaf irable to su t he m xed process
gas in contCPBIPle 6%?9%5%%‘{]&% “Pﬂ@ llnéa?pé’ﬁsern@a{ﬁghﬁé '@&nter and the
peri meter (11‘? freld b"';’/ tﬂ@ af & ‘Maré Bbw 1 ﬁ@fsu%fénfrﬁév i&Paf AbredH sty i bution of the
gas feed he achr'eve uni ormetc results across the entire wafer,

al t hough t fm@ﬂﬁﬂmmﬂdt hprcopositar ansinreytote pentlowpopplicdevapp gk catpptas toFor

exanple, it may be beneficial to feed, say, 75 ;% of the process gas to the
edge and, §]af§/m”215°%d(§1ff0ldh@d§f36@é§§ tkyfa@talcga% ﬂ@“@@ﬁtﬂéer MgRS bR VY 1 0g a

g1 ven APl CRLiaf ol Byt E ool S, PRRUACALL AN WU 60, THY. B 0

erfor e advan ageous say, 10 % of
t he procesgegasnd @oﬁtﬂﬂ‘ vﬁl@@%elﬂg%péﬁﬁ%lv 20usted By ﬂll@%oﬁ@@ﬂle@rto athiehetheaf er .
Furthernore, it may desirable to change the proportion of process gas
del i ver ed tckasrlrhélaltmvfﬂmesatdsrlmmh@ﬁilepamesesolab dsrsugplydmeb.eXhaul ti step etch
reci pe. rior art arrangenents, .a fi.xed spatial  distribution of gas feed
(e.g., a sﬁg%croﬂg‘é‘aowlibﬁn 3t $1 B acSIﬁEﬂ“eW ng‘%lf)'s p‘;ggsspél, BVcal Iy chosen
based upon D, S e etch
uniformty (%Bé{j?l?(gﬁﬁeryepgf B]E%”gl o El??%%tglgﬁt[lgésﬁhdg%ﬁlgﬁ% d?atgcﬁépl nvention can
provi de t hgegagabdidiiveyor m:bndlmnw tiyki ogmanrinleal theiwaeit he fraction of process
feed gas which is delivered to nultiple zones within the processing
chanber, to tailor the neutral gas conposition

Brief Description of the Drawings

The objects and advantages of the invention will be understood by reading
the following detailed description in conjunction with the drawings in which:
FIG. 1 illustrates a gas distribution arrangement accoiding to a first
20 embodiment of the present invention;
FIG. 2 is a flow diagram of a process of controlling gas distribution in a
reaction chamber according to the first embodiment of the present invention;
FIG. 3 illustrates a gas distribution arrangement according to a second
embodiment of the present mvention;

FIG. 4 15 a tlow diagram of a process of controlling gas distribution in a
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reaction chamber according to the second embodiment of the present invention;



?0 within the processing chanber and thereby to assist in achieving uniform
processing (e g., etching) results across the entire wafer, This is a

parti cul &r¢g2/388f ul feature for advanced sem conductor precESSI1BYITS

equi pnent, where |larger dianeter wafers are being used in integrated
circuit manufacturing, and the fealurc sizes on the devices continue to
shrink. 2~ The gas distribution systemof the invention can be inplenented
in a vacuum chanber which is supplied process gas by feed gas supply |ines,
pressure regul ators, mass flow controllers (MCs), various shutoff val ves
and associ ated plunbing, and 1 m xing +anifold. A gas supply arrangenent
according to the V' O 02/ 318s8 PCT/ USOL/ 30178 i nvention can be physically
| ocat ed between a m xi ng mani fold and the vacuum processing (etch of CVD)
chanber and ser vgs;. tsoligfiidied Hgasdixabu@asartdi@ement £comditd @l £ihhiines for
delivery to multiple zones of the chanber. The flow delivered to the
chanber fr omtiodengusf pagxpriesenpriseatiabl y control l ed by a conputer, typically
the 5 sane conp used to control. processin ar anmet er s/ operati on of the
chamber . In opgérlg’{' iédﬁ}lsclé?t?fsaegascéﬁr@éqont‘Héanés € '?f?ﬁdb‘l&'ioﬁg’gggtem to flow
one or nor&ngadffetlor REGIEd® ifeMil.ates to feed a m xed process gas to the
reactor for etching the wafer. For exanple. in an al um num etch
application, thdlaosédA rughites & gas distnbutiar & rafgeQitd; addGildBng andfif® at 1 ow
rates of 100, 200, and 4 scan, respectively, 10 during the main etch step.
The flow r &WABRCR! 96 the Reeeds 1Yy58¥brponent s can be control | ed and
nonitored by M IR - o Lon, ' LOR C i.ncl ude at

| east one fIOM/ﬁﬁggJ%@ﬁgﬁyh%@£g¥§?&ghgﬁgﬁ%&ﬁ%%@?%%ﬂ£%§@¥%@?l%ﬂ: a feedback
control syshe/mifiaent @ente Mlebdnpthvehigorphp@orti on of mxed gas flow delivered
to at least two zones within 15 the chanber. The feedback control system
coul d include addfod i@hsatesi cads dstribulianrarrangehont whettigi fixgtl ocidiety ale

al gorithm executing on_a progranmmabl e | ogi c device or conputer. FIG 1
Shows '3 scHERAY PRI & [Oefiar Aailis B e i0a< amBEF  but i on System i n
accordance with the invention wherein a processing chanber 10 is 20
supplied processing gas through gas supply line 12 (which can provide

process gaddteilal Phawinhead the Potfeareddhaabsdippings ar r angenent arranged in the
upper portion of_the chanber s supply line 14 (whjch supplies

) and a_ gas supp 4 (
processi ng gas tiPra hegRerngsandne of e peyeaHamibe fllpringdetaiey exanple, to a

gas distri on. ring. sur [ : ol . h gas
outlets arB%%ggﬁmﬁﬁQ@Hi%ghgggggﬂ%ngﬂgSggﬁﬁéi3%%H§8 €§%ngﬁ%£®§§gnative dua
gas feed ardhaRgBR@ii oA psete Mvadisntate fetrited as@ntRribandlt QRimey i et er of
t he chanber. Processing gas is supplied to the gas lines 12, 14 from gas

suppl ilés 16he nedereney nurhlerprerdee ddegagsblee ¢lememts ipPiei drgwings afegthe 20mbei ng
suppl i ed tq mass flow controllers 22, 24 26, respectively. The nmass fl ow

S L' O 021 318%88%¥F Ust ) 11 3(1178 _g_ control lers 22, 24, 26 supply the
process gasses t X ! 28 Laf i . | . passes

t hrough an optiéggﬁnﬁﬁ%g?%£?€$£ggq}?@ﬁﬁb%gé%ﬁﬁﬁﬁamggﬁgg%éﬁgﬁ ﬁ%ﬁﬁed process
gas to the mikedwldacagsgat2n dddrediiroperliomseo hz2ploatity otande irempaptdsorgal 1 ow
restricting device 32 and flow line 14 can include a flow 5 neasurenent

devi ce 34 ZHAMECT o ERfHEASISUBBIN A BINEHBER) §a13BE upedcigritly dY P& YiseBR AdUGHBhi t or s t he

cont 1 oft or & 39 M5ERUS B L3 b EF KL e Re AT Blee RGPS VR

f eedback confengdondysib esmtahhiewssuanjapisdr s incafdet 0e/ PLeRONLE, iQRer9f M xed gas
delivered to two zones of the processing chanber. The optional Fl ow
restricti ngapisiiveecogpled aasha 1gactorst indeetiverdofipled phrsmageditersvBCRe or the
like. In oper?pion / hikuser woul d sel ect setpoints for the flows of each
feed gas wi'tHi Stﬂgiés "Box, and woul d select the fraction of mined flow to
be delivered to gashinee) PRr@knbBERNPSESS I NEnEBADRT xedFRb ¥ BAPLE, the
user mght select a flow of 100 C1,/200 BCI~r'4 sccm O~ wth 7~ % delivered
t hrough | i nlell2edna 2Zas-hsthib@idarhsysieghtoliimapk4onFheithmac tenacoratiictor xed f 1 ow
in the respective delivery lines is caontrolled by repeated adjustnent of
the FeedbadkOWESHEF H1AMRA! GBCT # § | G8UOIPIBHIRHCH SBHIPH T QARG UTdW neasur ed
inline 14 with.re Lot e B NG tal flow,
which in A SR ERREEY Nt Kk bRty RN AT D91 P
readouts of the mass t7ow controllers 22, 24, ?Gin the gas box, with the
20 f-lor,v measured by the neter in the chanber delivery line 12, the
controller can adjust the degree of throttling in the valve 36 In line 14
to achieve the desired flow distribution. Alternatively, an optional tota
flow meter could be installed just downstream of the m xing manifold 28 to
measure the total flow of m xed gas, rather than determning the total flow

I Y R AN N~ ~rs "



In the case where the total flowis deCerllllned by SL1111117111g the gas
box MFC readouts, these neasured flow rates can be converted to equival ent
st andar dWéuBBi3es8ent i neters per mnute (sccns j of a ref eremasogas s such as
nitrogen, to WD 02/31858 PCT/USOL/ 30178 -9 provide accurate and flexible
control in the general case where the gas mxture may differ t1'Qll
process to process. Hence, a cal culation could be perfornmed to convert

m xed gas flowto a "nitrogen equivalent flow' and the in-line flow
measurenent device in line 14 could be calibrated to neasure "nitrogen
equivalenr 5 flow' to put all flow nea%urements on the sane basis. As an
exanple) in a typical thermal-based mass flow neter |00 stemof Ch is

equi valent to 116.5 scan of nitrogen, 200 stem of BCl3 is equivalent to
444. 4 st enpiotesdigas dglemecamdaéh stiembaded@poh s e seglogntant al £afid st em of

ni trogen. Hence, the "nitrogen equivalent flow' of the m xed gas in the
exanpl e abBy¥ i€ rsglnyglseEkng adicen dipsidey aRpEI, THRAYGHCOIO MK § ne wi t h
the feedbag Iﬂfuc '1 '\ﬁﬁ‘el"ﬂ é’ggleg{gﬁ &l 561? ﬂk@%ge&%%&ec?ﬂ dads 4.0, val ve to

achi eve a?elm rea em of ro en"for this
exanpl e. h@ﬁﬁro‘ll@@tpr@}imﬁ&@a@}boﬁlttﬂé CagibiNBea@Mid Ecitd laaw s péﬂl?ﬁfﬂ@i @ase)f rom t he
gas box will ultimately reach the chanber, because the optional flow

rest risct orofi the watier. 1Phd gptintad spdiai ﬁgtré;nlljtlastoedlﬁcms ifeeg lichws ashisgess, and the
pressure w l.l nat raII build, in the [11allltold until the

| Xl n

total in fi4 lléﬂq‘if Péest‘ pagEhe ‘LHrefW % H“Z‘;‘\glhéﬁ%ﬂ%*\% RIS EY
sunmari zi n gliee] 7 e
appar at s P B PB4 R Braehn gl e iBe] R By SICESUITT AL a rate
of, say, 1af506 phaceteg®.to kQedge andugalyn@s @ cglthepnqnesscgesmrlmncelmemrder to
adj ust to cha 2&es in recipe conditions and flows on a real tine basis. As
20 shown i eF’i’ I 9 atgﬁ\t?”fﬁpﬁhﬁﬁﬁ@ﬂt Ipjadiffeseat eeh %ﬁﬁékﬁ%tl%ﬂlk@hrﬁ“@ Bejs a step
of I'npllt e F 01 1t .SuUc t.h 1104v rate

R ggm[eﬁ On thé)\réﬁn?e“ ook E'&l}% ﬁB 4[1[{% eqit J&Orgéd |§1g %‘?“\

to be sup Icu ess er) S2 is a
step of r e@@tﬁ@ ok t@lmteeﬂ@é MdGaf D% &b ale déh?é?@f grRSyAfew F@ltllﬂflﬁ]lém:)llt ed to the
processi ng chanber , S3 illustrates the step of calculating the target flow
for line mab@sddsmﬁ)dmtotdheng‘el bevpsplortiorsel protass gandeliveredtiottkd twovow rate, S4

iIIustratesth ste readi ng the s tlowrate i line 14, S5
11Uty ot conengredt GBS sEaChFanbRg et Oth Bisy Trpridie 14 which is

defined as,t e L tes in line
1 and B R e B O R ot " e
val vel sge gsglec?g;mmpatten\x\xﬁsawnfﬂl%%tﬁ@'{ bﬁ?dh?@%?fdedﬁ of mpen% usi Ing |
proportiona pr.opoi onal and integl a or proportional an
integral adtPliQeRqn & iyeresand)ihe gighandaimibhreasireeiite the flo~. v error in
e o o Srh LA GR R SERPO U RS L PLBL GEGRC BhbAROHILLTELTE of

a gas t7ow al | angefent accor inven &fe i onal flow
restrict orcdnrtnolume1n&emlmemhemha@@@f motc&sae&pgﬁ@uﬂaéu gricpleddfib ow meter ~-2
and a feedback controlled throttling valve 44, i.e., an inplenentation
where the mnbmécssmme\dthgaéle|psocepsimg Clugibeg, mvt@llquthfr atifdl ges vahpegicand t wo
flow peters. rture of one or both. of the throttle valves can be

adj ustled b‘é(gg‘&qﬁf)Bﬁpcﬁssb‘ lﬁlrnibgo?fldo ICLeRY (0, agst éfb?%l&v&g YPEA0 splitting and
the flow n[t?lrogéssﬁ 3(@'(?”\9/(2 HE;W%?LP sSREdsY ’thett{hﬁilé:gmll .ngtl SOIQ acHal[tl &ar &Q t~lorv

nmeter and hrott in enc ose otte cou

i npl enent edebgifegua toomd/\enc’cadmeailcmﬁsetot bmnezmigterqolplne:m; wxhzee dznghe control
system sends separate flow setpoint controls to each |leg to achi eve the
user's sel YaMgE! t“%%sélkﬂ being Pgd “TH%@”WBIcgﬁ‘é‘ht”éﬂi”@ﬁmﬂﬁévfip@e@e dt3¢Rt 1y nore
Flexibilit n ng to the ability to actively adjust
and control éthhbg1 t(lzli%}rall acr?g{el& tOSm\@‘gas delivery I > line. This allows, for
exanplse, the abrThd by deUBﬁﬁdiﬁsfys[tehleoifl1@%\%{3!1(‘)1? tdnng hieh&add G 400 ro in
either fine. In contrast, the i npl ementation of FIG 1 may not allo~v 100%
tlow to bevagghinabpadet th@hgﬂ"lSlephel pebcodstao by femoings (Snmimélms gugustement to

t he optlona flow restrictor yrt her nore, ntationin FIG 3
provi des a “PBEIOTE 'Héssr%)a\"sfﬂﬂer At (gh éﬂev?r mlwoﬁé@ﬂ%ﬁ]a”iass&@uga ivery
I'1'ne 20 whiahbald, %Yi@aJﬁ‘illnotlhfﬂﬁrgflcﬁu'Atg,aQ%EﬁQS AN § St ac @BEIREL NG @ tTOrV

bl ockage in a gi'ven line or a ma gas box 1VIFC calibration) while
processing wafers in production. Dui ing operation, the open aperture of
one or both of the throttle valves is adjusted based upon a conpari son of
the user selected tTowsplitting setpoint and actual flow splitting
fraction determned by fromthe ratio of the neasured floav in either line
12 or 1=1 to the total t7ow (neasured by SIIII1ItlIlIl1g the respective flow
met er readlngs |n I|nes 1’> and 1 I) Cbnvenlently, the conblnatlon of flow

T 4 o N 1 T Y



~''VO 02/ 318, 8 PCT/ USOL/ 30178 -11 where the control system sends separate
fl ow setpoint controls to each MIFC in lines 12 and 14 to achi eve the user
sel ect eawDlo@i&spl itting. In the case where conventional WECLSavaiosed in
lines 12 and 14, in gener al, it is preferred that one MFC be co~unmanded
full open while the other 5 IVIFCis actively controlled by a control
circuit or algorithrll executing on a m croprocessor (or equivalent) to
achi eve the user selected flow splitting. This ensures that the lota! m xed
flow equals the total m xed floGV out and, hence, there is no unnecessary
or excess storage of gas upstream of the MFCs in lines 12 and 14, which
could affect the ultimate process results within the chanber. In |0
addition, this elimnates the possibility of these M-Cs actively conpeting
with dle mmamhmmmhdm;ﬂhacﬂ%abbabﬂbmsupphmnmm gamyifolhamhthe oatwhink ead to
control instabilities. Assum ng MFCs in lines 12 and 14 were identical
(e.g., sanBroEgsswedaich sy &Ylahclaﬁaﬂ%a%aqwfgﬁ tosphethprysediE® wpiteetc.) and

| v FC on the, |] 0t b A%, B BGEHIT £AUES! @ AERRA) PEnBN dengraml ¥ be

control l ed'to opeh con |on e other line
woul d be agkichhyercoairae b@db&a@?ebf@@bltyh@n&@n@pbm@oﬁmpdter etsgreﬂw the flow
readi ngs, to achieve the Fower flowin that line. This can be expl ai ned as
fol | ows. |famechennmGCy Weed & Sadrel pwbssamupanm@ets&mrzwmqfdm eyntbet t he full
open positjon, thenthefract{ono e 50 %. In

order to athPisVE PR ESEHEN Bb h@/ogﬁﬁdls%’g‘z‘“oﬁ‘ ?hg e“iﬁg h?ﬁ'émleloé\ﬂ“ﬂ&gaﬁét ance of
the Irne 14 20 iAU$bHwPEds 39‘?@&%(% 1@1%(1%%6&!5@«43%091‘1@1%‘3&31 (ﬂ'eet&lhﬁ‘:e[h%‘l throttling

val ve). Th| s actl on wou cause a slight Tncrease in e nwng manifold
pressure, whiech Popekanglausearaaluinnmneasie applichtien, fthouset mighighow kne 12,
because the flowin a (8| ven line is proportignal to the pressure drop in

that |rne. mEghregd<elei B hvandolly b‘d@‘é‘s‘at?sﬁéf 1R09 FY) . candt 4+ ?ﬂCIdeestPSC‘t‘ﬁéV lull open
positjon i §mrneg1:t GE 5 Ef%]asﬁ»:gs hﬁ}? a%s Qfl\(ﬁgg?dlg the COE‘lp‘O}{élF sC% Acd vely

controlledis F&rie ave "pr ac i S unusual
for two MrEstioPed aN@ niohebicdas/ Mpcgssur e drops across them because of

manuf acturing tol erances, even though the floGV control arid calibrations
may be identicaln ¢ne lha:dttmelltatl@oﬁ‘@ lsl'ftmulatl|C@Im2;ICilLtd6n®9€abte0n§sfédﬁ’rI to use WO

02/ 318,8 PCT/USOL/ 30178 12 _differ r.an achi eve the deSli'ed
CO17t1' OL PErfSimany AaHes OO K AHH i e“ﬁlaéldr?ﬂ%afﬂ% EF%‘&‘%S B 9h111at 101 1

of a 1000 ﬂnoath? %&ﬁ elffy ﬂbw dand&redt«gam i ds th IRy et ter
flow contro accd’r ac ow fl ows less t 0 sce in the line
with the 2the cheebedVFThe fEhebacmbmtv@ctystemozloutdl ioolude atdieg bieoteic® omctilinyt he | ower
range MFC i s achi eved because MFCs typically only accurately control flow
down to a P pdigdahtongol lgorifym %f&}l%ﬂ&%Jh@@log(laiﬁ@apwtléglﬁé)ﬁvwgrtum ng of
the MFCs V\Mm f9pensat e for these differences). Hence, the selection of
whi ch MFC 1§ 'MmSter and which MFC is slave for a given flow splitting

set poi nt woul d grmer aldws Deneghes bi Naest basedinpobdf A geadishibatioon experi ment
whi ch neasures the |10 natural flow splitting of the particular MFCs in use
Quvi t h bot hsystenF@sacsoritaned webl th&)llltﬁéloﬂu’{'1€T@p@r‘prp@§$mg@h"imlﬁlrllohérm)re this

"0 b ¢ ofPPBEd ot RO bRl 68 wPobia Vet SSea s Sanpl or
| 000 and 2 rate) so
it my be ﬁ)ecil(sag{a?rl1>']\/é%l tg? 1\lﬁ)zheér%Po%@ﬂugqgggmgﬁ%rfgfﬁi lhteq@p:ELIhﬁoarE)%‘?glgrl ate
mast er andthslcay@ebddyr@nd argas snguﬂ;ehne:ﬂhdvlﬂmlm supplias acdedsingngastthe loent r ol

al gorithmcoul d include a check in the control Ioog t 0 assess whet her the
correct maB®EPNOf the shagihenuchrae W&§‘%‘Bﬂ’léc'f0e‘ﬁg'§rﬂ STIRHYIQISTING A8 I OHISINSY

S et o e RS Ras el AR ey AELEFL R WL SPLFAE LoBeke, oranees,

etc. The o control S mast ave ki ng feature)
for 28 thi golvepdicaBat@inb@re disl SWRBERIrZe@nicat (t_zlmsubknwa@mleabpwneln FIG 4
whi ch shows a flowchart of the basic functions performed for 1ndependently
cont rol | i ngod fee perigwtar@falte ¢haamer.t Repcdssine 243 1%ﬁ!pﬂhé@]I[Q)H]§ 296 lingrel bl ocessing

hanb wh t f tt t total gl
i ed gas Lot Fiigupaial d8ae ERpBeeiahtih g SRS Phu 2 el oo "
delivery | E@ﬁgé@ﬂﬁha%sﬂ@\@ c@)ﬂ%lf&?sn’ﬁfrﬂahg rdgR9f1ya e WadalowPel ng

processed) determining the total flow, S 12 is a step of calcul ati ng
target flows for each gas delivery line based upon the flow split setpoint
and the total flowrate, S 13 is a step of selecting the master and sl ave
(controlled) flow controller, S1~l is a step of calculating the slave flow
controller setpoint(s) to neet



W O 02/ 318a8 PCT/ USOL/ 30178 target glows (this step pray act to accelerate
reaching the target flows by calculating the current flow split error and

i mpl emenvong3fREO conpensation into the cal cul ati on of thecv@R®ioI NtSj,
and S15 is a step of witing setpoints to each gas delivery line flow
controller (such as at the center and edge of the wafer being 5 processed).
The response tinme of the split feed control can be further iutproved by
addi ng PI D conpensation to the calculated target flout O the slave MC
For exanpl e, adding proportional conpensation to the new sl ave set poi nt
coul d be achi eved by calculating the n&w setpoint fromthe follow ng
equation: New Slave MFCX Fl ow Setpoint = Slave MFC Target Flow + 10
Proportional Gain" (Slave MFC Target Flow ~ Slave IvIFC Actual Flow). FIG
5 shows anotiheiledi EY,i2A¢ L6 isopgllementratdse gants fohemiNigs anhifbRiviniiteon, where the
process feed gas is split using a one-input-two-output throttling val ve 46,
where a cot¥d|the grxl e Péﬁﬂeéét@u?a]h@ ‘PR@@MW@fettfrlﬁl/v"lé%hau%ﬂng from each

!eg based w?gﬂs fheRb ngfE)ﬁ%E@s ?t%ﬂetﬁ)x ]{7at14ori:low melll a}nﬁtddg gf th|_s LS

|rrplemsnta|on|s ratlono e val've 's tion is

gas conpospptimal 86d rbdiavwirdensndernt andWdwh ang 1%&%@%@&%@ noni tor the
relative floe in each delivery channel, the accuracy of the flow splitting

for a @nenngzawrmlmttmlﬁélcaﬁﬁian@|dvfe¢tlbﬁqlomntxmhyalva69 f/ﬂor:omncﬂfses't@ntLLOproce53| ng
conditions. The Iﬁcﬁ of 111-|Ilt8 rev nts f

det ecti on B\“Ong?”tgé At AL HEACHE 4! ‘i‘}vaxb?‘ﬁl gfﬁ‘é“v&rto SONE P FRES ?l“’drl ft
e acu! POl 2, DU00ess ANNE i RAREECORIACARY 10 TS thdiBaa/not her

dr awback o I"'efrent ation i s e current lack of commrerci al

avai | abl e omerdl Rpdsém bilowoudjpstinehhs ot prapgrival vfesixeorpadelt cial witdespr ead
availability of commercial mass t~IOWNI|lefeCS, t7ow control valves, and
mass f | ow ek obllicangcessing Fhamba. sHwveptianal dlagressirigtingsesice BRean be a

|nple ntalo t hat [C roviding at |east one flow neter 42,
34 m L%‘E(ﬁ%ﬁlh/ee?vleﬁ”ﬁevéqi‘e Odﬁg? Ylé‘a/ Feedback control of the splitter
val ve as vel | ag bheatforutie u:k@t %md%le@ammnhrs tﬁbﬁtﬁe ﬂlotstﬁrlexclﬁete@a&s70W et er
is used in FIG 6, the total |l ow neasurenent woul d be WO 02731858
PCT/ USO1/ 301ifi8: th&gas olext, enmwﬂeldﬁ kgjecs tirenfirangion log nfli\@i/\ﬂo\&ambnglslmﬁlect e MFCs
i t~vo flow neters are i ﬁrrented thenth total flow
s

nhin the ga
can be det gﬁalﬁ@an@&“@mlpmswvg|Cllanle%esﬁ<wﬂlﬁa FaHChY SRR IRV | n | i nes
12 and 14. oF\@ Cf/AoHROYE sBufaS, il 254 @Nvakl AN9SENLe 7551 9590 to a fifth

~

15 through line 14. The fraction of mixed flow in the respective delivery lines is
conitolled by repeated adjustment of the feedback control valve in line 14 based
upon the actual flow measured in line 14 with respect to its target flow. By
comparing the total flow, which in this case could be measured by summing all of
the tlow readouts of the mass flow controllers 22, 24, 26 in the gas box, with the

20 flow measured by the meter in the chamber delivery line 12, the controller can

adjust the degree of throttling in the valve 36 1n line 14 to achieve the desired flow

distribution. Alternatively. an optional total tlow meter could be installed just
downstream of the mixing manifold 28 to measure the total flow of mixed gas,

rather than determining the total flow by summing the readouts of the MFCs 22,

S
n

24, 26 in the gas box.
In the case where the total flow is determined by summing the gas box
MFC readouts. these measured flow rates can be converted to equivalent standatd

cubic centimeters per minute (sccms) of a reference gas, such as nitrogen, to



5 enbodi nent of the invention wherein gas froma gas nmanifold 28 is split
to supply a top gas feed line 12 and a perineter gas feed |line 14, each of
whi ch i nBlQueénsss fl ow nmetes 42, 34 and a feedback controld@Edusosoetsl i ng
valve 44, 36. In the enbodi nent shown, the top gas feed could be provided
in the center of the dielectric window of the chanber shown in U S. Patent
No. 4,948,48 (the 10 disclosure of which is hereby incorporated by
reference) and the perinmeter gas teed could be provided to the gas ring
beneath the window. FIG 7B shows a gas injection systemaccording to a

si xth enmbodi ment of the invention wher€in gas feeds supply a two zone
shower head, an exanple of which is described in conmmonly owned U. S.
Application No. 09/343,690 (P510), 15 the disclosure of which is hereby

i ncor por at egohye hehieli€ag®fleAble SHamsl, inttheg@rsal icadceohdrotheystigusuppl i es gas
froma gas manifold 28 to a center plenumvia gas feed I[ine 50 alld an
arnuf ar outwy Gffentiemviracegato piveessBillawics2a eglewdriedcopit bapeignsd tbhe center
pl enum 50. The center plenum can have varjous cenfigurations such as a

i roul ar preaRiH BB G e eriheonveledl ey ard AE B A the outer 20
pl enum F'9wa§u§ﬁ@ﬂ§¢ﬁﬂmﬁhﬁﬁ@gﬁ%Bﬁhl%ﬂﬁh@hﬂﬁQB%n&%u@D%ﬁnkkﬁ%QuﬁﬁkBFCes or
tl ow apertures downstream of a mxing nmanifold are used to split gas feed
to a pburaliowy tofput ek dibivomsasieneenpraocths samg behanenn ctieplkl G a §parat angenent
has been inplenented in a flat p di y etching tool where center and

nel spl.a
edge gas i ﬁﬁ%’@@l‘B?ﬁeWS&Q@}{{'_meﬁﬁe?@e%%@rﬁg%]g 15 IV AGIRE hEYO SCa% 88 orifice

inserted within t ' I | ; Seed 1 - whi | e
the edge T AL Rr naongsrel FERARER BERG0h SRR I SEhPLY OF' cdge
i nj ectors. Ofhgequuiesaoalog hemterat Gfen! Teenck Niliehaitepsh equiviERCIOL" ~S O

limt the supply of gas to the center of the chanber. WO 02/31858

PCT/ USO1/ 30i 78 mixgd gahat the sxample beite is 364193 seemanil fio deljver Ré 7pihopegtt i on of
flow the center of the chal nber would be |arger th esired. The ga.s
ai striBut S EYs bl e tegat R aolaTeAd ey bitioRo BERe 6ETTLEE™ HEHAYE denei v
pl asma reagd QifeveSabwREABIBOA (851501 H3LYRI Bk JHaNRo ingh afer gy sources 5
whi ch use RF energy, mcrowave energy, nagnetic fields, etc. to produce the
hi gh densi eyampplasméote Hott ai sistdasces, thdhenthic glowdefhsixey gpt &snathe ak dobe

produced in a transformer coupled plasma (TCPT"') which is also called

i nduct i vel yill signatalypleadniic cgihesr Decapsedhe OpHYRI How 168t igior i EBRAAME (FCR)

pl asma rea - el - r I n . l.e. of a high
fIOM/pIasn§5€@38$8@8§%§gﬁn@%ﬁ@%%O%gﬁg%gém%&ﬁﬁ%ﬂ?ggkQ%Pvﬁgﬂgéﬁggﬁg di scl osed
| n componl yhigMaadalikold uRdatiBniotdNen 1ow8x2@alé3k tokheudile®l osure of which is
hereby incorporated by reference. The gas distribution systemaccording to
t he invention céﬂGbéSﬁ@@ﬁafbﬁwbﬂé§ﬁaméﬂ@hgﬁgﬁ@ﬁ@@@é@éﬁmﬂﬁéﬁﬁﬂhe@ﬂdcess gas

supplied by the.first and seco lies,in the foregoi ng enbodi nents
cal T be'chittBad iR B REaRr G Ner RE prgRale® colf phEAB R hg of
trench, f Orr%gﬁﬁm £a RO @0 Y (e Q.’S}quiﬁz)fﬂﬂﬁn@ 'a@@&ﬁ@%@&@%nﬁ $ha

Cl-1F, and Fs) "can be supplied and during etchihg of vias the tlow of the
oxygen to vhirdendjual torcbgrigen irofecgpewonditiens aahnllbes deenedsmadt: tmsis edlsici ng t he
flowrate of the m xed a% supplied to the central region. In the case of
et chi Ag 1 oShown & El(;é-c%rtg%f PuGEr St REE HeRserkeTgAs IR SfeRcdfubR Ny dr ocar bon
such ~'0 a =, £ at.| . flowrate in
t he centraﬁ“gggkggﬁﬁg%ég O“ﬁggﬁbﬁimgﬁg?ﬁéqégg%gg%2g§§§gﬁ€%%?£d radially tO
aChl eVe LI bddicOhr bbiicgt &Ehhe pocestdshaabeisS2ds ageh@ firbRlingyent i on t he anount
of m xed gas supplied to the center and edge of the wafer can be adjusted

t o conpens&eEIpEingedgdotthsticdranilny :akduppiiddp thaptocessal thgmbondidt i ons in

t he pl asma.chanper. For ex le, Jll a > conventional pla et ches, edge
fast  etcoh ABRATES SedhA GRaT gL lalﬁeﬁioﬁh@f SPEdi S RnondBelos Cer whi ch

cent eps t ackp@thporAndi ot 68 @RCYA iHuWatdd thh8e98s i Bk Nhbuid @5 appar at us
according to the invention, nore oxygen can be supplied in the center when

t he waf er has baliphdo# oS diustratbae stephdcelaslanhg gr fidve ephoiohes |4 tvhichWO

02/ 318s8 PCT/ 130178 -1G layer is eroded away, the flow of orygen to the
center can! %eﬁg]a‘&éé'& greace kedwpen ﬁ‘ii‘"ﬁﬂ@iﬁ?é'dL?lC%lfLﬂO‘i"'ﬁ‘lesé’C@ﬁIH‘g*‘rt%an be

achi eved bysGRimERSahl B PG GHOEs T AR Se it GEMESLRLREY, Sicclrgondi tions.



The present invention has been described with reference to preferred 5
enbodi nents. However, it will he readily apparent to those skilled in the
ai t thawoioe3isspossi ble to enbody the invention in specipCir@shusargs ot her
than as descri bed above wi thout departing fromthe spirit of the invention.
The preferred enbodinent is illustrative and should not be considered
restrictive in any way. The scope of the invention is given by the appended
claims, rather than the 10 precedi ng description, and all variations and
equi val ents which fall within the range of the clains are intended to be
enbr aced t herein. WO 02/318s8 _ 17-10v4' |1 AT IS CLAII\~trD IS:

PCT/USOL/ 3t)178 1. A gas distribution systemuseful for a reaction chanber
used in sem conductor substrate processing, COllpl'ISIrlg: a plurality of
gas suppl i epen) mismgprapargonafPf, glraposheratamd gesprall (PO 61 propertphalraali ty of gas
supplies is mred together; a plurality of gas supply lines delivering the
m xed gas ﬂﬁqﬂﬁk$@ﬁ5ﬁwa§ﬁhQ§DDﬁOWH@B@Hah%éF,m$HBegﬁ&”%ﬂHﬁPQmFﬂﬁes i ncl udi ng
a first gas sup [ del.i vering ] . - i rest, ,in the
chanber and a sgg%h%hg§gg§hBﬁgéhﬂfﬁ@qﬁépbégg?%SQP%9¥ﬁ8&H$§Bﬁ%§§§'to a
second zong,hfchitet &drardifg o afe ihaasbn, ongere @t slonyRfive rendboln ikg a rate
of flow of the mxed gas in the first and/or second gas supply |line such

t hat aSdesil? édrephcedwah aof ¢aowbinaiicasf afflavhmerer dédind sisfeedbagk homvadgdi n t he
first and second S pply lines; at.|least one flow nmeasurenent device
measuring RGOV Yoo fe-t e A KBROHSSAta Vhcre Rl pioest (BraRors S8tond gas
supply lingg,a conty ol ar _ I e r.Ql lve in
response tgmgﬁgg?ﬁgéﬁggfghkgggﬁﬁggqu'?ﬁgnat?bzg@%ﬁﬁﬁgﬂﬁigﬁ@%ﬁ%&ﬁwgnent
devi ce. of the throttle valves can be adjusted based upon a comparison of the user selected

flow-splitting and the {low meter readings. Conveniently, the combination of the
10 flow meter and throttling valve (enclosed by the dotted box) could be implemented

using a conventional mass tlow controller, where the control system sends separaie

flow setpoint controls to each leg to achieve the user's selected tlow splitting.

This implementation provides slightly more flexibility than that of FIG. 1, owing

to the ability to actively adjust and control the conductance of each gas delivery

.__
n

line. This allows, for example, the ability to adjust the flow splitting {rom say 0-
100% in either line. In confrast, the implementation of FIG. 1 may not allow
100% flow to be delivered through line 14 without some (manual) adjustment (o
the optional flow restrictor 32. Furthermore, the implementation in FIG. 3
provides a real time measurement of the flow in each mixed gas delivery hne

20 which allows real time fault detection (e.g., detecting a flow blockage in a given
line or a drift 1n a gas box MEC calibration) while processing wafers in
production. During operation, the open aperture of one or both of the throttle
valves is adjusted based upon a comparison of the user selected flow-splitting

setpoint and actual flow splitting fraction determined by from the ratio of the

1o
n

measured flow in either line 12 or [4 to the total flow (measured by summing the
respective flow meter readings in lines 12 and 14). Conveniently, the combination
of flow meter and thiottling valve (enclosed by the dotted box) 1 either or both of

lines 12 and 14 could be implemented using a conventional mass flow controller,



2. The gas distribution systemof Claim1, wherein the controller conprises
a conputer or programmabl e | ogic device which operates the at |east ?0 one
control W&A81%8¥ch that a proportion of the m xed gas delrcrarssd3dios at | east
one of the plurality of gas supply lines ~s changed fr oma fir st setpoint
to a second setpoint during processing of a sem conductor substrate in the
chanber. 3. The gas distribution systemof Claiml1l, wherein the control

val ve and || ow neasurenent device are | ocated along the first gas supply

i ne. WO 02/ 318a8 PCT/ USOL/ 30178 _Ig_ 4. The gas distribution system of
Clalm 1, wherein the at |east one contll-of valve conprises first and second
control valves and the at |east one t7ow neasurenent device conprises first
and second fl ow nmeasurenment devices, the first control valve and the first
measur enentvhdenthe canteollspaamadnds epgratchi®ow isetpdingeastiviswwpptly MF@en and t he
second control valve and the second fl ow neasurenent device are | ocated

al ong the dB¥ohdayhkt Luaspieye theqwer selecribllgySPUI8E i buti on system of O aim

- amherein the 8 yloast,Rne GAMLE SRy akueANCANEyRL LPRRE Long Tl ow

nmeasur enent devi ce vaI ve and a sin 1e t ow

measur erren%e&eyu @es bﬁb@'@i@ﬁthﬁﬂ (ﬂf&g\/fﬂi@bé‘ torshagRe oV BPéy whild ehe dthe& 10
apparatus hu~ther including a flow restricting device |ocated al ong the

second> gas MiP activelyeongolicrhley gasntdilsinciibot ﬂ@ﬂllﬁmtmlbﬁg Ghaim 1, wherein
t he control .val ve conpri ses ari ble litter v operable to deliver a
TSt propBHY PBICEOL e CaryeAT 48 10 FHBE pi SE e gy Tt tandde | ver a
secone ProgREH e LB BUETANLA B4 QOB SPRRTS, R R e,
measur enents Idemmeees@mrmi lesess tiorsde ainds aperan dfl thnwMB@surarent adeévi ces, the
14, which could affect the ultimate process results within the chamber, In
10 addition, this eliminates the possibility of these MFCs actively competing with one
another for the available supply of gas, which could lead to control instabilities.
Assuming the MFCs in lines 12 and 14 were identical (e.g., same flow calibration
and capacity, same pressure drop, etc.) and MFC on the line with the largest
requested setpoint would normally be controlled to the full open condition, while
15 the MFC on the other line would be actively controlled based on the setpoints and
respective flow readings, to achieve the lower {low in that line. This can be
explained as follows. If the MFCs were identical and were both conirolled to the
full open position, then the fraction of flow in each line would be 50%. In oider
to achieve more than 50% in, say, line 12, the flow conductance of the hne 14
20 must be reduced (by partially closing the line 14 throttling valve). This action
would cause a slight increase in the mixing manifold pressure, which would cause
an increase in the flow through line 12, because the flow in a given line is
proportional to the pressure drop in that line. For descriptive purposes, the MFC
controlled to the full open position is referred to as the "master” MFC and the

MEFC actively controlled is referred to as the "slave” MFC.

1
W

In practice, it is unusual for two MFCs to have identical pressure drops
across them because of manutfacturing tolerances, even though the flow control and

calibrations may be identical In fact, in some situations it may be useful to use



first flow ineasurernent device neasuring flowrate of the m xed gas in the
first gas supply Illle, the second Fl ow neasurenent device neasuring flow
rate of MROIFIREI 20 gl1S 111 the second gas supply |ine, pogustigopgntrol | er
operating the at |east one control valve in response to the t7ow rates
measured by the First arid second tiovv neasurenent devices. 8. The gas

dl SCrlbutiori SvSlell7 O Clallll 1, wherein the at |east one control valve
conprises a first control valve |located along the first gas supply |line and
a V4'0 02/31S58 PCT/ USOL/ 30178 - | 9 second control valve | ocated al ong
the second gas supply IIne, the controeld-er operating the first control
valve so as to be in a full open poslitton alld actively operating the
second control valve to provide a |lower Mow rate in the second gas supply
line than idnferhe MFCsinggas ashipyd yie ldeneed ®udol Jheogascei SbF dutjl@n system
of aiml, wherein the at |east one control valve conprises a fu-~st
control valPyemn@iaisead candiytionet #ilpe seasardipppy s¢ane MEFrdingprdedond cont r ol
val ve | oca - ! ecqr ) Ly, l,in the control | operati ng
the first i)gérjf/tl(?éo%%\%elts\};’gttéroﬁoggg?rg%iguﬁgcéy?tdw Ehé)ﬁ"esn(eé’os 85 @]ﬂ“ gh%l actively

operating shen)siaanndn€ amhid 250dcee Med OTEeimMbeed FR¥uEibA Q@R 11k e first
gas sug)ply 10 line. 10. The gas dl Strlbl1t10l1 SyStelll O Callll I,

further conpihithe hyveraesgea VW sephieold csudsetiWee nytitwlygady suppiéles and t he
m ni ng man mass f.l ow co trfglﬂ gr? contrglling Il ow rates of the

ifald,,th W ¢ ]
gas suppl i 8%‘%(?(1&9“( ﬁ%“"rlri[? fig RERFRS cale 7H8e g ALheyndyrpal i) ANy st em of
Cailn 1, wherardcshe) ] pl | | &G er
wherein RF engr gy | s\v d?@?@?@agﬁ; gﬁg?éaif%g&ﬁ%gé@%’ fFllrel1:%%)1%:'13';1Mp %S\Hg%g?at e.
12. A net hofF©Ofis paaeessi which MED$4 slateefor A @vaneley spIittighasPent whgkei n a gas
distribution systemincludes a plurality of gas supplies, a m Xxing
I11allltd &eipdhebhdygaanipedbased ppoipi grlEirpign efpeyasnisyhishinesasiss tiexed

t oget her, _ ity 20, . ines delivering.the nired t
i P e SRRl dafihle SR BRuMAPME (S BRe SH AT M (RvBiEEE 27511 o
gas suppl yiHei R opeh byatibMIFh R Aoxedhigasn i fgmt E1Rting O4HdN hﬁﬁﬂ&béﬁbfr and

a second gas supply line delivering the mxed gas to a second zone ul the
chanber, atheligpsol gasdetigniiovedd ivakdigio@@ kitd re@tive kigeaof dieeMdCs bkiog of t he

m xed gas in . the fil st | or.,secon supply line such that a desired
ratio of ”W@%ﬁ%‘i’@%@ @Q&f“@g %TC?’%{%%% k¢] 1558\5@/“? a\p@; MitCyRe weibésd gas is
achi eved i pet Ak S , A one fl ow
measur enent edfte}s}, E:Zgénipalgﬂg? Z)S%?{%ﬁvaq?z? 2&%8?1%&1)3&9[31&@%%&?2@& first andl or
seconth gasaguppligte niaser aadslaee BB foolal @veropaidatonndntdagiiah, fieashirone control

valve in respgonse to the flow rate neasured b%/ the at | east one flow
measur ement 2 TdeY FEd kil dedsn beeprielitagp tosassess yihedea tiwernrteonduct or

substrate ﬁlgstEpﬁuﬁ)? 88&1)%&}:8}1%@81%&{6(1 and adjust the master selection as needed

based upon user selected flow splitting tolerances, etc.
The overall control algorithm (less the master/slave checking feature) for
20 this implementation is summarized in the flowchart shown in FIG. 4 which shows
a flowchart of the basic functions performed for independently contiolling the flow
to at least two different regions of the processing chamber wherein step S10 is a
step of inputting setpoints for total flow mixed gas splitting, S11 is a step of
reading actual flows in each gas delivery line (such as at the center and edge of a
25 wafer being processed) and determining the total flow, S12 is a step of calculating
target flows for each gas delivery line based upon the flow split setpoint and the
total tflow rate, S13 1s a step of selecting the master and slave (controlled) flow

controller, S14 is a step of calculating the slave flow controller setpoint(s) to meet



measuring flowrate of mxed gas in the first and/or second gas supply line
with at | east one flow neasurenent device; and processing the substrate by
suppl yi ngotobei1gss xed gas to the first and second 10 zonespcrhsosioifseast one
control valve being adjusted by the controller in response to the flowrate
measured by the at | east one tlow neasurenment device. 13. The nethod of
Claim 12, wherein the controller operates the at | east one control valve
such that the rate of flow of the m xed gas in the first gas supply 15 line
is changed froma first setpoint to a second setpoint during the processing
of the substrate. 14. The method of Cla&im 1?) wherein the flow rate of the
m xed gas in the first gas supply line is neasured and the at |east one
control valve is adjusted to control the tiowrate of m xed gas in the
first gas swgpklpwki(ts st@®nhP.acilioecodtrhiedeahig te narg, flewhiey edleulsthe at | east
one control valve cornprlses a first control valve in the first gas supply
line and athéseugp RnEpH) criedapd impleRsndg BHY comBensaion 119 B, t he net hod

I ncl udi ng m&iﬂ{dlln&dﬂgﬁgxgégﬁ\ﬁvﬁf{&b,ﬁ@d?ﬁflStibg S@B%‘?ngﬁ% geﬁaotiln? tJE cﬁtga nd second

gas supplyql es an I'Tst “and/or second control valve to

control thgfkWitali®s cohirfllerqsliclias at hetcbfref hibEd@n (FSwaREPBMggas supply
l'i nes. WO 02/318s8 PCT/ US01/30178 -2 | 16. The nmethod of Claim 12,

Further copppcissedig Theasspansg titieenftlheosplit fed coftrelmanrievdhgamprovediy i r st
gas supply |j.ne djusting the at |east one control val o.control the
Prow rore B ELER AL R pRGs WGBS RPH fetie MERAFR ecti ng the
mi xed gas Lhnolondids! 96 &Sk OBk AGY e hPw B SEGONR caAg veupp! y T ne.
5 17. The %r%tnﬁﬁl(l)% o?mé[g%llz v(\:hglk)gllgﬁ t eo a%n gasst eon@ coﬁtrol val ve
conpri ses ahwaed dblcalcating tier nawakoyeninit fen niet fodldwirg) erphlatign:oper at i ng t he
variable splitter valve to deliver a first proportion of the m xed gas to
the first supply Nawn8laxpdbeKiRlew S5poie onalaye dpbrtiaectdflovhe ni xed gas to
t he sHtond gadrenopipdnal Gamne', (Slave MBC Thnget ibvho dlave NEF&i Aetadt Flowier ei n t he at
| east one fl ow nmeasurenent

FIG. 5 shows another distinct implementation of the present invention,

where the process feed gas is split using a one-input-two-output throttling valve
46, where a control setpoint selects the fraction of flow exhausting from each leg
based upon a predetermined valve calibration. One limitation of this

15 implementation is that the calibration of the valve splitting fraction is gas
composition and flow dependent. Without flow meters to monitor the relative flow
in each delivery channel, the accuracy of the flow splitting for a given gas mixture
at a given flow may vary for different processing conditions. The lack of in-line
tlow meters also prevents fault detection of situations such as flow blockages or

20 calibration drift which could lead to process drift on wafer processing results.
Another drawback of this implementation is the current lack of commercially
available one-input-two-output throttling valves compared to widespread
availability of commercial mass flow meters, flow control valves, and mass flow
controllers.

25 FIG. 6 shows an augmentation of the implementation of that in FIG. 5 by
providing at least one flow metet 42, 34 in the gas delivery line(s) to allow
feedback control of the splitter valve as well as the fault detection capabilities. If

only one flow meter is used in FIG. 6, the toral fTow measurement would be



device neasures the flow rate of the mxed gas in the first and second gas
supply lines and the control valve is operated in response to the neasured
fl ow rat @0 0¥3I858The et hod of Ctaun 12, wherein the seni cemgussigngubstrate
conprises a silicon wafer and the nethod includes dry etching a dielectric.
15 sem conductive or conductive |layer of material on the wafer. 20. The
I1lethGd of Caim12, wherein the nethod includes depositing a | ayer of
material on the SetlltCOL1dl 1C Or substrate. 21. The nethod of Caim 12,
Further conprising operating IIllass flgm1controllers bet ween t he gas
supplies and the mxing manifold to cofitrol flow rates 20 of the gas
supplies into the m xing manifold, 2?, The nethod of Caitn 12, wherein the
chanber conprises a plasma etching chanber wherein RF energy is inductively
coupl ed ntéternenashianpamingHbe flpwaeriboes ¢idhe Mg witbhithy gihkoxsubswpate with
the plasma, (12/318a8 7 PCT/ 30178, 23 The. hod of Claim 12.
wher o1 n ¢ B AR ARG B Rentd g e A N SR B PR LR i aorm 1<
gener at ed B foRemERANRSSy: (hE hgdBiNagk 13 Gl dadl' 1 1 g etching silicon dioxide,
al um num or polysilicon’on the substrate with the plasma. 24. The nethod of

Cl aim 12, wher éflv.tHesloivarbess 1opngpen sesganphasnardetei nfftchanber wherein

plasma is generated .in the chanper, the method in Iuding nllYlllg at |east
one hal oge‘%n‘@f&ém%loéélieeﬂv?lﬁt% cremgey Oah%jgwgme\u?qlﬁ 2835 SNt puRply

fl uorocarhb fi50 = . iy toh 1, Xl i ener gi si ng
the ni xed %%355%%?%@%&lazsirﬁé[qg?eﬂ‘@é,}gaf%g/}ee‘!tdgﬁu{en@’{Ehé{ gﬁgg@é{‘@béﬁsﬁh t he

pl asma. 25fowWheerehad aaf aGea@ibaekl doncidied airbilidevahaahess conpei ses a pl asma
et chi ng chanber wherein plasm iseﬁgenerat ed in the chanber, the nethod

i ncl udi ng embadigendt showbr Gedembedd feod eonl@be prov@iadn tehesdeizifile t he mi xed gas
Into a dielectric window of the chamber shown in U.S. Patent No. 4,948,458 (the
10 disclosure of which is hereby incorporated by reference) and the perimeter gas
feed could be provided to the gas ring beneath the window.

FIG. 7B shows a gas injection system according to a sixth embodiment of
the invention wherein gas feeds supply a two zone showerhead, an example of
which is described in commonly owned U.S. Application No. 09/343,690 (P510),

15 the disclosure of which is hereby incorporated by reference. As shown, the gas
injection system supplies gas from a gas manifold 28 to a center plenum via gas
feed line 50 and an annular outer plenum via gas feed line 52 arranged outwardly
of the center plenum 50. The center plenum can have various configurations such
as a circular plenum or an annular plenum of smaller diameter than the outer

20 plenum.

FIG. 8 shows an arrangement wherein one or more f{ixed orifices or flow
aperlures downstream ot a mixing manitold are used to split gas teed to a plurality
of locattons in a processing chamber. The FIG. 8 arrangement has been

implemented in a flat panel display etching tool where center and edge gas

12
n

injection was used. The center gas feed line had a fixed orifice inserted within the
line feeding a single center gas feed injecior while the edge feed line had no fixed
orifice but rather fed a plurality of edge injectors. The purpose of the fixed orifice

in the center injector 1s to limit the supply of gas to the center of the chamber.



pl asma state, and etching the substrate with the plasma. 26. The nethod of
Claim 12, wherein the controller nonitors total gas flow supplied by the
gas supphwes2tws¢ he m xi ng mani fold and conpares the totapcgasoiBoow and t he
nmeasured gas flow In one of the gas supply lines to a target flow for the
second gas supply line, the at | east one control valve being repeatedly

adj usted by the controller to achieve toe desired ratio of flowrates in
the first and second gas supply lines. 27. The nmethod of Clallll ?6,
mherein first and second nmass tlow controllers are used, the first nass

fl ow controll er being operated mfull “épen poSltloll al 7d the second rmass
flow controll er set point being repeatedly adjusted. V1% 02/ 318a8

PCT' / USOL/ 30178 -23 28. The nethod of C aim 26, wherein fsrst and second
mass fl ov chimtnolWidrs: tiedixgd edifiaadht peopsplidn ofgdew ¢ dw ettt bif Hg tinme is
decreased b peate@l a |ng a new set point to the controlled nass

tl ow contr F@%eb&QB 1§Aagp| PAGEHEHE f1 ow reading plus a multiple of the

di fference bet o
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" 10%& _Q)) 38 E({?%fl 3118%]6 fa 18 r]16 lg )drocalbonloxygen gas flow rate in the central and
peripheral 1egions of the water can be varied radially to achieve unitorm etching.
Thus, according to the invention the amount of mixed gas supplied to the center
and edge of the water can be adjusted to compensate tor edge fast etclhung and

center fast etching conditions in the plasma chamber. For example, in a

]
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conventional plasma etcher, edge fast etch conditions can occur until the
photoresist 1s eroded after which center fast etch conditions can occur. With the
gas distribution apparatus according to the mmvention, more oxygen can be supplied

in the center when the water has a photoresist layer whereas when the photoresist
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layer is eroded away, the flow of oxygen to the center can be reduced. As a
result, more uniform etching can be achieved by compensating for the edge-fast
and center-fast etch conditions.
The present invention has been described with reference to preterred

5 embodiments. However, it will be readily apparent to those skilled in the ait that
it is possible to embody the invention in specific forms other than as desctibed
above without departing from the spirit of the invention. The preferred
embodiment is illustrative and should not be considered restrictive in any way.
The scope of the invention is given by the appended claims, rather than the

10 preceding description, and all variations and equivalents which fall within the

range of the claims are mtended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A gas distribution system useful for a reaction chamber used in
semiconductor substrate processing, comprising:

a plurality of gas supplies;

5 a mixing manifold wherein gas from the plurality of gas supplies is mixed
together;

a plurality of gas supply lines delivering the mixed gas to different zones in
the chamber, the gas supply lines including a first gas supply line delivering the
mixed gas to a first zone in the chamber and a second gas supply line delivering

10 the mixed gas to a second zone in the chamber;

at least one control valve controlling a rate of flow of the mixed gas in the
first and/or second gas supply line such that a desired ratio of flow rates of the
mixed gas is achieved in the first and second gas supply lines;

at least one tflow measurement device measuring flow rate of the mixed gas

15 in the first and/o1 second gas supply line; and
a controller operating the at least one control valve in response to the flow

rate measured by the at least one flow measurement device.

2. The gas distribution system of Claim 1, wherein the controller
comprises a computer or programmable logic device which operates the at least
20 one conirol valve such that a proportion of the mixed gas delivered to at least one
of the plurality of gas supply lines 1s changed from a fiist setpoint to a second

setpoint during processing of a semiconductor substrate in the chamber.

3. The gas distribution system of Claim [, wherein the control valve and

flow measurement device are located along the first gas supply line.
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4. The gas distribution system of Clain 1, wherem the at least one contiol
valve comprises first and second control valves and the at least one flow
measutement device comprises first and second flow measurement devices, the
first control valve and the first measurement device are located along the first gas
5 supply line and the second control valve and the second flow measurement device

are located along the second gas supply line.

5. The gas distribution system of Claim 1, wherein the at least one control
valve and the at least one flow measurement device comprise a single control valve
and a single flow measurement device located along the first gas supply line, the

10 apparatus further including a flow restricting device located along the second gas

supply line.

6. The gas distribution system of Claim 1, wherein the control valve
comprises a variable splitter valve operable to deliver a first proportion of the

mixed gas to the first supply line and deliver a second proportion of the mixed gas

—_—
n

to the second gas supply Iine.

7. The gas distribution system of Claim 6, wherein the at least one flow
measurement device comprises first and second flow measurement devices, the
first flow measurement device measuring flow rate of the mixed gas in the first gas
supply line, the second flow measurement device measuring flow rate of the mixed

20 gas in the second gas supply line, and the controller operating the at least one
control valve in response to the flow rates measured by the first and second flow

measurement devices.

8. The gas distribution system of Claim 1, wherein the at least one control

valve comprises a first control valve located along the first gas supply line and a
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operating the second control valve to provide a lower {low rate in the second gas

supply line than in the first gas supply line.

5 9. The gas distribution system of Claim 1, wherein the at least one control
valve comprises a first control valve located along the first gas supply line and a
second control valve located along the second gas supply line, the controller
operating the first control valve so as to be in a tull open position and actively
operating the second control valve to force more flow through the first gas supply

10 line.

10. The gas distribution system of Claim 1, further comprising mass flow
controllers between the gas supplies and the mixing manifold, the mass flow

controllers controlling {low rates of the gas supplies into the mixing manifold.

[1. The gas distribution system of Claim 1, wherein the chamber
15 comprises a plasma etching chamber wherein RF energy is used to energize the

mixed gas into a plasma state.

12. A method of processing a substrate in a reaction chamber wherein a
gas distribution system includes a plurality of gas supplies, a mixing manifold
wherein gas from the plurality of gas supplies is mixed together, a plurality of gas

20 supply lines delivering the mixed gas to different zones in the chamber, the gas
supply lines ncluding a fiist gas supply line delivering the mixed gas to a first
zone 1n the chamber and a second gas supply line delivering the mixed gas to a
second zone m the chamber, at least one control valve controlling a rate of flow ol

the mixed gas in the first and/or second gas supply line such that a desired ratio of
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&0-1YF e?ns OllJl% fQ\x mea lll@lﬁ%}l[@CVlce meas ?ng flow rale of mixed gas in the first
and/or second gas supply line, and a controller operating the at least one conttol
valve in response to the flow rate measured by the at least one flow measurement
5 device, the process comprising:
supplying a semiconductor substrate to the reaction chamber;
measuring tflow rate of mixed gas in the first and/or second gas supply line
with at least one flow measurement device; and
processing the substrate by supplying the mixed gas to the first and second
10 zones, the at least one conirol valve being adjusted by the controller in response to

the flow rate measured by the at least one tlow measurement device.

13. The method of Claim 12, wherein the controller operates the at least
one control valve such that the rate of flow of the mixed gas in the first gas supply
15 line is changed from a first setpoint to a second setpoint during the processing of

the substrate.

14. The method of Claim 12, wherein the flow rate of the mixed gas in the
tirst gas supply line is measured and the at least one control valve is adjusted o

control the flow rate of mixed gas in the first gas supply line.

20 15. The method of Claim 12, wherein the at least one contiol valve
comprises a first control valve in the first gas supply line and a second conttol
valve m the second gas supply line, the method including measuring the flow rates
of the mixed gas in the first and second gas supply lines and adjusting the first

and/or second control valve to control the flow rates of mixed gas in the first and

19
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second gas supply lines.
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to control the flow rate of the mixed gas in the first gas supply line, and directing

the mixed gas through a flow restricting device in the second gas supply line.

5 17. The method of Claim 12, wherein the at least one control valve
comprises a variable splitter valve, the method including operating the variable
splitter valve to deliver a first proportion of the mixed gas to the first supply line

and deliver a second proportion of the mixed gas to the second gas supply line.

10 18. The method of Claim 17, wherein the at least one flow measurement
device measures the flow rate of the mixed gas in the first and second gas supply

lines and the control valve is operated in response to the measured flow rates.

19. The method of Claim 12, wherein the semiconductor substrate
comprises a silicon wafer and the method includes dry etching a dielectric.

15 semiconductive or conductive layer of material on the wafer.

20. The method of Claim 12, wherein the method includes depositing a

layer of material on the semiconductor substrate.

21. The method of Claim 12, further comprising operating mass flow
controllers between the gas supplies and the mixing manifold to control flow rates

20 of the gas supplies into the mixing manifold.

22, The method of Claim 12, wherein the chamber comprises a plasma
etching chamber wherein RF energy is inductively coupled mto the chamber, the

method including etching the substrate with the plasma.
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23 The method of Claim 12. wherein the chamber comprises a plasma

etching chamber wherein plasma is generated in the chamber, the method
including etching silicon dioxide, aluminum or polysilicon on the substrate with

the plasma.

24. The method of Claim 12, wherein the chamber comprises a plasma
etching chamber wherein plasma is generated in the chamber, the method
including mixing at least one halogen gas selected from Cl,, HCl; and HBr with
O,, N, or a fluorocarbon selected from CHF, and CF, in the mixing manifold,
energizing the mixed gas into a plasma state, and etching the substrate with the

plasma.

25. The method of Claim 12, whetein the chamber comprises a plasma
etching chamber wherein plasma is generated in the chamber, the method
including mixing a fluorocarbon with O, or C,H,, energizing the mixed gas into a

plasma state, and etching the substrate with the plasma.

26. The method of Claim 12, wherein the controller monitors total gas
flow supplied by the gas supplies to the mixing manifold and compares the total
gas flow and the measured gas flow 1 one of the gas supply lines to a target flow
for the second gas supply line, the at least one control valve being repeatedly
adjusted by the controller to achieve the desired ratio of flow rates in the first and

second gas supply lines.

27. The method of Claim 26, wherein first and second mass flow
controllers are used, the tirst mass flow controller being operated 1 full open

position and the second mass fow controller set pomt being repeatedly adjusted.
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controllers ate used and the split gas flow settling time is decreased by repeatedly
applying a new set point to the controlled mass flow controller based on the
current flow reading plus a multiple of the diffeience between the current and

target flow.



