| NTEGRATI ON OF REMOTE PLASMA GENERATOR WTH U 1 OCT 2004 SEM CONDUCTOR
PROCESSI NG CHAMBER BACKGROUND OF THE | NVENTI ON 5 The invention rel ates
generally to apparatus for substrate processing and, nore particul afjl,
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such as integrated circuits, often involves the formation | ayers on a
substrate, such as a silicon wafer. Various 10 techni ques have been

devel oped for the depositi %‘AEF(Wﬁ Oﬁq}fﬁmbr@n@éh}of ten invol ve

different materials. For exanple, a netal Tayer be deposited and
patterngd to form cahdudlenien telitey AaBRHQLS appfatas thr eliRelald frotAYiap and,ght be
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the substrate, as well as plasma- enhanced CVD ("PECVD') processes, in

whi ch el ecofton myvghves the formeztipn afdaygppon eeibistaigt sucheassilignr Wafesc Magions gas or
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many applications. Wien a layer is forred oh a su%strate, some material is

usual | y al sonduggposittrechnsntst drer dislettsic dfyet eghd dp deindddn etdetrivally insutitooteer
conponents of, the deposition, 25 stem as. residue.. The material on the
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to be rejected. Several cleaning procedures have been devel oped to renove

resi duéSf r depisnsind€MD)eprotxandser . One type of procedure, known as a
"wet-clean" is perfor b artially disassenbling the depgsi,tion chanber
and wiping the Surt acetd PRbelBhircide bisRr S0 Goh PEackiRe g Tt et Eatner

types of clheaRioh9afir@fResifedpbhie tdehehdatcdSMPracd &F the SEsRate s WEShOIMIBshY.
convertingit to a volatile product that can be renoved by the chanber
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least one precursor gas or vapor to transform the precursor into a more reactive plasma.

20 Forming a plasma can lower the temperature required to form a film, increase the rate of
formation, or both. Therefore, plasma-enhanced process are desirable in many
applications.

When a layer is formed on a substrate, some material is usually also

deposited on the walls of the deposition chamber and other components of the deposition

25  system as residue. The material on the walls of the chamber is generally undesirable
because the residue can build up and become a source of particulate contamination,
causing wafers to be rejected. Several cleaning procedures have been developed to
remove residue from inside the chamber. One type of procedure, known as a “wet-clean”
is performed by partially disassembling the deposition chamber and wiping the surfaces

30 down with appropriate cleaning fluids. Other types of cleaning processes utilize a plasma
to remove the residue by converting it to a volatile product that can be removed by the

chamber exhaust system. These processes are known as “dry” cleans.



There are two general types of plasma dry cleaning processes. One type
forms a plasma inside the processing chanber, or "in situ". An exanple of
an in situ plasnma clean uses NF3 and C2F0 gases to formfree fltc)rigg f?r,
renoving residue in the chanber interior. The other type forns & JI ;Ea ﬁ‘%
a renote plasma generator and then 5 flows the ions into the processing
chamber. Such a renoilbersiasste ganeephipgs pf e drygfieaaing wewsel QuiapR ages,
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pl asma generator wth a substrate procesSing apparatus. In 20 specific
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species to clean the chanber in a clean operation. During deposition, the

gas del i veEYRystans aiertpmeallyoneemsivermddubns eed map e dpprastienl vhecomsmisablyes s

chanmber whil g bypassing. the renp | asma erator. | X] |.ce

provi des a“gﬁﬁ?gg' ifetrré’%lﬁ"\‘a %&ﬁ?’ﬂﬁi‘ﬁvﬁﬁ‘?‘ﬂﬁ?ﬁééﬁ?ﬁ%_Pé@é’gg néJ ng%g%ﬁ%é fromthe
renot e; Pl agdhire A6HRERIPEltdridIThA LRCQSHy RGOS coltlimhiAg. t he cl ean operation,
and long mxing paths for mxing a plurality of process gases during the

deposition process. The integration requires only mnor alterations to

exi sting process chanbers, a&%&mﬁﬁyﬁr E%lhtcﬁg)l e 30 for retrofitting

such chanbers at a | ow cost mni mal “system downtine. The integration

is sufficiently robusthetpeses: iacitloahd dirdcteddibivhey thaintefratitaes! comhpaguyselfi ons.
In addition to significantly reduci ng PFC em ssions, the integrated system

i ncreases CeRfRiBAGHONCAsyremQitiplasTa EeneEHOL Witk 3 SUBSHBICINOCISEHRE PP 2WHet™at i ng
cost. {@e 's;gletc% gﬁlggdirznents, the remote plasma generator is mounted to the lid of a process
chamber above the substrate holder disposed therein. A gas delivery system is provided
to direct a cleaning plasma precursor through the remote plasma generator to the process
chamber for generating cleaning plasma species to clean the chamber in a clean operation.
During deposition, the gas delivery system directs one or more process gases into the
25  process chamber while bypassing the remote plasma generator. A mixing device
provides a short, direct flow path for the cleaning plasma species from the remote plasma
generator to the process chamber during the clean operation, and long mixing paths for
mixing a plurality of process gases during the deposition process. The integration
requires only minor alterations to existing process chambers, and is particularly suitable
30  for retrofitting such chambers at a low cost with minimal system downtime. The
integration is sufficiently robust to be adaptable to different chamber configurations. In
addition to significantly reducing PFC emissions, the integrated system increases

throughput by reducing clean times, thereby lowering operating cost. The integrated



0 1 OCT 2004 systemmay also extend the life of the CVD system by
elimnating harnful effects to the chanber interior caused by in gitu

pl asma cl eani ng processes. In accordance with an aspect of the predeh{(T 2004
i nvention, a substrate processing systemincludes a housing defining a
process chanber, and a substrate support 5 for supporting a substrate
during subwstcat maprise estsidtheilife phher ol sysiemtarmbiarnatingehasydyl@fferisie Her

i ncl udes a, renote ‘1}}; asne gﬁnerator havilgga.an inlet and an outlet, and a gas
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delivery system incjudesdgndeliigfaRyeMalf\ge faVdnd thvaniéd, u&ubsttaed . a first
val ve outlet, and a second valve outlet. The three-way valve is adjustable

to switch pgrboasingtsysien iacifidessthousing defiainp afprovesd Chaniber \ead\aesubstrase supporthe
first valve outlet and a second v%l ve path f.romt&lhe valve inlet. .to the
second Sval \9& SHRCFERE 2 bsirate Quiing SSRGS HTRGSHULS 11 & PESSH YETBEFWERh t he
outlet of inch iRd A RIS apBANBEBIet, dhd £ERL €

pl asma COHSEYE‘%{JI @%ﬁwgﬁg?ﬁgﬁgﬂﬁ%&ﬁge@%{; Hz\%elﬁpéle out Iaet of 'g?lte thrg%- way
val ve and ddheetydystennfor ihedueinp aseplias e gooess ahamber. Alseesdelveny sytstent ow
conduit is coupled between the second vrgl ve outl et of the three-vva,ec 15

val ve and WRudpT dieessWaY ¥ale havipga ¥albve IRlaba dirtheatve outipt 294 SeraPAvaRY syst em
i ncl udes Lre inlet fl ' . ' hgh. The
gas deli V%@ﬂg.yg¥ée{r?ﬁ::?eﬁ\g%%g%§e g%nﬂ%?aﬁﬁé%ﬁ%{gﬂ %&rﬁ%ggl ?F?S(si? §1f%le \?vﬁlpat h for

di r ectligng @asalvkanief foahe fifve vileeotitet phd s Recopd vahatpath fromrtbegdive fdetftd thet
inlet flow conduit to the chanber. The m xi ng bl (L%gk i ncLudef a_.second 20
Siilee AL g

flow pat h 6ol wlveeeigen fuieinles dgncronAvisis gouplgd FreREP QR MRS
chanber, ﬁ@g% a gélﬂ:lr:itgr :Irldqw% E@é?gs%ﬂ%ﬁégtge%g%ﬁgﬁg&{?ﬁicﬁaﬂﬂéi?is' dabfled bbQWen

conduit a e~process c ow paths in the

m xi ng bl ok fastevalite dutlassf thathréaivhy vaive ahdhednleaotihe rernbteghbasmal genpatort ur ns
to induce m xing o rocess gases fromthe second and third_.inl i

f t fl
conduits. aseeondgnjst Bpmoeaui Kiseuplsd Retween dhe Lagidkvalyes t@@%r@‘tesr‘”%ygw

nount ed- o | I ng di sposed generally above the substrate
supporl[dj i nnva{l %a%‘i]%lg‘ggéqeg%ag@?gm c isolator is coupled between the renote

pl asma gener at or andlif #ndxmieetiments therbay deliaa sysetuidek:des 4 thong ipkes 8age t o
facilitate gas_ fl ow between the renote pllglaesrra generator .and, t he process
S

chamber . DATIdNE canpled vithithe progesnshpmbele slheigas dREvern sYRER Indlyles 30758 es s
e T T
t he gr oundggoughotie fira gnlbaft diwasreluitas trthatibeg Tembengblech irdwdes genemat or t o
the c h.?{)nbefr]ogfr;)agchhgoupled between the second inlet flow conduit and the process chamber, and a
third flow path coupled between the third inlet flow conduit and the process chamber,
The second and third flow paths in the mixing block are at least partially overlapped and
include multiple turns to induce mixing of process gases from the second and third inlet
flow conduits.
25 In a preferred embodiment, the remote plasma generator is mounted on the
lid of the housing disposed generally above the substrate support in the chamber. A
ceramic isolator is coupled between the remote plasma generator and the process
chamber, and includes a flow passage to facilitate gas flow between the remote plasma
generator and the process chamber. During an in situ plasma process in the chamber, the
30  process gas may backstream toward the remote plasma generator. The presence of the
process gas between the RF hot components of the chamber on one side and the grounded
mounting hardware for mounting the remote plasma generator to the chamber on the

other side may induce formation of a secondary plasma in that region. The secondary

plasma may cause instability of the plasma inside the chamber and adversely affect the

3



ot her side may induce formation of a secondary plasma in that region. The
secondary plasma may cause instability of the plasma inside the chanmber

and adversely affect the 3 2004 deposition. The ceranic isolator i8ofdtes 2004
the RF hot conponents of the chanber fromthe grounded nounting hardware

to avoid formation_of a secondary plasnma. | n accordance ,:ﬁ" tpﬂ%e-. an&tﬁher
aspect of G¥Res|UPPertesaTamic sekderpstlates the Sdehaticrgrepatte st tha charaket fornl§si ng

def i ni ng 3%133598&?&10 "rdere%'E’%iE"i’érﬁxaﬁ?ﬁ%?é&ecfo%ary?%% porting a

substrate ring substrate processing In € process er, and a renote
pl asma generator. Thén socetdancéd withyer adortelr ushest of the ilsengas alsubgrata second
gas line, a first gas supply for a first gas, a second gas supply for a
second gasPrOSRHITE VRICAUNgdesyppisnerdefining 4 prpeess ghambes, yenhsiatesup f ded
for coupli fl ] t T | i e
first ggs E%F%ﬂg %%%£¥%??PﬁggghﬁFﬁ%ﬁgﬁﬁQ§W£hﬁgégﬁggﬁfg§§%ﬁgg%%%g%%%gto t he

process 1fjaghagbdra@dur Thgsyatdn histheopeudbd ONrst Py Jimg adesadgasl lingerfati on,
t he devi ce couples the second gas supply with the first gas line to flow
t he secondgiexipphyfonaiirstizes.f sesendyzes sipie fortageeond gnsorksthid b 8PPy 194ssi ng

the renote_pl.asnma gener-ator, ¢ es the i S | cond
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second gasflandhé figstlohd heorghIhé BBCEAClnaHndahe fethdit plabing gbieasewOne prigesst hi r d
gases into 15 the process chanber. BRI EF DESCRPTI ON OF THE DRAW NGS Fi gs.
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chamber degy ﬁf‘a%ﬁ)de@s Haghbel bfsasEihg thel refoteSpl@ntd Fapletdtérecoudlaghathiaigasyst em
moni tor and CVD systemin a nmultichanber system which may include one or
nor e chanb&spply mily.thosqeend gardinge dlow /e e gasfiniorhe ProsssEhAnEEAGBHES at or
nmount ed on [ g_n@@ i’ ' W th an
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part ofs5t heheBroedsk Baralsegenbl y for nounting the renote plasnma generator to
the lid of the CVD chanber of Fig. 2; Fig. 4is asinplified schematic
diagramillustrating the flow of process gases through the CVD chanber and

renot e plasma generat or ﬁ%géftg%)EggﬁiPﬁ%NFb@SFHé'ﬁimsel evational views

of a mxing insert accor
Figs. 1A and IB are vertical, cross-sectional views of one embodiment of a

chemical vapor deposition apparatus according to the present invention;
20 Figs. 1C and 1D are exploded perspective views of parts of the CVD
chamber depicted in Fig. 1A,
Fig. 1E is a simplified diagram of system monitor and CVD system in a
multichamber system, which may include one or more chambers;
Fig. 2 is a perspective view of the remote plasma generator mounted on the
25  lid of the CVD chamber of Fig. 1A in accordance with an embodiment of the invention;
Fig. 3 is an exploded perspective view of part of the mounting assembly
. for mounting the remote plasma generator to the lid of the CVD chamber of Fig. 2;
Fig. 4 is a simplified schematic diagram illustrating the flow of process
gases through the CVD chamber and remote plasma generator of Fig. 1A;
30 Figs. SA-5C are elevational views of a mixing insert according to an
embodiment of the invention;
Fig. 6 is another perspective view of the remote plasma generator mounted

on the lid of the CVD chamber of Fig. 1A; and




enbodi nent of the invention; Fig. 6 is another perspective view of the
renote plasma generator nounted on the lid of the CVD chanber of Fig. IA
and 4 1 OCT 2004 Fig. 7 is a sinplified flow chart illustrati ngptge\{]}w
processes according to an errbodl ment of the i nvention. DESCRI PTI 1d:2ﬂ%
SPECI FI C EMBODI MENTS 5

str te Processing Sys e
suitabl e substrate p?‘@c éssq?iﬁl b&‘gﬁm‘ﬁ aMW {1%%ﬁé}rﬂ%§gse5facm{g}ncgg?ggem
i nvention &ﬁ‘%&?ﬁcﬁ@éﬁth@ﬁ{vfkﬂ}m‘ s shown in Figs. IA and 1B, which are

vertical, cross-sectional views of a CVD system 10, having a vacuum or
processi ng chanber 15 that includes a chanber wall 15a and a chanber I|id

assenbly 15b. The cha 5 Iy 15b are
shown in expl oded, pewyéo{%] @Bé%ﬁ%é@gbﬁé@@@%? A. Process
Chanber The CVD system 10 contains a gas distribution manifold I | for

di spersjn pr ogg, not shown) that rests on a heated
pedestzsi %2 centﬁe%%% &ﬁe@r&d& ﬁ ?ocengs chanber 15. During processing,
the substrate (e.g. @nsam:adntrrmhbslrme pugEssing systepoisi whioh &w roethad b te (or
slightly convex) surface 12a of the pedest ta can be
moved cont PIEFIAHINF B R RIIes Ryt 1 &ﬁ“ﬁﬁ%bﬁsf%ﬁﬁé‘gﬂr‘i}g“gﬁéﬂfsé’ﬁ C&epi ct ed
in Fig. '&bs@&éﬂeﬁmw&pﬁrorg%@@?%%t@& V%mggﬁtmggvgém elalgr%eesl@mg%ama ig ne 14

in Fig. 1A and s IS closely adjacent to the
mani f ol d 1that iAciuded @chizmetred watldtSa shdwehar@Berilicdssaielslydéhs dihs chanbgrali tiang

I nformation on the Siti of the wafers osition and carrier, gases are
i nt rodll.pcedal?%l'@“tbﬁép‘i ﬁﬁgp}’ b achlP}EﬁY&rhm%@OBgE EPhBY Y Y3 ’Igrsgl(g_aﬂfﬁf of a
conventi on flat, circular gas distribution faceplate 13a. Mre

speci fically, dep03|t|on process gases flow into the chanber through the
inlet manifol dAll (Prdessdiledidey arrow 40 in Flg 1B), through a

tional perf bl ock te 42 th 13h
gas i stributhon | ?ﬁi& G g HeBrEns a donfng EHE RAVIELT B 1 S BEBBE ¢ on

and carri ef . da383s@NE alsiithate (mbOAYRT RO MRS hdHedptaidstaRE SubRbd withires 8
(Fig. | 151"|0nt o%?m xFﬁg syset(fgm 90\/\/r12re tshey are conbined and then sent to

mani f old 1thse pBaress dlalrr;berﬂﬁleDsupg)b;DCIessnrg fhersubstedte (g cossscyEscionsiaifdbs (i)
sever al sa}f} 0est1 tYoneg%tn 2 Jt ((\J/raslh\éﬁﬁy Qﬁ)\fex Q8 acz, 15a g th%%rédet:)s‘?allﬁ.eq”he pedestal 12

can be moved controllably between a lower loading/off-loading position (depicted in Fig.

1A) and an upper processing position (indicated by dashed line 14 in Fig. 1A and shown
in Fig. 1B), which is closely adjacent to the manifold 11. A centerboard (not shown)
20  includes sensors for providing information on the position of the wafers.

Deposition and carrier gases are introduced into the chamber 15 through
perforated holes 13b (Fig. 1D) of a conventional flat, circular gas distribution faceplate
13a. More specifically, deposition process gases flow into the chamber through the inlet
manifold 11 (indicated by arrow 40 in Fig. 1B), through a conventional perforated

25  blocker plate 42 and then through holes 13b in gas distribution faceplate 13a.

Before reaching the manifold 11, deposition and carrier gases are input
from gas sources 7 through gas supply lines 8 (Fig. 1B) into a mixing system 9 where
they are combined and then sent to manifold 11. Generally, the supply line for each
process gas includes (i) several safety shut-off valves (not shown) that can be used to

30  automatically or manually shut-off the flow of process gas into the chamber, and (i1) mass
flow controllers (also not shown) that measure the flow of gas through the supply line.
When toxic gases are used in the process, the several safety shut-off valves are positioned

on each gas supply line in conventional configurations.



30 automatically or manually shut-off the flow of process gas into the
chanber, and (ii) mass flow controllers (also not shown) that neasure the
fl ow of gas through the supply line. Wen toxic gases are used i;sn t@e; 2004
process, the several safety shut-off valves are positioned on eé‘cil 4%
supply line in conventional configurations. 5 2004 The deposition process
performed in the CVDIbydepmsitibd preaesheerirmeain the GYesheemploas ¢ eghera

pl asma- enhance rocess. |In a plasnma-enhanced proces a . supply
14" ool | oS PETG PRt e BERIE: Phecgad APBT Paut i PRssH BT RF: 3. and
the pedeStﬁéwélr%uﬁﬂya@ atp?lié?(&éétﬁc&rl ReWBf RGRSSH GRS aSHX B oh Padeplat® BBaRindS e

within the 5 cylindrical region between the faceplate 13a and the pedestal

12. (Thi s thegidestalilRIsolae to exfitentheprotess lges wixtugso formn 4 plrawa ivotin 8§i on") .
Constituents, of. the plasma react tq deposit . ,a desired filmon the surface
of 't he SonMHGRIEE ORI BTE-B BB 306 gtE per i S s YIERTy 44 T

a mxed fr : L on iy Loy | b d@bosit a hi gh
RE 11 oquenty R oh 13Eg MR A B o Pk T SRk Re RIS o0y ki

to 10 enhadsgret fémdechapasgiceiof theofentiemdhitiewsfee cigmrticdon pddesed 12nRE t he

vacuum chanber 15. In a thernal process, the RF power ﬁupgliﬁ_ 44 woul d not
be utilizePRWerrRdPPhetips samized Faguenay REwowver penmaihal bipeatly SURRyC BRBET 1 & he

desired fi]: ) r r t he
pedest al 198RSy HRPE L 4 e A B g P T e
reactimn. dfhabte thegicaorppastiar efrbanice dpadpasirbduead oo desacvtmhehpinbsni. heat s
the entire process chanber 10, including the walls of the chanber body 15a
sur r oundi nh @ AerBRRI0%EsS, (haRE ayaraunPY ‘é%B’OPWé“% Etu'-“ﬁFefd’ gad &'«3 PSACES{ N t he

prasma 1S BotoddthBEGIRN O AHEdoBE fhe delE Tns 4RARE bR PHRCRASeordulIEH

liquid is ciTcu roug e process chanber 15 to
mai nt ai n t hafehaphetedain thopelestnt Boviidnpecastively hoatqiao prondothetrhgseetggat 20
exchangi ng passages 18 in the |lid assenbly 15b of chanber 15 is shown in
Fig. 1 B. fdhe pasidyes in the remainder of the chanber walls | 5a are not

shown. 1 fl gi ds used t?’dﬁg‘%ﬁ%é{@“&m e?irc}e‘ffgéri{ién ?yfb_@g&s”&g%n{a@eaiﬂﬁé Etlrefl Ui d

types, 1.e., water-base e glyco 0 ase thermal transfer

fluids. Thpsmcbeathan®ef | ®Bfigclndidg the waslishefalid cigniher bbdy I Iretroundiop dregaxbiayst

beneficially reduces or_ eli rritn%;es cond‘g,nsatior] of undesirapl e reactant 25
1

product s aR@ssRERTrAesandde SPYtrAthelt i of' BEB R R BB ILBF LDt PHE PBScess
T e A L e e P
i nto the perasbaiIfgoeidntany thel diidniggr pesr eideataf tenmperature. A portion of these heat
20  exchanging passages 18 in the lid assembly 15b of chamber 15 is shown in Fig. 1B. The
passages in the remainder of the chamber walls 15a are not shown. Fluids used to heat
the chamber walls 15a include the typical fluid types, i.e., water-based ethylene glycol or
oil-based thermal transfer fluids. This heating (referred to as heating by the “heat
exchanger”) beneficially reduces or eliminates condensation of undesirable reactant
25  products and improves the elimination of volatile products of the process gases and other
contaminants that might contaminate the process if they were to condense on the walls of
cool vacuum passages and migrate back into the processing chamber during periods of no
gas flow.
The remainder of the gas mixture that is not deposited in a layer, including
30  reaction byproducts, is evacuated from the chamber 15 by a vacuum pump (not shown).
Specifically, the gases are exhausted through an annular, slot-shaped orifice 16
surrounding the reaction region and into an annular exhaust plenum 17. The annular slot
16 and the plenum 17 are defined by the gap between the top of the chamber's cylindrical

side wall 15a (including the upper d:electric lining 19 ¢n the wall) and the bottom of the
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gas flow. The remai nder of the gas mxture that is not deposited in a
| ayer, including 30 reaction byproducts, is evacuated fromthe chanber 15
by a vacuum punp (not shown). Specifically, the gases are exhaustdlqt gr‘qugm‘
an annul ar, slot-shaped orifice 16 surrounding the reaction region and

into an annul ar exhaust plenum 17. The annular slot 16 and the plenum 17
are def i negrdyartdhembapidee. Wekn3ddieirtwpr 9inrhétey atiudifornsty of thiendoti aelce 161 de
wal | 15a (including the upper dielectric lining 19 on the wall andrgt he
bot t om of ariethe pERLTCH Te VWP i 2FIREREDH R TQTTHTIOY OF PHSCHERASES ¢ %r

symetry andfegg%%é){ﬂn%etﬁg?%H%&gﬁh%Ogmefvivgfgr 16 and the plenum 17 are

| mport ant ¥8 Oow of process gases over the wafer so

as to deposit a unif erdm tHel dhast blraumaiethe das@mdvhandothautist lptrehemerkion t he
gases flow underneath a lateral extension 5 portion 21 of the exhaust

pl enum3l7, peist 24 of iteixhguss prenuinot pestewigwing peodeet showabWHRRERI2 ext endi ng

gas passage 23, past a.vacuum shut-off valve 2 0S | |t egr at ed
o e ok R e PRt 2 et 4 st S hul AT Sa 0 e a2 abSepd gt
connect s fn‘?&ﬁr‘g‘t‘é‘d AR O Rfwef REAHBRIRIIPI S(aP",Chtndfiﬁt@%'é elthnaugileee § traetdnnect§ al so
not shown). e wafer support platter of the pedestal 12 (g&laferably

al uni num  0the extemiat yaommepwoprbiot shidven thies gk e fiyreline (adsinnt SH@¥Y). heat ed usi ng
an enbedded singl e-1Qop nbedded .heat er, el enen nf i ed to ke two
full turns in the fo& W??Séi*ﬁ?qrbﬂﬂau?dﬁémeﬂeﬁmfdﬁ&rggggknﬁgﬁfneu?ﬁportion of
the hegy ché‘rBﬁH&B%}akHﬁEirﬁHbﬁ%%ﬁi@ r@i BT TRERH g dhhenbedpaDEAglBladH er |

]
while an inner portion runs on the path of a concentric circle %avi ng a
snal | er r adinbsdde@heatet clemgnt anfigeredéatmeke eve fidhunpas sesformrad pgrliche st em of

t he pedestal 15 12. Typically, an || of the chanber lining i nl et
mani f ol d f&%ﬁpgicé’,mk’én&‘\/%”ﬁ?‘)éﬁ%“%{ b Peaten s PR eSO e s O
material s ' ' | iRl rHRE SWiRe path &FaY Mt entriABiréls daping aof
such a C,\/DH%%Sgécg? %@2*‘?&‘32‘??“3‘5?’%“’%_ g gl e o 5 558 717 et edo VD
Pr ocessi ngs@Ghhetradind. Thswaing o tHhbentartelenient Phasesthsaghhgstem fdhe pedepial

assigned to Applied Materials, Inc., the assignee of the present invention,
and isl? herI%by I ncorporated by reference inits entirety. Alift nmechanism

and motor 32 (Fig. | Ay,[ai5eRyandnloPWR GatiBer Ak Sas iMedastiadld aasphty,y 12
and its wafer lift piﬁar@ 12%’ ag vvafgrs arg tr%rllsf%?grred into and out of _the

body of thendharbarotiss réacta henbyetre bieanade(avwovf slateria) suchas glymigym, anodized
| nsertion/ raﬁlqnoi\lqgrln, or ceramic. An example of such a CVD apparatus is described in U.S. Patent
5,558,717 entitled "CVD Processing Chamber," issued to Zhao ef al. The 5,558,717
20  patent is assigned to Applied Materials, Inc., the assignee of the present invention, and 18
hereby incorporated by reference in its entirety.

A lift mechanism and motor 32 (Fig. 1A) raises and lowers the heater
pedestal assembly 12 and its wafer Jift pins 12b as wafers are transferred into and out of
the body of the chamber 15 by a robot blade (not shown) through an insertion/removal

25  opening 26 in the side of the chamber 10. The motor 32 raises and lowers pedestal 12
between a processing position 14 and a lower, wafer-loading position. The motor, valves
or flow controllers connected to the supply lines 8, gas delivery system, throttle valve, RF
power supply 44, and chamber and substrate heating systems are all controlled by a
system controlier 34 (Fig. 1B) over control lines 36, of which only some are shown.

30  Controller 34 relies on feedback from optical sensors to determine the position of
movable mechanical assemblies such as the throttle valve and susceptor which are moved
by appropriate motors under the control of controller 34.

In the exemplary embodiment shown in Fig. 1B, the system controller

includes a hard disk drive (memory 38), a floppy disk drive and a processor 37. The
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25 opening 26 in the side of the chanber 10. The notor 32 raises and | owers
pedestal 12 between a processing position 14 and a | ower, wafer-|oading
position. The notor, valves or flow controllers connected to the ns!pg_ky 2004
lines 8, gas delivery system throttle valve, RF power supply 44}%* dnd"
chanber and substrate heating systens are all controlled by a system
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of the CVD chi ne Th stem cont,r ol |l gr ex - I
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such ag a t¥r pt8grall RtRHaDeYs oftih@rive sy thaBdctateSthatifing nixaite df gases, but
the nmenory 38 nmay a%so be ot her kinds of nmenory. The 10 conputer program

i ncl udes s@tasmbef prasstreabpinbastemparaturt. A pewenevels, fusgptorPRities B ofiffes,
chanber pressure, chanber .tenperature, RE power |eve sition,
R e T s S R

and ot her % er - conputer prograns

stored on @hieks iRAHBHY, fofl @MngRS o Meipydiskdbr diigdr aB¥@EPiropidid oppy netiyakscor
ot her another appropriate drive, may also be used to operate controller

34. 15 A pboeseddo pperatbeqootPlérig- a fil mon a substrate or a process for

cl eani the chanber, 15 can be inple ' r :
pr oducl[})gt hat is exec@t@&ceﬁfl?ort%gb%{g?ﬁ ggﬁ‘g’g aﬁ."%ﬁ%“’ﬁ%ﬁ%&%ﬁrf"g‘?gg‘pa hgode
can be wri tHagMber N 528Y b aAMemched abing GRURIPLEH praagareduet 09t Braxeaged mnguage:

for exanple, 68000 assenbly | anguage, C, C++, Pascal, Fortran or others.
Suit abl e phegoatrpldedé. The ermpytebrogta epdsicagbe writiea n gpy onvientienah e fil es,

i 09, <o b e Prap Bk el M SR RARIRLS S, o,
text 1I's 1 NnCa+, Pascal, Fortran or others. Suitable program code is entered into a single file, or
20  multiple files, using a conventional text editor, and stored or embodied in a computer
usable medium, such as a memory system of the computer. If the entered code text 1s in a
high level language, the code is compiled, and the resultant compiler code is then linked
with an object code of precompiled Windows™ library routines. To execute the linked,
compiled object code the system user invokes the object code, causing the computer
25  system to load the code in memory. The CPU then reads and exccutes the code to
perform the tasks identified in the program.

The interface between a user and the controller 34 is via a CRT monitor
50a and light pen 50b, shown in Fig. 1E, which is a simplified diagram of the system
monitor and CVD system 10 in a substrate processing system, which may include one or

30  more chambers. In the preferred embodiment two monitors 50a are used, one mounted in
the clean room wal] for the operators and the other behind the wall for the service
technicians. The monitors 50a simultaneously display the same information, but only one

light pen 50b is enabled. A light sensor in the tip of light pen 50b detects light emitted by



hi gh | evel |anguage, the code is conpiled, and the resultant conpiler code

Is then linked wth an object code of preconpiled WndowsTM |i brary

routines. To execute the linked, conpiled object code the systerfi gs€ ; 2004

i nvokes the object code, causing the computer 25 systemto |oad the code I n
menory. The CPU then reads and executes the code to performthe tasks
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select a partlc en or function, e operator touches a designated

area of the disBl ay gmmaﬁd{@u_stbﬁasmgimmgn on the pen 50b. The
touched area changes. its highljghted col or a new _nmenu o en is
d caher® fhed

di spl ayed confi rm n§igschindithe SBEY gricme atgfée‘fafcﬁ Bt 1dyi spl ay
screen. g's%émgﬁrvfﬁ)ec?f th tjﬁ%ges%%h §erk1%y198351glgtor 3 &istbu Jm&p@é}b rﬁiéﬂﬁi oen

communi cat i on i nstea in addition'to |ight
50b toi@l | ﬂwgahelstrﬂﬁmoh@na?mﬁmiﬂm]l catmeountitp adapndrreal theunt8the Bmotenglegnat i on of

Renote Pl asma CGenerator Figs. |A and 2 show a renpte p ner
mount ed onggnseates &) omthedignssemly 1p. atsrbéstﬁﬁ%@s@gwm gﬁ?%ﬁq %ﬁdsthe

d I 3 l,d. 11. A
gas !S”@%@p ARG LA, 138:3hdlq %&93 0F HafediPhE WDUHLANSERDE el

nounting a asna enerato 0 on

assenbl y 18iinbasioh@sdnifoREN (Rig HiAQS Thi mﬁxﬁﬂgdﬂeawe Théncakeptaonix@ig insert ¥3/pi cal | y
made of metal. A mxi nq device 70 is cougl ed to the upstrezlg] Ede of the
gas di strAispesedinsiéms plol ¢ of 3 mprmgbloghnyd fepBiGRaRiRECsA §91E 41 12031 I udes a

m xi ng,; 4 ns@ér%m{%soﬂiozggqg Slfg Qfbifedh it mouZﬁngg%a%tdpﬁ?&' g tf?é ége\‘;igé 7¢m Xi ng

process gases ceram c | sol at ace en the
nmount i ng adEipt.dn &d Hod Heheralmmmgitcde&ﬂ 1senadd of 4 Ed:lgmlc ﬂnatkrmhmcﬁ)as ATH®

ceramc isolator 66 is nad a ceramc materj al 20 99%
purity), TEXReRmY)cFefimd™ quﬂée IIWeWhPrhg’tsg‘?Fidhe W“&B% lﬁﬁééévfﬁ‘?ig’ﬂ? and
Coram | I Pl TRl el g oSt ol st
di stributi 6 fﬂmﬂlhfe()hldlrig device 70iand wag distrivatipotrenifoldl 11 to minimize the potential
20 for a secondary plasma to form in the lid assembly 15b as discussed in more detail below.
As shown in Fig. 2, a three-way valve 77 controls the flow of the process gases to the
process chamber 15 either directly or through the remote plasma generator 60.
The remote plasma generator 60 is desirably a compact, self-contained unit
that can be conveniently mounted on the 1id assembly 15b and be easily retrofitted onto
25  existing chambers without costly and time-consuming modifications. One suitable unit is
the ASTRON™ generator available from Applied Science and Technology, Inc. of
Woburn, Massachusetts. The ASTRON™ generator utilizes a low-field toroidal (LFT™)
plasma to dissociate a process gas. In one example, the plasma dissociates a process gas
including a fluorine-containing gas such as NF and a carrier gas such as argon to
30  generate free fluorine which is used to clean film deposits in the process chamber 15.
As shown in Figs. 3 and 4, the mixing block 76 includes two inlets 78, 80
for receiving process gases to be mixed therein and an outlet 81 at the bottom through

which the gas mixture exits. Coolant inlets 82 and coolant outlets 84 are provided for



20 for a secondary plasma to formin the |lid assenbly 15b as di scussed in
nore detail below. As shown in Fig. 2, a three-way val ve 77 contrﬁls t he

fl ow of the process gases to the process chanber 15 either direct y1 &Ll 2004
through the renote plasna generator 60. The renote plasma generator 60 is
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3 and 4, tmesrmexiatgedaldor R4 Tirougic thedemotedasnid gtngral@, 60810 anfupper@andinyPhg
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76 for cooling I‘Plg. ?SP XI'ng of "the 'prdocess gases occurs in the mxing
i nsert 72.1%tigough the hppatcoaddit §5,irhixigtdeatces/Of el grassdidttibusort inambg 1{ hasCVD
system 10. = A first process gas froma first gas line 90 enters the
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i nt er medi aﬁmgtgﬁE3%9%}%83&{%‘L%ﬂgﬁlﬁlgg&r‘g%}%éwgﬁ@%“géﬁ r at Orée‘é’igﬁ"{'tb or 6((;1]# I.lgpper
condui t 95theanitplgattvice 7An upper inlet 98 of the m xing bl ock 76. The pl asma

in the generator 60 roduces_pl as species frogmthe first. process .gas
whi ch a?e t hen flomeggfe&"ﬂ%]@ E“Ea ?Secggg??ﬁ%ﬁaﬂe%dﬁglrﬁ ?"%gﬁ‘gﬁiﬁe 5,
m X1 ng devbPﬁchi#ﬁﬂo S Rt Higﬂg'd%cm'vfaoalncﬁ corfthiitldy, 8POMBinb e 9. 1

A, the conduits thrfough the ceramC I nsert 66 and nounting adaptor 64 form
t he uplfer oomsteptas@b gbherhidr 60y Aceomidagtobst weeentedsehe mrotgblokckh I rat thenaieat or

60 and the_m xing devi ge 70Q. ring to Fig..4, the seco autl e 3
| eads di r et¥f! Vd?@ﬁ%cog &8 B’m g@-%a%&g‘:’%‘ﬁé‘r"}h%%%@tm wERrFE ! 1t AR ng
device 70 Vi@ 1AdsdcBh&ba RN foP Papit] isafll q8d bheurser £®$ﬁb@tdod_h@§@@>_ng|%a@rgg or

i
60. A second process gas enters the m g block 76 at the side inlet
vi a a secolide 366 Thaprot&n gasas asc mpeediifh e rendggineen? obtheapiurigdavice(l. i s

coupled vt Lhe Second. g2 1N AR LOLiny AR 74 9 Budd Y abeety SO
20  through the gas distribution manifold 11. Exhaust gases exit the chamber 15 through the
exhaust outlet 25,

As best seen in the front elevational view of Fig. 5A and the side
elevational views of Figs. 5B and 5C, the mixing insert 72 includes a plurality of flow
paths. The first flow path as indicated by dashed arrows 106 extends generally straight

25  through the centerline of the insert 72 (Figs. 5B and 5C) and is fluidicly coupled between
the upper inlet 98 and outlet 81 of the mixing block 76 (Fig. 4). The second flow path as
denoted by arrows 108 meanders through generally the right side of the insert 72 (Figs.
5A and 5C) and is fluidicly coupled between the side inlet 78 and outlet 81 of the mixing
block 76 (Fig. 4). The third flow path as denoted by arrows 110 meanders through

30  generally the left side of the insert 72 (Figs. SA and 5B) and is fluidicly coupled between
the side inlet 80 and outlet 81 of the mixing block 76 (Fig. 4). As seen in Fig. 5A, the
second and third flow paths 108, 110 are partially overlapped at multiple locations,
desirably at sharp turns to provide head-on mixing of the gases to induce thorough

mixing. Near the bottom of the insert 72, the flow paths 108, 110 merge into the center
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| i ne 100. The process gases are mxed in the mxing insert 72 of the m xing
device 70. The gas m xture exits the outlet 81 of the m xing bl bckg& %gl‘
enters the chanber 15 20 through the gas distribution manifold 11. ‘haus
gases exit the chanmber 15 through the exhaust outlet 25. As best seen in

the front elevational view of Fig, 5A and the side .elevational views of
Figs. 5B aHoush aperEres i fnlg 6 (Fagsr A apd ?ﬁbl@ftﬂ’é?”&ﬁbl"ﬁ&a‘ﬁ??ﬁkﬁt B‘PH’PPS\II}%epat hs.

“The first EIS?EIP%{@ 56 Ioradé&%ﬁgemﬂ%ﬁh&ﬂﬂ&fg@%&f@ﬁ&I%‘ertsIﬁleggﬂef%I:l Y

straight 2 e centerline the 1 nse Igs. 5B and 5

is fluidichyxiagbplcRdoli€ign@rnThd deeonparlthird fletv j28hsar(d, 00t hretsubktamfallyhe
m xi ng block 76 (Fig. 4). The second flow path as denoted by arrows 108
meander s t Kngeighardidiral flgw pad 10bgnd igflyde pultiphetumptepeneratetpbylence tha and

5C i safhuldi : ' ' 7 | f th
N R AT e R e
meanders t froaghy gesRradbhntagdeasll €hért sndlgiret td Mthinneattont@ngtorgs.th6A and

513) and is fluidicly coupled between the side inlet 80 and outlet 81 of
the mi xi ngplaPme kperaes(Fpdpced jn thagemeateplasmapgegeraton 60t hponasepbolimsnt therfisly

fl ow pat hs4108. .1 r rti ! t 1 I & ONS,
desirably g% qu?gI' é‘? q lgraﬁgﬁtalog bn?éh{z/s?’lggg ﬁé%@lg gﬁ%ﬁ%ﬁf Pﬁléﬂ%df ﬁ%‘ﬁg aglgggg’ {]@ Thduce
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turns to generate turbulence to 5 facilitate thorough m xing of the first
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speci es produced in the tenpte plasma generator 60. I n°one enbodi nent, the

first 151 ownderto ckQfe vABvabbdlitcohnected Wigh e ihientedimnd cofduis®rhalcadtottin r d
fl ow paths 108, 110 are each about 7.5 inches |long. 10 The three- val ve
77 is nounf@ete plasma ssneratos 00t dhe pesond auibit 43 pd thegeales At SicoptecteeWibREte seen

in Fig. 6. 108 uahy 9? (Z:Ifg'at !Leggg %/oﬁt'léxg @Hr'}{bé?qg]ugﬁgg Elgtﬁl}?éé{ssﬁ‘g ShAkE 920 Abrmaftg! udes

a first pressure sw 'S coup en the inlet 91 and the
first outl elose®R blacidtha flvechod the mbs 9l o wifiretroutl2P92, Ivdtileithe smopd peksbee ween
the inlet 91 and the second outlet. %3. The inl et ?1 &f the valve 77 is
connect ed Witeh { Feistormallyaren topermoih Hlow{gom thegplet 1 to the second outlet 93. In

20  this mode, the first process gas flows to the chamber 15 via inlet conduit 96, bypassing
the remote plasma generator 60. When the valve 77 is switched to the alternate mode, the
first pressure switch 120 is open and the second pressure switch 122 is closed to direct the
first process gas through the intermediate conduit 94 to the remote plasma generator 60
before entering the chamber 15.

25 Advantageously, the three-way valve 77 ensures that only gases that are to
be dissociated by the remote plasma generator 60 will be flowed through the generator
60, and diverts other gases away from the generator 60. Although it is possible to flow
other gases such as ozone through the generator 60 with the plasma turned off, long-term
effects of such a practice are unknown. The use of the three-way valve 77 avoids any

30 potential problems. Furthermore, the use of the valve 77 allows the same gas line 90 to
be used for flowing different gases into the chamber 15 for different processes by
directing the gases to the remote plasma generator 60 or bypassing the generator 60 as

required. This configuration minimizes the number of gas lines needed, enhances

11



15 outlet 92 of the valve 77 is connected with the internediate conduit 94
that leads to the renote plasma generator 60. The second outlet 93 of the
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remte pl al?nrgil epoef\lrngétgé toGI%Gwringtg pilassmrrzloglégér%gor%rd f})rht?axlsipgrti%gscggﬁlly tolc%gl the
20  generator 60.

The exemplary embodiment shown in Figs. 1A and 6 has a gas delivery
systerm with a mixing device 70 that provides a flow path 106 for a gas from the remote
plasma generator 60 into the chamber 15. The mixing device 70 further includes two
partially overlapped flow paths 108, 110 for mixing process gases from two inlet gas lines

25 96, 100 and delivering the mixture to the chamber 15 (Figs. 5A-5C). The gas delivery
system typically operates in one of two modes. In a deposition mode, the first process gas
flows from the first gas line 90 through the three-way valve 77 and the inlet conduit 96 to
the mixing device 70 and the second process gas flows from the second gas line 100 to
the mixing device 70 (Fig. 4). The mixing device 70 mixes tht=T first and second process

30  gases and delivers the mixture to the chamber 15 for depositing a layer on a substrate. In
a cleaning mode, the supply for the second process gas is shut off. The first process gas is
a cleaning plasma precursor and flows from the first gas line 90 through the three-way

valve 77 and the intermediate conduit 94 to the remote plasma generator 60 (Fig. 4). The

generator 60 forms a plasma to dissociate the precursor into cleaning plasma species and
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The valve 77, generator 60, and |id assenbly 15b can be conveniently
renoved and reinstalled together w thout disassenbly. Fig. 6 shgyﬁ ﬂ
safety pressure switch 126 coupled with the first gas line 90 15 tlo Lﬁe2Uﬂ‘
three-way valve 77 to nmonitor the pressure at the inlet region. If the

byi | d t det d | the safet t
126" pr oauc R T B RES R GPBER CUBe |t HEarsRE PRl Lomp et Sitessi ve

pressure b hﬂ{b@ea%ﬂ%d 65@3@% théréliaﬁqbbﬁlpa@?b&d%k@b'tﬁér nidﬂi@%it@;ﬂzfratfdﬂrcah%l c or
danger ous process gases such as NF3. Fig. 6 also shows a coolant |ine 128

connect ed tropltmemeénﬁbemplaamnghﬂenadmaﬁ(n\ffobre flavang pdirstipneresopdsdnamt o
cool the 0 gener Ior 60. Th exe enbodi nent shown in Figs, 1 A and
6 has a gaﬁLl ofg'ﬂgﬁé 699%&08&%1@»%1’51“8 erﬁ(il e&&(ﬂ“ﬁe&afﬁ ﬂff’rﬁa{?mﬁ’%ﬁ g%%aa fl ow
path 106 fasogd ?o%e§sr é’a@‘d‘h?&ly‘ A3 5B HRLCERdNA 2a fﬁné f§@ the chamber

15. The m xi ng eV| ce /0 urt |nc udes two partially overlapped fl ow
pat hs 108, 110 for nﬂbqslagprpmamdslsatg&sgas déhwmzismemmhmbe gadifiadrekti28y96, 100

and delivering the m re to the ch er 15 (Fig 5A-50)

delivery &3Rlydedq s mﬁp {pr sonsiTgetE. 5o aﬁ@nalre Wlwaégsertﬁr?- %ﬂ“e g%%gn@. on
node, the r of 0 t he
t hr ee- way \E/JQI?/%C%Q ?chgtgsf% ntlsétt%%b% UI t%}g dci)ffélieﬂgﬂ%ﬁl ng f%g{/%t%g ?g‘gand
t he secondrrpmﬁg&&ﬁ:k@’@&nij 06 b repiacedi by secwittl agasiohalirletc@Or teseivirpegastsxi ng

devi ce 70 i_{ . The m xing device 70 m xes the first and second process
30 gasHd a ewm%a&twéaﬁﬁs@ﬁuFhe%nqd«\@caéwaﬁﬁwdﬁurtbﬁ*r 36 5981 entiegs 1 | ayer

on & SUbStiffRmehfhddh; Ma?ﬁl%ﬂ&gof%gﬁ'}néﬁggngPglg\!‘ne?l%gooﬁlf:rcﬂﬁnﬁaqclgqgr L PSiRRS, 92s

i s shut of process pl'asma precursor an
f1 ows fromdiffegerdtiptedesgas |ine 90 through the three-way val ve 77 and the
i nternmedi ate conduit 94 to the renpte plasma_generator 60 The
generator 60 forns alprassal he CEF%%‘E)EPQ%%%WEO%F@&E'&&AP gp’é%fﬁ‘?%g

pl asma spegig ﬂg%a&&dlggﬁf g.g%nﬂakd Ssew\fﬂ?gi Pt Cﬁﬂg%@%sécf%ﬁl??s@ha”ber

15 t hrough t uit m Xi ng VI ce ning deposits in
t he chéafrbein &ﬁ.sy@bmamuﬁgﬁ,anom blerwmindgs. 10, pmmsagasemmwhadﬂetreammhmngmﬁed

For instance, anothe de may involve flo g afirs roc as f.rom
the first gagefmoriémg@S Hﬁmfww thwnﬂe%@@%wégﬁﬁwg%%%%f{ag *&6 P8 SEREVE hanber
15 and a 5;5eqepd WhAFEBRsHAR ffh ﬁlkme déhl%bebﬁmﬁé :95511é‘chﬁutﬁé1ﬁn§ﬁ?c98'd gas
line 100. It 1s appreclat t hat t e gas Ivery sys em can be nodified

relativelyllead itheymtiai@ devicet H) aro @il leot. Thastetall atduating Ecdnptcmédrrph@,lcailbre m Xi ng

;n 3 Ie][ ]E e r7 g ngqlr'iilgg‘ig f@(ﬁ%pan g@p%g q?f(%tlr(f ai%g%larsr%g lsgghez(ljs hefh%gn 1|s g?ésgrrllt%g thebgon%&ft} W th

20 95 between the RF hot manifold 11 and the grounded adaptor 64, a secondary plasma
may form in the upper conduit 95. The secondary plasma may cause instability of the
plasma inside the chamber 15, and result ih deposition of a film with poor qualities such
as a porous stack film. The presence of a gas such as helium in the upper conduit 95 1s
possible, for instance, during an N; treatment of the substrate which 1s common between

25  the deposition of a PE (plasma-enhanced) film and the deposition of an SA (sub-
atmospheric pressure) film in the formation of an in-situ stack film. The N; treatment is
typically a plasma treatment using helium and nitrogen gases and striking a plasma in the
chamber 15. Helium may backstream into the upper conduit 95 during the N; treatment.
Because the gas distribution manifold 11 and mixing device 70 are RF hot and the

30 mounting adaptor 64 is grounded, the presence of helium in the upper conduit 935 between
the manifold 11 and the adaptor 64 may induce a secondary plasma to form in the conduit
95 and cause instability of the plasma inside the chamber 15. By isolating the metal

adaptor 64 from the mixing device 70 and gas distribution manifold 11, the ceramic

13



m xi ng bl ock 76 may al so be replaced by one with additional inlets for
recei ving gases 10 fromnore than two gas |ines. These nodifications
provide further gas flow options to inplenment additional nodes:[@

m xing and delivery to the chanber 15 for performng different processggiM

The use of .t gram.c. i sal at r.6 el i m nates
Mot abi 11t o PR AR S BB D RN Sal e s Btn AARSg SEHEREN ¢ ho 11 o
assenbly 15fhduitk® I n the system configuration showm in Fig. |IA process
gases may backstream t hrough the upper conduit 95 formed by the conduits

t hrough the nounti nglfaidappmciaed thet deadanyipdasnians epotedGal Moeklemawpémsma i s

fornmed i nside the chanber t he. s di uti nifold 1 nd t he
i xi g deviCEP A PR ROTTIedHE Reba PR SHAeR oY S et gD antey
gr oundeql. NE tRaSdsht 6eRaN ﬁe@(ﬁm%tfo'&llﬁof&}ltlﬁlsm)laﬁ%(ﬁHg Breasin TR St R{r%ﬁe”t
in the conduit 20 95 between the hot mani fold 11 and the grounded

adapt or 64gassssecondary plasma may formin the upper conduit 95. The
secondary plasna may cause instability of the plasma inside the chanber

15, and regult in deposition of a filmwth poor qualities such as a
porous statk fi ﬁﬁmﬁ&%ﬁ#@@of a gas such as heliumin the upper
conduit 95 is possi h*h@mﬁ;g{ﬁéd'}ﬁﬁ@a?a‘ﬁ %mg'ﬁglugﬁatggth%%@%m@tc% s f6m

substrate which is conmo et ween eposition of
(pl asnma- enh@ntEgs. TA{Toaady bhedgpepition tidnlead pareSas. (Audep abbostbher i ¢

ress Im.in formation of a ck. film The N2 t t nent
ot VT aPrng oL deprorsh criERE=vE oG TSt AR AoPPONER TSRt 4
stri k' Ng agysaails bev‘i&b% in A gthed Bs (s %@ 2(}4 ‘T‘H&’tlﬁ@&&é& LEREVIT NS GwithiRaYprer

conduit 95 during the N2 treatnent. ausé the gas distribution manifold
11 and m xbngissidm remofOplasnea Rifeteoor @ndFig. Héasﬁemﬁ@mmd"gstanacmsmgaﬁé dirscted

grounded, resence u he u dU|t 95, bet

T for d’ 1Fo%-be fg 1&5@%&’9 @ﬁm%ﬁ?ﬁﬂ 2BV dnatt el Fep e Yoobs n ¢ ne
condui t 9ﬁuﬁﬂg deAE G0 1(OS) 8dY 'ph)ét sz%&bﬁ& gﬁ;cbﬁsgag% ﬁ&@e&f&%ﬂ@ﬁﬁxé@ By

i sol ating the netal adaptor fro the mxing device 70 and

di stri buti devieatd ¥l the dcond hr}etdmedlﬁ)ﬂ(ﬁlzrg?,*m1Tlmﬁ1>®ﬁg)dew@?o'!7a¢1:@gs 66 -$ni m zes
t he potenti al

e B S SRR e 5 et B SPREnanERR e, 5,
STtU Pl 2SR50 830 i8Rt bt Ahe Libskie (GBATDEY 1n SRECRAAFIK, BLRAR | more
likely in the 5 N2 treatnment” because the ionization potentials for N2 and
He are anpprpctésegds omwuedesfoooneakhd thyasemd process gas includes TEOS.
In the clean mode (step 216) of Fig. 7, the three-way valve 77 (Fig. 4) is
20 switched to direct the flow to the remote plasma generator 60 at step 218. A cleaning
plasma precursor 1s flowed from the first inlet line 90 through the three-way valve 77 to
the generator 60 which dissociates the precursor to generate cleaning plasma species (step
220). The plasma species are flowed from the remote plasma generator 60 through the
mixing device 70 to the chamber 15 to clean the chamber 15 (Fig. 4) at step 222. In one
25  example, the cleaning plasma precursor includes a fluorine-containing gas such as NF3
and argon. The plasma in the generator 60 dissociates the NF; to generate free fluorine
for cleaning deposits in the process chamber 15.
It is found that the clean time can generally be reduced if the pressure in
the remote plasma generator 60 is higher, preferably substantially higher, than the
30  pressure in the chamber 15. For example, the pressure in the remote plasma generator 60
is desirably at least about 10 times, and move desirably at least about 30 times, the

pressure in the chamber 15. In a specific embodiment, the pressure in the chamber 15 1s

about 0.25 torr, and the pressure in the remote plasma generator 60 is about & torr. The

14



| T. Exenplary Process Flow The sinplified flow chart of Fig. 7 illustrates
the use of the CVD system 10 of Figs. | A-7 to carry out deposition and

cl ean processes. At step 200 in the 10 begi nning of the process,gajpﬁg?qam‘
node is selected. In the deposition node (step 202), a substrate is

provided in the chaqggbﬁég Stg%é%ggé¢dg€§ t hree-way valve 77 is swtched

T

to bypassS¥He" F8HEY piesgyre i) thg reragtg plaspig geperpiof st
process _gagohs w8 iestessuk O thilghahideptsi nl et '1ine 90 through the three-way
val ve 77 and the Fhléﬁggghduit]QGHtoethe m xi ng device 70 (step 280). At
step 210, a second pretidstheghevd is afchobde desctiptomdfdpagifit mbedineents/éX the a t he

second inlet line 100 (Fig. 4). . The m xing device 77 (Figs. 5A-5C) m xes
the first BIFRSCUSRHHRYOPr GEiBYE MpdHfications, §%f&8102$2ndﬁhéﬂ@a§esmw b @mployed oned
into the ¢ 2RAS L r . I'n one
exanpl e, thg@§?§@¥é§%%gggggggggv?H%?ﬁ%é?9§§%2§f§§%j&#ﬁ%&géﬁgﬁﬁcéﬁgéess gas
i ncl udes THOStinggas flewchaasemaltensdfsilep padde) The niik@g dévick heaytHaveetheny val ve

77 (Fig. 4) %s 20 switched to direct the flowto the renote plasma
gener at or BN EUrEqDs and guxing prEGRS-ngthep varsationp mald be appareny 1o perers 9iski t he
first inle L {H%QP = 7,40 h n tor 60
whi ch di ss%)ncﬂlhg;a gt's gl%ﬁgeyép ec&?@%fﬁl&t Jg{eg’gdﬁl\g%%r\é%léﬁ\@%éi%%m%Iﬂ]éiessﬁélgg §B§{}:1|% gesflgt ep
220) . The plvastien. sPieatese, deeschpovtisfinadmtibhes fiqphiedpbash@meadieeatsor 60

t hrough th i xi ng device 70 to the chanber 15 to clean the chanber 15
(Fig. 4§ a esg%ﬁdaiﬁzzis Jefingd by s fallawipeelaimp ané theaful gepneadaubekatsr sor

i ncludes a fluorine-containing gas such as NF3 and argon. The plasnma in

t he generator 60 dissociates the NF3 to generate free fluorine for

cl eani ng deposits in the process chanber 15. It is found that the clean
time can generally be reduced if the pressure in the renpote plasna
generator 60 is higher, preferably substantially higher, than the 30
pressure in the chanber 15. For exanple, the pressure in the renote plasm
generator 60 is desirably at |east about 10 tines, and nore desirably at

| east about 30 tinmes, the pressure in the chanber 15. In a specific

enbodi nent, the pressure in the chanber 15 is about 0.25 ton, and the
pressure in the renote plasna generator 60 is about 8 torn. The 14 1 OCT
2004 systemcontroller 34 can be used to control the pressure in the
renote plasma generator 60 as well as the pressure in the chanmber 15. Wile
the above is a conplete description of specific enbodi nents of the present
i nvention, various nodifications, variations, and alternatives my be

enpl oyed. ‘

“Y
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5 For exanple, the three-way valve may be replaced by other flow control
devices for directing gas flow between alternate flow paths. The m xing
devi ce may have other configurations and m xing patterns. O her \{‘aqi@gigomg

wi |l be apparent to persons of skill in the art. These equival ents and
alternativ 5 inc fthin the scope of the present invention.
Ther ef or e, invention is not limted to the enbodi nents 10

described, but is defined by the following clains and their full scope of
equi valents. 15 01 OFT 20@4¥WEfke b cEsMMER X ordprksin® substrate processing
system conprising: 2 a housing defining & process chanber. 3 a substrate
support2 f or supporti agoesisgithsfimag e pdeessmypasibbst rat e processing 4 in the
process. chanber; 5 a renote pl as enerator having.an inlet and an. outl et;
and 6 a gas delivery?s ré%$BPO%FSBHW‘ﬂ%3é‘é 3G P ESHBS R OROE S W8 anber |
the 7 gas;dglhyrey d¥sbem i ncluding a three-way valve having a valve
inlet, a first valve outlét, and a second valve outlet, the three-way -

val ve [fei ng adj ust abh ecrhate plastmatpenéib@whbehpee nlet fuidrastoutlat;wed pat h from t he

valve inlet to the first valve outl and a second vgl ve path f%omthe

t.
valve ithi et to the sBeehiENVANY S fosinradupinggesssiTiorths PRESHAm: €% Bupl ed
bet weeny th il te plasma generator and the process chanber;
a rem)'?7e p Eggdr%] %nsggtie@hggagﬁgg between the first valve outlet of the
t hree-vay val ve and the inlet afthiebevayemablechapingsnelgeinét st st vadneoalesecond
inlet flow conduit coupled between the second valve outl et %{l t he

three-way valve and £He2preoR@2aVeRuigethe treg waynaheisats YW fle tewyidhy

systempf claim 1 whepeiLOe 4 f5PE1YYath o}’r?ih%%\%v% iHl’é?fM&E E@vhNe® ﬁftﬁ"‘t ed.
1 3. e substrate processing systemof claim erein the gas 2 delivery
systeniffurther incl udebasecohd wdlve phektirdrh dw abdvidiniet to tigpeadhdwal e dutlet; pr ocess

3 chanmper. 1 4. The substrate processing systemof claim 3 erein_the gas
12 a first 1nlet 116w conduit coupled between the outlet of the

13 remote plasma generator and the process chamber;
14 a remote plasma conduit coupled between the first valve
15 outlet of the three-way valve and the inlet of the remote plasma generator;
16 and
17 a second inlet flow conduit coupled between the second
18 valve outlet of the three-way valve and the 'process chamber.

1 2. The substrate processing system of claim 1 wherein the three-way

2 valve 1s pneumatically operated.

1 3. The substrate processing system of claim 1 wherein the gas
2 delivery system further includes a third inlet flow conduit coupled with the process

3 chamber.

1 4. The substrate processing system of claim 3 wherein the gas

2 delivery system further includes a vaporizer coupled with the third inlet flow conduit.

1 5. The substrate processing system of claim 3 wherein the first inlet
2 flow conduit, the second inlet flow conduit, and the third inlet flow conduit are coupied
3 with the process chamber at a chamber inlet disposed generally above the substrate

4  support.
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2 delivery systemfurther includes a vaporizer coupled with the third inlet
flow conduit. 1 5. The substrate processing systemof claim3 V\hegiei‘nmt??
first inlet 2 flow conduit, the second inlet flow conduit, and the’tht il
inlet: flow conduit are coupled 3 with the process chanber at a chanber

inl et di d | 200 6.
| nl et ,di sposed genega yTﬁ@%trEt@?r@égﬁ?%%}s?‘e foSURRPS vherkth B 41

The substrate processing systemo erein the gas 2 delivery
syst em f ugdihery §yRehuflesenintiudengmibevg devics, hiee mixinmdeviephavagrniutigt an out | et
3 coupled with the process chanber, a first inle

| % co pl,egé'thtge.first

i nl et ¥ | oveupladawith theaproepss ehasmier.i anfiist inded GpRler Wit ﬁhqft*:fét@ \g:?&’ GORFERYE & | ow
duif, and a. third inl | ed. wi anguit. 1
7" el suietndintelshirlftnyBE SRR i il Mncult GBI b ABDRIE |- 0

has a §ir gl dfiheMieRlBr@gt ween the first inlet and the outlet, a second flow
path 3 between the second inlet and the outlet, and a third fl ow path
between the third inlet and 4 the outlet, the second flow path and third

fl ow piath being at Feast Thasubsttaleyprosessingpyséam oficlgim §dicqin thermaxeng

processi ng systemof claim?7 erejn.the first, fl 2 tha i

D ber ot | Sri i s o prtvhefienibn it el o St efseR R dpnt 1o 1 o
The SUbSt paRePRRACESSIATEICE YR BRlo0lleiChl Mnfrd ST GtR bEien aRORid e &dt hi r d
flow paths include a plurality of turns. 1 10. The substrate processing

syst emd of thelcaitlet, theteeorsd flow ipethragditied flow|patinkeingaideast partielsy avaulapeef.on a i d
of the process chanber disposed generally above the 3 substrate support. 1

11. The substrate processing systemof .claim10.fur I | S 2 a
ceranit isolator codpl edsrlll}ggﬂg%rﬁ_&tmgceisgﬂ%f%ﬂwggﬁ}élr%zs”e}}ea@g}a{eanﬁépﬁ%vé _
process CP%@?Eubstaﬁﬁm!mesmeam 1ength @Al 1RE sdcball bk thgrddidw pahpassage fornming a
portion of the first inlet flow 4 conduit coupled between the outlet of the

renote plasma generator and the process, 5 chanber, 1 12. The subsfrate
proceski ng system oP. cl aiTie subsistermpeessing spitere @€ slaim 7 whestia the ssepRory a gas

di stribution nifeld havin / .ty of outlet apertures 3 disposed
above hetkél[ﬂ)g?a‘?'&’?g’,s 1%'1%&/69% ugﬁllgﬁ%u Sion manifold being fluidicly coupled
with 4 the flow passage of the ceramic isolator.

1 10.  The substrate processing system of claim 1 wherein the remote

2 plasma generator is mounted on a lid of the process chamber disposed generally above the
3

substrate support.

11.  The substrate processing system of claim 10 further comprising
a ceramic isolator coupled between the remote plasma generator and the process chamber,
the ceramic isolator including a flow passage forming a portion of the first inlet flow

conduit coupled between the outlet of the remote plasma generator and the process

L b W N

chamber.

[y

12.  The substrate processing system of claim 11 wherein the process
chamber includes a gas distribution manifold having a plurality of outlet apertures

disposed above the substrate, the gas distribution manifold being fluidicly coupled with

oW N

the flow passage of the ceramic isolator.

1 13. A substrate processing system comprising:
a heusing defining a process chamber;

a substrate support for supporting a substrate during substrate processing

O U R

in the process chamber;
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1 13. A substrate processing systemconprising: 2 a hcusing defining a
process chanber; 3 a substrate support for supporting a substrate during
substrate processing 4 in the process chanber; 17 01 OCT 2004 5;@.repp§@g§
pl asmes generator; 6 rénbtepidsn@agntdaive; 7 a second gas line; 8 a fil %’g
supply for a first gas; 9 a second gas supply for a second gas; 10 a third
gas supply for a thiaddstgaslinggnd 11 means for coupling the first gas supply
with the first gas lLine to f¥om/the 12 first gas through the first gas |ine

and thée renote plasfhiPEEEABY to the process chamber 13 during a first

operatgon, and for gaupld0guidieftaqnikgas supply with the first gas line
to 14 flow the second gas through the first gas line to the process
chanbey bypassi ng t heeddndrepsstpplpfassecgemsat or, coupling the third gas
supply with the second gas line to flow 16 the third gas into the process

chanb&®, and ni xi ngathied 8scoRBlYJas? 4y 8%c2%hi rd gas 17 together prior to

9
flow 2? t he second ?#%ng mrgzg?gg%gtﬁe h%gégs%bﬁ’gw”%ﬁa‘% o @ine td Ro® thecond

18 operation. 1 14. € subs proc system of claim 13 further
CONPr i i NGirst ZadtIGOEEAHE firS ghaling addake ragnae plasma gassaigetd thaipdicessyclrobet ed
between the renote plasma 3 %enerat_or and the proc ss.ghg%nger. ]71‘1‘%651‘8 The
subst £ at e dpriog a £isst egeeian.arlder Cupling the SGERNIHER SHRPY it s Hrst gag er

i ncl udes di st ri hut kfol P \VA r.ali apertures
3"ai sposcaoinBy e g 8b bR EP gt M, fropicBhb Bpapia Bt OF
fluidisly r@rﬁb’ﬂé'pﬂ}ﬁrﬂﬂi deferatbr! diRiplih@ilenhiss pgesupplytwieh thesestnd gas thatoflowl 16.
The substrate processing systemof claim 13 wherein the 2 hg::ilSi n% I ncl udes

a |idlfi splsthirdgenatatiopragssy ehamher andsnixmgdhe saspad gasand hadiei 825t he 3

LTI SR O R o B
with tige sgpemndngas |ine.

| 14. The substrate processing system of claim 13 further comprising
2 aceramic isolator having a flow passage fluidicly coupled between the remote plasma

3 generator and the process chamber.

1 15.  The substrate processing system of claim 14 wherein the process
2 chamber includes a gas distribution manifold having a plurality of outlet apertures

3 disposed above the substrate, the gas distribution manifold being fluidicly coupled with

4  the flow passage of the ceramic isolator.

| 16. The substrate processing system of claim 13 wherein the

2 housing includes a lid disposed generally above the substrate support and wherein the

3 remote plasma generator is mounted on the lid.

1 17.  The substrate processing system of claim 13 further comprising a

2 vaporizer coupled with the second gas line.

1 18.  The substrate processing system of claim 13 further comprising
2 means for controlling pressure in the remote plasma generator and pressure in the process

3 chamber.

18



1 18. The substrate processing systemof claim13 further conprising 2

means for controlling pressure in the renote plasm generator and pres, u;ri
in the process 3 chanmber. 18 1 OCT2004 1 19. The substrate proc 91i r@ 004
system of claim 18 wherein the 2 controlling nmeans includes instructions

for providing a pressure in the renote plasma 3 generator which is higher
than the pressure in the process chanber. 1 20. The substrate processing
systembf claim 19 whér ei Thehkeb@raconbeabing ngstemarfislaimdlRudeseinmist r uct i ons

for prg%idinﬂ ?Pﬁressure ia t he renntg pl asma 3 generator which is at

| east abouf TP HRHREANHBCI RSB UORS 1R ETPiERE d Preshuser the remple plagiea

substral e piAGASShAANYRLAE Bl BLALI0R0 MIRTSHOL G Argont 1ol |1 ng means

i ncl udes iRAstructions rovi ress i'h"the' tenote plasma 3
generator which is at |east about 30 tinmes the pressure in the process
chanberl 19 20.  The substrate processing system of claim 19 wherein the

2 controliing means includes instructions for providing a pressure in the remote plasma

3 generator which is at least about 10 times the pressure in the process chamber.

i 21.  The substrate processing system of claim 20 wherein the
2 controlling means includes instructions for providing a pressure in the remote plasma

3 generator which is at least about 30 times the pressure in the process chamber.
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