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20
BACKGROUND OF THE INVENTION
Chemical vapor deposition (CVD) is a critical component in semiconductor
manufacturing. CVD occurs when a stable compound is formed by a thermal reaction
or decomposition of certain gaseous chemicals and such compounds are deposited on
25 a surface of a substrate. CVD systems come in many forms. One apparatus for such a
process comprises a conveyorized atmospheric pressure CVD (APCVD) system which
is described in U.S. Patent 4,834,020 and is owned by assignee. This patent is
incorporated herein by reference. Other CVD apparatus may be used such as
plasma-enhanced CVD (PECVD) systems, and low pressure CVD (LPCVD) systems.
30 ' Important components of a CVD system include the deposition chamber where
deposition occurs, and the injector utilized for delivering gaseous chemicals to the
surface of the substrate. The gases must be distributed over the substrate, so that the
gases react and deposit an acceptable film at the surface of the substrate. The

deposition chamber must be carefully designed to provide a controlled environment in
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functioning of the semiconductor is impaired. Thus it is important that an injector
design facilitates the desired flow of the gases in a controlled manner.

20 In a prior art injector, owned by the assignee and described in U.S. Patent
5,136,975, a number of stacked plates each including a number of linear hole arrays is
utilized. The plates produce a number of cascaded hole arrays and a chute surrounded
by a cooling plate is positioned beneath the last hole array. The chute includes a central
passage and ducts are formed between the chute and the cooling plate. Chemical lines

25 deliver gases to a top plate which discretely conveys the gases to the top of individual
cascaded hole arrays. The gases are fed through cascaded hole arrays which cause the
gas to flow in an increasingly uniform manner. The chute passage receives the gases
individually and then conveys the gases to a region above a wafer. In this region, the
gases mix, react and then form a film or layer on the wafer.

30 The cascading action described above provides an uniformly distributed gas flow.

However, flow control and simplicity of injector design can be improved. Further, the
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(CWd) . | 19 5 additionally an obj ect of the present invention to provide a
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It is a further object of this invention to provide an xmproved injector for

15 delivering gaseous chemicals in a controlled manner to a surface for depositing films or
layers on the surface by chemical vapor deposition (CVD).
It is additionally an object of the present invention to provide a deposition
chamber having an integrated injector.
Another object of this invention is to provide an injector fabricated from a single
20 block of material, thereby eliminating complicated machined parts requiring precision
alignment and positioning.
A further object of this invention is to provide an injector free from internal seals,
thereby minimizing maintenance and associated costs.
Another object of the present invention is to provide a deposition chamber that
25  minimizes the number of components and seals thereby reducing maintenance and
downtime costs,
A further object of the present invention is to provide an injector and exhaust
- system in which the temperature of all surfaces exposed to the reacting gases may be
accurately controlled.
30 A related object of this invention is to provide a deposition chamber and injector

which improves the uniformity of films deposited on wafers.
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the suhstragfesis desired. In addition the distribution channels prevent chemical fouling of the

injector by preventing premature chemical reaction of the gases. The gases are directed
to a desired region where they mix, react and form a uniform thin film on the substrate
positioned beneath the injector.

In an alternative embodiment an injector is provided which further contains an

20 elongated passage for receiving an etchant species. The etchant species is conveyed to
the gas delivery surface via at least one distribution channel which extends between the
elongated passage and the gas delivery surface. The etchant species is distributed along
the gas delivery surface where it removes deposited materials along the gas delivery
surface and other surfaces within the chamber.

25 In another alternative embodiment an injector is provided comprising an
elongated member with end surfaces and at least one gas delivery surface extending
along the length of the member and which includes a number of first elongated passages
formed therein for received a gas. The gas delivery surface contains rounded side
regions and a center recessed region. Also formed within the member are a number of

30 thin distribution channels which extend between the first elongated passages and the

center recessed region of the gas delivery surface. In another embodiment, the injector
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15 vent blocks, creating a deposition region therebetween. The vent blocks are positioned
adjacent one on each side of the injector, and spaced from the injector to define exhaust
channels therebetween for removing the gas.
In an alternative embodiment, a deposition chamber is provided that is comprised
of multiple injectors and vent blocks
20
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages of the invention become apparent upon reading of
the detailed description of the invention provided below and upon reference to the
drawings, in which:
25 FIG. 1 is a side elevated view of an injector in accordance with one embodiment
“of the present invention,
FIG. 2 is a cross-sectional view taken along the line 2-2 of FIG. 1. of one
. embodiment of the injector.
FIG. 3 is a cross-sectional view of an injector in accordance with a second
. 30 embodiment of the invention.

FIG. 4 is a cross-sectional view of an injector in accordance with a third
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FIG 1is aeﬁiqupmqn%hggy, of an injector in accordance with one

enbodi ment of the present invention. FIG 2 is a cross-sectional view taken
al ong the line 2FIGo6 ifh Crostsectibnal nieveshitbelmetening afbielof thenhjectooillustFat&l 3 is a
Cross- ctionﬁq}%i ew ZSL an injector in accordance with a second 30

enbodi rent &t 48¥chtion. FIG 4 is a cross-sectional view of an

i nj ector in accowenwmuta&satwhraﬂmw@f&m%bmmaiant ninBYE A FI G -
5 is a cross-sectional view of I njector in accordanc ourth
enmbodi ment  dlie mmesngmbewftmnnjeﬁbﬁlﬁwnsnﬁlﬁs .ok $-apd6t i onal view of the

netering tube of eJnJect 1II agtedflGS 4 and 5. FIG 7|Iéustrates
a top plan view aéﬁl’)B Frative oneging pattern in the metenngubs | ng

t ube of theomeeaﬁ’e%rammnmﬁﬁmé,s Sand 6. FIG 8 is a top plan view
of an alternatlve openi ng pattern in t he nmetering tube of the injector

shown I FI GS. 4 FiGahiflusrates a top plan view of a slotted opening in the metering tube of the
injector shown in FIGS 4, 5, and 6.

FIG. 10 is a top plan view of another alternative opening pattern in the metering
tube of the injector shown in FIGS. 4, 5 and 6. _
FIG. 11 is a top plan view of yet another alternative opening pattern in the

15 metering tube of the injector shown in FIG. 4, 5 and 6.

FIG. 12 illustrates an enlarged partial side view of the flange and metering tube
attachment to the injector.

FIG. 13 is a cross-sectional view of an mjector in accordance with an alternative
embodnnent of the invention which employs passages for delivering an etchant species.

20 FIG. 14 is a cross-sectional view of an injector in accordance with another
embodiment of the injector shown in FIG. 13.

FIGS. 15a and 15b are cross-sectional views of an injector in accordance with
a yet another embodiment of the present invention which includes a gas delivery surface
having rounded side regions and a center recessed region.

25 FIG. 16 is a cross-sectional view of an injector in accordance with another
embodiment of the injector shown in FIGS. 15a and 15b, which includes passages form
delivering an etchant species.

FIG. 17 is a cross-sectional view of a chemical vapor deposition apparatus in
accordance with one embodiment of the present invention.

30 FIG. 18 is an enlarged cross-sectional view of a deposition chamber having an

integrated injector comprised of a single body injector and two vent blocks in
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shown in FIGS. 4, 5 and 6. FIG 11 is a toplan view of yet another
alternative opening pattern in the netering tube of the injector shown in
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delivery sur_fai)r vi ng rounded side regions and a center recessed region.
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anot her enbodi nent ‘ r Y l.on i ch includes a.ga liyery
surface having roun?gjggJ g? &g tﬁé;‘?ﬁé&aweﬁgéﬂ@e@rﬁ)pévgggtg&lj’e P‘gﬂgﬁﬂieg‘ﬁy € 16a
and 16b are cr eeferenee humenls ivi theFigaies, FIGS)] 1664d02 repteRGE Bhd! BMBSdiMehi o (iRt her
enbodi ment of {he injector shown In fl1GS. 15a, 15b and 15c, which include

passages for m Yo thepreseniinrension. skhednjeetor H9 comprises e membepesblock whizhal

vi ew of chem b4 r s.in or gdanc Lth .0

enbodi rre%o of n%'ﬁgldggggg{&f??ﬁ%%%itgﬁ 9’6‘19—‘#@'?% a{xi e’éﬁf e?ﬂréfﬁfeﬁ’ %%%bﬁe?qtonal
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singl e body injector,and two vent bl ocks in WO 99/ 04059
PCT/ US98/ 14393 erfor 0 a gubstiaterl & h an al ternati ve embodi ment of the present

I nvention. The injector 10 includes a first elongated passage 17 formed in the injector 10

and extending between the end surfaces 15. One end surface 15 is closed. Chemical
15 delivery line 13 leads to the end of the elongated passage 17. Additionally, formed in
the injector 10 is a distribution channel 18 which extends between the elongated passage
17 and the gas delivery surface 14, A view along the length of the injector would show
that the distribution channel 18 extends across the substrate 16. In this embodiment a
second elongated passage 19 is formed within the injector 10, for circulation of a liguid
20 or gas to control the temperature of the injector 10.
In a CVD process the gas which contains the elements to be deposited are
introduced via chemical line 13 and flow along the passage 17 and from this passage 17
to the gas delivery surface 14 along the thin distribution channel 18. The gas flows out
of the distribution channel 18 and exits the injector 10 along the length of the gas
25 | delivery surface 14, whereby the gas is delivered to a substrate as indicated generally by
the arrows in FIG. 2. The gas is distributed by the injector in a substantially controlled
linear manner. Although the member 10 has been described as a rectangular block, it can
. take any shape. The gas delivery surface 14 can be configured to enhance the
distribution of the gas.
30 In many applications a number of gases must be reacted to deposit a proper

composition of 2 film or layer on an substrate. In such instances a plurality of passages
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and extendios}l’g e'ltllg\{eér?ﬂ? gﬂghlaﬁsur agggdfg&ﬁ%}&?%ﬁﬁ%&g?g%e |S”E+fgsed.
Cheni cal 1Hdistributien chaansls 8 are fofmedmdhe injectdrel Cead avé spdeed apart fotreshepassage:

17. Additi Iy, djn.the inj t 10 .i di stributj hannel 18

o RS crnothsh: ath Gebiico: hanthl 15 Stes Doverap SrRBrAra SIOREBI syt ace
) i | he,. . i=0i

14. A view Jﬁk%gg nltr'{ng?xd 1@@% defiverd Sudeite o 06 Lﬂnt*er%n%é_sagéﬁ {i‘snd are,

distributi ends ‘across the substrate hi's enbodi ment
a second elconvpyedthopgsthe distribStionchirorelsH 8 toithidgas delvery surface d4, vikere fuh

nj oot or L0EsSRs i @i Saath 40dcprdide arHIEkPRUBTE AR S BRBFURA s 100 bo
deposit ed RnfadcB'diAMIRRS of'the EARY e YistitBion natfls TaUtedt MHANGW Bf BRSSage 17

and fromthis passage 1/ to the gas I very sur e 14 along the thin

di st rlbut i @asestamdésired regidreadjaent toths substratef16f aethdigasesierit kiong thégasnel 18
and exits t injector 1 long the. .length f the gas 25 . de]ivery
Ut ace 14 98y w0y 1, Andionafly e GurBiar hanasio W Rtave shemicglibung.
general ly : | + | ' | 1) ect or
I n a subst ?rftt%‘é;ﬁ‘ﬂ%i%’gl\rﬁ?)}oﬁ%g % it%e%%gﬁéﬂﬁzﬁ&&ﬂ % %ﬂgﬁ%ﬁgs rrefr%g?er é:L has
been descr ifisexentisg prematira ngpotion ofithe chemicals etbsuch alrfacany Thhgpbe gdlepamas

delivery surf.ace 14.can be, configured to enhance the distribuytion ofthe
gas. 30" diaGay st e in st dnger o BRSF T deSrerhieHOB B B c ed ¢ 0
deposis a RrOPREs KRIERPSHId-RRitPto Mix, kdalt Md dePYST a B 8MlaydtalsuBittite 16 SuCh

i nstances a plurality of passages
Temperature control of the injector 10 may be accomplished by elongated passages 19.

In this embodiment, a locator ridge 21, for locating the injector 10 in the CVD

chamber, is provided which extends perpendicular from the gas delivery surface 14 and

along the length of the surface 14, positioned outside the distribution channels 18.

20 Although the locator ridge 21 has been described as extending from the gas delivery
surface 14, it can be placed at other surfaces of the member 10.

In CVD applications it is desirable to maintain controlled flow and concentration
of the gas introduced into the process. A metering tube 22 can be provided to maintain
controlled flow and concentration. The metering tube 22 can also provide for control

25 of the gas flow profile. In some instances it is desirable to provide a specified gas flow
profile to compensate for variables in the CVD reaction area which can cause incomplete
reaction of the gases and films which are not uniform in composition. For example, it
may be desirable to direct a greater volume of gas to a particular area of the substrate
16. The third embodiment of the present invention illustrated in FIG. 4 provides a

30 metering tube 22 containing an opening 23, inserted into the first elongated passage 17.

The metering tube 22 is spaced from the walls of the passage 17, and extends between



WD 99/ 04059 ' — E '

PCT/ US98/ 14399 P84095 1 ovi ded, a Bﬂ%m%ﬁ '@SﬁE@;ha second RGEGSRSIEM3 of
the present invention. Injector 1 cont B lurality of first el ongated
passages 17, each extending between the eng_surfaces 15. A chemi cal
delivery line 13 is attached to each passage 17. A plurality of

di stribution ra fomoed. | k g I EOR o part
fromone 5 MESArnERed 13 A Rty binict 78 GRELF il iBE0FI € i TRRAE
separ at e firstbetivesnahé eldngasspgsagt 17and tehas dalivetiesurface ¥4 ST diec@aribfion GASES
enter the passages 17 and are conveged t hough the distribution channels 18

to the gas delthisempodiments the metenng ﬁz%i!’@wdg%@&m%ﬁ)?3’a45cﬁ¢gi°f4ﬁ’é“ﬂ7§ﬁgﬂ-hhhnd
id fil . . T ' i hut | f
Phe. bases, ' t neitiraEtantip O e EmBURRLL"YE Bprrid nBP B8 Toddeidm B PrBlly O

to a desised rmatesial andjopertitgs dronstifclededsn fiRirketdfng @be 2Pe gases exit al ong
the gas delivery surface 14. Additionally, the distribution channels 18

prevent chem cal f olite mgerdg tehe? rageives v gasiipnpshemiqablinei 13 gnd distriaessthe gas/

fromthe gas dglj r reyenti e ure react.ian of the
chenical s at sﬁéﬁggﬁg?}é}é‘%ﬂ&gﬁﬁﬁgﬁt ﬁ}é%‘ﬁ’s"eé‘%ﬁé Qﬁeﬁgﬁ?/%&}gﬂ’@ ﬁ‘es‘i' tPgﬁ?% in
a substanti al | shahhed@81o tHe@as delivesr sutfacel 44 due o fiRGuUBArathIEs e 15 the
gases have an opportunity to mx, react and deposit a filmor |ayer on

substrate 16. Tenpefl& dribustrates adourdl embodimens of the presentipvensionc dopluralighefi by

el ongat e ass 9 Jn this di nent...a. locatar ridge 21, .for lacatin
t he ignj eg?gr 1%%%?110%5%36 a&ﬁ%ﬁ%??“?@ﬁ?ﬂ\ﬂ '&E&‘C%hl c?f“’hf?'&ﬂ@gg BEW@H%‘?‘%UI a?
fromthe gas deaidisuicés B3I A plalifof dRghibaticH GhakmeR 1890&FImed i 1he ifettdP R ankt
posi tioned outside the distribution channels 18. 20 Al t hough t he

| ocator ridge the digebusionrcharnsly 1% ate spacediananidfram sneomothes. JEachdistiibetion

f 14, it t f 1Q. Ln. QvD
2ppl cat i ons 1 Funtel 1€ eReitanfiontd Boirad i R Ras 2 Be LT B e 8 FVRYE o
of t he gas i nt rsuefacecld), i Axtlenst bae Metefifstube 22 @Bﬁt@ihiri_%%ntdﬂé@iné_23,Ci§ﬁhs@ﬂed)fnﬁ)6’htded

to maintain controlled fl ow and concentration. e _nmetering tube 22 can
al so pro¥? de flgest oneof §e fipsy elongated passagead 75 Thaymstesing tube 22 isspaeedifrem theces

vari abl es | n rRABREREBEEE 17 BRCKIIEYES e 81 Bkt £, B L WRAGRBHR of
the gases and dmbodimen) £depavate Meterintiube 22 niay beanseRed iritd BachFsTitheplarilityof | t

first elongated passages 17 provided. A chemical delivery line 13 is attached to each

metering tube 22.
20 Referring again to FIG. 5, a locator ridge 21, for locating the injector 10 in the
CVD chamber, is provided which extends perpendicular from the gas delivery surface
14 and along the length of the gas delivery surface 14, positioned outside the distribution
channels 18. Temperature control may be accomplished by second elongated passages
19. Locator ridge 21 provides the mechanism for locating the injector 10 within the

25 CVD chamber.

| Thus, in the fourth embodiment, chemical delivery lines 13 are attached to
corresponding metering tubes 21, or to a combination of metering tubes 21 and first
. elongated passages 17, and convey gaseous chemicals thereto. The gases pass through
the metering tubes 22 and into the surrounding first elongated passages 17, and are
30 oonvéyed through the corresponding distribution channels 18 to the gas delivery surface
14 along the length of the surface.  The distribution channels 18 enhance distribution
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may be desirable to direct a_greater-volunme of gas to a particular area of
the substw@bsosdhg The third é%ﬁ&mm\l\g;\fipresent invention il gstrat ed
in FIG 4 provides a 30 i te’ﬁEPﬂgmge ont ai ni ng aﬁmﬂég 3,
inserted into the first elongate 4 The netering tube 22 is
spaced fromthe walls of the passage 1%10and extends between the end
surfaces 15. A distribution channel 18 is fornmed within injector 10, and
ext ends beofithergasdsdydrdividadllydiipetingthe floW afitte gdses gos debired veion sdpceace 14.

I n one variaji o f this,enbodi nent, the tering tube 22 includes openings
23, as depit%{‘b&?“nt?sﬁaﬁgllg a'b? mefering Bibre? ! way bensed to adivgttheflewipeefileafone  he

nmetering t ' P,],irgg | re .ot )
i ncl uded i Eﬁ?ﬁg&néeatg ’eﬁ%@ﬁ%@qﬁ'ﬁgﬁﬁg&%@% hg gcgg&a{ergg&v%s&gpegas from
cheni cal | regionzadiacent ti the subbtrite sheréhy cpasollingthe clidntcabreatdor fte Gamge 17, -

wher e & he . the | gws, t htough the distribytion channel 18 to the gas

del i ver y SM‘* @Xba‘f?'am trqyd’%f‘ﬁ%lﬂ'ﬁﬁgg M@T feaction yate s more paiformfilm
fourth enbegh peddposhed SHEthR sEEREe igVention. A plurality of first elongated
passages 17 are fpor rr%d Witﬁl n inej ector 10, each extendi ng between the end

surfaces 15. A ph orddrito\adiust thesgas iflowt paitern,ramyevasiafiGnsangy be hiade in thet he
I njector 10 ?Fn.d g{%e %%s | bution .ch%@nel s 18 are spaced apart .from one
anot her . ETEFTHE BOFF frut VORTChESIFENS MubeLomPRSes QRenipge A3, Sush ppanings mayr st
el ongat ed BEEFRUA sWay i HRUGABuHR d uy i met eri ng
tube 22 containin aa%' openi ngl; 23,tqﬁsdh¥ﬁg%%§‘eﬁjt?ﬁt§%%§{’tﬁée%ée?'ﬁ%%\?o Yt he
fi r stl0el onbetdingcted sowerdsthe Aistitsionethanned 8t ulie tB piefersadaamisbdiment) thee wal | s

of the passage 17, and.extends, between the end, surfages 15. In a variation
of this errBB%\"?% ﬁ{°,°p8°s§t8[5é"‘r§fté‘bﬂ'é‘?%ﬁlaﬂﬁdt &BE varousconfigurations of aeteringo each

of the pl upiek bY aff méreFally M&@%tﬂ?&@&ﬂ@&oﬁ%& a;iﬁagé 16, chem cal

delivery line 13 is attached to each netering t e€rring again to
FIG 5, a | ocat EFG.f6 degistsa cro§sosectionah viempoft thetering tabe 22 inbluding dnhapefivp)

hanber, i L ded whi d di f h | i
Curface 142k RN SRR TR e gre R aDe and el el Daenng 2l | Uned

out sitge t hhelbarfighbisioh @ op téntrols thEQAVEGH: Ho6 froMer 0l may be
acconpl i shed by second el ongat ed gassages 19. Locator ridge 21 provides the
¢ ;

mechani sm f or | BEGS.i igrough 10rshowttbe vdribusiopkming tondigurations contemplated by
the invention to provide adjustment to a desired gas flow pattern. Referring to FIG. 7,

the openings 23 comprise a plurality of in-line holes 24 extending along the length of the
metering tube 22. In this embodiment, the holes 24 are of equal diameter and equal
20 spacing along the fube 22.
An alternative opening pattern is shown in FIG. 8, where the openings 23
comprise a plurality of in-line slots 25 extending along the length of the metering tube
22. The slots are of equal dimension and spacing along the tube 22.
A further alternative opening patter is depicted in FIG. 9, where a continuous
25 slot 26 extends along the length of the metering tube 22.
A still further alternative opening configuration is illustrated in FIG. 10. The
openings 27 comprise a plurality of openings which vary in dimension, or pitch or a
combination of both, along the length of the metering tube 22. The openings may be
holes or slots. In one, the openings begin at a small dimension at each end of the
30 metering tube 22, and gradually increase in dimension toward the center of the metering

tube 22. The gas volume flow rate will be greater from the larger openings and thus the
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CVD chanber. Thus, in the fourth enbodi nent, chem cal delivery lines 13 are
attached toW@PYRIEHNdi ng netering tubes 22, or to a conbi nathTOHUS}N4393
neteri-ng tubes 22 and first el ongated passages 17, and convey gaseous

chem cal s thereto. The gases pass through fjhe netering tubes 22 and into
the surrounding first el ongated passages 17, and are conveyed through the

correspondi ng (i | ' the gas delivery surface 14 al ong
L

the |l ength of e sur uti on channel s 18 enhance

di stribution - 10A yet fuhkergdteeamtioy openihg iconBgurgtiali iseshommgint FIE.f1lowTbe t he
gases to a desired regi on adjacent, to, the substrate 16. Tgf rreter%.p%étﬂbes
22 may be usedPesingsiz¥sempnse & plutality ofionegings wWhich ase the; sae imepsion f
nunber of gase L MET, 419 \ | 2
Fegitons. ad; accpted Wt o 40 ptchihg e/ ONCRPAEITRRL of Pustnplchng e 22,

reaction §ate gAditiohdl iopeningis2Diare grovidédyMohhtarties volitye owtratel Willtbg gréaterdinami cal
reaction rate a nore uniformfilmcan be deposited on the substrate 16. In
order.to adj ushe centerpfshe meigripgtube22. many variations nay be made in the

metering tubes 22. ﬂ%@@g tRe m@?’%ﬁf {,Legnﬁﬁsfﬁ? %%E\L&%Smggﬁ&kﬂ u%ge_ 2840 the

openi ngs may be direc away I'stribution anne

Al ternati vel y, cheiialiRiiverylises 23 isThore fidlydppreciated by oeferenice toeFIG. 42 wihiakt shows
channel 18. In the preferred enbodi nent, the openjngs are opposite E?h%

di stribution cimaemaiged pagial side yiewv eban a@%ﬁhatepbﬂ@cleﬂm%@f&mﬁ%"f’aﬁ'é@ othg e

Tore 01y SPRARER! Kl 84950 ek PR oAUl ) g Bl oL

a cross- ering (e an’ openi ng Gas is

conveyed t hr oussiwédietheehd kirfiged U e Adfluaige 30 Gaiitpachédth thcherpicaladetinerydin@33 The
configuration of opening 23 contraols the gas outlet flow profile. FIGS. 7

through 10 showditheflangeiisthen gasheddo dhmendgl af the irgectemt®nfissal &d thprovided
F'G 7, the opbaiededt! S ShRbfd el £ |« fhcHRPic LpMAB) ofl proieCol a3 ©
al ong the | englibtight sedle metering tube 22. In this enbodi ment, the holes 24
are of e(i]g al d anet&;n? r\]/gﬁaet(i:]olﬂxgl ofsgl%gmiicre]x s grleogs%dtinec%bgro%gs'ses. The invention
provides for various chemical delivery lines. In one embodiment the chemical delivery
lines 13 may convey a combination of tetraethoxysilane (TEOS) and nitrogen in one line,
nitrogen in a second line and ozone mixed with oxygen in a third line to form a layer of
silicon dioxide. _

20 As the foregoing illustrates, there are many variations possible for practicing the
invention. The preferred embodiment comprises five first elongated passages, with five
metering tubes inserted therein. The dimensions may vary, however in this preferred
embodiment each passage is approximately 3/8 inches in diameter, and the outer dia-
meter of each metering tube is approximately 1/4 inch diameter. The metering tube

25 contains fifty equally spaced holes of equal dimension along the length of the metering
tube.

Various manufacturing techniques known in the art can be used to form the
. distribution channels 18. In the preferred embodiment the distribution channels are
formed by a wire electrode discharge machine (EDM).

30 In an alternative embodiment of the invention, at least one additional passage is

provided for conveying an etchant species to the gas delivery surface and out to the area



An al ternative opening pattern is showm in FIG 8, where the openings 23
conprise gy@bisakdty of in-line slots 25 extending along the Iength of the
metering tube 22. The slots are of equal dinension and spaBFfFYSEURY t he
tube 22. A further alternative opening pattern is depicted in FIG 9, where
a continuous slot 26 extends along the l.gngth of the nmetering tube 22. A
still further alternative opening configuration is illustrated in FIG 10.

The openi ngsdidZent drpwifare Of particuldr ddyamthge B vt dlaat éﬂ@é&é&keyﬁe’sxo kdidlledRypsi on,
[ the length of the nmetering tube

or pitch or a gonbination of both, along el
22. The ope ﬁ?"’r‘fﬂ%"%“ﬁ’e’%ﬁ@“ﬂg up ondhesusfacespfdhesiniectos anpothentpgionegionndt a
smal | di menghd3g: %ﬂlﬁéill : ' e nd. gradual Iy, i ncrease
i n di nmensi o?‘?gj\ﬁara t he agglﬂ?‘gétetgpﬁ?ﬁ}gﬁé%s@gioggpet“@' é@{mgéo SRS Bdbheime 1 ow
rate will bembodimestis Shoomvitless, brinfietoraend ROsidad Sorhptised bPE single Yenaf 04059 |
PCt / US 8/1439& -11- gas outlet flow pattern can be controlle%. A yet

he %ﬂgﬁem

further al t 3p%38V notshowalten 10 and esd ik surfacks, @nd 4 bottdineanpeni ngs

28 conpri segay; ' f ' ich. the sanpe di sion and pitch
al ong t he Igﬁ‘é‘%ﬁ%@*&é%ﬁa@%ﬁ%#&@@bﬁmQé"."mﬂégPe H’etﬁﬁmcg‘?“r@ﬂthe netering -~
tube 22, 5 afitetinjeorlr 10palsonigsludst B fitst RIoAEaEE Passas 117 Rerineling tho! UNe

flowrate wilLl b reater fromthe center of the nmetering tube 22. Finally,
t he attachrﬂ!\’ﬁc‘qégﬁ& E’WF@WQWGMWQF k19beAdditionally; foenediarthe al

del | i ' : ] f to FI.G 12 which
Chove o eniiertcr 100 fWRibuibh arRON 3R E  EMEET e Giomeit P ot o 1 ng
tube dP thellDand thegasdelivery furfice @14.NQA Viewalodg thesnehgtﬁ%&'ttmmjsee{o? whuld I St

el ongat ed pahssa&‘ﬁ %7 and extends between the end surfaces 1 A flange 30
i s attachedS?oy’ ALt eﬁ@wge%en channel 418 extenqs acrpsyithe substrate bifgeAs deschibed |

attached toggdie ] . | s, provided
t her ebet ween. m%%@%&g%gggégfhg%aﬁg%@e%%t%%wt s’ftpg%s WLV des
for an air- theghssageHlT.to 11 gas delivery surfabe)y14/lorgtht € diefribatientifahd 138 used

i n CVD procgsses. . The inventi.o
P ’la’ﬁe gas flows out of the disttr}bution channel 118 and exits the injector 100 along the

15 length of the gas delivery surface 114, whereby the gas is delivered to a substrate in a
substantially controlled manner. Another elongated passage 119 formed within the
injector 100 may be provided for circulation of a liquid or gas to control the
temperature of the injector 100. As described above, a metering tube 22 with opening
123 inserted into elongated passage 117 may also be provided.

20 During the deposition process, reactants and reaction by-products tend to
accumulate on the external surfaces of the injector, as well as on other surfaces within
the CVD system. As such deposits build, they can foul the operation of the injector and
are the source of contaminants which end up in the deposited film. Of particular
advantage, this embodiment of the present invention introduces an etchant species for

25 removal of such deposits. Specifically, at least one elongated passage 135 is formed
within the injector 100 and extends between the end surfaces 115, Distribution slot 137
is also formed within the injector 100 and extends between the elongated passage 135
to the gas delivery surface 114. While the exemplary embodiment shows two passages
135, it is to be understood that one or a number of passages 135 may be used.

30 Elongated passage 135 serves to receive an etchant species, such as hydrofluoric acid

(HF) and the like.  The etchant species flows into passage 135 and through the



provi des for various chem cal déFFwrery=nes—>tn-one enbodi nent the
chem cal delwomop4dsones 13 may ¢oRk@SHEROWAS BEERNON Of t et r aet PeXNRbs/ades
(TECS). and nitrogen in one |ine/ nitrBg§BbACEDa secpnd |ine and ozone m xed
with oxygen in a third line to forma-tayer =t con di oxi de. 20

As the foregoing illustrates, there are mamy3variati ons possible for

practicing the invention. The preferred enbodi ment conprises five first
el ongat ed pass digeibutiay dot 137, hereitds conyeyedioshe gascdealiverytsuefacs 4. fihe etchant

di mensi ons may_v rod el [ [ od] 1S
approxi mately ﬁ%ﬁ%ﬁ%ﬁ‘%gg d{}%&?urﬁg%g?{ W@&gst@req@l%grﬁg‘? g-?mg“?‘escz%%gxti
netering tube it RiRetNME] dongltie bititedi1aTEFEF thisldManilpRbée3git isinghorfant
contains fifty equally spaced hol es of equal dimension along the |ength of
t he Tret eri ng t thatthevempesansrered thersucfacgs phithetinjettor briwsll ensvalledn Toraghigve geeth be

used to fermt distributi.o hanpels 18, In the ferre odi nent .t he
i stri but Ron o R PG HECARRESS cptiinehtelfe, Bl arf e B R cdiane i

(EDV . 30 circulatell The?hAouigh MAhg R QMRRPrOREE, TrefeRBly, Mecdtbnand spedfes i€ast
one additional passage is provided for conveying an etchant species to the

gas delivery sintfodgeeddpeforgiar after thealeposition proggss h9s ke place.  Alternatively, the
pCT/ uS98/ 14393 -12- adjacent the wafer. O rti,cul advant age,. t he

B Cehant Speo oS eDaM, e iy, bt SollVryel - aitind Me atveiton THEE: inininige she 1 e
surfaces of thgcduihulstionlofdBpostsher regions around the injector which

accunul ate during processing ofthe wafer. Turning to FIG 13 the enbodi nent
i s shown Mhere, an FHpddtiliustra®s an sltemativeckmebadiment iof it invention iwhgteca plurality 5

and having fron ba not wn 09, and.end.115 surfaces, and a
Dot tom gas. del PLepSHA]eiRkes 1] Husel A8 apNer  BURaTY Spaets ” EloRaBnsihene
injector 100. Theadddiftbudion 3Rt B7RelivePan BdRsnt 3pédidstb Il SRRy hasaade4117
formed in the injector 100 and extendi ng between the end surfaces 115.

Addi tional |y, Againeasdescrihed abrjveca metering tibbe anayi bstinsdstediintn anénsmegre pfghe
whi ch ext ends

he &l d 10, .11 h del i
surface 114. A° %’% e‘ip%sﬁggegﬁgg?%;e H%@lspgt t‘gdlﬁtﬁﬁbgt&?xbproﬁgfﬂr}ghé gaesegasl etivery

15 An alternative embodiment of the present invention is now illustrated in FIGS.

15a though 15b. The injector 100 includes at least one elongated passage 117 and

distribution slot 118 as described above, however in this case, the gas delivery surface

114 is different. Gas delivery surface 114 generally includes at ieast one, and preferably

two, rounded side regions 140; and a center recessed region 142. Preferably, the

20 distribution slots 118 extend from the each of their respective elongated passages 117

to the center recessed region 142 of the gas delivery surface 114. Gases flow into the

passages 117 and through the distribution slots 118 where they are delivered to the

center recessed portion 142 of the gas delivery surface 114 along the length of the

injector 100. The gases are distributed in a substantially controlled manner along the

25  gasdelivery surface where they react and form a layer of material on the surface of the

substrate 116 placed beneath the gas delivery surface 114. For temperature control of

the injector, elongated passage 119 for receiving a cooling medium may be provided,

- and thermocouple well 143 formed in the injector 100 can be used to measure the
temperature,

30 In Fig. 15b, a metering tube 22, is inserted into at least one of the elongated

passages 117 and extending between the end surfaces 115. The metering tube 22 is
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show that the distri buti'on channel 118 extends across the substrate 116. As

descri bed“%pgg as gas flows into passage 117 from chem C@éﬁ@fl lLvery
Niigsp BPiLe 114

| i nes, the gas ows al ong the passage 117 to the gas del

along the thin distribution channel 118. The gas flows out of the

di stribution channel 118 and exits the imgector 100 along the 15 | engt h
of the gas delivery surface 114, whereby the gas is delivered to a

substrat e i spagedfibmitherivald dfthe passigy 119 amtbevntdins dieainpan3 idhdadiectehissage
119 forned within the injector 100 may be provided for circulation of a

liquid or gaway fogbtherdistribution dotpkl8at A5 dessribediabqvej thetapening (23 mayieacr i bed
bave. . ’ . . . . Cod ;
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surfaces of the injector, as well as on qther_surfaces within the.CvD

systen? As fistelongafed ppssages d7 prpvidede A ehemigab deliveniding (aptshpwn) s attached nj ect or

and are the,s t A | C in the deposited film O
particul ar ta? V n&%@eg{“gmsﬁe?ﬁgg@ilorﬁ%wn&?tﬁ:%s%sr?esent i nvention introduces
an etchant speci Fig 152shaibs anothef eifiation obfhe alieratiimbotiinenbPAS shidvweithe/, at

| east one el ongated passage 135 is formed within the injector 100 and
ext ends bet sisdklivenesusfaee Higringledes oplyghe rqupded side regipns 16@. Theramaindesof f or ned

wi thin the jnj . n I e S 5to
the gas. dol 1eREdeBbery HRaeq ¥ st bER i 8- QB AR HIGS SROEads
passages 13psb.it is to be understood that one or a nunber of passages 135

may be used. 30 El ongat ed gassage 135 serves_to receive an etchant
o

speci es, such asARgthenaltamative of thednyantipn isthopmdn Figcd6a. hwillusteatedhthespeci es
H ; _ et Fe pe
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contacts thgasgas Whe pleedtlyy afififshelongdtdd paskagest H 7t cack extend betwvean dhe entbve
deposits that have accunul ated al ong the surface 114. For this cleaning
process it Wamsﬂéﬁ,taaﬁﬁcbmﬁaltdﬁhvméﬁefe@at ﬂ%"é‘”&f's pttached fq each passage hi/

L0 PR, Db ThObf oFhe Bl QU GYSHBUAG oAl ip i
t her et hr ougforsied imthetifjectot 00 Endoare spaed aparefromadrieyanothere Eachhdistribatieci es i s

channel 118 extends between a separate first elongated passage 117 and the gas delivery

surface 114, Gas delivery surface 114 contains two rounded side regions 140, with the

remainder of the gas surface 114 being substantially planar. Gases enter the passages

20 117 and are conveyed though the distribution channels 18 to the gas delivery surface

114, where such gases mix uniformly along the length and provide a film or layer upon

the substrate 116.

To provide for removal of deposits on the surfaces of the injector 100, second

elongated passages 135 for receiving an etchant species are also formed within the

25 injector 100, and extend between the end surfaces 115. Distribution slots 137 are

formed in the injector and extend between the second elongated passage 135 and the

rounded side region of the gas delivery surface 114. In the exemplary illustration, the

distribution slot 137 intersects the gas delivery surface 114 right at the beginning of the

rounded side region 140, and at an angle to the to normal plane of the injector 100. The

30 angle may vary depending upon the desired delivery point of the etchant species. This

configuration promotes distribution of the etchant species towards the sides of the



I ntroduced before or after the deposition process has taken pl ace.

Al t ernati vel YWO9%/8408% chant speci es may be conveyed during the papossshifn
process to mnimze the accunul ati on of deposits. FIG 14 illustrates an
alternative enbodi nent of the invention where a plurality of el ongated
passages 117 are used to deliver a plurali t'§15bf gases. El ongated passages

135 and distribution slots 137 deliver an etchant species to the gas
del i very surf adefaw Q/é‘??@s'é“‘ Fegmesly mpsgigbundant.  Affamatively thredistribatien slbbve,

a nmetering tub | | : (46 | ongat ed passages
117 for contro???%a){lﬁtg}%?@%?%ﬂﬁ%&'&ﬁ?ﬁe«ggfia{‘%@ggug%gg. An alternative
embodi ment of the prAesemtidnnofethisi embodinenovs sHowasinrEig.eTbb, AWhidhGS.thd preférfédough

15b. The injecto 00 ingcludes at |east one el ongated passage 117 and
di stribution s|°6’i>°%ﬂ?ﬂfa§'ﬁ‘a% mV%@ve”acwmetamsmm@dsgwp regiengybAd

del i f | ' fq s . | |
el Udes 3t | ool #Shirediel i 142 e HEHIK IO SRR Sote E RS TR Vemny
cent er recessedashaditieir réspactiveries evoa?ltea pakiage:di Bt dridithé EédberTbc¥sfed réSioR (4gnd

fromthe each of thejr respective elongated passages 117 to the center
recessed regi onfAprvide thegichgatsspaeies, second elongated passages ¢38 exs dlsooforined withine

117 o1 ' I but i I 11 e .
ol 1 vered to : b higbBE 00, all eblehd heriifia (8 cha Sface 114 Bisibitinh e 17 avee
114 al ong the KFamngdtin thé injéetoriand prefepiblyl Gfend HrwaMIAS sitbhd BlofigdtbPpissshel ﬂﬁa

substantially coptrol |l ed manner al ong the gas delivery surface where they
react and9% or theyaundeqd sidesegion of thergas Helivery sunfaee bi4. t harothebadvaatage of the

pl aced beneath i ) rf.ac 14. Eor t rature.contrgl of the
i njector, el onggét&gﬁtgﬁggggdgeﬁ( r?i‘ée%sgbrr tﬁ%g‘gﬁe\ﬂ"ﬁgofgﬁ% S%H?'ﬁﬁp?%?ﬁ q}}ﬁ{eﬁ&?ﬂgpng
provi ded, and tdmrofofthy fistibutdd oftHSetthiniBskcied té fIR dxbires kerfactPO ToRetatHes €d
to measure the tenperature. In Flwg. 15b, a netering tube 22, is inserted

e

into at | east SiGBATEEPaCIEs 2cmeterng whe B2 dsinspsted intg atleastone ofithersgedndtelangatedhe

g?ﬁ_ ’ agg;?gigg éﬁ%&%@%ﬂ%&&%%&%@w&%ﬂ'tﬁe end 3Pea2ed POFhe metering tube 22 is

15 spaced from the walls of the passage 135, and contains opening 123 which is directed
away from the distribution slot 137. As described above, the opening 123 may be
comprised of various patterns as shown in FIGS. 6 through 11. In a variation of this
embodiment, a separate metering tube 22 may be inserted into each of a plurality of
second elongated passages 135 provided. A chemical delivery line (not shown) is

20 attached to each metering tube 22 for introduction of the etchant species.

As should be understood by one skilled in the art from the foregoing description,
a variety of embodiments may be realized from the teaching of the present invention.
For example, the injector may employ rounded side regions with or without the center
recessed region, the use of metering tubes or not, the use of metering tubes in the

25 etchant species passages or not, and the use of the etchant passages or not, and any

combination of the above.

- NEW EMBODIMENT:
Of particular advantage, the present invention next provides for an improved
30 deposition chamber having an integrated signal body injector. Referring to Figs, 17,

18 and 19, the deposition chamber 155 having an integrated injector assembly 160 is



spaced fromthe walls of the past'g%‘e‘_--.lﬁ and- contai ns opening 123 which is
<] i As described above, the

directed fromthe di siirBacE o5 <5 BEaNs.
openi ng 1?%?/65& conpri st' of B&FY ns as shown PET/OFEA43E

through 11. In a variation of this enbodi nent, a separate netering tube 22
may be inserted into each of the plural {({g of 5 first el ongated
passages 17 provided. A chem cal delivery line (not shown) is attached to
each net eri gpiétele THe depbsifioh ERAMSE 1138 ©fydi 3 Ffler i) not her
variation o?q)t he alter negt Ve enbodi ment . %@%ﬁﬁ%%&& el 82%£surface
114 i ncl udedepositign (VD) apparatirs 200 shasgn trBig U0 . Fighly sheumiond eypeadf (VIR gas
delivery surface 1 is subsiaptial l l.anar, and not recessed as_.in Fl GS.
15 a and 1Oapparaﬁvi%é_60 ,ﬁ?B’tpﬁlé?é Q{J?eﬁ‘?%%/ IWALeTFeCipFReating, apparatys i"émgh&ﬁ/\ﬁ‘“)’n Fig.
100, S i\ SELABUEH, ool fihding] OS Patend Ufical lural ity Qficki

el ongat ed passages 101 tongecei.veena Iura+l:tjt§§§ac§?«gm‘ggfﬁr'%ﬁ%?y of
first &l ongtimutianequsiyberewith and isdhcarporated Heedimetyrrefehencen Wislerdnaeramplé5, and

For sopar a8 AT ARREE o aikioed i G bauinds oy o s OB Enanne! s
118 are forgin thelarehbbies GpestOOCTDd; th@d%g}?ﬂe @rﬂ?lg?%cf Wﬂ‘tﬂé‘geé‘éﬁ?t her .

Each distribution channel 118 extends tween sepa rst ongat ed
passage 117nventionheFomexample,vtheyinfeator cand depbsitigaschamber any eunfedcin 414

cont-ains two roundeg @Vﬁ reﬁ_i ons 140, with Ehe remai nder of fhe gag
surface 1148°BEPYHY 005 aht3PRIESp AL ATOWIGHE dBe At A ﬁﬁ%%sﬁé% 20 117
and ane ConeY@tbshheriedpd fRectlisStribution channels 18 to the gas delivery
surface 114, where such gases m x uniformy along the | ength and provide a

filmor |ayer upbimingagantedig.diica CMD afpargno20is shown wainhsdludss adegiosi t s on
the surfaces of t injector 1 secand el on assages 135 far

recei ving a a@i’%&ﬁt"v@ﬁﬁé‘i‘p@?ﬂé?ﬁé gﬁp%‘%f’ﬁ Pﬁg&bﬁ%ﬁiﬁgﬁ‘%{l&éﬂ ector assemiy t or
100, and extenfbriiffeeMmardabifveafd SHieAMmEs nﬂe#z -egg&o%& chEHichiRintd! &positiod ar €

formed in the injector and extend between t second el ongat ed passage 135
and t he rousgions withizthealgpositianf chambeybs5. dEhd imjectpr assefblyel 60sicorhprised of

exe ry i ustrati en,, t.he distribution slat 7 i.ntersects e _gas

Gari VA8 Y ety o indigt Afectors hEARRIR: Tl % s iiecivmesremblyd®0das on 140,
and at an afifteidotor 165 fofmifg 8 depbafich Rfichd'R24, mo%bﬂfthéﬂﬁect%se%%% |
angl e may \éxaé)yrédegendl ng upon the desired delivery point Of the etchant

speci es. . P0G OF 8hYy peTBbestad slepsition tisgionsn Eath depositioniregion 324ci es
towards t hqs ﬁéﬂg& b)pgn i}ljgaor 105 and the wafer or substrate surface 116 as will be described
in detail below. The wafer or substrate 116 is placed on a support 122 that is then

20 supported bya chuck 120. The wafer is passed underneath the injector to deposit film
across the wafer surface. Preferably, the support 122 is a “seal plate” which holds the
wafer 116 in a recess formed in the seal plate. The top surface of the wafer is coplanar
with the top surface of the seal plate, but the seal plate is bigger than the wafer 116.

The support 122 is retained on the chuck 120 by applying a vacuum through

25 openings in the chuck to the underside of the wafer to hold the wafer in place. The
chuck 120 is supported on a chuck support assembly or platform 216 mounted on a
drive assembly 218 supported in the main chamber 210. The platform 216 is guided for
linear movement by rails. Preferably the platform 216 is water cooled to protect sensors
and the like, and to minimize thermal expansion. The platform 216 is moved by a lead

30 screw driven by motor 222 by a drive train 224 which extends through a vacuum seal.

The chuck 120 and drive assembly 218 are supported on leveling screws 226 which
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Alternatively, the distribution slot 137 nmay intersect the planar portion

of the gas delivery surface. A variation Ofl‘} his enbodi nent is shown in

Fig. 16b, which is the preferred enbodi nenf:'"Here the gas delivery surface
40 5 and a center recessed

114 contains two rpunded .si.de regi ans ¢

region 142. Th 8’“5&“&""&1‘\33 Wa?wznvaﬂp? ﬂﬁﬁﬁ%ﬂb@s apd engrggbearings, (Thedevieliog senewss

of their respecht [ t a e r.r;

egion 142, To ny it ieh b vRERZH DRSS REver bd IR VK TR mdBERRTEY

are al so forrredlwutshtha&tloaég@séidet(ﬁnezmlbrﬁnekomeymdobgﬁsmpfbférhﬁ?m %Lge;’aces
bl'y

115. ,Distribution slots 13 e f,@gm&d in the_injector and prefera
ext end bet weent? ?rgiﬂé’at s gasdinlet ine 330 ¢qn be used g creste aminwtedlysi de

regi on of gthe . | : ,{;‘-&r tic f ath resept
I nvention pr ov?@gﬁmﬁﬁgeﬁﬁéﬁg&é tlég%a C aggﬁda\égage@’%g%&y ﬁ‘&?”z‘ﬁp‘ﬂﬁ%w ng
control of theUsidert appbojiriateicanditions aedesoribéd belewithis puzetvwill confimd Ml reactive
surfaces. To neter fhe etchant species, a_netering tube 22, is inserted

into at | east S&HES Bithip/&eRASEIGR FeRiNothyRaveidingundesireble demsition of dusiuithegnain

bet ween the en e terl e i 5 . Spaced om
the wal | s of tﬁheé'g{fg gg‘g%“%‘g?“ gﬂr%dm éﬂéﬁ?‘ éﬂhﬁ% %O%Eprﬂnnés Piéﬂ%?aeﬂ"? Eas&F.r e&%‘%d
away fromthe ekimbsi forithemai cambay 210°sis doagh lﬂ%jilx:x}ébtb‘r‘ﬁsseiﬂw 6 Rs Bt B3
may be c rapris d of varioqus patterns as shown in FIGS. 6 through 11. In a
variati ont%f t Aescnbedindataithelow. Anexbaysh manifald £58 ia gttachedtopthe frdsctonvia serews ed

into each of ayphibaldisy of second el ongated passages 135 provided. A
chenical delivery 1ine (not shown) is 20 attached to each netering tube

22 for introducti onThé dépbsitier chambér 159 Rahewn infrthdi @etall iPPigu NglelSidieeh Rie ONE
skilled in the, art, from Lhe f oregoi ng .description, a variety of enbodi nents

may be real | z efienosition ¢ham fre i hipelpdes raninjectpr assemblyil0 end & sspporowhishanpiie,
e 1o, Tl BEISEARSH L 1, L B LA T
tubes inlShe 26mitted. Preferably, the ijéctsr REALARYPED 18nade FronPDEnglb 1R f Hatdrae
et chant passagges Qr, not, and any conbi nati on of the above.
in which one or more injectors 105 and vent blocks 106 are formed. The vent blocks
106 are positioned adjacent and spaced from each side of the injector 105 to define two
exhaust channels 107 therebetween. A deposition region 124 is formed between a gas
delivery surface 114 of the injector 105 and the substrate 116. In general the deposition
20 region 124 is elongated and rectangular in shape.
More particularly, the injector 105 is of a single member and is fabricated with
a smoothly curved gas delivery surface 114. In an exemplary embodiment, the gas
delivery surface 114 includes two rounded side regions 140 and a center recessed region
142. Preferably, the injector 105 is as described earlier as injector 100 in Fig. 16b. The
25 exact dimensions of the curved gas delivery surface 114 may be obtained by employing
computational fluid dynamical (CFD) techniques known in the art, or by using scale
models. Preferably, such techniques will be used in part to obtain dimensions that
: nﬁxﬁmize recirculation of the gas flows within the deposition chamber. This will control
the average residence time of reactive gases. The vent block 106 is comprised of a
30 single member with a front and back (i.e. side surfaces, one side surface is shown as

reference numeral 121), a top and end surfaces, and a bottom external surface 150.



NEW eMBCDI nENT: O particul ar advantage, the present invention next

provi des r”;wog nproved 30 deposi ti on chanber having an integrated
signal body injector. Referring to Figs. 17, 18 and 19, tWé:T(}ésB% 3 on
chanber 155 having an integrated injector assenbly 160 is -16- depi ct ed.

The deposition chanber 155 is typically.part of a | arger chem cal vapor
deposition (CVD) apparatus 200 as shown in Fig. 17. Fig. 17 shows one type

of CVD appar at us ifhrtciBr ddvatdagy tie SdsTubliferyali®ice 194 dFleabiPinjedtbrapBas at us
which is fully described in co-pending US Patent application Serial No.
09/ 113, 730 emploped as the wppgr partion ofthedapositiorrchamben 1552 Theilowsérpontignofibed

herein by reference | | £Q ex l.e of a atys. is Q nd
descri bed, ﬁ{:pqsilp o°"8}é’gifn€5¢§r‘€f°68&‘i3§§ q%%’§8°%§yg?ﬁ‘ﬁ'3f‘§/s@ﬂff? liﬁ pﬁﬁ%daart
that other bXRRS s®fpofiVi222PTRE Jepssitiohyreldn AR liPRRMed béttvebi thelfal d8Wery )
I nvention. For exanple,. the injector and. deposition chanber may.be used

in a cénveysurfaced 1dend thepubsirate 1 Msandsopport 822.he art or with atnospheric and
subat nospheric type_ reactors. Turni ain.to FEi 17, a,CV aratus 200
s shown whi ch | 10 TGS J4APR RFAHRtRe ey chbects 07,6, epoved. 3B08RT ('on
chanber 155déRiyitrfade 118jafidthe verlicd Siaky ¥19167qhd Mfecion1 65 fdrMGhé Maed suyfcd and
sonetines inert) gaseous chemcals into deEOSI tion regions within the

deposi ti on ofexbaust chanacls 107e Thejouter sirfage g yhejezbavst chaongls 1@% s formeshe or

i ndi vi dual _inject | | . Lg..,17. the.injgct nbl
T80 has. t b B8 3p sk SERESIA" o R VR blboks, 106 The'sind fursast a6 G Venfover
t he i njpect obloaks Q08! dre spdtedpart @ﬁwﬁeagﬁgbﬂk ifjedtoR 10 Sind OkredhRpsd §d @91td €9i ons.

Each deposition region 124 is defin y.an injector 105 and the wafer or
substrat e shinigéze untesirablaitagnation ge separdtion afigaskstilowing threngh thaexbawster or

substrate 1 i d _.en rt el2 h IS [ supported b chuck
190 The. varrnis 7 SEEGRES, GiB0R hersie T B tnetyBol 5% SHBRR 2 relef oce e
waf er surf agegionsef 6rinakd, whichhiegeneraibopdsitibredl ddfacent ahid spaced fib@ thewdualedr0l ds

the wafer 116 in a recess formed in the seal plate. The top surface of the

waf er is cofidansr 14f efithe heast deliveryrsugfaee bi4. t HRiseatoysediragion1A2 thay beeal
plate jgs bi %?{cagegfiporﬁ haesewglra?e «cbiifdur” or nose insert which attaches to the vent block

106, or may be formed as an integral part of the vent block 106.

Preferably, the present invention provides for the formation of a “semi-seal”
region 153 which acts to isolate each of the deposition regions. In particular, the
external surface 150 of the vent blocks 106 are placed in close proximity to the flat

20 surface of the substrate 116 so as to form the semi-seal region 153, The semi-seal
region 153 is an area with a height described below and a length that generally extends
along a portion of the external surface 150. In conjunction with the inwardly flowing
purge from gases supplied to the surrounding main chamber 210 via inlet 230, this semi-
seal region 153 has been found to be effective in containing the reactive gases within the

25 deposition region 124, This feature is also aids in minimizing formation of powder and
particulate contamination elsewhere within the deposition chamber 155. More
specifically, the inwardly flowing purge is created by injecting gas into the main chamber
210 via gas infet 230 and providing the exhaust for the system to be through the exhaust
channels 107 in the deposition chamber 155. This creates a flow of gas towards the

30 deposition chamber 155 and into the injector assembly 160 (hence the word “inwardly”),

thereby acting as an inwardly flowing purge which helps to isolate the deposition



The support 122 is retained on the|couck i
openi ngs in tWI¥MESX to the under iTc!féS@f"’}’iEﬁéfA%EﬂN
pl ace. .The chuck 120 is supported Qp.a &ﬁfdﬁcﬁ@pport fassenbl y or platform
216 nounted on a drive assenbly 218 supportegd ‘mai n chanber 210. The
platform 216 is guided for |inear novenent 9' rails. Preferably the
platform 216 is water_cool,ed to protect, sensors and the like, and to

M ni m ze t her nee81ERs FRspravide thy semyrsealirgginn 13% the snasipg betyeen thesfage § 8Qand

driven by notor ' | | (o)
seal . The chuc kﬁ% %‘:sgér’]ta Q}ﬁ’j ?#/déﬁjar ésgénvgtf ‘3’2"3{‘% a@g r@tﬁ)‘%@?@g‘é&g n%?g?gf]?ﬁga%sjg%r ews
226 whi ch Wpas&y/ififé@é&dinto the main chamber 210 via gas inlet 230) are considered. Preferably,

PCT/ uS98/ 14393 -17- extend throughthe | owerwal | of the chapber and engﬁge
bearings. The |B¢PurgrRtlawrates soleeted s@ asitq cusHreR PHBE YIS &Voie’ Whichds smallyer

and |l evel the c g e{lg‘eﬁ S g?s | |l he
230 for th% coné\})égé}ﬁ%de&o ga‘&‘?}%@? gr%g|13§i°r?§‘??)e§§§té‘s‘€ﬂ§% hledSPrlglﬁglarée

chanber 210. Théndughhthat thHectharattefistediffesioh RAgtl 9f thd Radtive Fases dsrhalleptth Yheéd
flowing gas into the deposition chanmber 155 which acts as an_"inwardl

f1 owi ng purge, .length @Ethesemi-6a9t regian Bdndhs shoma inthediigcls, ﬂwe%ﬁwqﬁiﬁ%y%r ge

w ll confine t : | L.t Q.2 b4 red] viol. di. ng
Undesi rabl o depbgieReah F raRSf indlerht ol SRR | hltth et Btfhe iRt ™D
chanber conponertsarddloselyadjabant indjsardials B& forfi e outeRedde dfdkie &NemalBurfacPSTOEr
210 is through the injector assenbly 160 as will be 10 described in
detail bel®w An thsdeunded edganfithe eonteged segion ki2in this tnplementatjonc tThe djffission
screws through sy hhe,_. ition chanber 155 is shown in further detail
in Fig. 18. In l\éﬁ *ér%', Qf%‘g&ﬁ%osi tion chanber 155 includes an injector
assembly 160 and a support, which in this=®age IS chuck 120, supporting a
substrate 116. For clarity the exhaust mani f‘ol'5”158 is 15 omtted,
Preferably, thevhaigBgisthe effestivatinary diffusion epsficient ofithg reactive gases inthe ambient
material in whi one or nore injectors 105 and vent bl ocks 106 are forned.
The vent bl ock105 are positi oned adjacent and spaced from each side of
the inject®r 105 to dapplyiag theabexd aqitition ibainélampled forta iy diffsion coéfficient

deposition region 124 1s formed between am?as .
of 0.2 cm’/sec, and a purge velocity of 1 cm/second, the diffusion length would be 2 mm.,

i ng a vacuum t hr ough
0 hol d t PeTNADSU43ON

Thus, a semi-seal region having a length greater than the diffusion length will reduce the
concentration of reactive gases escaping from the deposition region 124. Accordingly,
in this example the length of the semi-seal region 153 should be selected to be greater
20 than 2 mm, for ,example a length of 1.0 to 1.5 cm would be appropriate.,
The inventors have found that for a minimum distance between the top surface
of the wafer or substrate 116 and the closest portion of gas delivery surface 114 (i.e. the
lowest part of the gas delivery surface, the part closest to the substrate) of 5 to 6 mm
; a depth of the injector ( i.e. perpendicular to the figure plane) of roughly 22-25 cm;
25 and total gas flows 142 from the injector 105 of 10-20 standard liters per minute (slpm);
then the semi-seal spacing “h”is equal to or less than 1.0 mm, and is preferably in the
range of approximately 0.5 to 1.0 mm. The semi-seal spacing “h” is the distance from
- the top surface of the substrate 116 to the external surface 150 of the vent block 106.
In addition the inwardly directed purge flows of gases from the main chamber 210 are
30 preferably in the range of approximately 2 to 4 slpm. In particular, the inventors have

found that if the semi-seal spacing “h” is 3 mm or greater, the seal is rendered

-
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delivery surface 114 ofthe injector 105 and the substrate 116. In general
t he depos@vbigg;h region 124 is elongated and rectangular in shape. Mre
particularly, thé injector 105 is of a single nmenber and i RCTUSpsA ed with
a shoothly curved gas delivery surface 114. In an exenpl ary enbodi nent, the
gas delivery surface 114 includes two r&@0nded side regions 140 and a center
recessed region 142. Preferably, the injector 105 is as described earlier
as i nj ect orinéffi@tivetin Confininghe reddtive 2dses to thedapotitich regionilads fdohragtuiyed gas

delivery surface 114 may, be obtained b npl.oyi ng conputational fluid
dynani cal ( P\ieéemﬁnfﬁ@swm mgqt?%abfﬁlsa,kas? oﬁgyaﬁgp@seéer&péhmeq s.
Pref erably, ' ' ' ' ' | ons t hat
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1 I's_conprise a. I ngl e. penper with ,a front an ack (i.e. side
surfaces, ofdent Pﬁ&%ﬁ??’h‘?ﬂa‘hﬁ’ §"i§‘ﬁg§\n¥1%s¥€%$’%?'ﬁ REdenositigp sefersq the ared of, and
end surfac o : "
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of each i njreattion éxdénds pastitie contouraesige 162 ang énto peer deimi-sead fregibue 182 pdsiig | on
chanber 155, The | ower portjon_of the deposition chanber 155 is formed by
the suppor timpogtantibat the ddge ot he deppsifion regigh Eféﬁ%wgbﬁowﬁle@ ewimodfz%.le The
deposi tion ' r}&f’h s ¥ hrgace 114
ang t he subl;otee?l g!?gg 16 "é’ﬁﬁﬁ‘gj“ggM@%&%@eﬁ@?&@é@gﬁ"?r’\é%“rbé%‘%? slg exhaust

channé0s 10K tiee depesifuntexenids Whit imya thechemi seal segionrlsacdust dill alssibé Beposieed i cal

sides 119 of the ipjector 105 formthe inner suyface,Qf exhaust channels
107. The ouPbthesem} sgaks MW@M%S&&W’EO@&% s pad %ﬂep‘g?%imgby one

si de. surf acede ke @usddlifo 88l kS AAR anlitfe gl of id AR feot icH 151 vent

bl ocks 106 are space acing t Injector 1 are
shaped so awhich causeiheidemositinnl esgionali24ao be aglyas wode asrths sgparadion batveden glies e s

(oW no, ol bR i ekt chamel o107, spectfical Ly, the o de Surface
gener gsly posi tipagih dPbAA GusfBOanE foMby rodiclsRe e @eHREGE gases may form
on the exposed surfaces of the deposition chamber 155. The inventors have found that
controlling the temperature of these surfaces using cooling passages 119 filled with
flowing coolant (such as purified water) assists greatly in minimizing the amount of
deposition occurring on such surfaces. It is well known that the vapor etching of silicon
20 dioxide proceeds most readily at temperatures less than 80 to 100 °C; thus, cleaning is
most effective if the gas dé]ivexy surfaces 114 and the contour surfaces 152 are kept cool
using the passages 119.
To further assist in the removal of deposits, the present invention employs
etching passages. In the exemplary embodiment, etching passages 135 and 156 are
25 shown in the injector 105 and the vent blocks 106, respectively. Etching passages 135
and 156 and accompanying distribution slots 157 and 140, make it possible to dispense
etchant gases, such as hydrous or anhydrous HF vapor (in the case of silicon dioxide
deposition), which assist in the removal of the deposited by-products without the
necessity of disassembly and mechanical cleaning of the deposition chamber 155 and
30 injector assembly 160. One may choose to use only the etching passages 156 and slots
157, or even to employ the gas passages 117 and slots 118, for this purpose.



surface 140 of the gas delivery surface 114. This contoured regi on 152 may
be 15 f alwoisoigzed from a separate "contour" or nose insertpdxia)bgﬁym_,,9
attaches to the vent block 106, or may be forned as an integral part of the
vent bl ock 106. Preferably, the present invention provides for the
formation of a "sem -seal" region 153 whi cBlacts to isolate each of the
deposition regions. In particular, the external surface 150 of the vent

bl ocks 106 are pl addareispecificaliye atdeask png etghing padsage 138tis figmed in therinjecter 805 t he

bstrate 116 f h ] - I | 53, Th R I [
153 1 5 an ar cnietEnds hesGr i Guds AR anb fEkiRE dtrbwigt ISt Ey i Bmettiry
extends al ong the ifeétbO10Phnd BRemIsRIRGN the'eihiy fSage! 1350 tHE Fab ABliveky b

the inwardly flowng purge fromgases suppliedto the surrounding nmain
chanber 210 visurfage dd. TBO etchingdlistrihntion slot[137 ey erit tedgds deliverye surfasarld4tab be

oot on 155 "iPE rpunded fige Peaidy TP LY fe S3RRE aNmPnsIoF 15T mey TR IB6E8T and
parti cul at e cQfaiveR; StabO11 404 SRNAR' MB&&dﬁ%ﬁgQﬁﬂﬁe&i‘r&’ﬁ%ﬁ%ﬁh&ﬁm Mor e

specifically, the Tnwardly flow ng purge is ated by I1njecting gas into
t he mai n chantafrthe egharit spepies. ilmbther #6dsatie qrientaticn ofj thetatchinghdistsibufion slbhe

systemto be throu t he, exhgust channels 107 in the deposition .cha

155 Thi o cor oo b iieTHo G b baat asciesed CortarBERS o ibeaNEBR10% 55
and into the ijdQepsMitichichamber15560 (hence the word "inwardly"), thereby
acting as an inwardly flow ng purge which helps to isolate the deposition

-19- regi®ns. To prRyefeniblys the vent bloclescl@b alse gimploy hbRast toine echimgipassagel & aemd t he
surface 150 and.the,sybstrate 6, and.purge flowate fromthe main
charber (1. e SHUMEATRAGHAGT IS dpr o5 RYBAFE Forcban shictss: 110° AbIeF s BESRES 10
via gas inlet B%@fo%ﬁiﬁﬁ@e%i&i-w@raﬁﬁ%&é%%’be En RUERIS. Wt@é%@(fl{% étéhin
selected so as to ensure a purge velocity "v|err]" Ich 1s sma conpar ed
to the fl ow atdistobutidreslgat¥sisifetmedwithincthe yent block 1pé and rextedls béweeh ahge

o e BRI o b S 8
18, the seni - e 157RmHyRit i exteinal SRALS TS0 41 thelParap i, Wheinkerbdie 1R GupfaER!
surface 150 and the surface of the substrate 116 are closely adjacent and
paral | el , i. e.atfapmangleisactothatthe ethhantapetibseis alirected adwandrthe semiieal region 153.
Alternatively, the etching distribution slot 157 may extend to the contoured region 152.
In another variation, the etching distribution slot 157 is positioned to exit the external
surface 150 in a perpendicular manner.

20 In order to increase the throughput of the CVD system, a deposition chamber
having an injector assembly 160 with multiple injectors 105 and corresponding multiple
deposition regions 124a, 124b and 124c may be incorporated into a single large
deposition chamber 155, as shown in Fig. 19. In this embodiment, the injector assembly
having multiple injectors is also called a multihead injector assembly. Preferably, the

25 _deposition chamber is made from one block of material with end caps (not shown) to
seal the deposition chamber 155. Alternatively, the deposition chamber 155 can be
formed of separate pieces which are attached together. Here multiple sets of injectors

- 10S and vent blocks 106 (three injectors and four vent blocks are shown) are placed in
close proximity to each other thereby forming multiple exhaust channels 107. This
- 30 exemplary arrangement forms three deposition regions 124a, 124b and 124c. Two of

the deposition regions 124a and 124c are characterized as outer regions, and the



to the rounded edge of the contoured region 152 in this inplenentation. The
diffusion length "L[err]" is given by: [err] where Dlerr] is the effective
bi nary diWPIYP® coefficient of the reactive gases in the BriP&¥43ses.
Appl yi ng the above equation in an exanple: for a binary diffusion
coefficient of 0.2 cnferr]/sec, and a pippge velocity of I cm second, the
diffusion I ength would be 2 mm Thus, a sem -seal region having a |length
greater t had“egbagomégidﬁh% SRR AN dhafREkEEd Aduh iRAAGEEA 2 IACESTdRigH, eact i ve
gases escapl hg fromthe deposition region 124. Accordingly, in thi's exanple
t he | engt h thé surfacessandiothecfeatures gf the injé&stors mill klitwise besharactetzadasinnegandt er

than 2 mm for exanple. engt h 1.0 to 1.5 cmwoul d be appropriate. The
i nvent ors I"FM@'GPB{L? W tthBgmg"g{lﬁFﬁﬂFﬁeﬂ?@F% pﬁﬂ?%@ﬁmﬁhe tﬁ_ﬁcﬁﬁface
of the waf ery, Fo\ﬁabtéméﬁfaﬁstﬂr?a@eémsb ‘(tb]f:‘ tﬁé‘lﬁﬁé’te@&fx&l' Qiifa6ds BPEhedRYd Vtey :

surface 114 (i.e ne [owest part of the gas delivery surface, the part

cl oses§ to depesitiohsegions))form the semiceainto thedwpinichgmbem21Q. njTecreprove thee.

per pendi cular to the fiqur l,ape),of, ro 22-25 .C and .t ot al s fl ows
142 fromt %F@ng@“%?lgfggﬁhggwgg@%‘wﬁﬁéﬂéﬁoﬁp ‘ﬁgt“é??"‘gﬁ"B%?; t hen
the sem -segk Op?\ﬂﬁﬁtgr&' injRctbP akdlvalt ietker1osama 1082nAd sRovitin ailetemplirgf er abl y
in the range of approxi'mately 0.5 to 1.0 mm The sem -seal spacing "h" is

t he di st anciflustrationj the passageniiIator reteiving 2o dtchant species @re omitted famethe a|

f 150, of t t.block,106. | ddi t, t ' | '
love.of qalstestor 1 Anahdus i R ERtbERiadrn Bl PE AeBich chabECEIcRE DY 9°
appr 0xpmat eé(?fnﬁ)figeﬁ,o% afl 'litﬁﬁet{i):lsﬁs&ﬂﬂﬁ 160'hAd a wWafd supp&d 122, Sviiersif thedidjeetorhat i f

the sem -seal ‘spacing 3 mmor greater, t seal is rendered WO
99/ 04059  assembly contains three injectors 105, and four vent blocks 106. It shopld)beg/ 14393

-20- ineffectjve i,n confini t Leactiv ases t 0SJ hl egi on
124. In con¥ ","d{}é‘@" % H%E‘gfee‘{}g’f'ﬁghaﬁg ﬁ&%@ﬁﬁgsn&ﬁbggﬁweoﬂggtage)g"tegbI e
| eakage of 5&&?@&'}% S0P and Vet EMBodiieifs deg@ibedabfe. t he deposition chamber
( i.e. beyond fhe edggs of vent bl ocks 106), mnimal disturbance of the

deposi ti on react Whendeposiingoa filya ogctbe sudoes ofam substate Hdnt it ds depirablgdo
15 deposit a uniform film. The support 122 assists in this effort. Specifically, the support

122 is preferably a seal plate with the substrate being carried in a recessed portion of the

seal plate such that the top surfaces of the substrate and the seal plate are coplanar.

- Thus, the seal plate is an extension of the substrate surface 116, and this provides a flat

surface that along with the external surface 150, acts to form the semi-seal region 153.

20 Further, the seal plate allows the injectors 105 to extend past the edge of the substrate

which promotes uniform coating at the edge of the substrate. The seal plate type of

support 122 is used when the substrate 116 to be coated in round. However, if the
substrate is rectangular then the seal plate type support would necessarily be used.

When a plurality of injectors 105 are used, in order to obtain substantially

25 identical performance from all the injectors 105, the inventors have found that it is

necessary to include internal slots 161 between injectors 105 so that gases, preferably

inert gases, may be dispensed in between injectors thereby creating a “slot purge” to

provide substantially the same gas inflow at the internal edges of the injectors 105 as

created by the chamber purge at the outside edges of the injectors 105 and “outer” semi-

30 seal regions 153a and 153d. The gas flow of the “slot purge” is adjusted to give

substantially identical deposition thickness and extent between the various injectors. This



5 extent of deposition on the substrate 116. The extent of deposition
refers to tWO&Me4059f t he deposition region 124, and specifi cattysésiiaggss t O
the degree to which the deposition reaction extends past the contour edge
152 and into the sem -seal region 153. It is inportant that the edge ofthe
deposition region 124 be well controlled arﬁ?‘reproduci ble to ensure good
uniformty and reproducibility ofthe film degosi ted on the substrate 116.
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tenperature ofprbf\etefromitheaffackSbfte ictdrDsRRIRAlocksq0bi | 1 ed with

fl ow ng coolant (such as purified watéer) assists greatly in mnimzing the

anount of deposi ti ohndinally,in agother embotiiment, themetering tubes aseddsciiyedabovédimny t he
vapor etching,of silicon, 20 | pxl de. proce nost, readi | y .at
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i f the gas deli3geRirthdt! thefrteriad thbadtlay BCeBPIOyQLih tRI/EERAE PashBesa’6 aki@Rb] CooO!
usi ng the passages 119. To further assist in the renoval of deposits, the

present 1thventdfdhe vent bloekselhi Tihe pwtesingdubes| are réplacesepthas pne crodanyeht |

et chi ng passagesg135.and. 15, are 25.. - . sho L0 the iniector 105, and the
vent bl ocks 1%@'%%@%%%&&?& w %Sgﬁﬁl Ry s‘ﬁ@é&%@@mﬁﬁ_w&ﬁ?k’l%mhﬁ8“;‘"_33“‘“8
acconpanyi ng cingthet Mefehfk nileWt Aitfering APHnird PlacBRkS drididnReer! Eﬁ&di&&ﬁ%@%ﬁse _

et chant ‘gases, such as hydrous or_anhydrous hf vapor (in the case
silicon di oxi dhe itisplosbedydnyequingd. cFunthes; modélington experimpntation fallows cuitgrozed ed
by- products wit | sasse and nechanjcal cl eani ng of

t ' f |
t he depositi orf"%%g’?ﬁ)tté’peesln %Sffs\%{ nited q{jp@[:tfcb‘ﬁ;?éé%lm?’if"f B may choose
to use or§ y the et ClHeRgesbIsaafsh alsathranifesToid ethad ofhalétie iffecedissimbi e

gas passages 117 and slots 118, for this purpose. WD 99/ 04059
PCT/ US98/ 14393nd deposition chamber. Preferably, the deposition chamber 155 is formed in part by
using a single block of material and wire EDM processes. The deposition chamber is
composed of two main components, the injector assembly and end caps. End caps are
attached to the injector assembly, and the end caps also provide a point of attachment
20 for gas delivery manifolds (not shown) that provide gases that are conveyed to the
deposition regions via the injectors 105. As described above, the injector assembly 160
consists of a one or multiple injectors 105. For clarity, the injector assembly containing
a single injector may be called a single head injector, and the injector assembly
containing multiple injector s may be called a multihead injector. The injector assembly,
25 whether it is a single head or multihead is preferably fabricated from a single block of
material. Alternatively the injector assembly may be fabricated from separate pieces,
however this makes the injector assembly difficult to align and assemble. The block of
" material is preferably made from stainless steel 304, however many other alloys can be
used. To fabricate the injector assembly, the block is first ground to a desired size and
30 then the through holes are drilled through the length of the block to form the elongated
passages. Preferably the elongated passages are gun drilled. The block is then stress



-21- More specifically, at |east one_ etching passage 135 is forned in the

I nj ector MO 9ooghsext ends between the ends. At |east one etchin
distribution slot 137 is formed in the injector 105 and ext%ﬁ@%”fé‘{%en t he
et ching passage 135 and the gas delivery surface 114. The etching
distribution slot 137 may exit the gas de4-very surface 114 at 5 t he
rounded side region 140. The etching distribution slot 137 may intersect
the gas del ifelieyedsandfmachingd fo finalsized dinsensiogs. cNextaheblo Ll M?’@&e& hg wigsi r ed

di rection of fl ow qf .t he .etchant species, In other words, the
orientation %I?i}fﬂ{gceéfeéﬁ? ﬁ‘d"ﬁ?‘ﬁ?‘f‘gﬁm 825 deliveny/slots pndyeonseurs inthe blogkr ect

t he et chant BlRewiREDN i : Wl - depgsition
chanber 155. 10 OIS oMty Sen SRual Rahful i) Bhs 0 3R RS o

| east one etTeMeENY remevalgxtremely thin, kigh kolegnet sbots cdn e i o9érahe difiife feapth .

conveyifig a nt cies. The at ] eas§ one passage 156 is forrmed in the
vent bl ook %}?5§ﬁ>§°cisx?2ﬁ&ssus@w5eﬁﬁﬁ e%ﬁééf.ly pawaniadsmetghbureg, @nd 3y only

di stri buti orpdegic Tstyt AT TR I ext.ends
bet ween t he assatg:jagﬁ:lsgg§s ae%gfe?ﬁfg %@2@%@@%@%@1@%&8& {%’t%ﬁ%&ggﬁ?}ﬁ}' ck. The
etchi ng di stq%ﬂm?pmmﬁwith the EDM Wire, traweveet] theterbasitiannélt afeliot @Gout50 at

t he pl anar reaqi nd jntersect the surface at an angle such that the

et chant sm@."g‘?@@‘gﬂ"@bﬁ SttEar tg‘l"fe digees ug lefy eqgnedted Bthe hlockrandt i vel v,
the et chi ng thé edd dapyhiedftstShabheb®k daBoFbEY bERE, L © the contoured region 152.

I n anot her variation, the etching distribution slot 157 is positioned to

exit t¥e ext er nalTheend caps of e injevtar apemplyriduseithesealivg sarfaces 26r the metering | N
order to in t he t hroughput qof - the CVD syst ¢ a deposi.ti on chamber
havi ng an i%}bgeg%gq argg'&c%rlxeﬁ ’%% il g3 %‘HF%‘ W%g]é - dndabrieating the block
correspondi ichbdcbmk bt & '
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incorporated into a singlée |arge deposition cha
19. | n thi s sEgipndiare then stiess relipeadt The asd eaysl aye thevi bigzedidn | qatieendbfhitors i s

| Il ed. | ti head .i.njectar, e . Preferably, the 25
deposi 11 on GRS apsPBY, A B AR B deiicaroTeioE s 8 theiearuBaare afsbe  not
shown)1st o s @fidctdriaeseftBROS bbadifg RN hpsleThe Mdcfr 'aﬁsfeg)}ﬂg/l *reéﬂﬁlgdﬁ@%ﬁ&t | on

chanmber 155 can be formed of separate pieces whi C attached toget her.
Here mul ti pFapssase draged pmusing e mickeldirazenalloyeand providesa tond wiidh: @pcresteest or S

and four ve - sh are placed in closg proxint p each ot her
t hereby for W%ﬁ%ﬁ’g&"g %ﬁ@r})&as 4 ?Fﬁgﬁ?é'lczs %I}"s aﬂﬁchn%@e ‘“ter;r}aég @’&Pﬁf‘é’?@/
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equal to or better than the stainless steel parent material. This process in essence creates

20 the complete single piece assembly by fusing the three main components, ie. the two end
caps and the injector assembly, into one piece.

After the end caps have been brazed to the injector asse-mbly, final machining
takes place to ensure all sealing surface are flat and have the proper surface finish, This
final machining step includes removing the material left in the exhaust channels. The

25 contour of the exhaust channels were formed earlier in the wire EDM step, and now the
material is removed thereby leaving the open, contoured exhaust channels. At this point
the injector assembly is one homogeneous block, completely leak tight.

The gas delivery manifolds should evenly distribute gases to the multihead
injector assembly. For example, a gas delivery manifold may be used where a series of

30 stacked plates are machined to provide equal length gas passages that distribute the

source gas in and split it equally to each injector 105. For example, two injectors require



the deposition regions 124a and 124c -are characterized as outer regions,
and the W0 98/04140 59 . PCT/US98/14393
PCt / uS98/ 14393 -22- deposition region in the center 124b is characterized
as an inner region. Accordingly, the surfages and other features of the
injectors will likew se be characterized as inner and outer consistent with

bxteron our Adisniciesh idte" Thi dasifiusty iaBlio ke B nfes aRl RS ieqbelfsBer °
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t he exhaust, an exhaust manifold 1.58.Wlth exhaus; outlet lines 159 is
mount ed to t héengtiptaprovide upiform istriputién forgagh meteringdubee nThepmultiple ploss aned

106. As sh i hi I il lustration, | . 135 f
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an i njector asse and a wafer support 122, wherein the injector
assenbl y contai ns {Thestnplicjty of theslesigis favarsfofmationvafiprediiecokpoa@ts and thushoul d

be under st ood, however,. by tho f il. in.the art that other nmbers nma
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effort. Speci fadeantdges andebjestpped farthistivovess preferably a seal plate with the

substratge being carlj.ed in a.recessed portion of the seal ate such that
the top Wurfaces of ﬁéh%‘ﬂ}ﬁeé?’?%{‘aéi’meg%eé@aﬂo’“ﬂﬁcﬁ?’éwgﬁép ImeAts;s

the seal platg s SvidPn iy Ariffiors"GibRAAL AL LRerbied afd MbBificHiths!vAll be
provides a flat surface that along Wwth the éxternal surface 150, acts to
form the seni -apparentrteghase skiflad inXBe art in Kghttdfehe forépmingeddscrptane Adcbnlingly,he

i njectors 105 t,0_ extend .past the edge of the substrate which pronotes

uni f orm coat i AYS descriptionds intended fq,encompass allsuch W@"%%F“WF'&WQ“Q?BE“‘B?%S

SUPPOT 122 | Sl SRAARGns'a) SuPMRRR I e b icupiEneBRlails 1 1 1oUnd. Houever.

if the substrate 1s rectangular t he seal "plate type support would
necessariiy be used. Wien a plurality of injectors 105 are used, in order
to obtain substantially 25 i dentical performance fromall the injectors

105, the inventors have found that it is



necessary to include internal slots 161 between injectors 105 so that

gases, prgjﬁg%%% I nert gaseﬁﬁm@ﬁg in bet me%n-é}%égég
S

t hereby creating a "slot puﬁlg@H\St&?j”‘fg(d" - stantially t
i nfiow at the internal edgesﬂ. of t REPHA 05 as created by the chanber
purge at the outside edges in] ectaps- 105 and * " _sem - 30

seal regions 153a and 153d. The gas flow of the "slot purge" is adjusted to
gi ve substantially identical depositi qLAlvskness andmﬁlﬁﬁhaﬁ%nvi%&g%ghe
various injectors. This WO 99/ 04059 IR I T

PCT/ US98/ 14399HARIS CLAIMER: an "internal" sem-seal r%mmj’yﬂﬁm&m’ 153c
which isolates the internal injector. Again, the deposi Nefers
to the area of the deposition region, and specifically refers to the degree
to which the gdeposis infittdreachrofiding gas BidGibRASH td Dubstedtt Yompeidig: 152 and into
the sem -seal regions 153. The internal slots 161 may al so 5 be used
alternat®ly for diapibgleielongstedanemberduviog end sudfaces iand at lagstvene elongatede by-
products fromthe,surfaces of.the iniector 10 d nt bl ocks ... And
i nalTy: i n el SR Rratd Bttt 8 RoBlort i hambr dRs 0 Ro0e my
be enpl oyed ithe bidtraRsSages 117 of the injectors 105, as well as in the
etching passages 135. Further, the netering tubes may be enployed in the
et chi ng passages l®deasha fitss elongated passaget floemedeintsaid| elongptedmembsstasdi ng

tubes are replaceabl.e, th 0 n vary the nfiqguration of gas flow
desired by siﬁ%ﬁ'@m&é’teg’éﬁﬁ%e g@gsuﬁfe&sf?@gtt%%&%ﬁ&%ggserti ng anot her
meteringotube of ditidagral sBébnd RRMEAEEpaRLage BoTRRY iPhidimRtiohgatddmeinberamanbl y
of the inector body is required. Further, nodeling or experinentation

al | ows cust orfxtendingdetyienghe ensesyrfaeesiservingrto ressivaan gtohait spemes; cul ar

applications or maghiness15... Ih Nt | | S | des
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Preferably, t:h@nwﬁmﬂéxﬂmg@bmwmsai&ﬁrﬁmmgaed Pasguge andyaidigasdeligeryi ngl e
bl ock of material and wire EDM processes. The deposition chanber is

»

conmposed of t viurfags far eastying@asdirecthom spid elongated pissege fordistributiorealprg thend

caps argcattaghed. t.0 Y , and the end caps al so provide a
poi nt ofs attaeg%fggﬁd %IP’%] g&%@"g‘&s‘cﬁ%%%%'lgy mani f ol ds (not shown) t hat
provi de gases t hatat#as aGeconeigfl eldagitbddistribution slot formed in said single elongated

member and extending directly between said second elongated passage and said gas

P

delivery surface for carrying an etchant species from said second elongated passage for
distribution along the elongated external gas delivery surface.

20
2. The injector of Claim 1, further comprising at least a third elongated passage
formed in said elongated member and extending between the ends serving to receive 2

medium for temperature contro! of the injector.

25 3. An injector for providing gas distribution to a substrate, comprising:

a single elongated member having end surfaces and at least one elongated
external gas delivery surface extending along the length of the member directly facing
the substrate;

a plurality of first elongated passages formed in said elongated member and

30 extending directly between the end surfaces, each serving to receive a gas;

a plurality of second elongated passages formed in said elongated member and

I




deposition regions via the injector T% -bf‘i%’??f
assenbly 160WOM#EBs of a one or nul “ém)R%LPLRbEB 05. ForPEI/HBI¥14393 he
aC

i njector assenbly containing a sindle_in »cal |l ed a single head
injector, and the injector assenbly contaighpng multiple injector s may be
called a multi head injector. The injector assenbly, 25 whether it is a

single head or_nulti head, i.s, Dr rabl v fabr]i ' I f
material. Alte gpwﬁg&yﬁﬁeﬁf@%&%& s%@%ﬁb?@%%ﬁ“%?%@h ggtg{ ecgax?rsg%éfes?
separate pieces, hox@uﬁﬁ {ofifst MK Qpaced Rldnghrd ditritagioa Sloks/fornéd ircsald single
align and assenble. The %I ock of naterial is preferably nade fronhs}ai,nl ess
steel 304, howelongatedanember, bas ofseid plusality, af setsextending direétly hetwesn ash of sgidct or
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gas delivery o of s ARTEGNG eondhiui, senaaen st et melt I8 ¥ SFEET .
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extrenely thin, tol erance sl ots can be cut over the entire length 5
of the biock; &condelongatefl passages andstheigss deliveryosurfaes for somying therptehant species -

and 3) only un et@}ezﬁt abl e stresses e I?’f(,’\xi n t eei nj ector bl ock body. The
cont our s 18f t nHOBIAG TFSPECUKS RAFEIES 13 40P BAT A TN SYHS®EDM wi re, however, "t he
exhaust channels are not cut out conpletely through at this tine. Rather,

the pieces are left connected to.the block, and the end caps are first
attached as dedcri b@he ijectonof Qigim 3, further comprising atdetstensshisd elongated nassage

Gonnoct | ng. pot R i Aehsaledaier oo ePraRR PR RSl he B ekl o,
whi ch becones iy fof fonfllerdih 2ol of HikinRBrCaps are machined to desired
shape and size and are then stress relieved. The end caps are then-brazed

on each dAd of the injector assenbly. The second inportant fabrication

process to the_manufacture of, {he i nj ect.or ) ' Is e

end caps to the inj &g? gyectprof 1?3%%}'}}}6@ F%‘JBPS?S,'“g ﬁtggaesggp 4 thelefind AL iRbbrtel
into at least one of said plurality of first elongated passages and spaced from the walls
of said first elongated passages and extending between the ends, serving to receive a gas

and distribute the gas along the elongated passage where it flows through the

8d above, the inject
Qggﬁglr;g‘iaove e injector

20 distribution slot to the substrate.

6. The injector of Claim 5 wherein the metering tube comprises a porous material.

25 7. The injector of Claim 5 wherein the metering tube comprises a slot extending

along the length of said metering tube.

. 8, The injector of Claim 7 wherein and said slot is directed away from the
distribution channel.
. 30

9. The injector of Claim S wherein the metering tube comprises a plurality of

KRN BN
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caps are brazed on using r@zﬁrc*kglzgp;@g@i&lﬁ y, and provide a bond which: 1)

Creates a 59{7(%)%9(: seal bgtfiie ‘g‘é]JAeggp_tmr gag passages; 2) %r eates a

machi nabl & 1 ntertace which can W ttebized-as a seal i ng sur RGOSR 3)
SEATT

provi des a corrosion resi , porous free bond equal to or better than
the stainless steel parent material. Thi-ggfprocess in essence creates 20
the conplete single piece assenbly by fusing the three nain conponents, ie.
the two end gpesifigsalthgiticlengtt SCsaidmeadam@tible) said Openinys Beipz Wnectedbivay fiohe end
caps have been prazeg to the injector assenbly, final nmachining takes place
to ensure althe distaibution slot: f ace are flat and have the proper surface finish
This final nmachining step includes renoving the material left in the
exhaust channels. The 25 contour ofthe exhaust channels were forned
earlier in tige WTHR ikfeMor ofITlaim T whensin sied Fﬂ ity af opehings Vameid difeisidiy

| eavi ng_the open, contoured exhaust channels. At this point the injector
assenbly i s along thelengbrofsaid metesing tubeonpl etel y | eak tight. The gas delivery
mani f ol ds shoul d evenly distribute gases to the nultihead injector
assenbly. For exanple, a gas delivery manifold nay be used where a series
of 30 stjac k eorteligécesr oF CRir DG leréal sdi@ eraw 8EoRAiingl vhrgif bpucihasaleis sages
that distribute the Source gas in and split it equally to each injector
105. For exahgplengthtofisaiil meteringitabe: equi r e WD 99/ 04059

PCT/ uS98/ 14393 -25- four nitrogen inlets. The gas delivery manifold takes
one inlet and diverts it equally to four netering tubes. It is critical
that eggh brganch FiRnifestor bf Clakn Mefither chnpiishig 48 leabtibre MR@éring 10bO ISk ste
uniformdistributionto each netering tube. The nultiple plates are brazed
t oget her i n istogt lgast oneofisaid at igast Sisg slongatedipaseagg andrspaceghomdhe wallsofsaid f ol d
can 5 be, seal ed t.0 the end caps. W - 1] LOopl.L i of
the design f % %ﬂgﬁ?ﬁr?&fﬁag?‘f a&xﬂ %&ggﬁnéﬂgg&%ggﬁée% s égﬁgﬁ% Fgl}gc a{éggg%‘iéﬁdgont r ol
of gas di st rdiftibiteThe gliQldngtRE elonghtetepassdervatiees it Dowis Miwoagk the dijteibiition and
deposition chanber for the processing of substrates in furtherance of the

ai ms, advantsinyde thesubstitect s set forth above. 10 Wil e the
i nventﬁ)n has been described in connection with specific enbodi nents,

13.  The injector of Claim 12 wherein the metering tube comprises a plurality of
openings along the length of said metering tube, said openings being directed away from
the distribution slot.

20 14.  The injector of Claim 12 wherein the metering tube comprises a slot extending

along the length of said metering tube.

15.  Aninjector for providing gas distribution to a substrate, comprising:
a single elongated member having end surfaces, and an elongated external gas
25 delivery surface having rounded side regions and a center recessed region, said gas
delivery surface extending along the length of the member directly facing the substrate;
at least a first elongated passage formed in said elongated member and extending
between the end surfaces for receiving a gas; and
at least a first thin, elongated distribution slot formed in said single elongated
30 member and extending directly between said first elongated passage and the center

recessed region of said gas delivery surface for carrying gas directly from said elongated

A
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It is evident that many vari ati onsp=subst+tutirers—aft ernati ves and
modi fi cat i onsOwWdoseshe apparent to tlho$e SHEETIRAE BREN He art i nPCcTASys/pBax he
f oregoi ng description. Accordinglyif thi sﬁﬂ%g‘hfifim ionjis intended to

enconpass all such variations, substitutd onf Ternati ves and

nodi fications as fall within the spirit of %e appended clalms 15 -
26 - CLAIMS 1. An_injector for_ providi as, di st |but| to a
substrate, conpassagerfgrd ‘é"@?’ﬂ%‘?é“&%ﬁ@ﬁ%&“ﬁg%ﬁ a‘.@;dﬁveéylau Ff aces, and

an el ongated external gas delivery surface having rounded side regions and
a center recessed region, said gas delivery surface extending along the
| ength of the pgnbeThelinjecior bﬂcmlﬁgixﬂﬁwcauwﬁgeatéeasm sécend;bloagd‘kbd passage

el ongat ed passage forned in sal d el ongat ed penber an bet ween t he
end ‘surfaces ffmedinspidiclgsatedmemb ﬁh@%ﬁmﬂ’é’ﬁ!& befwesry ?e'E‘Lf“H'P %ﬁ@ﬁé@(’“&l‘g

di stribution s I d single elongated nenber and extendi ng
directly Det vveé'ﬁggéim éli}éssta@?ongat ed passage and the center recessed
regi-on of said gas gdtdsy£setondithindelongated distribytiongsloreformed iachidsinjgteosiomgated
el ongat ed passage for distribution a ong t he el onganﬁd external gas

del i very sur f amember ankextending firertichetween the at least a seep ﬁogsetsﬁipﬁwsepmm

ﬁ:\sll ﬁlggsatemjbgblrg%c%?vgg gﬁg%é%ﬁ'mggﬁéécgﬁaﬁe& ngs?i\lc/iery surface ﬁg(\)/ri ng

rounded side r gigiribationaldng tiecelbrPatedesxesinial gas égmqssur&eed gas delivery
surface extending along the Iength of the nenber directly facing the
substratd0 a plurality of first elongated passages formed in said el ongated

menber and 17.  The injector of Claim 15, further comprising at least a third elongated passage

formed in said elongated member and extending between the ends serving to receive a

medium for temperature control of the injector.

15 18.  Theinjector of Claim 15, further comprising at least one metering tube inserted
into the at least a first elongated passage and spaced from the walls of said first
elongated passage and extending between the ends, serving to receive the gas and
distribute the gas along the elongated passage where it flows through the distribution
slot to the substrate.

20
19.  Theinjector of Claim 18 wherein at least one of said plurality of metering tubes

comprises a porous material.

20.  Theinjector of Claim 18 wherein at least one of said plurality of metering tubes
25  comprises a slot extending along the length of said metering tube, said slot being
directed away from the distribution slot.

- 21, Theinjector of Claim 18 wherein at least one of said plurality of metering tubes

comprises a plurality of openings along the length of said metering tube, and said

30 openings being directed away from the distribution slot. ‘ ‘!‘ml “mj I“'!‘ “ILI “ |!|‘
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extendi ng between the end surfaces for receiving a gas; and a plurality of
first thi ed, el ongatfed, di stédbyté lots fornmed in said single

el ongat eM@% one of sﬁmﬁ %FE_@T g%)g?EglgEts ext endi nd’%‘(‘?%éfi bet ween
each of said first el ongat sages—and—the center recessed regi on of
said gas delivery surface for carrying.idie gases directly fromthe
respective passage to the gas delivery surface for distribution along the
substrate pjaceghachijeienss Claint2 1 Qhiersd éhi&yﬁxf'ﬂiﬁyeofé’perﬁnﬁs V4§ ih BinRakion Of
Claim2 , further cOnprising: a plurality of second elongated passages
forned i n dangithe lengyinofsaidmntedng tub¢. ext endi ng directly between the end
surfaces, each serving to receive an etchant species; and a plurality of
second thin, elongated distribution slots forned in said single el ongated

menber, ong3of $hé Hjeblor bACIk2 Pivhérkiassid plirintoftipesingeedry h fpatingelngach of

sai d second el ongat'ed passages and gas delivery sur%ace for carryi-ng the

=2y Ix

et chafit sptheilength pHsaid meteringpdet i ve passage to the gas delivery surface 4.

The injector of Claim 2, further conprising at |east one net eumum“ﬂﬂu"m“'“‘
inserted into said plurality of first elongated passages and s , i il
the wal|'s gf sajag ikjbétst foR pRoVEHiAE BasiiEBARSH BCkubate dongrilingweeh the ‘ends,
serving to receive the gas and distribute the gas along the el ongated

passage where i & singlevalongated membenbaving end surfacesy and aipglongated exdernalgas

oi'ural |1y SFvEEY aPiRG TR EongRh side deslis BACH S oo R VegBRE R L o o,
of Choi m 4gukenaiffcdlexteRdifig aloRg tiRflesgth Of Helihcthier diredtly Tadifg tHagubstfaes

conprises a slot extending along the |length of said netering tube, said

sl ot being di r estpderalitueef firstorlongated passagep formsd in|said elongated mgmber gddct or of

Cl aim 3 wherei | east an | al 1LY, metering tubes conprises

a plurali tV“S?é}%aéWﬁ&{hgIeg‘ﬁag%%g?fogﬁg%e&@Aé%/tsl’ ggdmet ering tube, and said

openi ngs bei ng dipledityest fissalfinf spaced; Elenghted distibticmsiots @rmed in said single
elongated member, one of said plurality of slots extending directly between each of said

15 first elongated passages and the center recessed region of said gas delivery surface for
carrying the gases directly from the respective passage to the gas delivery surface for .
distribution along the substrate placed adjacent said delivery surface.

25.  The injector of Claim 24 further comprising:

20 a plurality of second elongated passages formed in said elongated member and
extending directly between the end surfaces, each serving to receive an etchant species;
and

a plurality of second thin, elongated distribution slots formed in said single
elongated member, one of said plurality of slots extending directly between each of said

25 second elongated passages and gas delivery surface for carrying the etchant species from

the respective passage to the gas delivery surface

26.  The injector of Claim 24, further comprising at least one metering tube inserted
into said plurality of first elongated passages and spaced from the walls of said first
30 elongated passages and extending between the ends, serving to receive the gas and

distribute the gas along the elongated passage where it flows through the distribution
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8. The injector of Caim7 whergia—sal-d-plurality of openings vary in

di mensi on alwogokhms! ength of sai di mEleSHEG HADEEER. The irgERUSTBN4SS
Claim7 wherein said plurality of iopeni RgeLN@ER I n spaci ng al ong the length
of said netering tube. 10. A deptsiHror—cirarber=fgr _provi di ng gas
distribution to a substrate, conpri sing: ah-i nj ector assenbly conprised of
at |l east one single injector forned of a single nenber AR K 1T
surfaces: at blotttthosebstriatengat ed gas delivery surface memﬂmmmmmﬂ"he

| ength of the menber for delivering gases to the substrdtef at I'tast one of
a first elongated passage formed in.said injector 29 and ext endi ng
between the epg sumhagftdrof Clahf 26 Wherintat daast o said pheality of areteringauliesr st
thin, spaced, elongated distribution slot formed in said Injector,

ext endi ng di r compsisesatpoeays reatetinlone of said first el ongated passage and the
el ongateqd gas delivery surface for carrying the gas fromthe respective
passage to the gas delivery surface for distribution along the substrate

pl aced adj acepg Sa’l‘ﬁeﬂﬁ'éctd{'%f Clafihl 26 dhereinfatMéast eid dfsaidiplurality of necetingaalsds

havi ng end surfaces and at | east one el ongated external surface extending
al ong t he | engompgsesthslov extending elongthe dength ofipaid yegiering Bidrssad slop bsingi oned
adj acent and gne Oﬁ!ﬂ eac sige .of.bsgi d aél | east one single injector, and
spaced from s&irgetedpway gpmithe disibRiongIet. st channel s there between for
removi ng the gases; and a support for supporting the substrate, said

support being positioned beneath said injector and vent blocks and creating
a deposil0i on 28gi ofThe ijectorivé Clena A5 wherein ateast orgnefsaidi plyrality ofmetering tubesi m 10

wh in the dist b h t t . d
external - our | SOEPPScE BT of dBRbRLote B iehef ot sl RBterfR Tl R8%%A
substanti al | y gBE@H e Yeing fiRcldd@ivey Fronhthe @butionsiop! t he deposi tion regi on.

30.  The injector of Claim 29 wherein said plurality of openings vary in dimension

15 along the length of said metering tube.

31.  Theinjector of Claim 29 wherein said plurality of openings vary in spacing along
the length of said metering tube.

20 32. A deposition chamber for providing gas distribution to a substrate, comprising:

an injector assembly comprised of at least one single injector formed of a single

member and having end surfaces and at least one elongated gas delivery surface
extending along the length of the member for delivering gases to the substrate;

a plurality of vent blocks each having end surfaces and at least one elongated

25 external surface extending along the length of the vent block,

‘wherein said vent blocks are positioned adjacent and one on each side of said at
least one single injector, and spaced from said injector to define exhaust channels
therebetween for removing the gases; and

a support for supporting the substrate, said support being positioned beneath said

-30 injector and vent blocks and creating a deposition region therebetween.
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12. The deposition chanbef—ef-—cl-ai-m-10-wharei n the di stance between a top
surface o strate pl:adeéi SnESmiids gepRoft, and the at | east one

el ongat edwg(%.bzor@%lb surface j| s eqR&EPLAOEDT Ies}‘; t han approﬁ?ﬂp\‘é?%“éﬁo nmm
13. © The deposition chamnbe ein the distance between a top

surface of the substrate placed on said3support, and the at |east one
el ongated external surface is in the range of substantially 0.5 to 1.0 nm

30 14. - Tis8. deXifi depositier claimberdfldhint B2 wheteih i diston@deRibeddBe SPhbNC Y
surface of said injector nenber has at |east one rounded side region, and

wher ei n ondnd theat least one plongated-extemabsurfaes ip salestadisuch thet asgmicsenliis crsatedi d
I nj t ' ¥ ' [ . h that th
exhaust chanig) =B b Rleats RS Ao OF UG LB Bk AR R oo 8 i g

substantially uniformrenoval of said gases. 15. The deposition chanber
of claim 10 wherein said injector further conprises: said el ongated gas
del i vety s acheepasition etslainy 3% whersindhe distgnembetween aitopl surfpcnef thai d fi r st

sur faces. 1 SRR HchR LTS B0 e F bl ionp SRbpBabE et fhfE R fadel 0000
el ongat ed db ot lesdthah @pprokipiately 0fRE. i n said injector, one of said plurality

of slots extending directly between each of said first el ongated passages
and the center recessed region of said gas delivery surface for carrying

', O8es, 950 18 JRREG] A ABES S M S5h4 i SRS

distribution alon aceée sal V ace. 16.

The dHposi tsilsstrar!iplacbdon siid supporfnaddthe htlehsiOhe slofightedeiemaltsulfBesis inrtheé econd
el ongat ed passage forned in said injector and extendi ng between the end

surfaces f &angecd spbstantialiin.dte AdMmspeci es; and at | east a second thin,
spaced, elongated distribution slot fornmed in said injector and extendi ng
directly between the at | east a second el ongated passage and the gas

del i very s@#f ac @hedepaition ¢thangber bEclsihtIBwhersinahe elongatad g8 delivede aifide
el ongat ed passage for distributjion along the elongated gas‘ del i very
surface. ofsaid injector member has at least one rounded side region, and wherein one side of
15 each of said vent blocks that is adjacent to said injector member includes at least one
contoured side region, such that the exhaust channel formed between said regions is

rounded for providing substantially uniform removal of said gases.

37.  The deposition chamber of Claim 32 wherein said injector further comprises:
20 said elongated gas delivery surface having a center recessed region;
a plurality of first elongated passages formed in said injector and extending
between the end surfaces for receiving a gas; and
a plurality of first thin, spaced, elongated distribution slots formed in said
injector, one of said plurality of slots extending directly between each of said first
25 elongated passages and the center recessed region of said gas delivery surface for
carrying the gases from the respective passage to the gas delivery surface for distribution

along the substrate placed adjacent said delivery surface.

38.  The deposition chamber of Claim 32, further comprising at least a second

30 elongated passage formed in said injector and extending between the end surfaces for
e N N
*. C L M | S .*
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31 17. The_deposi tion chanber o ﬂ,@ig@g@ﬂﬂ@eggmii‘sai d vent block further

2484¥%ne el ongat edl passSagepfged | nljsai d ventpdurusds/1and
,q%xtendi n3 bet ween the end surfaces g et chant species; and at

BAeet ot I cede| ongat ed di stribution sl of; formed in said vent block and
i H EiNEen the at | east one el ongat'éd passage and the el ongated

e f rryj e L. Spegci e om sai d.el. gngat ed
passage for distri {Jlte?s?)r? %F%%g&{ﬁhg g%ﬁ%%?%’guﬁ% g’f’ﬂgﬂmgét"f é%g.mli_‘.’r angy, o
deposition c hm&ermgﬂire&igéueawébﬁ thd 44142804 seeBAPEIbAEAIEN FdssdgRanl tRe %ﬂ'({?ﬁve
el ongated passage formed in said injector and extendi ng between the ends
serving to redilace far radying the retchantpspegies frone saidr second eldngatied| passage fond;
sai d. el ongat eqd. gas. .del i ve urface having a center recessed region. 19.
The depositioﬂ'sgﬁ’élﬂﬁtéf‘l°ﬁgﬁéezq"§?tf§,gaﬁ ‘f’ﬁrg(rs“ #forising at |east one
meteringstube inserted into the at | east one of said plurality of first

el ongat ed passages and spaced fromthe walls of said first el ongated
passage and e#PendiThgddpesitiercehamber of Gthim 38 ovhereiny sdid vers blockdutther coamprisext

distribute the gas_glong the first el gngated ssa ere it flows through
the distribution Sp@ps{]%mete# ggtﬁc{)gqsgg? g’rg‘fé n sa?‘gﬁeé‘t gg’ﬁggp‘ﬁ PgRndjrg %ﬁt&ieﬁﬁ' 19
wherein sai d ge dn8agifacedfor¥&leRirdg Y didHast 1,985 a porous material. 21.
The deposition chanbe? of l.CI ai mg?gl V\hereélbfralag%iag@at | east one netering tube
conprises a slot eatladiong thinpeigngited distributionfslog fornedeinesaid gentutiock and d

sl ot beisng directed,a romthe distrihution slof. 22. The deposition
chanber I@f c Fﬁ‘ﬁ@%’éﬁ?a&ﬁmﬁd‘?@é Passas ?ﬁ’@"gﬁf@e’ﬁtms@ea

plurality of RiQaiilg ggé Q&fant ciE@ﬁﬁn’g@gﬁfelo?@%Qd .rﬁ'ﬂsgé% fgg_dﬁs%ioﬁ%n%%é’

openi ngs being direc away fromt I stribution
elongated external surface,

40.  The deposition chamber of Claim 32, further comprising at least a third elongated'
15 passage formed in said injector and extending between the ends serving to receive a

medium for temperature control of the injector.

41.  The deposition chamber of Claim 32, further comprising at least one metering
tube inserted into the at least one of said plurality of first elongated passages and
20 spaced from the walls of said first elongated passage and extending between the ends,
serving to receive the gas and distribute the gas along the first elongated passage where

it flows through the distribution slot to the substrate.

42.  The deposition chamber of Claim 41 wherein said at least one metering tube

25 comprises a porous material,

43.  The deposition chamber of Claim 41 wherein said at least one metering tube
comprises a slot extending along the length of said metering tube, said slot being
directed away from the distribution slot.

.30

44.  The deposition chamber of Claim 41 wherein said at least one metering tube
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32 23. An deposition chaﬁe—zﬁﬁﬁ_ml-wggﬁﬂ gases to a substrate,
conpri Si NGy i.pj ect or as|seris gHAAVHAG BN gast one injector conprised of
a singl er\gngr?g)a?dsﬁavi ng end|jsurf RERAQED at | last one el ond&t B84 43%el i very
surface extendi ng al ong thess=emgthof the nenber for delivering gases to
the substrate, said gas delivery surfacgg.having rounded side regions and a
center recessed region; and at |east two vent blocks, each vent bl ock

havi ng "end caﬂ@riﬁésd@pﬁiﬂilﬁ?%ﬁ%F&ﬂﬂgsaﬂobfﬁ%leﬁ ot RiAIRERAnS KLY, 3Rl sidr face
extending along the Iength of the vent block, at |east one of said side
surf aces hapeningscbeingrdivegted awsy front thgidistribugiou sloai d vent bl ock bei ng
posi ti oned adj acent and spaced fromsaid injector nenber to define an
exhaust channel there between, said exhaust channel having a rounded
portion whgse f AnRPoLRbNEIRMbEATH d&ﬁ&%@%as%@% & SilisttafeSEbrmmstins for
renmoving said gas in a substantjally unrform manner; and ‘a support. for
suppoting and ramifjeeiorasseeribiy haxing at leastrome sinjectos appprised ofindingleahemmbgrect:or

and at |eagt .two wve bl forma depqgsiti,qn region therg between for
processi ngﬁg‘g?%a‘gﬁﬁ%cﬁﬁ?@% iﬁétr %'feﬁ?%a%%ﬁ?f 8@{"8%? ﬁ%#g%ﬂﬁgndg“%ﬂejﬁ?%ﬁ‘ﬁ y of
first el ongagarofome sidter F delidering SAbStcihRILBsHRIRAN AYdefverpSlippg bet ween
the end surfaces for receiving a gas, and a plurality of first thin,

spaced, el bageg raundedside tegions and i oernder recassadiregianandl ural ity of slots

ext endi ng direct bet ween ch of .said first .el ongated, passages .and the
center recesseda*gﬁ?tcfﬁmo‘fe_“g@?’ﬁggﬁ%c “EMQF@?G?&QEE?W“ %W%ﬁ d3te gases
direqoly f leem&xseloﬁwenwaﬂﬁs@éa&dh% aldig AR bf 18 VEéntBIS k2 afleast N
wherein at | east one of said vent blocKs includes at | east one second

el ongat ed phssidgside surfacss havingi ai contnured| sids« region, cant esaiti Mentbloclebeinghe end

ol ongat od HPGdER aad 4 sacad Miim R Rigcas aiiberta OTR ou Briristiintel
el ongat ed peébrBPecANéhid Ehabst ichinha] hief A¢6urfdes peRlonYWiRge Fdtme@befwtRh SPeci es

from said el ongat ed passage for distribution along the elongated external
surface. said rounded and contoured regions for removing said gas in a substantially uniform

15 manner; and
a support for supporting and moving a substrate, where said support, and each
injector and at least two vent blocks form a deposition region therebetween for
processing said substrate,
wherein said injector includes a plurality of first elongated passages formed in
20 said single member and extending between the end surfaces for receiving a gas, and a
plurality of first thin, spaced, elongated distribution slots, one of said plurality of slots
extending directly between each of said first elongated passages and the center recessed
region of said gas delivery surface for carrying the gases directly from the respective
passage to the gas delivery surface, and
25 wherein at least one of said vent blocks includes at least one second elongated
passage formed in said vent block and extending between the end surfaces for receiving
an etchant species, and at least a second thin, elongated distribution slot extending
directly between said second elongated passage and the external surface for carrying the

etchant species from said elongated passage for distribution along the elongated external

0 e RN

This Sheet Has Been Replaced

T




33 24. The deposition chanber of .Claim 23, wherein said injector further
conpri si ng aWOI9%%@a4459one third el on aﬁqg RES é,OI d i n sai BCEiUSgs/B1393
menber. and ext endi ng between the en d sur wfﬁ ‘:r'\ég i ving an et chant
species; and at |east one third th* i bution slot fornmed in

sai d single nenber and extendi ng dlrectly étween the at |east one third
el ongat ed passage and the rounded side region of sajid gas delivery surface

for carrying #fe efldgsispositrcehamber ofFlaim 45 cwhergiatsaid lﬁl&g@&&@‘tbespompﬂsmg

di stribution n nsl tion
chanber of d +x?nag%tog$ ﬁrﬁeégﬁégﬁgg@s% fgi‘rﬁ%% F&B mﬂe ?'e%nlbﬁrg;}pf wé‘%rted
into the at leeﬁ}eeﬁméddrsatfaeusmtaﬁngaﬁ%ﬁmentadpécxssaaﬁ@d fromthe vval I's of
said first elongated passage and extendi ng between the ends, serving to

receive the gas andtlsestone hmhelogwecbd@ﬁ@utt%s!@t&@sdwsayhs gEember e it

chanber 01 & Anreidiily Bin Qe et Gy RS b g snd s fEBESL" "

plurality of ijleaeiohofaald gasPddlivery sutfaeé fUﬁBin}kihg)Qﬂfé etcRaf h;peéxesSﬂbﬂ. et
bl ocks bei ng positroned adjacent and spaced fromeach side of said

plurality of elongeted passage foodistribupipn aleng the elongatedagastdelivemn n@f@e
t her ebet ween. 27, The deposition chanber of claim25 further conprising
three injectors and four vent bl ocks each of said vent blocks bei ng pl aced

adj acent one giyde qhedasdiition chR@béh bEElaimASCRPther Sothptisingadt ldasOorf m&akng vent
bl ocks are internal to the chanber, and the other two vent bl ocks make up

the out &0 par tubsfinserted istocthbat leashenefirst ddongatedepassageiand epasad froarithe walls kE

i ncl ude an elon i n nal a str ASES bet we t he

i ectore, o6 st ol MtasB 354 RAERGE pitvieh it EnoB e FER RV ethg. o
gas inlet, pI %ﬁﬂ*%&ﬁﬁﬁ%ethfa rE) flongl thf.nleﬁ‘ﬁ\tgﬂfedaﬁzﬁ;@z{g%I Wheﬂé’“ﬁrﬂ?dv?s HrodgiP ake
inlet * injects rgaies into said injector ‘assembly, and the gases are
renoved t hr ougistrshwition slohtaighe subsratez| s, t hereby creating an inwardly flow ng
purge which acts to isolate said dep03|tion regi ons.

15 48.  The deposition chamber of Claim 32 wherein said deposition chamber further
comprises a plurality of injectors and a plurality of vent blocks, each of said vent blocks
being positioned adjacent and spaced from each side of said plurality of injectors to

form a plurality of exhaust channels therebetween.

20 49.  The deposition chamber of claim 47 further comprising three injectors and four
vent blocks, each of said vent blocks being placed adjacent one side of each of the three
injectors such that two of said vent blocks are internal to the chamber, and the other two
vent blocks make up the outer part of the chamber; and wherein the two internal vent
blocks include an elongated intemal passage for distributing gases between the injectors.

25
50.  The deposition chamber of claim 45 further comprising:

a gas inlet, placed remote from said injector assembly, wherein said gas inlet
" injects gases into said injector assembly, and the gases are removed through said exhaust

channels, thereby creating an inwardly ﬂowing purge which acts to isolate said

(i LT

.30 deposition regions.
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