WD 97/ 15698

PCT/ US96/ 16647

o) , _GAS

I NJECTI ON SYSTEM FOR

PROCESSI NG
| nventi on

10

“Bri ef Description of

This invention relates in gen | to Sys
for distri bmqwgsggseous subst ances and, nor e ﬁéﬁ?’éﬂf@h Y,
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Background of the Invention The processing of
sem conductor wafers is typically acconplished by positioning 15
wafer in a chanber and subjecting the surface of the wafer to various
substances. The chem stry of the substances depends
upon the type of processing enpl oyed as well as the nature
of t he devices fornmed on the surface of the sem conductor wafer. The
chem cal substances are generally delivered to the chanber either in
gaseous formor with a carrier gas. Wth sone processes, the
formatiog of the filmlayers on the wafer surface
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GAS INJECTION SYSTEM FOR
SEMICONDUCTOR PROCESSING

Brief Description of the | .
This invention relates in general to a system for distributing gaseous substances and,

more particularly, to a gas injection system for semiconductor processing.
Background of the Invention

The processing of semiconductor wafers is typically accomplished by positioning
the wafer in a chamber and subjecting the surface of the wafer to various chemical
substances. The chemistry of the substances depends upon the type of processing employed
as well as the nature of the devices formed on the surface of the semiconductor wafer. The
chemical substances are generally delivered to the chamber either in gaseous form or with
a carrier gas. With some processes, the formation of the film layers on the wafer surface
is enhanced using high density plasma.

Gas distribution devices used to supply the chemical substances to the chamber
typically include a plenum coupled to a gas supply and a plurality of nozzles for injecting
the gases from the plenum into the chamber. Typically, the back pressure of the plenum
is highest near the injection point of the gas supply. As a result, the nozzles closest to the
injection point will supply the gas at a higher flow rate than the nozzles remote from the
supply inlet. For optimum film quality, it is generally desirable that the gas distribution device
provide a substantially uniform distribution of gas across the surface of the wafer. The
distribution apparatus may have fewer, smaller nozzles positioned near the supply inlet to
reduce the amount of gas entering the chamber near the supply inlet to the plenum. In order
to attain greater uniformity of gas flow from the plenum into the chamber, some gas

distribution devices include a baffle which divides the plenum into two chambers to provide
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20 I s enhanced using high density pl asma. Gas

di stribution devices used to supply the chem cal substances to the chanber
typically include a plenumcoupled to a gas supply and a plurality of
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chanber. Typivdbiikesst he back pressure of the pI enum peTrusbérefizohest
near the injection point of the gas sup Bﬁﬂ tfh a result, the nozzles
U

cl osest té& the 28moreuniform distsbytiopaf gas F‘t’i@“ eﬂwwpyefprféhmesa@cmm ingpies.
flow rate than tRgRasg ld%&lﬂuﬁHPB?%Jsrﬁmlﬂ e plenum is F]mprowhdS 'tﬂ%md)f bﬂ loﬂlﬁ taftle

optlrrumfllmquallty, It 1's gener desirable t |str| ution
devi ce lncrqgswhdeosaamjmmw af the dayicé andrreqhicss thebue oHadditiongleseals.

across the surfa

have fewer, srral Iritlts)é] Yﬂé@ 3 one r(r)tvelcelaﬁrs a'ISlfltbe“'ta!snu ‘gt’“ﬁ%@%ﬁg& D™
reduce the armuntheafsegﬁhafﬂ’d’stoetﬂmmlphteslmd&mblmear the supply inlet to the
pl enum or der to at Sliggasgéigt%er uniformty of gas flow from

t he pl ent} i nto the c Rhsanzrles of gigila ution devices; az¢ typically confignred todnject

{,@%? ?5529 gaf f1 e hidsBorll subael HPthRgRRUAD difdbion! SYOKE RARPETAS the chinAkif}Cand
PCT/ US96/ 16647  packaging densityrof integeatedrcipyits dficesases the paiformity ghithe film &:gm on thehe
pl enum before th

di stribution of 8’5? Wt Fﬁ%%‘e&% eog ffﬁ’?pr(r)prtfuti)cveeo-lr he rite. 0% (?wons'(')'Fm rﬁdlally
baf fl e acrossithe wafses:rfahedqpemts uponi sush gk ars as t}le ghs fidveratiearidctbe position

LI s
appar &t uduhi ch BRboTaer Hlbe FRRAS shye i haealoed afiah o) Vet E T ogre

the use of baff| dBtrbitioniappar@uin which tithozdes dfetairranied €0 produce a substantially umformThe
nozzl es of avail f\bl equ_ s distribution devices are typically configured to
i nj ect ayer; of &ilrg o8 the wafer yeface it desirable.s he general direction of the

waf er. As the conpl exNbiziedsign plays an important?8ie h@ﬁbmngieﬁtﬁfowdehbmm,%@astﬁﬂ
circuits increases, the uni formty of the filmfornmed on

waf er surface iscomealingthe Gprqféb& @sewsfﬁebsmﬁe wto th@éharaw &pr plasma-enhanced
devel gt rad h
fg\éfofgﬁgs tLg 'ggésdog fion processes, a DA i fréret&d t‘érretﬁ}&[aftl%ctﬁn%%g RS0 H.s’,ﬂ@eéuc

rate an ep05|t|on rnent n of
the nozzle rel at tM@rqwsingcAlnozédwhcbmw hefusedte pravideisubsomi¢, acnic and sygessonic flow

di stribution appgg&‘g#?“ioﬁts%Ltg&etip&sﬂ%ez_l es are arranged to produce a
substantially unitor
Obj IS Fihe 1 .

It is a primary object of this invention to provide a gas injection system for delivering

25 gaseous substances to a processing chamber.
It is a further object of the invention to provide a gas injection system for injecting
gaseous substances into the processing chamber at a uniform flow rate.
It is another object of the invention to provide a gas injection system having a
substantially uniform back pressure throughout the plenum.
30 It is yet another object of the invention to provide a gas injection system which
supplies a substantially uniform distribution of gas.
It is another object of the invention to provide a gas injection system for developing
a film having a substantially uniform profile on the wafer surface.
It is still another object of the invention to provide a nozzle which is particularly

35 suitable for high density plasma enhanced deposition processes.



| ayer of filmon the wafer surface is desirable. Nozzl e
design plays an inportant role in providing a uniformdistribution of gas
and controlling the flow of the gaseous substance into the
chanber. For plasma-enhanced 20 deposition processes, a high flow
rate is pre 0 reduce the tinme required to conplete t he
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to provide a gas injection syste
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic perspective view, partially broken away, of a gas injection
20 system in accordance with this invention, shown installed in a plasma-enhanced chemical
vapor deposition system.
Figure 2 is a schematic sectionat view of a gas injection system in accordance with
this invention.
Figure 3 is a schematic top plan view of the main plenum of the gas injection system
25 of Figure 2.
Figure 4 is a cross sectional view of the gas injection system of Figure 1.
Figure S is a schematic sectional view of a gas injection system in accordance with
this invention.
Figures 6A-C are enlarged, schematic views of a film profile on a semiconductor
30 wafer during film development.
Figures 7A-C are enlarged, cross sectional views of the profile of nozzles in
accordance with this invention.
i ipti hi
Reference is now made in detail to the preferred embodiment of the invention, which
35 is illustrated in the accompanying figures. Turning to the drawings, wherein like components



may be efficiently and econom cally manufactured, installed and maintai ned.
In summary, this invention provides a gas injection systemwhich is
particularly suitable for delivering a gaseous substance to a
processi ng chanber. The gas injection system i ncl udes a pl enum
body havi ng stod7ase8 one pl enum fornmed therein and a pl ural pebusdenegaiz! es

10 or injectin segus substances . intp said progessing ¢hanher. The
nozzl es a'lI’e spac‘gﬁacls y ke reference Ny i‘fhé‘ﬁ'ﬁﬁ‘?“ti'e@ﬂ%&ﬁﬁwr?ﬁ‘ woRipdigegted g
bet ween said pl etlaqzr%@@@l, said nozzles for “transporting said
gaseous substance along an indirect path fromsaid plenumto said nozzl es.
The nozzles are positioned and configured to provide a uniformdistribution
of gaseous . -acrk. : / o

Addi tional objects anFégu? gg%?'gggisﬁ%gé%nve tﬁlﬂwﬁ&%e ?X)sruéé'?leefgrdﬁhmemg
apparent from agaseous substandedo & chamben 12pf geicessing sysiimsdr Ppicessing sysemoldicused: d
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schemati ¢ per spehitithesinjestion/asseably oty alky usa widPother pfocassedh the WarincRiding)
systemin accordance with this |jnvention, shown installed in a .

pl asma- enhanced Rh8p4 limited to, chemical vapor depasitions stshing.; high temperatyre film deposition,

Figure 2 is a schamd . ??Gée'tkéﬁ@ystgnewgéﬁerﬁlygﬂaudegh%ﬁﬂ&?wiﬂ%ﬁxﬁ%{I}P Plage

accordance with ] I's "I nventi on.
a schematic top 18 eadlosmgthe ciambérd 2ndisvppoitaessembly 20 supportyavalien 22 withip theshambern 25
of Figurec?2. . leQULr |: ect | l. view of the -
gas inj eﬁi on sylsztfgr rS‘fesi‘l'l‘gg ul'r‘ tehef Féfg%d%méodﬁen?, ‘ﬁé&ﬁ&’?ﬂf?‘é'{ l?Pg% s T’%gigtmm&c
schemati ¢ sect i calebp assepwblyadf the tgpmeadisclogeddn coopenging applicationcRetial N r08£500/480, the

this invention. | C. Fi.qures, 6A:C are._enl arged, schepatic
Views of a film QiR erwhichis enperid ety buigterence. Hoyeer Ather ryRte o phar
devel opnent . systems such as a mechanidal gathisg chickmay 1 36d Taesndd. Arphismaseste ahal
views of the profile of nozzles in . .accordance with this

i nventi on. mounted to the top plate 13 and substantially axiallyaligned with thesvater 22 gsperates t he
| nvent i opg a supply of plasma foF EfaRAREhe ProteWinErtehd Wafee32i Pladnh dolifce 24 i
preferred enbodi ner?tpyo?t%ae nimnvent i on, ispch 35 is illustrated ei n l% he

acconpanyi ng fi cdeseibed imdetail mgotpendingapglicatipmbpsial N 88/600493; the disclapseefiwkich
3 is incorporated herein by reference. A vacuum system (not shown) is provided for exhausting
the chamber 12. As is known in the art, the vacuum system generally includes a vacuum
pump {not shown) which is operatively coupled to the chamber 12 by a port (not shown).
25 As is described in the application Serial No. 08/500,493, the vacuum pump may be
substantially axially aligned with chamber 12 for improved flow control of the gases and
plasma. Alternatively, the vacuum pump may be positioned to the side of chamber 12 as
is known in the art.
Gas injection assembly 10 is mounted to the chamber wall 16 below the top plate
30 18. Inthe present embodiment, the injection assembly has an annular configuration, with
the outer peripheral surface 30 of the system being mounted to the chamber wall and the
inner surface 32 defining a central opening which extends through the injection assembly.
A plurality of nozzles 34 inject gas into the processing chamber, with the gaseous substances
traveling inwardly from the injection assembly toward the central axis of the chamber. The
35 annular configuration of the gas injection assembly uniformly distributes the gases around

the circumference of the chamber while providing a passageway between the plasma source
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t hroughout the various figures, attention is directed to Figure
1 Figure 1 shows a gas injection assenbly 10 which is

particularly Ltable for delivering a gaseous to a
chanber 12 O‘Vaﬁi”bi‘g%si ng system 14. Processing system 14 |ﬁﬂ2"}38§68%

for pl asga- enhangafd gHeswfera2. \SeparhtingaR©mjecticaspenthe Befrog thefldwh ofydisniatalsos t 0
be under st ood . . .that the injectjon assgrrb,ly 10 rr?é al so be used
With other procBtyies&or infgpengdentontrol pygyjthgplasma density and the fHow pfithe gasequsy

to, chem cal vapRafl@ROAS fsiidNtated b the Aftow! indigdr® TPRE plabth£gérietaled HRRSIouERN,
and the like. Processing system 14 generally includes a chanber "wall 16 and
astop plate 24 and the actiyegspeeies| of Hiegaseoyssubstanpgyapvedpwnpuardly sty the waferstfaop 20
supports a wafe Ll . 1 ' t he
preferred e%od@n@%ﬁ%‘ﬁﬁgﬁggﬁ;@g@éﬁ%ﬁ? 58 ?ly%%h% éétg’?@gfg‘ﬁ‘@g‘“"k’g"

cl anp ad@enbl y efstann20, tdgpasitthgadiyes offfilmontbe pafedi ng appl i cati on Serial No.

08/ 500, 480, the di sgl osug e of ich is.incorporat.ed herei.n by
reference. However, élth%ﬁghftﬁf@g‘ﬁfffwg P‘\"\A&gas““e"tm“ asscg@& %ngfgﬁg’d 55
nmechani cal cl amp Bguidertbod it Stbericonfigirhtiche are’ within ﬂmdoicafegrametitrveﬁio%él For

1 g

nmounted to the top plate 18 and substantially axially a ned with the
waf er 22 gener aF¥amplg the injectionassembly ayhavp paeiiangplar ocyabsennigyationdf desired.

processing of t £ bneifjectiontasSembRPWHIER exténds Sonti I d tHE S thck
detail in co-pen |ér%gf°aptp‘)‘lzii?”§at inga?i Ser’i aI1 Ng. 08/ %t(‘)gl?zlésg,ar?lﬁne giéscl osuré’bof

which 15  of the shamheorque loamete dreatd injettjonrdsvisesomayche euplayed ifidesisedt em (not
shown) 1, Provi0ed  he 5 ARSRH Moo i bbb Ird. il bl
(not shown) whi pivcessingheeaust ofithe yifecopitiedzas Bow lo€ factoenineh as e bigh degsiry bf thaot
T 25 oSl SRS e RS a7 o i AR 58S
chanber 12 for pERhOsRahded procesied dorlparet tb RRrdXaSHER0ATorr for conventional Plhsie.
Al ternatively, the vacuum pu may be positioned to the side of chanber 12
as 20 prgxamgmwf taggth& Felatively high energy of the electrons. Because of the lower
chamber pressure, the gaseous substances are moved by convection flow rather than free
molecular flow. '
Gas injection assembly 10 of this invention provides optimum control over the
tangential profile (the thickness around the circumference of the wafer) and the radial profile
25 (the thickness radially across the wafer) of the film deposited on the wafer surface.
Variations in the tangential profile are obtained when the gases are injected by the nozzles
34 at different flow rates. The dispersion angle & (Figure 4) and the injection angle B (Figure
5) relative to a horizontal plane create variations in the radial profile. The assembly 10 of
this invention may be used to optimize the uniformity of the tangential and radial profiles
30 of the film.
The control over the tangential profile will be discussed in relation to Figures 2-3.
Gas injection assembly 10 generally includes at least one main plenum 42 which is coupled
via inlet 44 and supply line 45 to a gas source 46. The main plenum 42 is coupled to nozzles
34 by a conduit structure, generally designated 48 in Figure 2, which is configured to equalize
35 the back pressure of the plenum so that the nozzles 34 inject gas into the chamber 12 at

a substantially uniform flow rate. As is shown for example in Figure 2, conduit structure



Gas injection assenbly 10 is nounted to the chanber wall 16 bel ow the top

pl ate 30 18. In the present enbodi nent, the injection assenbly has
an annul ar configuration, with t he outer peripheral surface 30
of the system being nmounted to the chanber wall and the I nner

surface 32 oadonisess a central openi ng whi ch extends througbctRgednesaCt i on
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uni fornly di st rfromtthe maineplenuse4? torthe perzles. In this embodimeat, @j separate shammelsS056 ¢ he

chamber while Phfpiidll % eBiRase s Mbolh i fhed E s AdRheP ALY fofh two or more
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by the source 24 and the actjve species of t he gasequs

subst ance nove downvi¥igindicated by the amoysyin Figurgs 2 andd, the velocity vecior of the gas figw
field d bg |
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support 10 syste depositin | ayer on t
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Wi t hin e 1nvention he 1nj ectt
assenbly may havofredirettini requjtdddor Dparticutdr applmiucgmnuwa@mpénddgspresbch factors

| nstead of one in ect n assenbl i.ch ext conti nyouysl d the
circunference 1% eang °%°B'f°°*e$¥@"'t°¥f ‘ﬁgg'f‘metf)rrfg E ‘Wﬁgﬂg&l ‘?F’rtg%? agpgls.
devices may be RrpeY& nibbdifiRs bffle invention, the size of the channels Iﬂ%&elw té fhe@felah ON
assenbly is of artlcul ar advant age,  in high-density, F ;ma enhanced

processing becatiepatofihegagmplepiles. with the enafnel diamesey bsing the mran frsgpathe
high depgity Of adfifie channel length being on the order of two or three times the mean free path. It is

to.be understood that the actual path defined by the conduit structure 48 is subject to
considerable variation.

Using conduit structure 48 to separate the nozzles 34 from the flow path in the main

plenum 42 allows the back pressure of the main plenum 42 to equalize before the gas flow

25 reaches the nozzles. Because of the indirect path between the plenum 42 and the nozzles

| 34 and the reduced cross sectional area of the channels 50 relative to the main plenum, the

gases essentially travel from the main plenum to the nozzles by diffusion. As a result, the

ease with which the gases reach a selected injection point is independent of the position

of the injection point relative to inlet 44. Each of the nozzles 34 injects gases into the

30 chamber at a substantially uniform flow rate, significantly reducing variations in the tangential
profile of the film deposit.

Gas injection assembly 10 will be described in greater detail in relation to Figure

4. Asis shown particularly in Figure 4. injection assembly 10 generally includes a plenum

" body 52 in which the main plenum 42 is formed. Two plenums 42a and 42b are formed

35 in the plenum body 52, although it is to be understood that any number of plenums 42 may

be used in accordance with this invention. For high-density plasma enhanced chemical vapor



pl asma, the | ow pressure of the processing chanber (less than 3-4 niforr for
hi gh _density pl asma _enhanced processes conpared to .more than
100 nforr for conventional plasma- 20 enhanced systens), and the
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Gas injection agbsaitialy ihﬁfcﬂﬁﬂﬁitﬂbdtibnloﬂgdslﬂﬂm the plep@fi¥2.0ne nmai n pl enum 42
whi ch is coupl ed via inlet 3nd ;upply line 45 to _a gas
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t,str 48
el Udes a. pl ur SOPRFGEOBRR bE e plebum pody. Luang SngE BE e it
fromthe main phinisize &%ubaaﬂdaw éliniAdteReakag8 béthvieen me‘pmummy and tﬁeem@eatse

channel 50 is ) npl oyed fqr ch_no | t hou desired
t he sanm®0channdif dstifed; HPed“{“WB“ SFtWesh the b°gy 32 a"dzé‘e%ﬁ iﬁg g ?‘Pﬁ? drdp this
plenum 42. The Gfi3ineRt Helfrild RER sfPdiclRe 541180 AR erpesdiclR Wit the 6t Btretch

56 having a substantially vertical orientation and the second stretch 60 having a substantially

horizontal orientation. However, the relative orientation of the stretches 56 and 60 is subject
" to considerable variation within the scope of this invention. Second stretch 60 terminates
25 in nozzle 34.

The configuration of the conduit structure 48 of this embodiment is of particular
advantage. The minimum inner diameter of the plenum body 52 is defined by the inner
surface 32. The downward extension 58 may be substantially axially aligned with the inner
surface 32 or spaced outwardly of surface 32. The downward extension is preferably spaced

30 outwardly of the inner surface 32 to increase the open area around support assembly 20.
As is shown in Figure 1, in the present embodiment the downward extension extends
continuously around the circumference of the chamber 12. The extension 58 does not
significantly interfere with the gas flow since it does not protrude beyond the profile of the
plenum body 52. However, the downward extension 58 may be replaced by a plurality of

35 downward extending fingers to further increase the open area around the support assembly

20 if desired.
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than 1000 tinmes the sumtotal of the cross sectional areas
of the nozzles 34. - As is indicated by the arrows in
Figures 2 and 3, the velocity vector of the gas flow S
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Chonmel Tt oo e P irtoos hah b Aceie) gt of Siger % i i 1o pemsidgae vitiion. 1
It is to lme md@.t srhmdnehh@tenarhao@mwudmfbuﬁeborﬁsﬂsbwpbbﬂed

conduit structure 48 is subject siderabl e variation.

Usi ng conduit st@@@ﬂ?@@k%ﬂ‘%ﬂ%ﬁ%@tmcﬁm%“@g 16 and 3 prmqvalle nngxpastien, | n
the main &ofioft 8 fs' éeaioéd fofthe BRte oGty SuRtatilé fastlaﬁngme&s&l.anum

42 to equalize bef ore t gas reaches the nozzl Because

of the indirect apaﬂhwedﬁsmﬁhd’rghwummﬂaﬁ@dedMﬁwmdcmmﬁmﬁmﬁ4
mai n ol ektm ¢ hdvound tnd ehin gy 5 *ThmalnlpfiSAPOFE ould: pBh ¥ nd e iplr |
to the nozzl es h)pnthnf6ﬁu&iabﬂpera¢t@elgshapaubtd¢ﬁnehl& plenums 52. A plurality ef suahhmliurs:h

the gases reach sel ect ed ect i I s i ndependent of the_posi

of the injecti or?%p'i‘&? ‘H“Pfeéfeﬂlbf’tb'ée'l‘be 1"ﬂ$ ﬂ'ifer 'E’éﬁ?{'s(?? HFHJ e"HfS'zbfflEgz 39 's1°iﬂt°ect s
gases into the 3fe plenums an® Pravite hastbal@gSbitvkeaith plehyms it berwees LR\ldnaing and
significantly reducing variations in the tangenti al %I‘Ofl | e of

the film depOS| tthe chamber 12. It is to be understoqd fhat; th? g@fmo%gggmrg,bcﬂy i pubgect
descri begyin gr et?%ﬁﬁsn&iﬁ{bﬂ Varihbn' 42k A o Yo b tirhitdb @he conﬁguratlon shodn |n°EF|ir8 4.

shown particularly 1n Figure 4, 1njection assenbly 10 generally inc des a .
pl enum Gy dé&sired ﬁimumf@numﬂ;nmwsﬁp@muh@t-ps (thenmaquat of suRp

pI enuns 42a and c%%%nc?{] %f&gﬁ#@thﬁ% the w]gfer S u%gan gfa?ér' %J?&d )bro':ﬁ?e fott IathRHGIQr It

IS to be understoo
i n accordance widpplitdtios maiy\bermbtamed tlﬁougﬂmhg Mé’nalqnwfpud‘sﬂaﬂomah&:wnbef Of

chenm cal vapor. nozzles, the position of the nozzles 34 relative to the wafer, the virtual injection point, and 6.
25 the injection vector. Each of these four factors are subject to considerable variation to
provide the desired result, taking into account the vacuum pressure, the gas species and
the ion energy.
The position of each nozzle relative to the wafer is defined by the radial distance
r (Figure S) between the nozzle and the axis of the wafer, the height z (Figure 5) of the wafer
30 above the wafer plane, and the angular position © (Figure 3) of the nozzle around the wafer
circumference. In actual operation, the location where the injected gas disperses, herein
referred to as the virtual injection point, is different from the injection point of the nozzle.
The distance the injected gas travels from the nozzle 34 before dispersing is determined
primariiy by the mean free path of the gas species at the operating pressure. At a pressure
35 of about 2 mTorr, the mean free path for molecules having a molecular weight of about

30, for example silane and oxygen, is about 2.5 cm. Preferably, the actual location of the
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PCT/ US96/ 16647 .5 deposition processing nlenum 42a is_-preferably
attached to a source of silane and argon while plenum 42b is
preferably attached to a source of oxygen. A gas supply channel 55

ext ends bet Wakllgy supply line and inlet 44 to supply the ﬁj'"ﬂ% wth
t he gaseous h%s subst ance. The supply line 55 is substan ilg‘%‘f’y
hori zonta$ in thsozeledBadds seleoted tooposikionithe virtual injection point assosiated with eacithizsleand
that the supply lLine.nmgy al.so have a,vertical or angled orientation .
orative 1077 the dEsAoRHBR AN W b BER 4B Py HPRRE LS megt of o
to transport thengeaRAassembly 10 which is parfisihitlydbitdid for the AepdsRivn Bf a \Hitdh Gionge!l t
structure 48, one su |Tne will provide a substantial ly

I
uni form di stri b@'moﬁggw%@% agemply ipcluges twehve g thinpsix nozzles 34. The nozzles are spaced
Channel s 50 i ncljda o ik an8 dbdup \Mpﬁ@ ' of
pl enum bzca)céé/d%%%ﬁ%@gg’é%ﬁ%&%ta?et ch %%"&hgl [0 frgp%ﬁénglﬁgﬂséagﬁﬁg
plurality0of sephe wafsr, lodatingithe airtuakinjaétiop polit at the desirpdipesiticni nalgtivestogle wafemt ed
to the downward extensi 8 of ,the enum body. The f. .S .
are attached to sf’ﬁtécepls‘gﬁﬁ r§$%‘889d g)gg&ﬂlwgswfag&eg P§‘Z‘¢9§F§%§rﬁ5 R R 2 mdgr
]‘?X arrplje_, t hﬁ latmosphcge, dtheflbagem ﬂftﬁeviﬂi&ai ikj€ctioh Point isiah imporiaht RaiAbIE té Edngidero! es
bet ween ¢ he. pl CrAFRSSHEE iR PEHERE ho20RS. Do Sut 11 ci ent Lo
mnimze or substant g njecidd VEcidrs GefinedinAtielobfichBfthe hdvoleRl (HtUMbRIP AN,  he
fingers 62. 20 I?@(desi.red1 .the junction bet v_v%en tehe?{)*gdy %g%;ingﬂt he
fingers &2 may Uhe losafjaspf thevigteal injection point) and the ipjestipmengle B isiiniedted relativete
second stretche n r ' Wk fil - .
56 having a sub:at g‘%{zﬁgﬁ eggﬁrﬁdgﬁgﬁ?r]%ﬁp g? |£r8’n anéﬁ ‘{%5 %@ggﬂ%éf%ﬁ?ﬁmgo
havi ng a subst arsubssdntiaily planar to the wafer lygfice.oThedngler} way also beseleeteddy aim the pes
relative orientag]i f1 st ret ches a 60r,i legct . 1.0
consi der abl e Va?slirgl%?(t)ér)lw%‘l?g FPF e IEE o°§g" eop%frh?rshei%ﬁ%}eéatﬁ?'g HFOﬁéee'(':’i%%e <"e:b[t?"é"‘tdch '
60 term nates 29y orienting the indizidudl nddzles to provide different injection 2iglescf) riForghample,on

of the copduit structure 48 of this enbodinment is._of particylar .

advant agl The APHGEIAN VPO e R ShAROBRes s REnsp AR B (Ryvass the ety side sl chesy
the inner wafer whil® thefiféion Sectdrt BT oflRMRYRIeS isWire &t p&Horall§ téWhard BR far side
substantially axially aligned with the inner surface 32 or
spaced out war dI yf#e wafer ace 32. The downward extension is preferably spaced
30 outwar dl'y Qfs it Bovld \RREmatichily3h %%g?e_ §, Qb RGP Bsstdily 90 SIRIALEMree
around support assenbly 20 s shown Iin Figure 1, in the

present enbodi nmetmumhdla dabend d2esach soupied toeisepatate gas source 46. Fog bigh densitvis| y
around the cir cylar CRGGQf chbiRa AR feposttion, th Bird $hEMTtE Plnoils #55ma"9t are

coupled to a source of argon and silane while the second plenum 42b is coupled to a source
of oxygen. However, various other gaseous substances may be used depending upon the
processing employed in chamber 12. Using two or more plenums 42 offers increased
flexibility in controlling the radial profile of the deposited film as well as the rate of film
30 development. The gases may be supplied at different flow rates to selected nozzles. The
nozzles 34a associated with the first plenum 42a are substantially directed toward the area
of the wafer closest to the nozzles 34a. The processing gases supplied from nozzles 34a
generally produce the wafer profile shown in Figure 6A, with the film along the edges of
the wafer having a greater thickness than the film in the center of the wafer. The nozzles
35 34c associated with the third plenum 42c are directed toward the edge of the wafer opposite
the nozzles 34c, producing the film profile shown in Figure B which is thicker in the center



significantly interfere wwth the gas flow since it does not protrude beyond

the profile of the pl enum body 52. However, the downward
extension 58 may be replaced by a plurality of 35 downwar d ext endi ng
fingers to further increase the open area around the support assenbly

20 if desirego9rmseos | PCT/US 7
WD 97/ 15698 penees?

PCT/ US96/516647 ©of the wafer than along the wafes gdges. Epeferpbly\g higher flow sateds used with he
posi ti oned cl ose: DO%, j
: %ngﬂ?tfepgi%lfl g&\?\n‘gﬁ‘n&cttﬁéﬁﬁﬁv?/&l 4a. Somé of the noidsaY Eowgl}ercll to rt]l(lae

significantly inter of gases and plasma thro

\(j\hh anbeL , second plespum @b ace ditected téward eheaproximak ddge pf the saterr mhilopthersareon.
en the vacuum pu ) | al. | it . _
the fingers 62 é’ﬁg‘%‘ﬁ@?@’?é‘%ﬁ %i% iﬁ‘tj%euarghee rent | g F'%/ngis?%‘g%%md op 8&5&% &%gpﬂa’ 34

Ekr) eserve the Sy?Md dusihg fu‘o?ssiﬁg, aGins ving agubsthntidily usifgrpothicksess mapbe/ obizéined
wever, jt is ) . 1o be erstood that, the gctual_ pl t qf :
fingers ¥ i s s&ﬁ]séE?W’BE:EEBFqu(grelij%i éeWTaéﬁ plgppms 42 amﬁchanﬁ%]%ngn%magoq of t he
present enbodi NggRlajesBh£AHAB4L REY brdsed migﬁﬂﬁﬁglgmawaﬁemﬁﬁ%f% radid? pRofecd

on a horizontal l'y-extending | edge 65 ofthe chanber wall 16 and a renovabl e
i nner portion ofthefilm. 66. The inner portion 66 is secured to the outer

portion by suitable LT, . . ener
67. Preferably, seve%%ﬁ];esﬁbgg:cfg%a?%s e ér gﬁéoruelegvglacge 9??%%@%%??&??@" 15
around t he pl enwsysténd(. Sthe ribadenid gengraliyintladean infet 7O, anoutietr72mod an dmertaalland
t he inne .pqrtion 66 are c erati.ye shaped t o defi t he
pl enuns g% A p|7ﬁF§'P1“{“§)SQ‘ZﬁW§8§F 'ﬂ%r@gf"g&g il 74 rhe mégpngpe O(%fﬁief%tgg Ses
bet ween t he i nnefroaghith©ndzete isudtdiried Whefd thé br@sspsectiohal arealyf the ndzaleiis Dnitiium.

the pl enuns and prevent gas | eakage beiween th | enung and be en the
pl enuns and igure 7A shopyg @ cemyspupl profile jn which 'S'S%E?és“ 6??8%‘?’2?"868**‘?3?’4%

construction of jpimtun BOAYillBdrdtéd svdddRient, 28k cylindrical fo2zI€ AxkSdndfiie? Blafeter of
variation and is not to be [imted to the configuration _shown in Figure 4.

The desired fil rabewtiOfZomm toyd.3 mm. (Fasaagalesationscury aicthe infet 79.avithothe innprewall i nt

of _ suppl ﬁ(? d . ofthe nozzle restricting the flow through the nozzle. The maximum velocity which may
be achieved with this nozzle profile is generally less than the sonic velocity of the gaseous
substance. '
Figure 7B shows a tapered nozzle profile in which the nozzle 34 has a minimum
~ cross-sectional area at the outlet 72. In the present embodiment, the inlet 70 has a diameter
25 - of about 1.4 mm to 1.6 mm and the outlet 72 has a diameter of about 0.2 mm to 0.3 mm.
~ The flow rate density increases continuously as the gas travels through the nozzle, reaching
a maximum at the outlet 74. This nozzle may be used to achieve a flow rate of up to the
sonic gaseous substance.
A preferred nozzle profile is shown in Figure 7C. The minimum cross-sectional
30 area of the nozzle 34 is located between the inlet 70 and the outlet 72. In one embodiment
of the invention, the inlet 70 and outlet 72 have a diameter of about 0.5 mm to 0.7 mm and
| the nozzle has a minimum diameter of about 0.2 mm to 0.3 mm. The nozzle shown in Figure
7C allows for the selection of a dispersion angle a which may be used to concentrate the
spray of gas on the wafer surface.
35 The gas injection system 10 of this invention may be used with subsonic nozzles,

sonic nozzles or supersonic nozzles depending upon the application and the desired velocity
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chem cals actually reaching the wafer surface) and wafer surface profile
for a particular application nay be obtained through the .
nodi fication of such factors as the nunber of nozzl es, the
position of the nozzles 34 relative to the wafer, the virtual injection

poi nt, and the injection vector. Each of these f S are
subject to (?:‘gﬂg?l&s(g?adbl e variation to provi de t%ﬂ%@ﬂ‘gy

resul t, tsaki ng iofidéposifien For plashta-enhamcedchemizalouaper depdsitiog procespes thesozale grofile
the ion energy. - ) Theﬁ‘ﬁ&iitio {?f_ each Rozzle rejative to
the wafer is deffPeyEunEigutarC Rravidesisregics comteqt over the tlow rate ofithe gasgopssueifances
bet ween the nozzgugife Ad2Blesi) tit Btk Libsotftf At super@niR FoWGF tRe Sasintly b8 achieveli. t he
waf er 30 above the wafer plane, and the angular position [err]
(Figure 3) of t Withthe profile shaynin Fighte TRatherrate of deposition is liglited by thersonie welogity
actual operatio I 1 LY i i
referred to as t %h%{#@‘s r tﬁ@%ﬁ?ﬁ%ﬁ%ﬁﬂ%%ﬁ%? @hfegéoglﬂfr ?g’?g%%agég%?'?ﬁe‘i}?éﬂ&e@ti on
poi nt of1& he noprdcess may be dramatically ifidveaseil. Jthe ability taechievej sapersodic Jaw it ofpasticalarf r om

t he nozzl e 34 before dispersing.is, determned rimarily b he
nmean free path 8?@%@"&'&5%@38%& Plasmp ﬁ’éhagﬁgrpé?‘ieﬁﬁs Bhere é‘tfr‘g’.mﬂt’s a"%ﬁ"é‘}s/ ure
35 of abdhesysteriTbdess thak 5a nisnn The ability & bbtdid b desire@ disp&sion anpld '@ islso

nol ecul ar wei ght _of _abhout 30, for exanple silane and oxygen, is

about 2.5 cm  PoEpatichianpdvantage stith plasmacsabanced propessase VO
97/ 15698 The foregoing descriptions of specific embodiments of th invention h

PCT/ USO6/ 16647 5 R0Z2 s 3415 Sl ected Lo position the Virtual
i nj ectiof¥ poi nt beenspsesentied forvpurposesaflillustiationeand description. They aretniobinteadéd todbe

| ocation relatiy . r LOur .0 g i ment of
i njection assenﬁ?@am%bvt e\?ﬁ ité(‘:\ﬂkﬁsfhepg’?ﬁég E?%?’\e %ﬁ%fg%r}sgﬁ %c%?éf ﬁ@%@ﬁ%’g&wﬁ of
a silicon dioxi dwdifications and variatibhd ane pobéible infjght of theratwye exathing. | Tiel andbedinienss! ve
to thirty-six nozzles 34. ,The .naozzl e re space - .about 2 cmto
5 om above t he EFSPORT A SEREbSRIE At & et SRR Ihg prnsiplesef s fvepben et 2o
the wafer, | ocapiasecal dpplication, tortheretyj enatilé HMers Gkiléd in thel drtobRstivtifige RO SiveAtion
relative to the. urface. Mgt h silane and oxygen, ‘rl}avi ng a

fer . .
mean fre¥ path Gwaﬂ?ﬂ% embadimgats H""S varigHs Jpodifications as are suited ., th particular ysg

l'ocati on of t he cyatefmplaled! M RGAteri2dRRit The $cdp@ Bf thERRhtidH be/defindP by tHeClaims
consi der when determ ning the placenent of the nozzles.
' appended hereto and their equivalents.
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The injection vector is defined by-thetocatian ofthe nozzle 34 (or, nore
specifically 15 the location of the virtual injection point) and the
injection angle [err] is inject edl'"ﬂﬁ’"'"ﬂ”ﬂﬂl“ a hori zont al

pl ane. The angle [err] may be zer o} n . mel ng injected in
direction woomsees Substantially pfanar Yo % he waf er surfcemssesddasr angl e
[err] may al so be selected to aimthe gas - streamtoward a

speci fi ¢ dorti oWHATIRLAMED IShe desired filmprofile may be obtai ned

by orienting the individual nozzles to provide different injection angles
[-err]. For exanple, 20 the injection vector of sone ofthe nozzles is
general |y directled tdwgadinjdgtiom systens fog deliveringa gaseous substance tnod ssmigundiigtot he
i njection vector_of ot heilramgozzl es .is directed generally toward the far side
of the wafer. processing ¢ Ct comprisia& i s shown schematically in Figure 5,
gas injection assenblayplehim bddy sl dteasicone plenum formed tidréinsaid plenam havig annd

42c each coupled to a separate g source 46. For high density, 25
pl asnma- elhanced ‘@ﬁb?ﬂeé&l’l’lﬁﬁg‘?ﬁm(éﬁ‘fﬁ}'? %gp,seqlﬁéulpﬁngq% 'gHI‘H'PF‘d pl enums 42a

and 42c are  a pludRYRIFSEzAQ Br SfEchine sl gAe8R subiishct liht8 Ngid Wrbdessidgd1e
second plenum 42b is coupléd to a source ] of oxygen. However,
vari ous other gbambss, &&det'&%ﬂgmcqéé?%@éﬂﬂ@p@h@%g upon the

processi ng enpl oyed i ﬁnqqg - Lisy r .

I ncr eased cﬁ? X ?F %qlﬁﬁ?@%ﬁﬁegﬂﬁﬁgd ?%@F%B?%ft%%ﬁﬁnﬁ he
deposi ted fil m asidygasdoussubstanceraling anfindirettpafiOfrom said pleniew & saphmozides. The gases
may be stéopl led at different flowrates to sel ected nozzles. The

nozzl es 34a associated with the first plenum42a are substantially directed

toward the area2. The gas injection isfstentvof €kaint | isvelith saiil dohduinmeats @xhidédoat lddse
processi ng gases supplied fromnozzl es 34a eneral |y produce
the wafer profi |9 HBEWaYN extepdingbeween aid planym and pileast sgrgcftsr\@ r@ae%s of
the wafer having a greater thickness than the filmin the center of the
waf er. The nozzles 35 .. 34c associated with the third plenum 42c are
di rected toward X he ddgeasiniesiien sxsteayof Glairn 2jin which said passagewayripgludes atleass ongc |

pr oduci ngy the f iyend RIsRh bhsSagd RV Br iellirdchigh the a8 Whlafd pabcout RivslaRte dsNail 38seoc e

substance travels from said plenum to said at least one of said nozzles.

4. The gas injection system of Claim 2 in which the inner diameter of said passageway

is less than the inner diameter of said plenum. '
25

S. The gas injection system of Claim | in which said conduit means includes a plurality

of conduit sections each defining an indirect passageway between said plenum and at least

one of said nozzles.

30 6. The gas injection system of Claim 5 in which each of said conduit sections is oriented

at an angle relative to an adjacent one of said conduit sections.
7. The gas injection system of Claim 5 in which said conduit means includes two of

said conduit sections.
35
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PCT/ US96/ 16647 5 of the m han al ong the_ wafer edges.

Preferably, a higher flowrate is ”qmn”“"’ﬂ o b g(r)iuglntegt"i"gnt ﬁfe

nozzl es 34c than with nozzles 34a
second pl enum 42h are directed toward the proxi mdl edge of the wafer while
others are WO1568 i octed toward the distal edge of tRETHSPUIsT

si mul tangously @per atrhpGapGédidh syétem oPQlaim 1 in which saidOpléifen Ba¥ af Gnnular
processing, a filmhaving a substantially uniformthickness nmay be obtai ned
10 as i s SABAEYTAHONE; gure 6C. Thus, the separate plenuns 42a and 42c
and the orientation of nozzl es 34a and 34c may be used to
significantly inprove the uniformty of the radial profile of
the film 9. The gas injectiet gystem of Clainy Linj whichsaid plepumehedyhasaseodndrplenaine

whi ch may be in ed 1. LN ecti . tem 10, e zzles 34
general ly i ncl ugé)&’g%{hl%'}]%?“d%vheléﬁomcﬂﬁ g ply?htarr?gsegﬂl%yxﬁﬁzg? W]FJ%N%OM"% 74
ext endi @ bet we lentidor deliedring @ sesosld ighseous substincé4o saidéhatiberi "um f | ow rat e of

t he gases t hrough the nozzle is obtained where the
cross-sectional area of the nozzle is a mninmm Fi gure 7A shows
a conventional RoOf i irRe gas infdlelicil SydtEift of CIRID i Mhich Hid Brst-feMfbned ndzRes #0ékdnfed 34
is constant. In the illustrated enbodi nent, the cylindrical nozzle has an

i nner di anet er & substantially inject said gaseoussubstgnce ina firstdirectinpsand said iseqond nozeles
occurs at the i : i j + r
res'ltJ ricting t hleghe%r\’vez‘%g r%é%x%ﬂ@*@?% sgf'ﬂes%oéﬁk%g%%b\s}g? cggf' g y \/\ﬂ??ﬁé&r@?

be achi eéed wi t diffekeng fromzaiddirgpdivéction. i s generally | ess than the sonic _
vel ocity of the gaseous subst ance. Fi gure
7B shows a tapered nozzle profile in which the nozzle 34 has a m ni rum

cr o?]s- sec'éi onal 1ar eaTHégthﬁcﬁ?ﬁégeﬂ‘emk?.Cldim Qihevhﬁemrkt-rﬁgﬂ%ﬂédmmrs ﬂéﬁaehﬂl et
70 has a dianeter 25 . of,abqQqut 1.4 to,1.6 mm and the outlet, /2 has
a di aneter of ag’c'flﬁf“"?‘f?'%" Prlﬁ?"t%‘d(?'f"g sgpnd nozzies define a s d inipction plane spagerireny
i ncreases conti g4i@%fst plads the gas travels through the nozzle, reaching

a maxi num at the outlet 74. This nozzle nay be used to achieve a flow rate
of up t @0 he soni ¢ gaseous substance. A
preferred nozzl g, pr o4y Is ; o ' A CTIN In0in8é g}, : tjeonal
30 area g% thie“n zs zl eeélgﬁ\g?}éé"f]%@tg gfj?g‘e‘&v'v%heéralﬁtd#gu Inle ﬁ%%sg% r?lg
outl et 72. |n ohlenemtfornedtherein. of the invention, the inlet 70 and
outl et 72 have a dianeter of about 0.5 mmto 0.7 mm and t he
nozzl e has a mnimumdi aneter of about 0.2 mMmmto 0.3 mm The nozzle shown
in Figure 13.  Thefgas mjeCtonsystam of Clemdeh which sid nofzles ack copfiguséddor igjeatior a
whi ch be used tp concentrate th ray. of, gas on. the wafer
St nce Bans oG sad psREols SIEEe wafiow:rae. prepter o i sPiip Yoo S p i gpend o1
may be used wi t §ubstaheeoni ¢ nozzl es, ~soni ¢ nozzles or supersonic
nozzl es dependi ng upon the application and the desired velocity

14. A system for injecting a gaseous substance into a chamber for semiconductor
processing comprising:
30 a plenum body having a plurality of plenums formed therein, said plenums each having
a supply inlet for delivery of a gaseous substance thereto,
a plurality of nozzles coupled to each of said plenums for injecting said gaseous
substance into said processing chamber, each of said nozzles being oriented to inject said

gaseous substance substantially in one of a plurality of directions.
35
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PCT/ US96/ 16647 5 of de lebd 1. lL@sMa- enhanced chem cal vapor
deposition processes, the nozzﬂEMHMImﬂmllmﬁf shown in Figure 7C
provi des greater control over t ¢l s Of» L he gaseous substances
t.hrough the wonzhsesi N that both subsonic and supersonic flg¥Wgdoshdrdr 92S

may be achi eved. Wth the glrofile shown in Figure 7B, the rate
of “deposiXion i 451 i mThegysisi of fiain i apd eheycpmprising conduit means sktepding befweey

i ncreasi ng the gagast b%fbRndnsSds bigted Dok abOGk A .
deposition 10 l)prcf?:)ggs rrasmt?e%ydar anatal?éégrl y |z%%sg%(;ea§nﬁﬁlépﬁlgfiﬁntm to

achi eve super soniindire¢tpasshgeway fop transperting:said gaseous substance fidmzsaidag lsastiond ofsagh
density plasna d r t ressure of
the systemis | i’%@ﬂ@%gonatgéaggﬁzo?&e\lxgﬁgﬁggﬁ%ﬁ)@es% @ dgg@%sf?n a desired

di spersion angle [err] is also of particular advantage with
pl asma- ephanced procgsses. or egqi ng, descriptions
ok §aLdy

. . . . The f
of speci¥ ¢ enbdfi medhesystemaf Claim Lyinyhich said copdipt means inpliades at least tyg canduit
presented for pusdiemstefding bebwiseh said 4t Riast BNEIoFAHE pleiths and at 1643E0he Bf the MSdciated

I ntended to be . exhaustive or to limt the invention to the
preci se forns dio8esalsadinozgles exshof spiskgopduitsestions being oriented 3480 pugle relativeito amd

vari ations are | ' bt of the above teaching. The enbodi nments
wer e chosen andagigééggl&g"ggﬂis%&lg&der to best explain the principles of the

I nvention and its practical application, to thereby enable

ot hers i l1led ip the art to St ,utili t.he i.nvention 20 . .and
vari ou531§I nbodi mgz‘t s wst\;gﬂfgf}gn '&i“fhfcégtﬁ e d'ﬁ%'etﬁrr‘gosg'ﬂ iPRIFABSWRY fg]gss than
particul ar use the inner diameter 0D sHicatiéast @d.of kdid plenimd. ended t hat the scope of
the invention be defined by the C ains appended hereto and
their equival ents.

18.  The system of Claim 15 in which said passageway includes at least one bend in said
passageway for redirecting the flow of said gaseous substance as said gaseous substance

20 travels from said plenum to said at least one of said nozzles.

19.  The system of Claim 14 in which selected ones of said nozzles are oriented to
substantially direct said gaseous substance toward a portion of a portion of a wafer
positioned in said chamber adjacent said selected ones of said nozzles, and others of said
25 nozzles are oriented to substantially direct said gaseous substance toward a portion of said

wafer remote from said others of said nozzles.

20.  The system of Claim 14 in which said nozzles are configured for injection of said

gaseous substance at a supersonic flow rate.

30
21.  The system of Claim 14 in which said plenum body includes two plenums are each
coupled to a source of silane and argon and a third plenum coupled to a source of oxygen.
22.  The system of Claim 14 in which one of said plenums is coupled to a first source
35 and another of said plenums is coupled to a second source, said first source and said second

source supplying said gaseous substance at different flow rates.

14



WD 97/ 15698

PCT/ US96/ 16647 5 WHAT |'S CLAIMED I'S: . 1 A gas

i njection system for deliverin ance to a sem conduct or
prJocessi ng >c/han‘ner conpri si ng: H!mmm",f"mﬂm a pl enum body having at

| east one plenum forned therein, sai d pl"endm havi ng at 10 | east one

supply inl etVQ Y58 | very of a gaseous substance to said pr%TfH 6/16647

a pluralgty of 730zz|ggaé jectibs Systenr delivbrigg agaksoUS silstanc® 4 Bénticruétor
processi ng . chanber, said nozzl es being spaced fromsaid pl enum
and processing chagbef ROMPHEIBs ext endi ng bet ween sai d pl enum and said
nozzl es for 1ransporddilfim body having at leaSPoiid pleABR Ttned theLifaf FinBRChadil
indirect path from saa‘%ﬁﬂ’&_ é’nﬂn?‘{lx(‘qgalsa?ad nozp%%es. 15 _1 AR oo
gas injection deast enn swpplginktferideliverwbf cgassaiisulstande iorsaideplenym, and udes at

| east o] d'! Eﬁ | e east
on€ of said nozzl esfl%hﬂﬁi?f&%ﬁ%%co@%ﬁ?o '%8%’;%’%?’8%’8??‘@4# a}?@l ggné%ggh d aim
2 in which sai doriapeatiogofiead gassohsishbstarzt intcesaik plennm aPdflow rate grediarthlan the saricl

passageway for redjregti the fl ow of said gaseous substance as said
gaseous "°°°'tygﬁ’l9é‘f%ﬁ?é‘sﬂbé§?5‘l’es fromsaid plenumto said at |east one
of said nozzles. 4. The gas injection systemof Caim2 in

whi ch the inner dianeter of said passageway ... . is less than the
inner di anet er 2% s dihagpiniention system of Claim 23 in which said nozzipchaye,an inlef; and a1 eylet
system of O ai ™ de aflimf didingt afl £ RibiAind diHRAGP pdrfiGr B enaiaiblErHnl slid ontler,
of conduit sections eac efining an 1 ndirect passageway between sal

pl enum ¥nd at |seidgiozzles having a curved inmenwalk aperingdnwardly from said inlet and said outlet

of said nozzle to said minimum diameter portion.

25.  The gas injection system of Claim 23, and further comprising conduit means
extending between said plenum and said nozzles for transporting said gaseous substance

20 along an indirect path from said plenum to said nozzles.
26.  The gas injection system of Claim 23 in which said plenum body has a plurality of

plenums formed therein, and further comprising a plurality of nozzles coupled to each of

said plenums for delivering a gaseous substance to said chamber.

15



30 6. The gas injection systemof Claim5 in which each of said

conduit _sections is oriented at_an angle relative to an .
adj acent one of said conduit sections. 7. The gas

i nj ection system of Cla|n15 in which said conduit means includes two of
sai d condui | ons

12 \v& 3‘7/}5698\/\0 97/ 15698 PCT/US96/16647
PCT/ US96/ 16647 5 8. The gas injection systemof Caim | in

whi ch said pl enum has an annul ar configuration
9- The gas injection systemof Claim 44 which said pl enum body has a

second pl enum formed therein, and further conprising a
plurality of second nozzles coupled to said second 10 pl enum f or
delivering a second gaseous substance to said chanber. 10.

The gas injection systemof Claim9 in which the first-nmentioned nozzl es
ar€ oriented
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to substantially inject said gaseous substance in a first direction and
said second nozzl es are ariented to subhstantially inject said
second gaseous substance in a second direction 15 different from
said first direction. 11. The gas injection syst emof O aim
9 1 n which tag)‘;g %h menti oned nozzles define a ISt |n ection
pl-ane and sal d85Rd nozzl es define a second i njection pl alffé} 847 f r om
said first plane. 12. The gas injection system of Claim]l
in which said pl enum body has a plurality of pl enuns formed

t her ei n. 13. The gas inje@4A%n systemof Caim1 in which
said nozzles are configured for injection 25 of sai d gaseous
substance at a flowrate greater than the sonic velocity of said gaseous
subst ance. 14. A system for injecting a gaseous substance
into a chanber for sem conductor processing conprising: 30

a pl enum body having a plurality of plenuns forned th pl enuns
each havi ng a supply inlet for delivery off Ja gaseou subst ance
t hey et o, a plurality of nozzles co F|6Ct;A§ epgh of said
pl enums for injecting said gaseous 44 4Gbst afjden) é d
processi ng chanber, each of said nozzl being o M sai d
gaseous substance substantially in one §f a plurality i rectd pns. 35
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WD 97/ 15698

PCT/ US96/ 16647 5 15. The svstemof daimi14 and further
conprising conduit nmeans extendi ng between at | east one of
plenuns and the associ ated ones of said nozzles, said conduit neans
definin a indirect passageway for transportin eous
substange f YA Y at | east onepof Sgl d d IOpl enukﬁ@g&é@%east
one of the associated ones of said nozzles. The system of
Claim 15 in which said conduit neans i nclﬂés at | east tvvo condui t

séctions extendi ng between said at |east of said plenuns and at | east
one ofthe associ ated ones of said nozzles, each of said conduit
sections being oriented at an angle relative to an adj acent
conduit section. B2 5817. 48he s¥82m of 64 aim 155| n whdbh the

I nner di aneter of saiyg pa ag y i)s Is than t he i nner

di areter of said at | emst

l

syst em of Cla|m15|n Whl :
sai d éage '
substance as said g®&eous -L

EI o et | n
ﬁ AUsS
.u‘\ N A enum 0

said at | east qpe offs R m
14 in which sel te %95
substanti al | y g gct) sapd por t i

of a wafer EEE!!"II

ones of said nRgQ

substantial ly dlrecges
wafer renmote from sard oth
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20. The systemof Claim 14 in which said nozzles are configured for

inection of said

30
i ncl udes two pl

The systemo
source 35

said first source and said second

subst ance at di
14
PCT/ US96/ 16647

gaseous substance to a sem conduct or

gaseqQus substance at a supersonic flow rate.

21. The system of Claim 14 in which said pl enum body
enuns are each coupled to a source of silane and

argon and a %n%ﬁ§s§$enun1coupled to a source of oxygen.
|

14 in which one of said plenuns is cou

FEHORIENG  o

and anot her - of said plenuns is coupled to a second source,

source supplying sai d gaseous

fferent flow rates. 4/4
WO 97/ 15698
5 23. A gas injection systemfor delivering a

processi ng chanber

conpri si ng: a pl enum body having at | east one pl enum

f ormed t herein, said;olenﬁﬁ?ﬂav+ﬁq—at . S@pply inlet

for delivery of a gé@?ﬁﬁﬂﬂéUbstance to said plenum and f L)

a plurality of nozzles couple 0 sald plenum sald nozzles having a

profile configured 10 for injectiop of said gaseous substance into

said plenumat a flow rate greater thﬁlé sosﬂ vel ocity of
[

sai d gaseous substance.
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24. The gas injection systemof Caim23 in which said nozzles have an
inlet and an out] et —of maxjpumdianeter and a mi ni nrum.di aneter
portion between said inlet and said outlet, 15 . sai d gl 65 havin

a curved inner wall tapering inwardly fromsaid inlet and safdiQ ?]éi Czﬁék1
of said nozzle to said m ninmum di aneter portion. BRTY The

gas injection s of d ai I3 a% WSk Ng coNCy rA
ext endi ng bet weﬂji]. d pl enum-and samt &Bﬁ{s&?or ??%emspo_rti ng said _
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1| (54) Title: GAS INJECTION SYSTEM FOR SEMICONDUCTOR PROCESSING

(57) Abstract

A system (10) for injecting a gaseous sub- 4 24
stance into a semiconductor processing chamber
(12). The injection system (10) includes at least \ _

one plenum (42) formed in a plenum body (52) l | I |
and a phurality of nozzles (34) associated with each _ | 1
plenum (42) for injecting gaseous substances from P
the plenums (42) into the chamber (12). A conduit

structure (48) transports gaseous substances along

an indircct path from the plonum (42) to the noz- l |
zles (34). The nozzles (34) are positioned and con-

figured to provide a uniform distribution of gaseous L 10

substances across the wafer (22) surface. l 42 24 a2 34 42
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