; e3e%=@ 6NTy D *159159* MODULAR | NJECTOR AND EXHAUST ASSEMBLY FI

| NVENTI ON This invention relates general ly tofa gas injector for mﬂ,@’ﬂ@mﬂu
delivery of gases. Mire particularly, the invention relates to anodul ar

delivery injector and exhaust assenbly 5 that pronotes substantially ™%
uni f orm di stri buti om@DUIATE INTBAESFRANIDERH ATET WSSENTBON The del i very of
gases is a significant processing step in the fabrication of sem conductor
devi ces. Gases are deli veredﬂ&ﬁMWtors using a variety 10

of sem conductor, fabricgation equi t. 1n_.one such exanpl cal vapor
deposi tion (CVDF hjs?)?%‘feé‘ﬁﬁnrﬁeg eﬁu& Blpaﬁep"cWé’i‘i’ élgrrfoéﬁ‘ﬁ d@ﬁ‘éegg g?ﬁsﬁs}‘\eﬂb’i

thermal reaction or deconposition, deposit | ayer of nmterial a;{ as an,
oxi de fi | nP&HcwlaRy, hﬁlﬂﬁ@@oéfelﬁc%tém%ﬁé%sﬁ “é'-’ﬁlﬁ%‘ﬂ@%énqﬁ’d\?f)éﬁtéﬁse

i nportant conponent in many types of sem conductor fabrication equipnent 15
syst énms i sthehprommjtesciibstantially upidornf distodution/elrgapes. gases to the substrate. In
a CYD system for exanple, the gases nust be distributed over the substrate,
so that the gases react and deposit a desirable filmor |ayer at the
surface of the substrate. One purpose of the infECtor is to convey the
gases to a desired | ocati BACKGROUND OF THRE INVENTHMX oduci bl e manner.
Controlled distribution of the gases m ni xni zes pre-m xing arid prior

reaction of 20 trhe RH6&F,oragded ek efpnifioani piozesingeerc hatee fapticaidassfant i al |y
conpl ete, efficient and homp geneous reaction of the gases. If the gas flow

i's uncontr Qérhl‘égmdﬁcmi" dehiRl, C@iset SRl e ¥ frbceBPiertiCorRtiorBlsimnvaries, resul t

will likely be a filmwhich is not of unifon-o conposition and/orthlekness
V\hen is o S and
yien ¢EFthaeorhBERy ’fﬁ“?*‘b@ﬂ#ﬂ&a‘e’%f"?i REK ﬁﬁé“’%ﬁ@fﬁ%ﬁec R 05
pronDte th |ver n rol l.ed and, subs x fozxn
nmanner . ggﬁﬁ hsé'sﬁeﬁlﬁo?'rf qﬁgis%ﬁoﬁ% 3 nJ et’f? cgrase’S h %e{sh lg’ftt%?se%%{ﬁ)g avebeen
devel oped "lwo exanpl.es ofprior .art injegtor assgmtlll scri bed
inU.S. Pt SREOTRRSSIHO, Beppsit peyr of Tppjgpial such 4 au Gxide Alm Oh fe Sutface of 4

semiconductor substrate or wafer.
One important component in many types of semiconductor fabrication equipment
15 systems is the injector utilized for delivering gases to the substrate. Ina CVD system for
example, the gases must be distributed over the substrate so that the gases react and
deposit a desirable film or layer at the surface of the substrate. One purpose of the
injector is to convey the gases to a desired location in a controlled, and reproducible
raammer. Controlled distribution of the gases minimizes pre-mixing and prior reaction of
20 the gascs, and thereby maximizes the chance of substantially complete, efficient and
homogeneous reaction of the gases. Ifthe gas flow is uncontrolled, the chemical reaction
will ﬁot be optimal and the result will likely be a film which is not of uniform
composition and/or thickness. When this occurs, proper functioning ofthe semiconductor
is impaired, and may even fail. Accordingly, it is desirable that an injector design
25 promote the delivery of gases in a controlled and substantially uniform manner.
Given the importance of the injector, many types of designs have been developed.

Two examples of prior art injector assemblies are described in U.S. Patent Nos. 6,022,414
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-2 and 6, 200, 389, which are both incorporated herein by reference. Therein
described is a single body elongated or linear type inj ector having

mul tiple gas outlets extending along the Iength of the injector. Further:
described is an injector assenbly having multiple inj ector heads forned

wi thin one block of material. While thése injectors have shown to 5 be an
advant ageous design, the manufacturing of the prior art nultiple head

si ngl e bodynd 5]260/389, alsisle adelboesinadrporatedtheitin Thefdralte) ThtdelwndekiriBed issa | engt hy
as each injector is machined (using wire EDM sequentially in the sane

si ngl e bi | lspiglcodiRiddkhted or ldar fyPd i) et Ravdhg nultiplSgRohéts ashdifealbsy enpl oy
multiple inj ectors. en using a single body injector assenbly, as the

number of il RELoERUScABET ERIRS ceRBbUOR M40 oAbl PRLEAN LN, The

| engthy fabricalion ti and hi cost deters design it

I nj ector ITRESH Heéﬂﬁogxgle{'}@@% (fhggfo%ﬂgfﬁ%t%ﬁﬁl. 'vnﬁieocﬁ&%?rgé&&’d 'h%.\?e'shg fger

there is increase rrng each successive ricatli on step of,

pl acipng the whole nultiplicity of inj, ector, heads at r.i L t.h a.single
fabri €at i 0 eé?ragYa.m%SB'ﬁ‘PJcTF%’l Q)/? mtaPl‘ét? furing %{th%BeraGtrm‘élﬁpfeﬁ‘ﬁ\F,‘\%%%le ibﬂilly ect or
assenbly that pronotes easier fabrjcation and 15 assenbly. |<n, addition to
the inj ectl@sﬁetoaﬁssgqﬁia%?res%ﬂ&m Ty dabriceiion Hpigois denatly eheashnipleeiop s
assenbly for renoving the_gases, also plays an inportant role in pronoting
subst ant i amraFhinsd (e18 wite EBMssatebipilel e pamesiyelebillshelamatedalt he substrate.
There is continuous effort in the industry to devel op inproved exhaust
systens, parti cuilcathrgughpst,dins ofieh dpsired ip emplRy mtiplganjeetors~-Whep using 2
substantially unifonn manner. As the rninber of injectors increases, so
does t he comglekddyyingdctaraeseaiiiy ias tthesyateamod imjegonhdadsrincomesasy sedaods the

bal anci ng of the exhaust gas flow. Since nultiple injectors are desirable
for itcreadsatticatiowtighpThe lehfthy fabtisatmnhieetnt bightche ddevsalesiphitadatiod ofithgr oved

exhaust systens as well. -3 SUMVARY OF THE TNV a NTION Jt is an object
or the presgjeétor peanbirPRviich Righti idpreve bvapalDpestessnie3alt0r Fuether| Migerelad i very
of gases. Mdire paxticularh~, it is an object of the present invention to

provide a npduised 9Bt eddrit@r ¥achNhiRedsSive 2RBHeHBAUSLp 3YSHE%hP e whole
multiplicity of injector heads at risk with a single fabxication error. Accordingly, there
is a need for an improved injector assembly that promotes easier fabrication and

15 assembly.

In addition to the injector, an exhausi system, typically coupled to the injector
assemmbly for removing the gases, also plays an important role in promoting substantially
uniform and/or controlled delivery of gases to the substrate. There is continuous effort
in the industry to develop improved cxhaust systems, particularly systems which remove

20 the gases in a substantially uniform manner. As the number of injectors increases, so
does the complexity of the exhaust system and problems occur such as balancing of the
exhaust gas flow. Since multiple injectors are desirable for increased throughput, there

1s a need for the development of improved exhaust systems as well.



5 In one aspect the present invention provides an injector assenbly for
delivery of gas to a substrate, conprised of vne or nore iiuler injector
heads positioned adj acent each other and spaced apart to fonn an exhaust
channel therebetween. One ox mare end injector heads are positioned

adj acent and outside of the one or nor-84njector heads and spaced apart to
form an exhaust channel thereébetwcen. A nounting plate is provided 10

having a plurality of securguMMBOR®TGFTHE flovEiTdON dual |y securing each of
the inj ectors and end injector heads, wherein the 1 njector and end

i njector heads pay b %bée@g HE" 'hlg hﬂﬁ%sh%’t i%@éﬂ%ﬁ th flovRdds qmtpﬁjox;eﬁ%jieﬂkle £ Ye

assenbly, rn another aspec resent invention, the 1'njector assenbly
further incgluydes an exhaust assenbly.c | nt.in e for
Ferovi ng. o JEEST pBfkefhd MR nal RARMTY i RISt e bl BRMASo BrfiG 4 1
prese~zt it ~ti on.provi.des for. exhausting the inner inj ector heads and
the end injf™ ‘nga%&l’%&rysl@lﬁ”ﬁfﬁ‘ﬁ@?’@‘?us?ﬁ?sgmb&ONDt es control |l ed exhausting of
t he gases evm when t he cgeometry of the systemis un-bal anced. ﬁn a further
aspect of the prReRSASPEGHIRSRIFSAL ln&ﬁl"’@ﬁlﬁ‘a‘{}’é‘ieseﬂ%@%‘l’fyasﬁ%ﬁqtgyglfidﬂ Y ®hpri sed
of a lower exhaust plate coupled to the nounting plate. The |ower exhaust
20 plate hzgsstoaaubmteemmmedeﬁ@rwmmrﬁiunmethgmd&pmmwcd@mcem@a@h ong the
substantial |ength of the | ower exhaust plate. An upper exhaust plate is
coupl ed t o otee ahdwpicedxdpadst fpinate.exiinest apanar] teichesteepl Qe ohewrermibust
ports fornmed thexein which are contoured and conprised of an el ongated
openi ng at imetrasieeadnare Psticonkdgiaatmnagd bingids ubtk ant banoledngtior hdads el upper
exhaust plate and tenninating in dual ports at a top surface of the upper
-4 exhaust spicatl@parl A& fEAPAT ©chatst RAkGIe] fHRADBN!En.aRnduling pltdd/siproddsd are in
fluid communi cation with the exhaust channels in the injector assenbly. In

yet ghot herha%@%%lurﬂfl#)%cﬂﬁtﬁgs@le&ﬁmi oY BidiVi QR ly bt arifX SR S tha fiSdidik ¥nd UT t her
conprises an outer exhaust manifold 111 fluid conmunication with the end

inj ector %ﬁaq%e%tﬁr tﬂﬁ%s?@hier@ﬁ%.e qgi'a@tuﬂ%ea J:ﬁéc@or%ﬁ%% (ﬂeqn&ilvwhgny

conmmuni cati on i nner 1nj éector I'n one ment the inner

exhaust manifol d I a. thg aplurality of through passages
I e ol SRt

formed therein, re provided and a tube is coupled to

each one of thethr h_pbassages. T es..ar { I | ng
unit, The bal angi1 ﬁ%&ﬁ%iatﬂ?%g ﬁg%prleﬂﬁngfnv%%?onég%ﬁrﬁgﬁgfﬁé&%lﬁ(r?uarﬁlleF @“’g’?g% ubes
and a sialgle outlet. This 10, provides, for bal anced exhaust f.l aow even when
the fn; eot op Btk souted B B BRTSneBle iy B PR BTor PR
channel s. BRI EF DESCRt PTTON OF TH>E DIt A. ' ~¢>>( N ber. obj ects arid
advaht ages 15pds: He parariagiianiags Pf&ﬁb‘&ﬁ’éﬁ?“%ﬂ‘%@%%i‘ ﬁﬁhab‘F"“%Entéc JOFhi | ed
description of the invention and the appended cl ains provided bel gw, and 15
upon r ef er dpisetor padpandthesnidinjsctor headgreparately) Ehis prapppiogcontrellesexbansing onal
view of one inplenentation of one enbodi ment of the nodul ar chcnlical

i nj ector asdémgagescdven wdep thesgeametryioEthe syvem #ug-batangedi cts a sinplified
assenbly view of .one inplenentation of one enbodi nent of a single xnodul ar
i nj ector head adaarfirtheg dspeaind therbredéntemtentidn,t dnecexbBust nesprily isnwevidedn; FI G
3 shows a partial, blown up, cross-sectional view of nmultiple injector
heads and atpeisel 6y Roledexinbifflfhte doupled to the mounting plate. The lower cxhaust

20 plate has tapered exhaust channcls formed therein which extend along the substantial
length of the lower exhaust plate. An upper exhaust plate is coupled to the lower exhaust
plate. The upper exhaust plate has exhaust ports formed therein which are contoured and
comprised of an elongated opening at a base end extending along the substantial length

of the upper exhaust plate and terminating in dual ports at a top surface of the upper



FIG 4 illustrates a bottom perspective view of an injector assenbly
according to one enbodi nent of Che present invention; -5 FIG 5 shows a
top el evated view of one inplenentation of a nou,tixig plate of the 'present
invention; FIG 6 illustxates a top el evated vie~uv of one inplenentation
of a first (lower) exhaust plate accordi-ng to one enbod~ntnt of the present
invention; 5 FIG 7 shows a top elevated view of one inplenentation of a

second (upra.eml_sﬁﬁmééls%h&'@[}eﬁed! ExIRGGOLKIARAE it theOBGBRDPSHITRAL iPfuidIe

present inventio , 8 'depicts a cross-sectional view of the second

of 'the socanungtalier Bt i ehenth HEinilentdmily S D i ront of the
Cxhaust assombl % PR ST GRS A O PERBTHBrerb ot e o A, Fier

| o ement A EPBRTIES AR TRUCH AR aBICA MO EE SR ST e, 15

FIGS. 12 and 13 show a side el evated view, and a, side plan view,,

respett i velayd apinngnexhapst masidald asserphin ity uid comaumisaiiomwatb tr inperiaicegr e

enbodi ment of the present invention; FIG 14A and 14B illustrate top and

si de pl an Ve#iss In oxssgmetmdimerit fhe inter exlsustmpindfekdinalpiless Wite haviog e plerglitat e of

t he i nner exhaust manifold assenbly; 20 FIG 14C shows a cross-sectional

vi ew t aken ofiltlroggh pasades FomieliChofeinti 4. plarlty ¢ tGbeslde iprévidadr ertdes tubn inssenbl y
view of one inplenentation of a top manifold of the inner exhaust manifold
assenbly; kbipled ffeach ofic dfthc firaugh\passagexf Thelhulics are colipleé tod bilheitgamitrani f ol d

of FIG 15 according to one enbodi nent of the present invention;
The balancing unit has an inlet for each of the plurality of tubes and a single outlet. This
10 provides for balanced exhaust flow even when the injector assembly has an un-even or
un-balanced number of exhaust channels.
BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages of the invention become apparent upon reading of
the detailed description of the invention and the appended claims provided below, and
15 upon reference to the drawings, in which:
FIG. 1 shows a cross-sectional view of one iiplementation of one embodiment
of the modular chemical injcctor assembly of the present invention;
FIG. 2 depicts a simplified assembly view of one implementation of one
embodiment of a single modular njecior head according to one embodiment of the
20 present invention;
FIG. 3 shows a partial, blown up, cross-sectional view of multiple injector heads
and one end mjector of FIG. 1;
FIG. 4 1llustrates a bottom perspective view of an injector assembly according

to one embodiment of the present invention;



-6 FI G 16B depicts a cross-sectional view of the bottom plate taken al ong
lie 16B16B of FrG 16A; FIG 17A shows a top plan view of a top plate of
the top manifold of FIG 15 according to one enbodi nent of the present
invention; and 5 FrG 17B illustrates a cross-sectional view of the top

pl ate taken along line 17B17B of FIG -F#A. DETAI LED DESCRTPTI ON OF THE

| NVENTION I n general, the present invention provides a nodular chem cal or
gas inj ector a ; : e i | but i on
long & Fengt h. TG pARYS & PR PRPRLY YRRRASLE K InRERIACH (T3 Bab R RAL | e
for a pIurg#jgé_o{iiqghyidual i njector heads to be cooperated to formthe
inj ector et aESeany whi ch addresses the shortcom ngs of the

prior art. The injector assenbly of the present invention.cansists of a

bl ural ty of | nflit GHMRERERS RRoHErE oY GLras P REeReientr § 8 B Ver “one
or nore gaseous chem cals to a sem conductor wafer or, substrate during
processi ng Xyt plale aé??cr@J‘PgI‘Fé%"'c‘fs"'nEhOd{’ﬂ@tfgﬁ‘ﬁrpé%séﬁ‘ﬁm‘fW%ti on conprise one or
nore axially ali?ned assages for delivering one or nore gases to a

del i Very surf acEIEnY shejks iomeelayatefbyiswqicne imaicmsntatinn 9h alsecond{apretks enbl y
further includes at |least two end injector heads each positioned at

opposi t e emnslsaust platedn aswetantywitl hre embbdimprief dre gresgdsins¢ntions ncl ude one or
nore axially aligned passages for delivering one or nore gases to the

del i very surf acFIGH8 dapihs Deressesectimrabviz® od ilstsed¢dnd eklmustdain ellen alongline

enbodi nent, the assenbly fvrthcrincludes anmountuagpl ate to which the

phual ity ofp-Bf o€BI®r7;heads are secured to provide positioning and
cooperation of the individual injectors. An exhaust systemis coupled with

the mounting pl #E, § & EXRARMSHlaRiichesTHEsctHE SRHESpHERih Y&oetmbywithend N)
ector. More specifically, FIG 1 depicts a schematic diagramof a

cr osgg sect i.aRakinydne¥f fe pRseRMveniPdi ment of the nmodul ar injector assenbly

120 of the present invention. In the 7_ enbodi nent shown in FIG 1, the

asseanbly 120 i u t e S % L NAE VL ds sl -d and
124a- b; homever?ﬁétqaﬁfﬁ'gﬁ @%ﬂg%%ﬁ%‘Fﬁpg%éhgﬂgkftghfﬁ&gIgpgggﬁ*héﬁathe
assenbly 120 can be.confj.qure it nunber of. injectors to provide the
desired ch@ﬁ‘fo(’:'g‘fmﬁé‘ilmg‘%f Bmgmié\#aﬁ@t‘)?g&géuisﬂt PEHEN3) hosi tioned proxi mat e
the injector as 5 120, six jnjector heads incluyde iru~er injector
heads 12 o 300 LharopAzstvRIbeq sitd clePoRE v el ot Tentgte s SoaiaeA et o onc
of the assenbly along .the X-axis. Al of the injector heads, 122a-d and
124a- b, aréxb%§FF?BW%Q°§HWF§%%EY%ﬂm¥%nh mounting plate 126. The nounti ng
plate 126 is sufficiently rigid to support and majintain the positioning of
the V§eighl, of H&s i2mndddshowasids clevdied vigrandegidsiphaneviewaespscisipPed to an
exhaust system 10 130, described in detail below Although not showxi, the
entire inj eotisnerapchaesthmasifold saseamihly ageasdigarieraiel gnbrsiiment of thei presensyst em
such as a CVD system for exanple of the type described inU S, Patent Nos.
G 022, 414; itvedfion;3 89; and U. S. Serial No. 09/757,542, the entire

di scl osures of which arc incorporated by reference herein. In one

eanbodi nent, th&IGeNaA aind daBaitlhsars tap22at sidaplane nidwisnrespéativelgeafisnd 24a- b
15 (sonmetinmes collectively referred to as "injectors”) are positioned such

t hat exhausipldnamttion of 34attém Plae dtheRtichaihaa® mQH6H 8ftehblyl) ector and an
adj aceilt inj ector, and between each adjacent injectors. For exanple a

firspgexhaust chagnedc R4 4 Sofsoepishab@bwaaies afonkithe t4€nUd gHiFigauar 124a
and a first inj ector 122a. A second exhaust channel 134b is forned between

the .first inj ecﬁg%f 1§‘ﬂ1€n§11%9§jar?as§§(§tﬁggie{vmf%§£ gﬁnpc}&?lﬁxlgatid% dA4ehp &M&ﬁ?%g;t and

channel 134c is fornrz et ween secon rd 1nj ectors

122c. A fougth _exhaust, chai ui el 4d is fornmed between the third and fourth
oSt HSS g Fhort]

injectors 1 Vi ¥haust channel 134e is formed between the

fourth injector 2 nd the second end injector.124b. The. j.nj o[ . heads
155 i o s i B 368 5 0B P BRSERY oF aPeloB RS Ot HE oh saSaldr LG, 15 he
exhaust channel s extend Egﬁnpﬁagbt of the injectors along a 25 'Y-axis and
info the mASARIAHE 1PIOBE embodmentl the prRsent PR, heads and end i nj ect or
heads _g_



are fixed to the nmounting plate 126 such that each of the exhaust channels
134 are in alignment with correspondi ng exhaust slots 132 fornmed in the
nounting plate 126 and exhaust system or assenbly 130 as described in
detail below, Referring to FIC7’s. 2 and 3, each injector head 122a-d

i ncl udes one or nore 5 el ongated passages 150 which extend the | ength of
the injector along the Z-axis (shown into the page inFIG 1) A,

di stribution chenmekplRgicRueidSediioRVEAEHY (RS BBt SldRASEAURNE KR 16B-2

chem cal delivery surface 154. Each distribution chana~el 152 extending
from each ?ggqg%;@dlgﬁssage 150 converges at a region 156 defined within
the delivery sur#abe B54. The region 156 nay be recessed as shown in FlGs.

1 and 3. Alternativ the 10 regi.on 15 b | anar _or. ,ev cave.
oS ot Tbutt ORGE ety ?P#%SWW%@%P"E%&F GFfs Ty SEEG A Ty
extend the length of the injector heads.122. In an alternative enbodi nent,
t he one or 2% lﬁggﬁﬁﬁ@%ﬁﬁﬂl %%QgG@§“?§§“§ﬁﬂpﬂﬁaP e distribution channels
152 may be restricted_isuch as bl ocked, plu%?ed and/ or filtgd} at_its ends,
to prevent one SFCryBdllysiraesa srasicrestinnal YipwRf Disdennlas takse alongiipg 1TRBnmgt h of
the injector. This 15 limts the span of the reaction process at tk-~e
deposi tionl7BgfdGt &74 thin the total length of the inj ector, and

m ni m zes occurrence of the reaction process past the edges of the wafer
121. Rcfcrrin. g agai DETAHED DESCRIRYION OF FTHEINVENTHON nj ect or assenbly
120, gas inlet end caps 160 and 162 are coupled to each end of the inj
eetors to al | ownhggmemlshepresent diventdi provides asngaiuldr eberhioalton @asihjeniga e
passages 150. The end caps 160 and 162 each contain one or nore openings

163 whi ch e@RAues RQBRIbIY:paNle BNRoPidingpas PiRGHAGSSalbhYa lchBh, Bihrfans 1Ry e
secured to gas supply inlets (not shown) for delivering gas through the

openings 163, -AD6f {HAliRjcbRE RASHEGRSS ﬁ?@icphthﬁﬁlﬂyscﬂ ABR{duaDinjdctor ks fohigd the

opei >l ngs 163 are not  required to be o e sane pattern at each end cap
160 or 162 gmat 18Ry R4 COBY Mmeahiut Qsddifly ShidARAAIES HeBobonBhgher one
end or botﬁ0 ndsgg® t elﬁnwectors dependfng Kpon pl acenent -di of the

openi ngs 188 ebifiRa. 28R LRI ATRL GrcBe G BnfbiBor 2onbdd 6 160

has two openin altgn w passages 1 n end cap

162 has one_.opening 163 t | i gns. W S -

ar eposi t i oﬁ@ﬁ%@ﬁeﬁgﬁmf’ﬁga&%% %E?gl?e %Seeﬁ&c}’ 29%2@59%5% gggtﬁ%é?g%e%ﬁégémiﬁ to
provide an air tight seal._ The seal 164 maybe a braze. 5 materjal . whereupon
Phe. braze. faReCTAboAOL YA b ERES SR AP BT hEos 0% BOTT HAte A body
where_ the end caps 160, 162 are brazEd Iﬁ tge iq%ﬁgctQ% Bﬁad”

Al t ethat i varspentiRgention cenpase @i orgpore sxlaHy aligned pagsages o ACLivEFing PB? “head by
a rivet, bolt, pins or substantially any other nmeans _for securing_netal

el exxt ent s.more g#egsotei @ delivesy swrfase flirpyghopogat ayoredisgibutine chemmsisr afe 121,
reactant gases are 10 conveyed through the passages and distribution
channel s t astemdlyfsthaancludesyt ksast tueendifigctoicagdsgach peditioned dlepppsitpendhe gases
may be separately conveyed iii each of the passages 150 and channel s 152.
Thi s mi ni nmcfdake pssembiyi Ahe and/injector beads adtoi waludé onber gasesaxidealignee gases
enter the region 156, the gases m x and react in the area of the gas

del i very suaisages for 8dliveting ofle pomiote gastsayahe délivent sirfaed thosughtume sunfoace of
the substrate 121. When 15 depositing a silicon dioxide filmfor exanple,

sil apg and dgtMB@bdn cBinmlst & diRleinbBlimeA B8 aseshbBAGRer inchiles DRonigpeaeent | y
conveyed in each of the passages 150. Additionally, a purge gas such as

ni t xogen arigumﬁxtﬂxé Brality %) QSorhERALAL Bl e FBPYRIESD dsfiionBiB@ndEodpBaiof t he
passages 150 The purgegas may be used to isolate one deposition region

f th ' N Y-Tol d i - i f
the T oact ant GoREiBG HPyaR, AR SR i ol i O R o

be configured to deliver, an_etchant ci.es . .to mnimze the buildup of,
deposits vm'el"&f“‘f‘f?%rém}or‘{fg%et%Fesaageg“é%‘?qu]fdl?ﬁch&uré delivery surface 154 extends

out in both diregtions.fr recessed, region to the outer.edges 158a-b
of the injector 8‘5&?3%%5@1}%%8 latﬁpﬁc & Ehel lcscﬁ?‘gﬁ"ﬁrgé’?ﬁrcgﬁs'gﬁc&of‘ Al

i ncreasi ng the ga xposuxe to_the product .qQr bstrate 121 bein xposed
(Suchoas Sptane PrpeGHoRA I moUHS HTEh e 1oL e Rt cE LR s R, RS The

el ongat ed passages 150 may -JO include netering tubes | 72 which aid in
provi ding uniformdistribution of the gases through the el ongated
passages. In one enbo dinient, the inj ectors include one or nore

addi tional el ongated passages 174 formed within the inj ector and extending
the length of the injector to provide for circulation of a cooling fluid to
control the tenperature of the 5 injector. Ira one enbodi nent, the end

i njector heads 124a-b are configured to deliver a purge gas during

e . —— r 1 o N Y o v o




15 I n anot her enbodi nent, the end injector heads |24 may be configured to
deliver an ctchant species to mnimze the build-up of deposits within the
i njector assenbly 120. As described above, the present invention provides a
r~oodul ar inj ector assenbly 120. Each of the injector heads are separate
pi eces which are arranged and individuakly mounted to :formthe assenbly
120. This provides great flexibility. Individual injector 20 beads 122,124

canbe swapRechdibntQh 6w FPREd1.ahd AIGHNGNT 20 ASRIRE LBR of M RAMVATualiRRdRr 122, 124
can be added. []f?erent types of injector heads 122, 124 can be enployed to

create di T} R6E03>LPRRPII4aAR HBRLIE! %l E@%@a%ﬁ el R 81 mgeomet ry
of the equipnent syste~.n tobenodi ~ed, optim zed and/oztailoredto different
Aol cat! OlSembil 36! 06 e BBALEA N A SREACE e MO ILolol R OLA! SPans

the entire-a up revi I'nj é€c creating an, inj
t t hat _h reat]y | del i f . -11 154 Thi

o o e SRR g Y PR B e D P Ao e

Feat ar o of X4 FESSH RSO B ST 150 TS oA 29 2B P ok RGeS, 4 and

5. In general, the inj ector assenbly 120 is attached to the 5 nountuzg

pl ate 126. 124e-hipasitidngd ot caplodistal @ of Hietapssmbly alenstheXaayes. Alhef the wissior
invention | prorrides for individual attachment of each of the inj ector
heads |22, i&ds,t 22pheanplddaiin greppeitioned end kesureddo enbouitingrtlatad26hdle i n F1G
5 the mounting plate 126 is fornmed of i a sidewall 131 with a hange 133
form ng anmoppirg Hetefl26ds sufficikatly ngiddo sepestsax rtainiagphtheipoditienibpof b sur f ace
| 35. Formed within the bottom surface 135 are one or nore 10 exhaust slots
132 and aplydighl of the dhjeteEadNTROMO UntingPldd 526 Erouplet auat extlandisydédr ext end
substantially the length of the nounting plate 126 along the Z-axis, and

are 1@l i gnegsoMdeborivad ih Aefal] Welbve O MG hAtdt @Rowh,tthe @i igikctbh gndcestnauigt
channel s 134 of the injector assenbly 120. The securing apertures 178 are

posi tione daés@rh@]i%ﬁ@é&e{aﬂ? hORkd TS HA6R sddmsheVIS Brttal M kh@pledi @t or

heads |22, 124 exhauSt pl ates deScribed belowto the I S nounting plate

126. Vi | enRORCIABLANRIS HalPNGL 61002 4R H00NB0 A L8 IRAINAS obasnsaftown. | 1

shoul d be ers by those o z~ the art that the nounting plate

126 t her. , S vi haust slots and
secur ng BBl B or AT B oo led by e B e pr esent
Shoan {1 det ai | T opr e S Bt Bedt il A DG ARATNY

e exhaust "asse S conpri sed
of | ower , exhaust ate 140. an uppel_.exhaust plate 142 out.er exhaust
mani ol d lﬁﬁnﬁﬂﬁméﬁghﬁﬁ@Fﬁgfﬁﬁﬁgfo n?WS%ﬁggkgﬁﬁﬁF@mﬁ ?ﬁ?ﬁﬁﬁ%ﬁéPﬁﬁ, t he

| ower and upper, exhaust pl at 140 and 142.serve to interface diregtly with
t he exhausfhaRsglsdfecrsy f‘?ffmga’@wf‘i’?f‘e@é‘ablﬂé‘g’c%ecf‘oé @ngagéﬂé?‘tflpl?ﬁliof’kf’é‘%i nj ect or

assenbly, and the outer and inner_exhaust manifolds 146 and 148 serve to

- 12 bal anbef™epr cechipsieeentinispiont Fasexgaples frsbenhapd chanmel h3e e domsd of the
injector assenbly to pronote controlled and substantially uniform

exhaust i ngbetverine figstsnd infgtter 12Ascmd axdiralintecior 4220. 1AGe¢andsibiyst ehanaedt aj |
with reference to FIG 6, with a cross sectional view shown in FIG 1. hi
gener al t hé34iseformadhetseeptiat forsl dfectes 1328 end e issmdd dfjectoni2dber Althid havi ng
one or nore outwardly, tapered exhaust channels 136 formed there through.
The 4d@per eéxleabatinhng 13405 formsitheaweenahosegaideahdahiod ydoeorsl 122thaiddate.al |y t he
| ength of the | ower exhaust plate 140 along the Z-axis. One tapered exhaust

channel 136 ifsu Q¥intkeschahad 183¢H ferltd betwesh i thikthnd ForirthenjeftbRIDS avds senbl y
120. The | ower exhaust plate 140 is fixed wthinthe nountingplate 126 and

i's positiOResly wiat ﬁhﬂ@:&ﬁhf& ciéf}ineﬁpmrish fb%%@@bei‘b&@éh th@%u&hﬁfétapﬁzza%@maust

channel s 136 (see FIG 1 Ign with the exhaust channéels 132 forned in the

L D A ey el i e e s, |
o v o B30 0L A5 PR R Ry SR R

outwardly in I near manner to w

h .pl , . ' di h d
cxnatist cnanrar et s ipabindPats; R BaTPIRhTRRnt et FIRNEG

| i near manner. For exanple a wi der contoured opening may be placed at the
upper end of the channel 13G 1n some applications xt may be beneficial to
provi de a highez draw at the ends of the inj ector to reduce uneven
deposition on the substrate near the edges that traverses under the
injector. 20 The tapered exhaust channels 136 ofthe | ower exhaust plate 140
further align with



exhaust ports 210 o.f the upper exhaust plate 142 which is coupl ed adjacent
the | ower exhaust plate 140. This provides for one substantially continuous
exhaust gas flow path fromthe gas delivery surface 154 and out through the
| ower and upper exhaust plates. The upper exhaust plate 142 is positioned
atop the lowerplate 140 and is secured8inplaee 25 to the nounting plate
126. The securing apertlLUes are configured to receive bolts, rivets, 13
pins or subsiaBd kdiHe)mARYInR P 17EaRE thaeadPEithl BehAubecHRRe]£ 13 ARG ih over
exhaust plates with the nounting plate O particul ar advantage, the
prese~~t | L O8OV ] : g e Wl tgl.l.gd and/ or
ig@ﬂ%eh%tﬂ &foésﬂﬁgdrlﬁg @b%ggﬁ)’&é 1 % foy, 4 ﬁl:fﬁg Toufitife ?1% 178! ah

substanti a uni formm present” 1T nvention 5

provi des fq tin a roma..'li. rce” to a " point source”;
that is, g%;é%lgégf‘sgé Qﬁg‘gﬁg?gﬁslgbgﬁg&tcﬂgéqlg%éﬁ%gﬁahe injectors (i.e. the

i ne source) vi he ex t.channel s 134, tho t he | oywer and uppex
exhaust pl ates ]gﬂ%n%tol St%angP 5?%69?“?‘2@6&1 ?EZaéd ‘?%‘é&,e\%cﬂ“-@ﬂr I’é‘ggrce) in
the top of .the upper exhaust, plate *42. This feature is _described in nore
det apl wi tHoREIEEes Eﬁowle%‘?e@?n aﬁeﬁg‘ﬂ;&f@e ipeciopalgng BicidseHs BH8WR, t he
exhaust channels 136_in the | ower exhaust plate 140 are tapered outwardly
whi ch pr ovintpdhe pagsie BIG ) vo distrbution chmeléﬁﬁamnds@r@%bﬁongﬂedmﬁgws exhaust
pl ate 142 includes one or nore exhausf ports 210 formed and extendi ng

t hr ough t hESOste aoahemioeh delsterypduaface 1542 .Eacﬁdispﬁmioa tharingl hi3t exdénding fianm shape.
As shown in the crosssectional view of FrG 8 'which runs the Iength ofthe
i nj ector asskelbhyatt@fhssdghad SPomiveizts fa rddoh B definediwithietlenplivers sunfeen end 213
at its base end which extends the substantial |ength of the upper exhaust
pl at e al ongs4 hEhe/regtons156amney bhestedsaPes shovawarEIGy. 1 end 87 MilnaiAively, heef er abl y
two (i.e_ dual) narrower ports 210al and 210a2 at the top surface Z12 of

t he 1gpper RxaUSH nlyHeldt or Wehlcendav® PRY diSiridhGorSE bl 14D, aéFi@ﬁsues native
onbodi ~nent, only one, or noxe than two ports xnay be used. To pronote

SubSt ant | able/adlehOREL A4 Omd (G BhalyBl or beisilunls RABYSH. MTpS 21021

and 210a2 are positioned such that two interior cavities 2l Ga and 216b are

formed for : e i s@ﬂﬁﬂ f the
cavities 2 %grﬂglrw{g9@%8%%%?1%@l%ea%g%Hﬁgﬁ%ﬁﬁ%aﬁé&p@?%&ésﬂggg%ﬁ ﬁ/o[f"hg?l T elv?nﬂde ends
213 of each _exha ont is.su ntial ly egual n Fthe | kh of
the taper e‘g‘agﬁaéggé H@ﬁabﬁ 58%1%?‘?%51@1 1 ?fgf yﬁg%géﬁéﬁh‘l&r%ﬂﬂg g ]%4?31.‘1?’{}% one
preferred enbodi nent, the aspect ratio .1 bet ween t hei ght, of the
exhaust pab Ve GHT ‘PWB“R/{S’?EFT%W’FE&%W PapEe &PHWﬁeﬁt?%b?{lﬁF gqr. THelet in
t he upper exhauyst plate, to.,the width, is apout Q.6 or, greater,. Securing
aperfures Hmgs theepiin? B TSARUHREOtRSD & the depesdion pegieruto R el epgihal gn

t he upper exhaust plate with the |ower exhaust plate 140 and, the_nounting
plate |26 ¢ighs pceR end IEFHESOCHITRC °’§1|hetf1’?éu‘é'k1?ll‘?&%s§tpa§tltb? edgenaf Bhannel s,
and to fiurther ensure an air tight seal between the entire asseznbly.
Exhaust tuwafepbhti ng apertures 214 are formed around each exhaust port 210
to all ow the exhaust tubes (described below to be secured with the upper
exhaust pl at e 1R@fcfringrigaig tablGil to pnogde gasesctb thedijegtar aspanblnl 2@ dsaainietge, t he
exhaust system 130 of the present invention further 10 includes neans For
bal anci ng éddcabé 060 afd 162 hrlwipled aathend sfjttedhettofreaalovt 25380 chadicelke end

i njector heads 124a-b. Providing a neans for balancing the flow of the

exhagst . paYFRLESidieMHelonbhteXpdrbddes V50 Mhe ehOEHS 160 arldN&2 kiiHaeh@in igsenbl y
120 design. For exanple, providing independent exhaust manifolds for the

i nner and gulgfe JpRBn8H $6Pivhich %oﬁé%@ﬁ& & an§ D86 BPIRS p%&éf M1 500 THRRnd BigRCt OF

assenbl y enpl oyi ng an unbal anced Oor unevén nunbers of 1 njectors or

exhaust ch : Q&W{i‘wh. : # i exhaust
channel s 1%%39%\%3%@%%@@?5%@%{58(%6“ I ca°F§k}‘,%Vi°%‘“%€§ @Q&%ﬁgr" Elglrlv%slo%?rrent,

t he exhaust system 130 fi.tsther. incl udes tez exh mani fol.d ,146 and
an i nner e%d;xég(i&ﬁgﬁﬁs?%ﬁsc}%g'sgéwpfnﬂ °48%s ]Egvlf\%he ?Pr?‘%a‘%?gﬁ“ia Hml"—rﬁigedlo to
17. In general,.the outer exhayst gas nifald 146 includes 20.t pl at es
230, each GIORH Y TRARAE § SRR GG ARD B HCe B PR MDA GO SP TRE. | ect or
assenbly 120 and ve two through passa 232, onge ssage formed at each
end %of thepﬁﬁ%&eélgget elﬂﬁhﬂ%?@d’ftbaﬁ'e“é@ﬁ%Eﬁ’&é’aﬁﬁmfﬁfp%ﬁmcgﬁ@%lp 8o s a
U-shaped tube 234. Attached to the U sliaped tube 234, preferably at the
top ofthe bend section, is a suitable connector 235 such as a fishmouth

flange for connecting the tube and plate to a eommaon 25 outer exhaust |ine
237. -15



The outer exhaust gas manifold 146 is in fluid comunication with both of
the end inj ector heads 124a-b, and provides the final exhaust flow path

~ for gases passing through the outernost exhaust channels in the injector
asser~~bly 120 (i.e. exhaust channels 134a and 134e in the illustrative
exenpl ary enbodi nrent shown ua the figupes). 5 Specifically, each plate 230
is attached to the upper exhaust plate 142 such that the through passages

232 at eacfyigd éﬁtngts hes Bl élh e%@ap’?‘rﬁo@xhﬂﬁl%QS ket FUGnNAl il oip 140 e dual

outlet ports 210al "and 210a2 that correspond~to the exhaust channels ofthe

i"ﬁ} ELEE?E ,§lel lﬁ%ﬁ{tﬁ??@zﬁ?ﬁ@@% 24 .51{%?3% ATCAL R s h
[ . i nj 120 0
o ol 9B R6A QUL ALRRS RSB hen G Lo onpiinat bemeb S el o1 e

positioned at opposite ends of the upper exhaust ate 142. The two plate
230 and t ubsadpand each enfifiapd §0.4168 1 BgBiIdaap pipHekieal ﬂ%"' ieﬁbll%d’f‘@;r{’eé’?ﬁ%ﬁst l'i ne
237 via a Teonnectoz 23 8. Thus, to_renove gas fxomthe end inj ector heads
124ash andweteaalpwhprsapen Biedrazematgriabmgiisduring sheprazipgprgessato PPrmgsingleough t he
out er nost exhaust channels 134a and 15 134e, up though the corresponding
out er no st balytvehese theleod saps3 60, 63 arHwazadin thernj spfbritead 1 pAlermphiyady g end~e
correspondi ng out ernost exhaust channels in the | ower and upper exhaust

pl at es 136eapandl,l3Remapbese2ifed tade igjtct@eheaddypeattet, beltypinandsubstentidlyough
tile passages 232 and tubes 234 in the outer exhaust manifold, out through
t he outer ngt&méts_ﬁcalnhn’nﬁsaaﬂingaﬂdalfeilémdnly reachi ng the conmon mai n exhaust
duct 236. 20 O signif cant advantage, the present invention provides for

separ at e exhaustj gpit 4 R9ed H-RREEF ABGHOUSIEEREbstXN BRIS reachian pges areof the
i njector assenbly. %o exhaust the inner channels (for exanple exhaust

chanpel s 1 %eyéd%ﬂﬁu@ﬂﬁlelpaésqgésm%is%rgbuﬁgﬁcli;rsil)mlhéﬁ td 8t bR A¥QYBhRE 154,

enbo?inent the 1 nner exhant "mani fo asse y 148 I's used. The ixu~er

25 B s e B B M P 0. i ch
120, For et LRI hs prareiapb sy BREb prchtfp oFiEhele R0
oot Barkin B bR g PR SRR RS B 07 £ e

of the plate 240. Connected to each passage 242 on_the pl at 4Q.1s a tube
5 244 vuhi 8HfasEUSFedd drROVES YEE ‘?f\f%a‘ﬁ%@ §&8‘é‘> i‘Bgaﬁe B%‘i&'a ﬁ‘d‘@Psﬁfétcﬁw%%t Q’E'Iﬁ%‘
Simlar to.the outer exhaust gas manifold 146, the inner exhaustrrE S

mani ¥ol d 14epasiings smqgmdl@%cim@m foaexmwlnisiipneand oxngrdarrlisahvey | %%er i nj
eetor heads 122a-d, and the entirety of the inner inj ectors 122b,c, and
provi des t hed b2omsl may ha indepsndsuthpeanieyedrin gacheof thappssagss 1 1) obdritienallyi nner
exhaust channels in the injector assenbly 120 (i.e. exhaust 10 channels
134b, 134c aancgekddsiichrasnitegeh udbthe dike,veaychecsaprarately contrydd eone oz Imoseodm i n t he
figures). Specifically, plate 240 is attached to the upper exhaust plate
142 such t agipasiaged h500 UbHe uagesgay ey b4 Asad todsuddte encldepsiting rqgict orB4le ar e
aligned longitudinallywith the dual outlet ports 210a attd 210b that

cor r espond afljacént Ge@shadbd nEdyainas absist abtpievehn pRrrehdtjoncdfothe heatimt adts, 122¢
and 122d. ~Whi | a the illustrative ernbodi nent shows three inner inj

ect ojg 15 headsaiivtly, snerhore BFpadstats l%i}?eilsdjﬂdéoﬁﬁﬁﬂed&ﬁ@&ivbfﬁn e
t hereby providing Six through passages 242 in the plate 240, Those of skil

|0 the art glads tﬁﬁﬁﬁaﬂ&gﬁeﬁo@gﬁ%os@@%wﬂhehg%ﬂ& ¥Rt 120! oyed wi t hout

departing F the scope of ent inventi To exhaust the system

gases flom1thr0%%2dg@ﬁﬁggﬂﬁ&e?§P§ﬁé&m%H@ﬂgﬁhﬁ%égéﬁﬁ%ﬁﬁﬁﬁ%Qm%&Qd%%%ﬁétgp1261

t hough the correspon I nner~ exhaust S e nmounti ng

t hrough the gorrespqndi iLn exhaust channels in the r_and_upper
exhaust pl & g‘? %ﬁggi%%’%ag‘n‘get%%gﬁ?&gﬁﬁa‘gfﬁ%‘fﬁlﬁﬁﬂ"ﬁ:ﬁ%?s‘?il%amﬁc? EhELTi vel y,
and out through the passages 242 apd into tube The tubes 244 are
coupl ed at HUFdngeREE @ﬁ@aga‘mwar»ﬂ: figr Fttorﬂlé%méﬁé&bﬂ“&ﬁ‘ﬁ sei@’ﬁ]ﬁf’%ge, t he
bal ai zcing unit 246 pronotes substaniiallyunifaorm -17 flow of the exhaust
gas, 2®ven widisonwagahiopproyiding aentensheicalgtaciion alhselengatsd apssages &5Q@aY. ' The
bal ancing unit 246 is shown in nore detail in FIGs_ 15 to 17B. rn general,

t he bal ancing unit 246 includes a top plate 250, a bottomplate 252 and a
center sheet or 5 braze foil 254. Fornmed within the bottomplate 252 is a
plurality of concave channels 255, shown particularly in FIGS. 16A. and
16H. One concave channel 2S5 is forned for each of the Tubes 244. Each of

t he concave channels 2S5 have an inlet 256 disposed at one end where the
respective cube is coupled to the bal ancing unit. Bach of the concave

o o ~ - - . o o o Y I B " "~ A~ o .



exhaust gas flow fromthe inner injector heads 1.22. As described above,
this exhaust gas passes into the tubes 244. Each tube 244 is coupled to an
inlet 256 in the bottomplate 252. Gas passes into the inlet 256 and

t hrough the channel and out through the central outlet 258 and the port

259. Gas fromall of the plurality of-jgdets Z56 is conveyed to a 25 single
central outlet 25S which bal ances the gas flout fromeach of the respective

tubes, BBl Ened 1 1] WnibhCREMIBIGRTD L nifirhi dishR\AAE 8P tichBs@as Tl ow

from each st channel's 134 In the injector assenbly. Zn one

Chape, anaCenel anapREl el B0 Sibalntal de Mol e RARE cnBBRITCS, s

ports 214 to..bhe e sa | ength to the final .outlet .259. .7 i tai to 5
the aforer ﬁ%%??n%%gag%gpfﬁﬁggbﬂgfﬁﬁeg Wlhﬂ%ﬁ‘eélﬁ ETAEF Xtee%lllgg g’[%q%ﬂg}i@n t he
use of valve 300 allows a_second.node of. . operation of . the injectqr 120. By
cl osi ng vathgdniseier toprgyide &3cur §t1‘8h‘ﬁé’ifl"8h%‘=jf)§‘(‘faé°a?ﬁrﬁtfﬁi 'ihgé?f?l?eé#"ﬁf? “oduct s
can be introduced in the inner exhaust tube via fishnouth flange 301. As

t he Val ve overt@cting the i nner exhaust io the main exhaust is closed, the
cl eaning gas is routedbackwaxds through the inner exhaustbal ancer 10 and on
into the proces ohaedbodivient, theecnduilifector beddaridfa-braracenfigyredts deliys a

bal ancing unit acts to distribute the cleaning gas evenly to each exhaust
pat h | eadi pargepuodirite; deposieas Thrafidve vf piFpegaipitfumhlyscsito fdre alieethgag gas
reacting wwth the deposition by-products are all renoved via the t~~o0 outer
exhaust pabhSier brberSUBATATY befwten Medegied bdldy artedd irfidttordehdiuta-bsmdiid y of
the present invention 15 includes a single elongated body supplied with

el ongat ed RaRBARCH 128 %ubiRital1P Prdvent 1D 26HBRNE gask FBMEes ineRRpositidie
el ongat ed passages, distributioxx channels and recessed regions arc forned

. . hBAL . . S d

Zhghﬁggebr2§%@¥ggglteg&%? iﬁﬁgﬁéﬁfgfﬂgr ngéﬁgghgﬁ%gr?ﬁg&?ﬁ?Egggor asgenbly
¢ he ini _ ey . . oh

to form tne liplReh! EEONecRRL 156 b M 6Eha0a [HPR S HRYERGL LiRhAD Riwatl ©

V .
route and dPS{TiD eparat e’ chem stries from i ndi fnlets in the

(o0 o, Uhe IkSELRE oty L 0o LRI ELhoL P SO 0. Gl oRlongt o

channel , y Surface. ity of these

injectors are bolted tqQ a single unt i | at e whic 0Si LI 0NS, uralit
ofJ inj ect &UECHHR ?FF’%@%B’@EYCCP%ﬁ@ﬁgﬁ%@%h%m@ﬁﬂﬁpngﬁtsﬁg“'g?az fa%]r@ nl ed byy
t he placenent of two. injectors,side by side, separated.,b spaced

di st gnc e. THE-HRILHES W@“ljﬂﬁn‘ﬁ]n&tdéf%ts&ﬂ%‘s{%taﬁﬁﬁﬂg{)mg Pf)‘?‘g d?%rggp??gssaﬁag ned

with the tapered Exhaust channel, and -19 addi tj onal exhausé fubing or
duct Wor k i dn posthegermbodiment dis el injeaiorbeadsi 17§ PEabe caiEwrHkl? 48VEhY exhaust
assenbly to guide the exhaust by-products out of the deposition region. The
nount i ng pletdhent spetigstoiminisize fie, build-upied depasis withiadhenjestar peserbly W¥anber
whereby the injector delivery surfaces foz~n the inner surfaces ofthe
process chanber .Asdeltribednboven theipn¢sentinventiof ptovidep n exeintar injecturessendly ar e
advant ageous over the prior art nulti-block injectors. Manufacturing

of t henodul anonraek 6f the Hjbcdovhehdy ané sepbiddiiiefes whirhaecaranged pal ialivitualin

several machine tools. This will sigiv:f eantly reduce manufacturing tine.

The noodul gho @3RG ot e ass@fbIA L@ WELiS pRIvies Breaelidxibifly. iAdvidusluaiectat eces
if they incur danage) Mdular 1 njectors also allow for changes to the

det aphed shapgk 195, ﬂﬁcﬁﬂgﬁgﬁﬂ.&g@@&ﬁhﬁﬂﬁf\/@&ﬁtoﬁ&h&? AR ihjeQuE hdaBie1 ol e and

expense of maki ng such s In a singular unit. Brazing the end caps of

the i nj ect o Reflbesad FRRERANDesY? idior IRUR 10 PIALRDRRIM 1RGEAL . L NUS

i nprovi ng the Success o Zze process, reducing bot ste and cost.

The individ i nj _ect.ors ke ti.oanufagt uri nd_ha [ I -

const uct | HABFET EePaSLon SRy Ens T At b it SR sy e Rt

El eetropolishin he surfaces.15 ip contact w.th the. reacting,. ac IS

easi er on t%@gﬂ\t"F@Pa&Fﬁ’é’ﬁf‘E‘l‘mﬁ@‘ﬂ ' t@iﬁﬁé@dﬂﬁﬁ ' tgpﬁg&}loqsnh%ggy oA
Additionally, the cost of waste, due to errqrs, danmage or ot her problens,
is significhrm he replaced wigh preinjscirs dhati sppes ths e tite gt @ctupiesl by PRVIONF ace
plate (not shown) that provides for gas, wat er and nitrogen_feeds (not
shov2fl), dajoplery 122¢-db sfeating ahnjeciosdhas ban e steafinlenethieerd gas doliveryswiase of

i ndi vidual injectors interlock to prevent gas | eakage at the ends of the
injectors and provide the sem -seal. Because each injector is individually
mani . f ol ded, each injector can have different chem cal constituents
dependi ng on the process needs. The | ower exhaust plate can contain a

nodi fied outlet shape to influence the deposition gas velocity flow field
pattern. The end inj ectors provide an inert gas region adj scent to 25
both ends of the reactant species region and provides the sem -seal at each

-, Y

—




the assenbly 120. The geonetry of tlae injector channels, regions,

delivery surface and contours can be varied to optim ze deposition rates,

i nproved chem cal usage efficiency, and inprove gas flow paths. Exhaust
channel s, slots, ports and tubing inprove exhaust flow uniformyw thin
chanber. 5 O her features and advant ages of the present invention may be
apparent to a person of skill in the aat who studies the present inventio~~
di scl osur G4 G,T QIRALNGAGH SF LIRLGACO L SREGIds & TORGERLS, BRGHPXATPI €5
of the invénti'on have been presente or the purpose illustration and

description, . and .alt hgnli'lgﬁ)tthe [ nvg%qgri on has been illustrated by certain of
;o '

the precedPHYFE% SH5 8 A RO Y be construed as being limted 10
thereby. They are not .intended to be.exhaustive or to ljmi the invention
to the preci se%‘r‘%erfé‘eﬂﬁgéﬁog‘@dwgéil@jﬂa%ioiﬁﬁal @f“*ﬁ%ﬁ%’ﬁ“ﬁ%%‘?ﬁis@%‘l’}‘@hs,

enbodi nents, and_variations are possible in |ight of e aboye, t eachi ng.
)1t is i nteerdegtailiaFlEPx aad §pdn generalothe Aecies %?HCIEWXJ%EEA%?“’P e @etﬁ%ri c area
as herein disclosed, and by the clai ns| appended hereto and their .

equi ¥al entrsounting late VIATAS &saibmdiabpvof Bartiplar adyventegss the PEEFM) IHvVengpo
delivering gas to a substrate, conprising: at |east two injectors

posi t i onedradiledenindadial Htankmentndeash o€ the inigptonheads 128y TR4dp thegummtipg e
exhaust channel therebetween; alld a npunting plate foz securing the at

| east two gl ¢26 olsonenmtrcdimertas shovin infiiGaf tHegaemtingplatn] 2cs dmmedef ng

i ndi vidually nmountable io or renpvabl ejtomthe nounta.ag plate, and the
mount i ng pJ adev4TEi Gvitk Mhsled 3Biféiming al @ast siefiee endtaivirte axleodssddrirdulghi d
comuni cation with the at | east one exhaust channel. 2. The inj ector
assenbly of;gcha 185 S A e iwi eShotofh RifaSaN®S hlfe ok@ncte The

i nj ector g‘gg}g%@[kg{%%ﬁg?gi \?\F)ndg[rdgi&n lglgx?gfi njectors are of different type.
4, e injector 1.al A 0] kd-h0] T,

. ongb exgx%%s,t ﬁlgfsg%g}g%% aggl][cuéaglltfrdefg%%uglwggé&{uﬁlessﬂﬁ. ThELAGLG Bt WoldRRhd

i ses: I'ng end surfaces, and an el ongat ed
t I del i f : i |k Ej i ney, al

the 1 engt roBrepralt i o B8 Ble BRR S0t e 2kl 0AR EARAR Rin® D00
el angat ed paseaft SLEdE el YOnIRHRIIRIRSHANL £33 SPI g agveen Che
end surfac gas, anhd at’1east one I n, elongate
di stributi | ot f d in.said si I t Z tend
bet <veon sEscRigldnlal bsHESLHErTiRa (4 e gantai ARy oo PP EaHSHRE ver i ng
a gas along the gas delivery surface. 20 5. The i.njector, s?nbl of claim
5 where saiq%ﬁ fpascyEng \'ﬂéﬁrly]%éF feads 12l 2, eéh%@mléﬂes ﬁ%ﬁé’ﬁgg‘g@ ?‘@é‘%l 0.

15 mounting plate 126. While one implementation of the mounting plate 126 has been

shown, it should be understood by those of skill in the art that the mounting plate 126
may take other forms, such as a flat plate having exhaust slots and securing apertures,
without departing from the scope of the present invention.
Coupled to the mounting platc 126 is an exbaust assembly 130, shown in detail
20 in FIGS. 6 to 10. The exhaust assembly 130 is comprised of a lower exhaust plate 140,
an upper exhaust plate 142, an outer exhaust manifold 146 and an inner exhaust manifold
assembly 148. In general, the lower and upper exhaust plates 140 and 142 serve to
interface directly with the exhaust channels 134 of the injectors to remove gases from the

injector assembly, and the outer and inner exhaust manifolds 146 and 148 serve to



6. The injector assenbly of claiml1 wherein said at |east one exhaust sl ot
extends al ong the substantial length of the nounting plate and is aligned
with the at | east one exhaust channel. -22 7. The inj ector assenbly of

clairn 1 ftu~ther conprising an exhaust assenbly coupled to said nounting
plate for renoving gases fromsaid injectors. 8 The injector assenbly of

claim?7 wherein the exhaust assenbly conprises: a | ower exhaust plate

coupl ed 't g,531eGn IBUAhLTHHWS S &fr8m! (Ve s X8 BiRér JTHIR ifjeetok BssbBY/ ded wi th

ai | east one exhaust chaa>eﬁhigﬁafl urd comuni cation wth said at l'east one
exhaust slot in.th tin ta. r pl ate coupled to
said | ov~£°e?r°55?hea%?§‘ﬁlg§?&;??§,ﬂ%ﬁ%"glaﬁkéﬁgfr}gé@%‘éﬁgﬁﬁ Iogpga#géspr ovided with at

| east one exhayst port jn flui 0 ni cat,i 0 .sh.sai d st..one
exhaust channe& PP & W@la@jﬁé%%&néf‘ébmﬁm .rcqeﬁ@‘:?ﬁﬁa%ﬁ‘ p "&bl y of
claim8 wherein said at |east, K one exhaust cgfa{réel in the | ower & haust

pl at e ext 67as sestiongl vise shemey InFlGu 1| dngienctat thenlowep fdhansl RidiFs | %Fsate and
is aligned with the at |east one exhaust slot in the nounting plate. 10.
The 3 nj ectonpasdefbmenber H4dianngonewidnare autwpsdly densregexheustehappgls Bhaust
channel in the | ower exhaust plate is tapered al ong the height of the |ower
exhaust pHetred thére thiwighnj Thectapered sxkansl ghaphele (136 mrel clongaedesnsl efendat | east
one exhaust channel in the | ower exhaust plate is wider at a top surface of
t he | ower sebdartially fHedergth af it lnaver eximnstatlate 140 tloogitsZfzice (Qufe tafeged ower 20
exhaust plate. 12. The injector assenbly of claim8 wherein said at |east
one exhaugikhfiRf ¢hahiel 98 W proEdedfor asthekhaisgslbiclB4aiein ingemt asselnblyd 20nd

extendi ng al ong the substantial |ength of the upper exhaust plate, said
el ongat ed Tye Jower exhaust plate 140 is fixed within the mounting plate 126 and is positioned with

10 ihe injector heads such that the tapered exhaust channels 136 (see FIG. 1) align with the
exhaust channels 132 formed in the mounting plate 126 and the exhaust slots 134 formed
between adjacent injector heads 122, 124. The tapercd exhaust channels 136 are
generally narrower at the base adjacent the rnounting plate 126, and then taper outwardly
in a substantially linear manner to wider at the top adjacent the upper exhaust plate 142.

15 In an altemative embodiment the tapered exhaust channels 136 may be tapered in a
contoured manner, instead of a linear manner, For example a wider contoured opening
may be placed at the upper end of the channel 136. In some applications it may be
beneficial to provide a higher draw at the ends of the injector to reduce uneven deposition
on the substrate near the edges that traverses under the injector.

20 The tapered exhaust channels 136 of the lower exhaust plate 140 further align with
exhaust ports 210 of the upper cxhaust plate 142 which is coupled adjacent the lower
exhaust plate 140. This provides for one substantially continuous exhaust gas flow path
from the gas delivery surface 154 and out through the lower and upper exhaust plates.

The upper cxhaust plate 142 is positioned atop the lower plate 140 and is secured in place

25 to the mounting plate 126. The securing apertures are configured to receive bolts, rivets,



openi ng being tapered inwardly and termnated in at | east one port at a top
surface of 25 the upper exhaust plate. - 23 13. The injector assenbly of
claim 12 wherein said el ongated opening is termnated ix~ a plurality of
ports at a top surface of the upper exhaust plate. 14. The injector
assenbly of claim 12 wherein said el ongat ed opening is termnated in two
ports at a top surface of the upper exhaust plate. 5 15. The injector

assenbly of; 1o Lel ' | hpectors includes one or
moxe i niver P s P aRE i bRy B e Rhor e Rithe bl B L AR HEES R
forth a fi&éénﬁénﬁyﬁﬁn§haruiel t her ebet ween; one ox nore end injector

posi tioned adj acent and outside of the one or nore inner injector and
spaced apart ton.for second exhaust channel therehetween; and 10 said
exhaust assenbl 9&?}@?@3 a‘@&ﬂﬁ%ﬁ’ CrRYCSCH MY SRR PERVAES 497 TRmAY Al oF theagasssnbl y i n
fluid comunicatign with said first _exhaust channel; and an outer exhaust
mani f ol d a2LeMBirglledandf qrisubstaniglly raifrmananter: FSrearfigakln derpresenhiavsttioohannel .
15 16. The injector assenbly of claim 15 wherein an air tight seal is
provided bEPYEenios sxkpushing gasemibors adtite sovret tos “Euint somee’y thatiy; gadenaer
injector. 17. The injector assenbly of claimI|S wherein said inner exhaust
mani f ol d asdiendtéd/alongthe @t ofahqinjcatoss (hei ihglins Qurde)l el thé éxhadst Bhatimalsi ty of

t hrough passages therein; 20 a plurality of tubes coupled to each of said
plurality ¥4, thvegh thedoglr pdsppgashaanplats Dad anriNae bt faybig;a. gkural ity

of inlets fox each o.f the tubes and a single outlet.
point source) in the top of the upper exhaust plate 142.
This feature is described in more detail with reference to FIGs. 1, and 710 9. As
10 described above, the exhaust channels 136 in the lower exhaust plate 140 are tapered
outwardly which provides a greater volume for the exhausting gases. The upper exhaust
plate 142 includes one or more exhaust ports 210 formed and extending through the
second exhanst plate 142. The port 210 is not of uniform shapc. As shown in the cross-
sectional view of FIG. 8 which runs the length of the injector assembly 120, the port 210a
15 has a wide, elongated open end 213 at its base end which extends the substantial length
of the upper exhaust plate along the Z-axis, and then tapers inwardly to terminate in
preferably two (i.e. dual) narrower ports 210al and 210a2 at the top surface 212 of the
upper exhaust plate 142, While two ports are shown, in an alternative embodiment, only
one, or more than two ports may be used. To promote substantially uniform flow of the
20 exhaust, the dual exhaust ports 210al and 210a2 are positioned such that two interior
cavities 216a and 216b are formed for each port separated by a central portion 220, and
each of the cavities 216a and 216b are tapered such that the length L at the wide ends 213

of each exhaust port is substantially equal to one half the length of the tapered exhaust

channe] of the first 136 exhaust plate 140. In one preferred embodiment, the aspect ratio



-24 18. The injector assenbly of claim 17 ~uvhcrein said balancing unit is
further provided with plurality of cha~~nels connecting said plurality of
inlets and the single outlet. 19. The injector assenbly of claim 18
wherein. the balancing unit conprises 5 a bottomplate provided with a
plurality of concave channels extendingiinwardly to a center region of the
bottora plate, and a plurality oFinlets at each end of said plurality of

t he concav ; ) Ide i.t.h, ural i f_,concave
channel s e%t\ge&ﬁﬁgh%ﬁhv\%? QF%L%%B%&?@%%%?&%%%OS%%@GWH%b%‘ﬂmﬂlggi%?%ﬁmer ein 10
sai d concay hannels arjd center regians in t bottomarid top plates are
mrror i na%@egﬂ}ajﬂgblﬂg?ief‘ha(uét @ﬁﬁedmﬁﬁ%\g}ﬂ% »{53,3hgpt @ﬁé’-‘-gﬁéﬁe& connecting said
plurality of i n#ets and said_single oytlet. 20. A injectox assenbly,
conprising: at PEHERS ERBIIGE ALY the FRRY cxbgusiriate 4% obx endadignand
spaced apart to format 1 S |east one e. Yhaust channel therebetween; a
mount i ng pihsfepsrsxhaust plategith e lewer|eghayst plals 190 jpad themounfiing ptenl26deh of t he
at least two injectors being individually nountable to or renovable fiorr~
t he Aount i Fyursiaticementiodal oltheerumadt slgtsmnd chanbelsagd pr Dwtheredsuk amaiatigiteast one
exhaust slot in fluid eommur~ication with the at | east one exhaust channel;

and 20 an szkhbeiweem$wesmitiry asseumplye dExlmusg aitee mowntfrigngpeptueds € 1 ire Ffeenseii ng
gases Fromsaid injectors, wherein said exhaust assenbly conprises a

bal anci ng aroiid daeT extranyt pditreg O talfoa the Ekigiystaibed XdausbeddRiow) 2d be dbrell Nj €Ct OF
assenbly of claim 21, wherein said at |least two injectors includes - ZS
with the upper exhaust plate 142 forming an ajr tight seal.
Of particular advantage, the exhaust system 130 of the present invention further
10 includes means for balancing the flow of exhaust from the injector heads 122a-6 and the
end injector heads 124a-b. Providing a means for balancing the flow of the exhaust,
promotes greater flexibility and choice of the injector assexnbly 120 design. For example,
providing independent exhaust manifolds for the inner and outer regions of the injector
assembly allows for an injcctor assembly employing an unbalanced or uneven numbers
15 of injectors or exhaust channels (such as that shown in FIG. 1 where there are five
exhaust channels 134a to 134e) .
More specifically, in one exemplary embodiment, the exhaust system 130 further
includes an outer exhaust manifold 146 and an inner exhaust manifold assembly 148 as
shown in detail in FIGs. 10 to 17. In general, the outer exhaust gas manifold 146 includes
20 two plates 230, each of which generally extend the substantial length of the injector
assembly 120 and have two through passages 232, one passage formed at each end of the
plate 230. Connected to each passage 232 on the plate 230 is a U-shaped tube 234.
Attached to the U-shaped tube 234, preferably at the top of the bend section, is a suitable
connector 235 such as a fishmouth flange for connecting the tube and plate to a common

25 outer exhaust line 237.



oz~e or nore inner injector positioned adjacent each other and spaced apart
to fornn a first exhaust channel | herebetween; one or nore end inj ector
positioned adj acent and outside of the one or nore inner injector and
spaced apart to forma second exhaust channe) therebetween; said exhaust
assenbly includes: an inner exhaust nmapifol d assenbly in fluid

communi cation with said first exhaust channel; and an outer exhaust

mani fol d assenb in fluid comunication with said second ex| aaust channel;
and 10 said i nng‘%eggﬁéﬁ’léha“ﬂxﬁﬁf Wﬁ&géégw lﬁﬁqrﬁﬁﬁ@c?ﬂ%‘f”éﬁgf’%d’f@iﬁ t
provided with.a plurali of channels jn fluid communieati on w th exhaust
gas fxom t ﬁ%‘? ?lﬂ?fg?rulieﬁjis i%‘}a(')]%s“.nd Povides bt find Fhausepyaathier gases messing
substrate, conpri.si ng{ providing one or nore inner injector adjacent each
ot her and &¥ge&y thepeitermast exhaust ehagmels ris ithe inieten asemblyel 20t icr ebeavskeen:
providing one or nore end injector adjacent and outside of the one or nore
i nner inj ekinselsdAde ashlddd intha iltustrativeskempl ageuthedimert shrsin inbefigires).

i herebet ween; delivering reactive gas to the substrate through said i~oner
and énd i nSpedtifically, eahoplam@36xhatixhed)as tier qipet Behaistrsihte €42 hauls thae annel

t hrough an inner exhaust 20 nnanifold assenbly; and renoving exhaust gas

fromthe seeough psalgadta of banBad ofthe Slb6 1230 kre QLR |IAERIYRh fifelddal
assenbly. 23. The nmethod of claim?22 wherein the step of renoving exhaust

gases fromotdie pbANST0a2 AR ST itk 8GR dnd B Mo s RsusEatiabat b8 blitengRsgs from
channel s al ong the | ength -26 of a bottomsurface to ports at a top
surface of gfdRjdciiifea®NB 40880 nRXIRE NEFY AR ﬂj&&?@f@aﬁf Since there are

two end injectors 124a and 124b, located at épposite ends of the injector assembly 120,

10 the outer exhaust manifold 146 includes two comesponding plate 230 and tube 234
assemblies positioned at opposite ends of the upper exhaust plate 142. The two plate 230
and tube 234 assemblies are coupled together to the outer exhaust line 237 via a T-
connectox 238. Thus, to remove gas from the end injector heads 124a-b and the outboard
side of injectors 122a,d, the gases flow through the outermost exhaust channels 134a and

15 134¢, up though the corresponding outermostf exhaust slots 132 in the mounting plate 126,
through the corresponding ontermost exhaust channels in the lower and upper exhaust
plates 136a and 136e, and 210a and 210e, reslpcctively, and out through the passages 232
and tubes 234 in the outer exhaust manifold,: out through the outer exhaust line 237, and
fina]ly reaching the common main exhaust duct 236.

20 Of significant advantage, the present invention provides for separate cxhausting
of the inper and outermost exhanst channels of the injector assembly. To exhaust the
inner channels (for example exhaust channels 134b, 134c and 134d shown in the
illustrative exemplary embodiment) the inn'er exhaust manifold assembly 148 is used.

The inner exhaust manifold assembly 148 is shown more particularly with reference to

25 FIGs. 12 10 17. The inner exhaust manifold includes a plate 240 which generally



24. The nethod of claim 22 wherein the step of renoving exhaust gas from
the inner injector includes convergi ng exhaust gas froma plurality of
inlets to a single central outlet through a plurality of channels provided
in a balancing unit within the inner exhaust manifold assenbly. .AA.A,.A
u,. A -16-
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y10%& () outlet p%rts 210a and 210b that correspond to the exhaust channels of the inner injector

heads 122b, 122c and 122d. While the illustrative embodiment shows threc inner injector

15 heads with two (i.e. dual) outlet ports for each injector, thereby providing six through

passages 242 in the plate 240, those of skill in the art will recognize that other

configurations may be employed without departing from the scope of the prcsent
mvention.

To exhaust the system, gases flow flirough the inner exhaust channels 134b, 134c

20 and 134d, up though the corresponding inner exhaust slots 132 in the mounting plate 126,

through the corresponding inner exhaust channels in the lower and upper exhaust plates

136b, 136¢ and 136d, and 210b, 210c and 2104, respectively, and out through the

passages 242 and into tubes 244, The tubes 244 are coupled at the other end to balancing

unit 246. Of particular advantage, the balancing unit 246 promotes substantially uniform
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used.

The balancing unit 246 is shown in more detail in FIGs. 15 to 17B. In general,
the balancing unit 246 includes a lop plate 250, a bottor plate 252 and a center sheet or
braze foil 254. Formed within the bottom plale 252 is a plurality of concave channels
255, shown particularly in FIGS. 16A and 16B. One concave channel 255 is formed for
each of the tubes 244, Each of the concave channels 255 have an inlet 256 disposed at
one end where the respective tube is coupled to the balancing unit. Each of the concave
channels 255 extend inwardly toward the cenier of the unit 246 where the opposite ends
of the chanmels 255 converge in a central region 258 having an outlet port 259. The
outlet port 259 is cormected to an inner exhaust line 260 via flange 262. The inner
exhaust line 260 connects to main exbaust 236, in this example, through valve 300.

As shown in FIGs. 17A and 17B, the top plate 250 also contains a plurality of
concave channels 265 which converge inwardly toward the center of the unit in a center
rccessed region 268. The concave channels 265 and center region in the top plate are a
mirror image of the concave channels 255 in the bottom plate 252, except that there is no
inlet or outlet. Thus, when the top 250 and bottom 252 plates are sealed, formed therein
are a plurality of channels, having a plurality of inlets 256 and a single central outlet 258
in the bottom surface of the balancing unit 246.

The channels in the balancing unit 246 are in fluid copymunication with the
exhaust gas flow from the inner injector heads 122. As described above, this exhaust gas
passes into the tubes 244. Each tube 244 is coupled to an inlet 256 in the bottom plate
252. Gas passes into the inlet 256 and through the channel and out through the central
outlet 258 and the port 259. Gas from all of the plurality of inlets 256 is conveyed to a

single central outlet 258 which balances the gas flow from each of the respective tubes,
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channels 134 in the injector assembly. In one preferred embodiment, exhaust tubes 244

are all of the same length and shape, and the balancing unit 246 provides each exhaust
path from the inner ports 210 to be the same length to the final outlet 259, In addition to
5 the aforementioned balancing of the inner and outer exhaust paths, the use of valve 300
allows a second mode of operation of the injector 120. By closing valve 300, a gas
species capable of cleaning reaction by-products can be introduced in the ioner exhanst
tube via fishmouth flange 301. As the valve connecting the inner exhaust to the main
exhaust is closed, the cleaning gas is routed backwards through the inner exhaust balancer
10 and on into the process chamber via the multiple mner exhaust paths, The balancing unit
acts to distribute the cleaning gas evenly to cach exhaust path leading into the process
charober. The effluents of the clea.njnlg gas reacting with the deposition by-products are
a)l removed via the two outer exhaust paths.
In summary, the modular injector and exhaust assembly of the present invention
15 includes a single elongated body supplied with elongated passages and distribution
channels. In one embodiment, the elongated passages, distribution channels and recessed
regions are formed via wire EDM processing. Gas inlet end caps injectors are then
secured, such as brazed, bolted or throngh other means, onto the injector assembly to
form the injectlor body per se. Metering tubes may be installed which route and distribute
20 scparate chemistries from individual inlets in the top of the injector body, to uniform
distribution within each elongated charmel, which is then routed to the delivery surface.
A plurality of these injectors are bolted to a single mounting plate which positions a
plurality of injectors with respect to each other. The exhaust paths are formed by the
placement of two injectors side by side, separated by a spaced distance. The mounting

25 plate contains exhaust slots that are aligned with the tapered exhaust channel, and

|
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imector delivery surfaces formn the inner surfaces of the process chamber.

5 The modular injectors of the present invention are advantageous over the prior art
multi-block injectors. Manufacturing of the modular injectors allows for wire EDM steps
to occur in parallel on several machine tools. This will significantly reduce
manufacturing time. The modular aspect further allows replacement of individual pieces
if they incur damage. Modular injectors also allow for changes to the detailed shape of

10 the injector surface to be made without the time and expense of making such changes in
a singular unit. Brazing the end caps of the injector bodies is dependent on far fewer
features per injector, thus improving the success of the braze process, reducing both waste
and cost. Theindividual injectors make manufacturing and handling prior to construction
ol the assembly easier due to the reduced weight and size. Electropolishing the surfaces

15 in contact with the reacting ases is easier on the smaller, lighter fully exposed individual
injectors. Additionally, the cost of wasle, due to errors, damage or other problems, is
significantly less.

The individual injectors secure to an interface plate (not shown) that provides for
gas, water and nifrogen feeds (not shown), as well as establishes the exhaust path width.

20 End caps of individual injectors interlock to prevent gas leakage at the ends of the
injectors and provide the semi-seal. Because each injector is individually manifolded,
each injector can have different chemical constituents depending on the process needs.
The lower exhaust plate can contain a modified outlet shape to influence the deposition
gas velocity flow field pattern. The end injectors provide an inert gas region adjacent to

25 both ends of the reactant species region and provides the semi-seal at each distal end of
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person of skill in the art who studies the present invention disclosure. The foregoing
description of specific embodiments and examples of the invention have been presented
for the purpose of illustration and description, and although the invention has been
illustrated by certain of the preceding examples, it is not to be construed as being limited

10 thereby. They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously mwany modifications, embodiments, and variations are
possible ip light of the above teaching. It is intended that the scope of the invention
encompass the generic area as herein disclosed, and by the claims appended hereto and

their equivalents.



10g 10g 10gF1- 10%g& ()-4 &#10%& ()-Mij jlI 1 nmeX9_=!!

(#10901& ()-Y!' (#10%&' ()-Y'a , #10%& ()-Z 'u, #10%&' ()-Z 3 &@L0%T& ()- !+

3Y@10%&' () - ntodoeof okopqgzrr S1! #10%u& () -M

YS#10% u&' () - ' 0YS#LI0% u] u& ()- f10% u& ()- 10TT 10TT

10TT! O#10% T& () - zrr +t uhwwwwz[ PE: ! 1Q4iu 10-u 10-u #10% u& ()-!S

#10%u& ()-'p #10%Ju&' ()-! #10%Ju&' ()- #10% u& ()-Mw(ynyz"{|}"<PE:!

I s#10%00& 1A’ QS\(QE S#109%>& () -9 3F#10%& () - ! 3F#10%&' () -~
109%& () - |}}r£1I CYt # M 109%& ()- 10HH 10HH

H1006+8 ( ﬁ?@g&%ﬁﬁéﬂ@? i o B Bl gy #1071 oS
S0#100& ()1 s GHEBTINE O PoBDpaod o e Shacel apd?o Bk
TH#10%g& () -f!fT SH109K, S10%9& I'b #10%&' ()-!#109%& Yz(~_=!11#10%
& () - Myz# 1o g ‘ASP@M‘KW%?@% é‘é 10g 1(())g 10g 0#1(()%@&' % -M g#zX9. =
102*$10‘V¢z&' ()-!'N*$109%%5& (% I *$109%5& ﬁ - ' f F#10% " & ()-m
a mounting plate for securing the at 1éast two mjeclors wherein each of the at

least two injectors being individually mountable to or removable from the mounting
plate, and the mounting plate being provided with at least one exhaust slot in fluid

cornmunication with the at least one exhaust channel.

2. The injector assembly of claim 1 wherein said injectors are of same type.
10 3. The injector assembly of claim 1 wherein said injectors are of different type.
4. The injector assembly of claim 1 wherein said injectors firther comprises:

a single elongated member having end sarfaces, and an clongated external gas
delivery surface, said gas delivery surface extending along the length of the member
directly facing the substrate;

15 at least one elongated passage formed in said elongated member and extending
between the end surfaces for receiving a gas; and

at [east one thin, elongated distribution slot formed in said single elongated
member and extending between said elongated passage and the gas delivery surface

for delivering a gas along the gas delivery surface.

20 5. The injector assembly of claim 5 where said gas delivery surface includes a
center recessed region.
6. The injector assembly of claim 1 wherein said at Jeast one exhaust slot extends

along the substantial length of the mounting plate and is aligned with the at least one

exhaust channel.
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The injector assembly of claim 7 wherein the exhaust assembly comprises:
a lower exhaust plate coupled to said mounting plate, said lower exhaust plate
5 is provided with at least one exhaust channel in fluid communication with said at least
one exhaust slot in the mounting plate; and
an upper exhaust plate coupled to said lower exhaust plate, said upper exhaust
plate is provided with at least one exhaust port in fluid communication with said at
least one exhaust channe] in the Jower exhaust plate.
10 9. The injector assembly of claim 8 wherein
said at least one exhanst channel in the lower exhaust plate extends along the
substantial length of the lower exhaust plate and is aligned with tbe at least one
exhaust slot in the mounting plate.
10.  The injector assembly of claim 9 wherein
15 said at least one exhaust channel in the lower exhaust plate is tapered along the
height of the lower exhaust plate.
11.  The injector assembly of claim 10 wﬁerein
the at least one exhaust chammel in the lower exhaust plate is wider at a top
surface of the lower exhaust plate, and narrower at a bottom surface of the lower
20 exhaust plate.
12.  The injector assembly of claim 8 wherein
said at least one exhaust port is comprised of an elongated opening at a base
end extending along the substantial length of the upper exhaust plate, said elongated
opening being tapered inwardly and tcrminated in at least one port at a top surface of

25 the upper exhaust plate.
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terminated in a plurality of ports at a top surface of the upper exhaust plate.
14.  The injector assembly of claim 12 wherein said elongated opening is
terminated in two ports at a top surface of the upper exhaust plate.
5 15.  The injector assembly of claim 7 wherein said at least two injectors includes
one or more inner injector positioned adjacent each other and spaced apart to
form a first exhaust channel therebetween,
one or more end injector positioned adjacent and outside of the one or more
inner injector and spaced apart to form a second exhaust channe} therebetween; and
10 said exhaust assembly further comprising:
an inner exhaust manifold assembly in fluid communication with said first
exhaust channel; and
an outer exhaust manifold assembly in fluid communication with said second
exhaust channel.
15 16.  The injector assembly of claim 15 wherein an air tight seal is provided
between said one or more end injector and one or more inner injector.
17.  The injector assembly of claim 15 wherein said inner exhaust manifold
assembly comprises:
a plate being provided with a plurality of through passages therein;
20 a plurality of tubes coupled to each of said plurality of the through passages;
and
a balancing umnit having a plurality of inlets for each of the tubes and a single

outlet,
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provided with plurality of channels connecting said plurality of inlets and the single
outlet.
19.  The injector assembly of claim 18 wherein the balancing unit comprises

5 a bottom plate provided with a plurality of concave chanmnels extending
inwardly to a center region of the bottom plate, and a plurality ofinlets at each end of
said plurality of the concave chaunnels; and

a top plate provided with a plurality of concave channels extending inwardly to
a center region of the top plate; wherein

10 said concave channels and center regions in the bottom and top plates are
mirror image and constitute said plurality of channels connecting said plurality of
inlets and said single outlet.

20. A injector assembly, comprising:

at least two injectors positioned adjacent each other and spaced apart to form at

15 least one exhaust chanmel therebetween,;

a mounting platc for securing the at least two injectors, wherein each of the at
least two injectors being individually mountable to or removable from the mounting
plate, and the mounting plate being provided with at least one exhaust slot in fluid
communication with the at least one exhaust charmel; and

20 an exhaust assembly coupled to said mounting plate for removing gases from
said injectors, wherein said exhaust assembly comprises a balancing unit for providing
uniform flow of exhaust gas,

21.  The injector assembly of claim 21, wherein

said at least two injectors includes



10T& 10%0& ()-3 10%0& ()-10%0& ()-3 10%0& ()-1 10%& ()- mMLOY%& ()- SFAEbC
10T$MLOYOL ()-Y "3109%0% ()-f 1090% () -
“S109%08 () - YI0%0& () - @ #10%0& () - FLJEbC 10TI  110%0& () -/ 109%0& ()- |

L 10%0% () - |

100

10

15

20

ope or more inner injector positioned adjacent each other and spaced
apart to form a first exhaust channel therebelween;
one or more end injector positioned adjacent and outside of the one or
more inner injector and spaced apart to form a second exhaust channe) therebetween;
said exhaust assembly includes:
an inner exhaust manifold assembly in fluid cormunication with said
first exhaust channel; and
an outer exhaust manifold assembly in fluid communication with said
second exhaust channel; and
said inner exhaust manifold assembly includes a balancing unit provided with
a plurality of channels in fluid communication with exhaust gas from the inner
injectors.
22. A method of delivering gas to a substrate, comprising
providing one or more inner injector adjacent each other and spaced apart to
form a first exhaust channel therebetween;
providing one or more end injector adjacent and outside of the one or more
inner injeclor and spaced apart to form a second exhaust channel therebetween;
delivering reactive gas to the substrate through said ioner and end injectors;
removing exhaust gas from the first exhaust channel through an inner exhaust
manifold assembly; and
removing exhaust gas from the second exhaust channel through an outer
exhaust manifold assembly.
23.  The method of claim 22 wherein the step of removing exhaust gases from the

inner and end injectors includes exhausting the gases from channels along the length
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assemblies.

24.  The method of claim 22 wherein the step of removing exhaust gas from the
inner injector includes converging exhaust gas from a phirality of inlets to a single
5 central outlet through a plurality of channels provided in a balancing unit within the

inner exhaust manifold assembly.



