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reference. 10 FREE FLOATING SHIELD SEMICONRUCTEO ™ 0n of t he'

| nvent i on The pres®ROGESRING HSTEMat es in general to a
protective shield for chem cal vapor deposition systens and, nore
particularly, to a gas shield for reducing filmdeposition on the

processi ng %®qui pnent. Addi ti onal | y, Relatsd Appliestiensi nvention relates to a

sem conduct or pr ocesg]iliggs §¥o§ﬁ§ﬁﬁ§mw£9ﬁﬁﬁwﬁl?§ﬁt¥rﬁaﬁﬁﬂcﬁﬁ&£e§%%i l'i zi.ng

exhaust 15 contr ground of
the Invention 09/008,024, filed on J@ivaryi k5al998athe entite giscloguraot Wbl incyporated ar e
used to forma }lhin, uni f orm | ayer or filmon a substrate such as a
seni conductor s ?’F’t‘,’(}’ﬁf.r"n‘lﬁﬁ?ﬁ"’ng CVD processing, 20 the substrate is
exposed to one or nore gaseous substances such as sil ane, phosphane,

di bor ane, P&(ygen, ozone and t heEI i 5‘35 agd CEEQ} cal .vapors such as TECS
The present invention relates in general to a protective shield for chemical vapor
deposition systems and, more particularly, to a gas shield for reducing film depbsition
on the processing equipment. Additionally, the present invention relates to a

semiconductor processing system employing a protectiw_/e shield and utilizing exhaust
15 control. '

Background of the Invention
Chemical vapor deposition (CVD) systems are used to form a thin, uniform
layer or film on a substrate such as a semiconductor silicon. During CVD processing,
20 the substrate is exposed to one or more gaseous substances such as silane, phosphane,
diborane, oxygen, ozone and the like, and chemical vapors such as TEOS
(tetraethylorthosilicate), TMB (trimethylborate), TMPi (trimethylphosphite), TEB
(trimethylborate), TEPo (triethylphospate) and the like. The gases are injected into a
clean, isolated reaction chamber and allowed to mix and interact with the other gases
25 and/or the surface of the substrate to produce the desired film. The CVD systems
typically employ injectors which deliver the gaseous substances directly to the surface
of the substrate. An exhaust system removes waste products, such as unreacted gases
and powders formed during the reaction, from the reaction chamber. Over time, films
are deposited on the exposed surfaces of the chamber creating sources of particulate
30 contamination which may become embedded in the film or degrade film uniformity.
' In many applications including semiconductor processing, film characteristics such as
purity and thickness uniformity must meet high quality
standards. To preserve film quality and prevent unacceptable defect levels, the reaction
chamber must be cleaned to remove the deposited films.
35 The injection ports are typically positioned less than one inch from the surface
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(tetraethylorthosilicate), TMB (trimethyl borate), TP

(trimethyl phosphite), TEB (trimethyl borate), TEPo

(triethyl phospate) and the |ike. The gases are injected into a

cl ean, isolated reaction chanber and allowed to m x and interact with the
ot her gases 2pegsss@and/ or the surface of the substrate to pEQGdsess7ine
desired film The CVD systens typically enploy-injectors which
deliver the gaseous substances directly o the surface of the:
substrate. An exhaust systemrenoves wasfe products, such as unreacted

Chanbor. Over i ef oy ipkne, WA bl bl clalfno B P i delf st releiea oo of

t he chanber creatsurfgcesmarsm&emftheamjactouhMﬂzaﬁBcrwallsoﬂhbaﬂhﬁ&bﬂmmh may
becone enbedded in.the filmor. rade fi ni f.orm t .n_many
applications i ncl‘ﬁad?'ﬁ’g éﬁ‘%“ 6?“%‘?"835%?3 §W°H“¥%ﬁ3‘“¥c‘t’%‘lﬂlﬂl“f% such

as purit )&oﬁﬁdl\ﬂ)lk}@ieﬁsmluda sHieldstwhigh fd pbsitioRed infrdh oftH@injdetérs and

st andar ds. g presgrve fi and prevent unacceptabl e defect |evels,
the reaction %tg"ﬁﬁ@lé © 2 perioratad sereen,welded &0 a syppanihody i Sugplyr i | ns.
35 o o T@aaemaw%na&@wm&é&mﬁ&m&%&&%&%& one
i nc romthe surface

- 2- of theicress; hEhemiffogen aits the eliield through the pexforated soresn tp slowdharate he

i nj ector and the &Hﬁﬁhiﬂ%ﬁeﬁals accmnulateo?xtlﬁéﬁﬁe?ddlﬁﬂgpﬁ%shﬁﬁes of the injector
and chanmber walls will|l beconme coated with mat eri al produced

during the reactions. Thedesicad Feastions dor shernieal va:or@mmmxmlmwmml@ated
10 temperatures, for example 300°C to 600°C, with the substrate and chamber being

heated to the appropriate temperature for a selected process. The high températuresin . ©
the reaction chamber create thermal stresses in the perforated screen which may cause
the screen to buckle after a period of time. The thermal deformation of the perforated
screen disrupts the uniform flow of nitrogen through the screen, Ieaﬁg portidns of the
15 screen unprotected against the accumulation of deposition materials. The ability of the
screen to deliver nitrogen to the reaction chamber is further reduced as the screen
“becomes coated with deposition materials, requiring removal and cleaning or
replacement of the shield. Since the screen essentially defines an upper “wall” of the
reaction chamber, the deformed screen also interferes with the uniformity and
20 distribution of the process reactant chemistries within the reaction chamber. The delays
created by removal of the shield for cleaning or the replacement of a damaged shield
are time consuining and expensive. A shield in which thermal deformation of the
sereen is minimized or eliminated is desirable. A shield which provides a uniform
supply of the inert gas to the reaction chamber is also desirable. A shield in which a
25 damaged screen surface can be quickly and inexpensively replaced is similarly
desirable.

For atmospheric pressure CVD (APCVD) processing, the substrates are
transported during processing by a conveyor which carries the substrates through one
or more reaction chambers. The reaction chamber is not an enclosed chamber, but is

30 merely the area in front of the injector between a series of curtains which use an inert
gas such as nitrogen to isolate the reaction chamber from the rest of the process path.
The exhaust vents on either side of the injector are used to extract unused gases and
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sonme CVD systens include shields which are positioned in front of the

I njectors and 5 exhaust port. The shields include a perforated screen
wel ded to a support body. Supply tubes deliver an inert gas such
as nitrogen xol une between the support body and screen.
The mtrogentvngtbg the shield through the perforated screeﬁcffgsgg’%slﬁ?the
rate at which materials accunmulate on the shield during processi.ng. .:

The desired reactions for chem cal vapor3-deposition typically occur at

el evated 10 r exanple 3 Cto 600Q[err]C, with the
substrate and ché% aU@ “°ts mﬂ‘“FPé&?’éﬁP"!”f[P Hléthﬁﬁ BhayPis extacted aromatet ur e
for a selected prsﬁ%ﬁﬁanti@ﬁtéﬁt%ch%@%eﬁwmdﬁ&dtomereacuol\t}m%a%nhg& se

chanber create thernmal stresses in the perforated screen
the screen to budhgreactantsanay-eseape from thsfreactipp chamber. t'ﬂhé%h‘aﬂhmetmsyametheof t he

per for at ed flowite 6F e %&hﬁ?}s&'ﬁi@x&aﬁﬁféﬁ&fﬂh’ﬂééﬁw %%}%L agaqﬁg{,ﬁzégh the

screen, |eaving portions o Screen unprotec
accumul at i onS of dhesbamberorithrecess inett gas bing deabyin it ;hemactidnshamberﬁ'omttwaen to

deliver ni trogenyt po%ohﬂ%hh;&%r &dé?b&d’éﬂo@x%loﬁlgﬁj t%gd as tf e screen

beconmes coat ed W|t requiri i ng or
repl acenent of tlgsesrﬂe#wm,aergeshmnmchmmhaﬁmmakcbgceﬁ&iufmmnaﬁswper

"wal I " of the reacti,on_chanber. e def.or screen al so terferes
with the unifor m%"%%}w 5‘? r ﬁq}t"&gﬁ’ WWﬁ%b&eﬁusrﬁﬁﬂ'ﬁ'ﬁf

cheni slt ri ?S Wi t hﬁas-&kpslsmdm-yl hmreﬁh@ﬂbﬁtﬁeﬁa&dﬂiewuonchamf ber. Arsﬁaagmﬁy '
renoval o es or_cleapin e repl acenent of . a dannged. shie
are tine COLCE ge S{W‘?g’geg’ﬁ? FF@WP&I“W%%‘H‘P‘P ton of
t he Scr e gflerféingiwith'the esheon aiemiwtiﬁdesﬁaﬂdem rgaab gre plisdingd theWhi ch
provides a umfor@m of the inert gas to the reaction chanber
i s al so desirabl a}ﬁ?‘é’ﬁ}tgf“&ﬂi“ﬁﬁ%%ﬂ@wﬂ*%mmn%%ﬁ#ﬁ@eé’ﬁt aadthe putfeszanecan pe
qui ckl'y and i nexpewekntt MadtioR biamibers iofi thidioffiet @dd of the vent, ala:gé%luﬁﬁfa!ff‘eacm:

For atnospheric pressure CVD (APCVD) processing, the substrates are.

transported duri 8% Feisedalion s crspted beiwieen fheropapsing, flov sirpasms. + Acshislhwhicht es

through oneis  efficieftly SBhtseaGht gadks rﬁ;@.{ bémﬁd&ﬁﬁ:?xbhﬂﬂ s not
an encl osed chanber, byut s 30 ﬁB@ e area In front %aﬁﬁ ‘F&ﬁj ector
bet ween a seri esWﬂ@W@ﬁ@%W@%Mimﬁmble gas such as

nitrogen to isolate the reaction chamber fromthe rest of the process path.

The exhaust vents on either side of the injector are used to extract unused
gases and

It is a-primary object of the present invention to provide a shield assembly for
20 protecting the exposed surfaces of a gas injector, chamber wall, or exhaust vent used
in CVD processing.

It is a further object of the present invention to provide a shield assembly which
uniformly delivers an inert gas to surfaces of the shield assembly diu-ing extended use
of the shield assembly, and allows use of a smooth undistorted surface shape.

25 It is another object of the present invention to provide 2 shield assembly which
' will withstand the high temperatures necessary for the chemical reactions occurring
within the chamber, without gas leakage or deformation of the shield assembly or

surface delivering protective gas flow.

It is yet another object of the present invention to provide a shxeld assembly with

30 removable and replaceable screens.

It is another object of the present invention to provide a shield assembly which

provides separate dual exhaust paths for reactant gases and by-products versus ambient
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- 3- reaction by-products fromthe reaction chanber. If the
exhaust is extracted at a rate slower than the rate at which the
gases are introduced to the reaction chanber, sone of - the
reactants may escape fromthe reaction chanber. Thus, with prior art
systens the woosssssss flow rate of the exhaust is typicall yCgusssenst han t he
rate at which gases are injected into 5 the chanber, wth excess inert
gas being drawn into the reaction chanmhgr fromthe area " bet.yeen
the reaction chanbers to provide a buffer zone bl ocking the escape of

react ant QRS GSinto I BMRber. t Ne gas drawn into the chanber fromthe
adj acent buffer Zones i1s not . uniformy netered across the w dth of
the reaction chanber .Itisstill anetherhiectnftherniesent invention tg provids-aghisldassemdlit y i s

created al ong thg,w d ,-ﬁ&%agﬁ%}' g&béﬁﬂ? s%a{?fy'f?g- b 6B £rdf the
effectively prev%ﬁ%%’#ﬁg&esc e o %ogg t ant %fgggs romthe reaction
chanmber wi t.hout chamber. interfering with the reaction chemstries is
desi rabl e. gases e ' . . %Eﬁ R SIS !gm]-{: e area
bel ow t he i%sect or o?l{t8@@%%:%%%&%%‘%%%?“&%@?% utl’égenre zor?glfb[ )
bet ween t he r'eactdnosupplyantess mem gas thdlowtdueof the clambér instead\of mequiring ladjacest vol une
of reactant . gas.recjrculation i s created bet L.hg flow
streams. A shi el &PRIPLERS (b Araw%pa?q %ngﬁﬂﬁs?miﬁg?%’%%gg’?% g%%%?om t he
- chanber- and m'ni gasgeforh it chifibes in 0fopgBAPCVD systems eci rcul ation within the :
reaction chanber is desi ra%e. . . . . ey g :
T is an additional object of the present invention to provide a shield assembly
10 which minimizes recirculation of the reactant gases within the chamber while protecting
~ the exhaust vent path surfaces. ' - ‘ :

Another object of the present invention is fo provide a shield assembly allowing
a new muffle design having APCVD process modules or chambers isolated by buffer
niodul&s which extract excess inert gas from the chambers rather than supply excess gas

15 drawn into the process chambers.

A more general object of the present invention is to provide a shield assembly
which has a prolonged useful life, reducing the maintenance costs and maximizing the
operational time of the CVD system, and which may be economically and efficiently
manufactured and maintained.

20 1t is a further object of the present invention to provide a shield assembly that
is constructed of a base having a continuous unit frame for easy, yet secure, insettion
of a sheet or screen.

In summary, this invention provides a durable protective shield for protecting
the CVD equipment from excess film deposition and safely isolating the reaction

25 charnber from the remainder of the process path. The shield includes a frame assembly

| including a pair of spaceﬁ end walls and a pair of side walls extending between and
mounted to the end walls. A plurality of shield bodies are carried by the frame
assembly, including injector shield bodies positioned for protection against injected
reagents from the injector and shunt shield bodies spaced from the injector shield bodies

- 30 for protection against exhausted reagents. Each of the shield bodies include a base, a
perforated sheet carried by the base, a plenum between the base and the perforated
sheet, and a gas delivery device for delivering an inert gas to the plenum at 2 flow rate
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bj ects and Summary of the Invention It is a primary object
of the present invention to provide a shield assenbly for 20 protecting
t he exposed surfaces of a gas injector, chanber wall, or exhaust vent used

in CVD procesg) It is a further Obj ect of the present

i nvention tos@?%‘é”e a shield assenbly which uni f offF4yS ?f@g'f‘eers an
i nert gas to surfaces of the shield assenbly during extended use , of
the shield assenbly, and all ows use of adsnooth undistorted surface shape
25 I s anot her_object of the present invention to provide a

shiel d assenbly vﬁ‘}FlbW‘t the gas diffusgs|throyghithe:nesfarated sheeh  Ig lone 2speas ofithe invention,
necessary for t h%&m&fﬂies %%%M%ﬁﬁ%%hggsﬁnb%sucwwm&Qo%:&%f‘ber

wi t hout gas | eakage def ormati on of the
surface deliveri Wé@cﬂﬂd@%tﬂa@wto the ﬁ-ameassemblyundetvarymg;empemm her

bj ect of th

Cempvabl e and T enr it S Bleiaf el BF i, W pliehy P SElEk potrlie o
the present $nvershiekhbady baseoandciad avalls swwhdhat $hwesivists/cantfreely expand and cputeiei des
separ at e dual ext}gﬂﬁ,setgqﬁems"sg&rdeng%i@%dmg@ses t%md by - ronggcts ver sus

anbi ent
gas drawn into thheprhasmomeuyreqmrememsforCVDﬁMssIminoﬁierspaitbemeWhﬁﬁh, of

the present inve %e shiln ttsgieﬂli)o&::g e%cha'mglhclleealn%uf?e% ol' Qlepplying inert gas to areas below
the shield to form buffer zones of inert gas on either side of the deposition zone within

10 the processing chamber,

The invention also includes an atmospheric pressure chemical vapor deposition
system which includes a plurality of processing chambers each having an injector
therein for injecting reagents into the processing chamber and exhaust vents positioned
on opposite sides of the injector. A conveyor transports substrates through the

15 processing chambers along a process path. A plurality of buffer chambers isolate the
processing chambers from the rest of the process path. A muffle encloses the
processing chambers, the buffer chambers and the process path of the conveyor, and
includes by-pass ducts for venting the buffer chambers of muffle. A protective shield
is mounted in the processing chambers for protecting the surface of the injector and the

20 inlets of the exhaust ports. The protective shield includes injector shield bodies
positioned adjacent the injector and shunt shield bodies spaced from the injector shield
bodies. The shield includes an inlet port between the injector shield bodies and an
outlet port between the shunt shield bodies for the flow of reagents through the
protective shield. The shunt shield bodies each include a plenum filled with an inert gas

25 and a bottom outlet port coupled to the plenum for delivering a supply of inert gas
below the protective shield to form buffer barriers on opposite sides of the injection
ports. This APCVD system configuration is novel in that the new protective shield can
supply excess inert gas from within the processing chambers such that all flow within
the buffer chambers exits the muffle through by-pass ducts instead of being drawn into

30 the chamber process exhaust vents,

In a new embodiment of the present invention, a protective shield for gas
distribution systems is provided that includes a frame assembly including 2 pair of
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whi ch creates an inert gas buffer zone preventing the escape of reactant
gases fromthe chanber. 5 It is another object of the
present invention to provide a shield assenbly which can supply
excess inert gas to flow out of the chanber instead of requiring adjacent
anbi ent gas WO BBESE awn into the chanmber in order to prev@/TUSNESMEcape of

react ant gases fromthe chanber in an open APCVD system
It is an additional object of the presegt invention to provide a shi-éld
assenbly 10 which mnimzes recirculation of the reactant gases within

tA he ﬁhanbg_r whi |f@a¢H€C&1&®ufalls‘lﬂ1d apmrofsiﬂéhﬁllﬁkbﬁdi&kbwgénmtnabuﬁﬁfﬁﬁeﬁn#b |

not her object o e present.  ipvention is tqQ prqvide a shjeld assenbly

al | owi ng %%Lné%\g |°é“a'é§lP§§thWﬁ§ws&th Pre assembly A peavided.
chanbers isol at exhchwfmdﬁzﬁieﬁmeldbomes is mw&%sﬂg&éﬂkm&reaﬁ&&@w&ﬁs wﬁtrt gas
fromthe chanbers rather than supply excess gas drawn_into the

process chanber sirame formed around the penmeterof the Qmmﬁ@tﬁd@b@teﬂnﬂw%ﬁe@%
invention i g to pgpyi defiltat ed
adltﬂhe ngirﬁtenance co?éhteslm‘e)aenac']ldth Zi nE@%}e@t RS G410

useful life, reducin

operational ti @@VWW@W@W&WEM'bhplmynajeﬂewmmcbdmsheaﬁd

efficiently :bkﬁﬁra I ntai ned. 20 It is a
further object o¥ %he prgﬁen mven?he(g)ﬁ to provide a shield assenbly that
is constructed of a mm@bwmmemnwmmmwt

Thi s Chventi on pgy e tof ueRIclaEElnfn B tbElet spims e ke el

t he CVD equidpnenvitl thedrasvingsss fi | m deposition and safely isolating the

reaction 25 chanber fromthe remainder: of the process path. The shield
i ncl udes a fane assenbly } |nclud|ng a palr of spaced 'end -wall s and.a
pair of side walls extendi ng betBizfDest gpEnt ed to the end wall s

A plurality of shield,bodi es are carr,le b the fr assenbl y,
i ncl udi ng i nj ector sgrll i cﬂ‘i'é'éef‘ﬁ?m W@E&WF@&WW%J ect ed

reagents fromt r@stexm»ﬂﬁmanmdmsﬁwrhmbawbmua& Siecndikbe Withthd tnj ect or

shield bodi s 3Q Jor protection agai nst exhausted reagents. Each of the
shi el d bodilds i ABYHH™a base, a . perforated sheet carried by the

base, a pl enum bet we@igud1®istassReniiitid vieWeofiaPrdcedsiig@ibdule or chamber of the CVD
“system of Figure 1, ﬂluslraﬁng an existing prior art type of gas shield.
Figure 3 is a schematic view, partially broken away, of a protective shield in
accordance with the present invention, shown installed in a processing module.
20 Figure 4 is pictorial view of the shield assembly of Figure 3.
Figure 5 is a pictorial view of the preformed perforated screen spanning the
surface between the injector outlet port and inner exhaust vent of the shield assembly
of Figure 3.
Figure 6 is a top plan view of the end walls and intemnal metering tubes of the
25 shield assembly of Figure 3.
Figure 7 is a front plan view of an end wall of the shigld assembly of Figure 3.
Figure 8 is a cross-sectional view taken submﬁﬂly along line 8-8 of Figure

Figure 9 is an enlarged view taken substantially of area within circle 9-9 of
30 Figure 7.
Figure 10 is an end view of an injector section gas delivery assembly of the
shield assembly of Figure 3.
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sheet, and a gas delivery device for delivering an inert gas to the plenum
at a flowrate - 5-
such that the gas diffuses through the perforated sheet. In one aspect of
the i nventi ORyg g9/36585 the shiel d bodies are captured w tBifydessig 2aMe
assenbly such that the shield bodies can freely expanc? and{
contract relative to the frane assenbl yv7under varying tenperature
conditions. In another aspect of the inVéntion, the perforated sheets ‘are
captured by the 5 L. shield body,hase. and.end. walls such that the sheets
can freely expand andFlgﬁ’ﬁméfcaflmpﬂg\éd“ew‘?ﬁkg?ﬂ’f’%“ﬁg°{ﬁ?‘ﬁ‘§§% 11éﬂ‘o‘“wal l's
under varying teFpeel0ire conditions, maintaining t he precise

geonetry requirements_for CVD fi] ns. not her aspect of the invention,
the shunt shield bodim&%@ﬁé‘ﬂ%°éﬂegﬂ?tlsﬁ“%%tdmﬁw@i?ﬁﬁb&ﬂfﬂljs‘ilﬂért gas
to areas bel ow assembly of Fig@resdli €l d to form buffer zones of inert gas on
ei ther side of the deposition zone within 10 the groce.ss_i ng_ chanber.

The inventioh al so i nEwwRed3 is5m cplargsd pipw taken sybdandighpo r13in
deposition Figurspst em whi ch includes a plurality of processing
chanbers each having an injector therein for injecting reagents

into the processing chigmseld iangrasschretional viswtof asbisld aseambdy in accordance with

opposi te sides of,bhe %ﬁﬁ&ﬁrof iR&yOor transports substrates through
the 15 processi ng chanbers-along a process path. A plurality of buffer

chanmbers isol ate the Figure15is apchepatic viey of saevhCVD systamprobess muffie eodbledite
process Patlp i bl BB RS b iy i i ARG
duct s for venti ngroctss ghee$ theough sendfdlienenfshield f | e. A protective shield
| Figure 16 is a cross-sectional view of a shield assembly in accordance with
another embodiment of the invention.

Figures 17a and 17b are an end view, and an enlarged view taken substantially

15 of the area within circle 17b-17b, respectively of one shield body of the shield assembly
of Figure 16. _ .

Figures 18a and 18b are pictorial views of one shield body of the shield
assembly of Figure 16, and shows the sheet being inserted into the shield body.

Figures 192 and 19b are an end view, and an enlarged view taken substantially

20 of the area within circle 19b-19b, respectively of the other shield body'of the shield
assembly of Figure 16. '

Figure 202 is a front plan view of the inside of an end wall of the shield
assembly of Figure 16.

Figure 20b is a front plan view of the outside of the end wall of Figure 20a,

25 Figure 21 is a cross sectional view of the shield assembly of Figure 16, showing
the vent shicld assembly assembled in a vent shroud.

Figures 22a and 22b are an end view, and an enlarged view taken substantially
of the area within circle 22b-22b, respectively, of one of the side walls and shim seal
of the shield assembly of Figure 16. _

30 Figure 23 is a pictorial view of a metering tube including a flange in accordance

with an altemative embodiment of the present invention.
Figure 24 is a a schematic view of a CVD system process muffle enabled to
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I's mounted in the processing chanbers for protecting the surface ofthe

I njector and the 20 I nlets of the exhaust ports. The protective shield
i ncl udes injector shield bodies positi oned adjacent the injector
and shunt shield bodies spaced fromthe injector shield bodi es. The .

shi el d i ncl ucasssaasssnl et port between the injector shiel dHordisesesagod an
outl et port between the shunt shield bodies for the flow of reagents

t hrough t he protective shield. Ehe shunt shield bodies each ihcl ude .
a plenumfilled with an inert gas 25 and a bottomoutlet port coupled
to the plenum f Opxifiadtiexédss Efirdessh BLdbuder inbEilds WA ensuring safe D&@%‘én'?ﬁf
protective shield to formbuffer barriers on opposite S|des of the

i njection Progess gases thpugh pssoftheqpwishigtdconf i guration is novel in that

the new protective shijglhd 26&% to g?‘m"fe"’sﬁ‘m&lﬁ*f“?‘ﬁg g&ﬁo&'@ﬂo‘hs ?ﬁés %r‘?&a\fu thin

the processing chanmbers such th oW W

chanbers exits t thangigd thepugihthe GYI systempoosesd ourfle offigueei2h. of bei ng drawn into
30 the chanber prog Zﬁﬁpg'ﬁ:@ssé/e%ﬁsﬁl}no egfll portion ofgreqsh*erl.'d %s%neb%and

enbodi nment of t he pres I nve ve shi

di stribution sysmnlhlsqmtmgmheﬂbv\téf@sesncl udes a frame assenbl y incl ud| ng a
pair of - - 6-

spaced end walls and a pair of side walls extendl ng.between and nounted to
t he end - wal I's. A pl ur al Detyileg dvdrgidh es carried by said

frre sssertly e D et um s oS S el S 5

.10 invention, which is illustrated in the accompanying figures. Turning now to the

drawings, wherein like components are desxgnated by like reference numerals through- -

out the various ﬁgures, attention is directed to Figures 1 and 2.

Figure 1 schematically illustrates a section of an existing prior art CVD
processing system 10 with which the protective shield asseml;ly of this invention is
15 used. As is known in the art, atmospheric pressure CVD systems typically include one
or more processing modules or chambers 11 positioned along the process path. The

components of the processing module 11 are shown in Figure 2. Bach processing
module 11 includes an injector 14 for injecting chemical reagents and other gaseous
substances into a reaction chamber or process area, generally designated 16, directly
20 below the injector 14. In the illustrated exampl@ the CVD system 10 includes four
processing modules 11 as shown in Figure 1, although it is fo be understood that the
number of processing modules 11 employed depends upon the constraints of a
particular process. Conduits 18 deliver the gaseous substances to the injectors 14,
which transport the gases through separﬁte flow paths to one of the injection ports 20,
25 °  Although not shown, each port 20 extends lengthwise along the longitudinal axis of the
injector 14 to deliver the gaseous substance in a sheet-like flow to the reaction chamber

16. The substrate 22 is transported along the process path by a conveyor 24.
The entire process path is enclosed within a muffle 26 which provides a clean,
contaminant free environment for the transport and processing of the substrate. As
30 shown in Figure 1, the processing modules 11 are separated by buffer modules 27
which isolate the processing modules 11 from the rest of the processing path. As shown
in Figure 2, the buffer modules 27 include a plurality of curtains 28 hanging from a
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frame fornmed around t-he perineter of the base, a perforated sheet carried

by said unit 5 frame, a plenumpartially defined by the base and the
perforated sheet, and a gas delivery device for delivering an inert
gas to the plegym.ats a flow rate such that the gas g*’}’ through
t he perforat ed S eet Addi ti onal objects an eatures of
the invention will be nmore readily appargnt fromthefollovmng
detail ed description and appended cl ai ms9when taken in conj unction 10

with the draw ngs ri of Descri on of

t he Drawi ngs plenum body 30 vhich is ysefl ﬁ°§°gve§éﬂéq?ﬁt%WPéWg%b% t

prior art (APCVD)cufifi€Zss Depsition waste products &itludltigtlireGted 3ad GReRpd &oﬁtﬁhew
protective shield in é‘ dan with the present 15 i nven

Figure 2 is a scﬁé‘ﬁ’&?‘? gh sxhenst wemts 2 il age coupled, Wb@fexm’é‘ C\D.

system of Figure gsternl(hdish dv.a;ylm&amw ds&ﬂmrafeh%aﬁdsubms?@zme&a&eam el d.
Figure 3 is a schematlc view, partiall y roken awa of a protective shield.

in _ "a& cor dhndesirgd repction tempeaiEe by hegting elements Mnown i nstalled in a
processing nmodul €. 20 a5 the substrate is Eﬂogéifﬁr gh%a&' felctioh Fhanfilds W1 thetxﬁ}%tédh' el d

assenbly of Figure 3. Is a pictorial View he
pref ormed perfor mm\‘@b&mhm OIWIth the uppen surfase ofithe wihstate 2. to

I d
IOPJ Ie:icég:eogf . F}‘&rnlaﬁﬂl’“dd%@a‘é’ure }[s .g%géaﬁWeW mﬁe enéep\?/éq-l S

and i nternal rretanpzrglmoulﬂvstypyfandnmmﬁofﬁlmdgki'mﬂl mmappﬁdagtomdft&;gmil&

Figure 7 is 18 fros%mgla v.| ew “genso%ﬂgle‘}(va b?aﬁ‘g eId a‘f‘l}ﬁ con

Fi gure 3. I's a
substantial ly al Qngcémwmﬂhaémgmﬂmeordmlane“&thmtmgen,andxfdesnedaEﬁ;gnr e 9

Frgare 7 oo sifet BB of THER YR onioBe frdiet o o PO R on
gas delivery assaygically gitppliéiwith an inert carrier gas such as mtrogen. Oxygen or a combination
of oxygen and ozone and nitrogen is delivered through another conduit 18 and the
15 injector 14 to the outer ports 20. A stream of pure nitrogen travels through another
conduit 18 to the intermediate separator ports 20 to separate the silicon, boron, and
phosphorus source reactant from the oxidizing species until the gases approach the
wafer surface.
One application of the shield 12 of this invention is described herein.
20  Specifically, the shield 12 is shown protecting the front face of the injector 14 and the
inlets of the exhaust vents 32. However, it is to be understood that the shield 12 may
also be used in other applications such as protection of the chamber walls of process
modules, or protection of the exhaust vent path including outlets. In addition, shield 12
can be applied to CVD systems operating at various pressures, not only at atmospheric
25 pressure, such as for sub-atmospheric (SACVD) or low pressure (LPCVD) or high
 pressure systems. Shield 12 can also be applied to various film depositions of different
composition, not only silicon oxide (SiO,) or borophosphosilicate glass (BPSG)

systems. The subject matter of this invention is not to be limited to any specific
application.

30 Turning to Figures 3 and 4, the shield assembly 12 of this invention is
positioned in front of the injector 14 and the inlets of the exhaust passageways 32 where
it protects these surfaces against film deposition and the accumulation of potential
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shield assenbly of Figure 3.
-7- Figure 11 is an enlarged view taken substantially of

area within circle 11-11 in Fi gure 10. Figure 12 |s
an end-view of the shunt section gas delivery assenbly of the shield
assenbly of BYQWRE?E3. 5 Figure 13 is an enl arf§@@SH38%% aken
substantially of area within circle 13-13 in Figure 12.. -
Figure 14 is a cross-sectional view of 40shield assenbly in accor darice wi t h-
anot her enbodi nent of the invention. Figure 15 is a
schematic view ofcoetammmmmﬂﬁ‘psmdésﬂlemhief&aesmbablMM@lm@hm alsexhaust

excess chanber u%y&?ﬁ?ﬁ nﬁ&%&é%%&%éﬂ&bﬁeﬁo&@om ai [}r?re t of

process gases throug 6is a
cross-sectional visevwssed inamart dethitibelow,ddodhield 12 alsoorewiais adgratidnof the reagents

e an end vi cw, e sie Bt AR 3 esielpdancootins oot Fufio Gociion, O

area Wi thin £ir clenellte 4 pieciselpddfined irve | By cohtrellisg thbsied 6f tiodbposificngeastheel d
assenbly ' i gures 18a and . 18b a%ae

f . F e 16. . . Fi
pictorial views éﬁe&i@ggﬁ‘?‘%WB proyides greater foniro) oVer the reaction chemistrics
flow occurring within the chamber, thereby improving the quality and uniformity of the

film deposited on the substrate.

The shield 12 has a modular construction and generally includes a number of
10 separate shield bodies 40. Two of the shield bodies 40a and 40b cooperate to define the
' -back wall 42 of the shield body 12 which is positioned against the front face of the
injector 14 to wrap around the outer edges of the injector 14. This configuration
ensures the front face of the injector 14 and the inlet edges 50 of the exhaust vents 32
will be substantially isolated from reaction by-products and unused reagents, The
15 shield bodies 40a and 40b are spaced apart to define an inlet port 46 of the shield for the
flow of the reagents injected by injector 14 through the shicld. The size, shape and
“configuration of the inlet port 46 is dependent upon the configuration of the injection
ports 20 of the specific injector 14 employed in the processing system 10. In this
embodiment, the inlet port 46 has a narrow, elongate configuration and is sized so that
20 the edge of the port 46 is positioned just outside of the outermost injection ports 20 to
provide maximum protection for the front face of the injector 14, However, it is to be
understood that the configuration of the inlet port 46 is subject to considerabie variation
within the scope of this invention. For example, in other modifications of the invention
the shield bodies 40a and 40b may be combined into a single assembly and the inlet

25 port 46 defined by an opening formed through the unitary assembly.

Shield bodies 40¢ and 40d are positioned below, and slightly outwardly of, the
shield bodies 40a and 40b, with the inside edges 48 of the shield bodies 40c and 40d
cooperating to define the beginning of the inner exhaust paﬂxs 116 leading to the
exhaust vent inlets S0 of the exhaust vents 32 to remove process gases from the

30 deposition zone 16. The shield bodies 40c and 40d are spaced apart, forming an outlet
port 58 of the shield assembly 12 therebetween. The outlet port 58 is aligned with the
inlet port 46, and is considerably larger than the inlet port 46. Since the shield 12 of
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assenbly of Figure 16, and shows the sheet being inserted into the shield

body. Figures 19a and 19b are an end view, and an enl arged
vi ew taken substantially 20 of the area within circle 19b-19b,
respectively jodsdesset her shield body of the shield PATER Y

Fi gure 16. Figure 20a is a front plan view of the |nS|de of
an end wall of the shield assenb of Figure 16. . 1

Figure 20b is a front plan view of the out'side of the end wall of Fi gure

of. t he. shi el
gggem%lSy of Fi gurgﬁlmg%%&&eS%c%o%&%ﬁgke na&?nﬁlhéx\fqh"ggéé fslﬁg’%s'ge%l ed

in a vent shroud. md&oftheouﬂetponss ﬁbmmﬁy&eﬁemdd@aﬁu&rﬂe@ﬂnmuw and
a W|th|n circle

an enlarged view t bst
22b- 22b, respecti Vgi ‘ifgmﬁ’# t@ﬁguiﬁtp?rt%s W&é“@%l"?gm&ﬁﬁsgﬁ G5 coppfred to the inlet o f
t he shiel d assenbpart ofidthi §fU0.25 Ifches?:OHowever, it is tbib@Uinderédod ThaA thé ‘Efzé’rah@'

view of a neterin be .i nc d| n Igﬁgg i n .accordance th an
al ternative émbod afjn 5 tadlqred to the constraints °faPaFtiq§hFe 24
is a a schematic ipHvétioh. a CVD system process rruffle enabled to

- 8- exhaust excess. chanber gas out buffer npdul es while ensuring
safe contai nment of  The shicld bodics A0 omae 3éth ond meally b2 tes formfthe enslasedvalume| d.

through which protective gas is introduced. The end walls 62 also have a U-shaped
-configuration to wrap around the front of the injector 14. Side walls 64 are mounted.' |
10 to the end walls 62 by bolts 63 or other suitable fasteners, thereby securing the various
components of the shield 12 together. In the preferred embodiment, the shield bodies
40 are not mounted directly to-the end walls 62 but allowed o expaed' and contract
under varying temperature conditions as is described below in relation to Figures 7 and
8. The end walls 62 include outward projecting dowels 65 which facilitate assembly of
15 the shield 12 by providing the correct alignment and spacing of said end walls when the
side walls 64 are attached. Using bolts or other similar fasteners to secure the side walls
64 to the end walls 62, with the shield bodies 40 captured within this framework, allows
the shield bodies to be easily assembled and taken apart, providing a modular shield
_ body 12 which may be conveniently cleaned and maintained as is described in more
20 detail below. However, in other forms of the invention, means which do not permit
quick dismantling of the shield 12 may be used to secure the shield together.

The side walls 64 are spaced outwardly of the shield bodies 40a and 40b to
define exhaust ports 50 for delivering exhaust directly to the exhaust vents 32. The
upward-extending portion of the shield bodies 40c and 40d is spaced from the interior

25 of the side walls 64, thefeby dividing the gas flow path into exhaust ports 50 into two
sections on each side, the purpose of which is described in more detail below. The side
openings 66, which allow substrates to bé transported through the process modules 11,
also provide for the passage of gases from the buffer modules 27 outside the process
modules 11 through the exhaust paths 68 formed between the inside edges of the side

30 walls 64 and the exterior of the shield bodies 40c and 40d to the exhaust port 50.
Instead of using the gap between the side walls 64 and the upward extending portions
of the shield bodies 40c and 404 to form the side exhaust paths 68, it is to be understood
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Figure 25 is a top plan view illustrating the path of various gases as they
are exhausted t hrough the CVvD system process nuffle of Figure 24.
Figure 26 is a cross sectional view of a portion of the shield assenbly and
injector illustrating the flow of gases.

Det ai | ed DesWPiOI&S¥Hn of the I nvention Ref BFEHHW&2%#M | now be
made in detail to the preferred enbodi ment of the 10 I nventi on, Wnich S
illustrated in the acconpanyi ng figureg2-Turning now to the

drawi ngs, wherein |ike conponents are designated by |ike reference nurer al s
t hr ough- thatithe Blﬁeexlmlstcpus nfayherpesvided thyantopering & tie siGe walls 640 Ini gur es

1 and 2. ur, 1sherrat|caJ ilJustr on of an
exi sting prior aﬁnf’th@\?ﬁb"dme& fg‘ﬁ M%HWM i’”’“g‘ﬁ%)‘

protective shi elad‘damaaﬁi;l flovd ip fiHe @terremaktlpmslss ab® out intoae Buffér zoesloTOWN i N

the art, atnospher EFESSUéﬁ CVD systens typically include one or
nor e processi ng anbers 11 positioned al ong the process path.
The sconponen%eeipokapsmeme el Botiés0kde proRctedRYA thethirhidall © 2.
Each processing nmpdul e 11 includes an injector 14 for injecting
cheni cal r eagentr8agsnty by barasrs efinei#3s such as nitrogen, grzon heliun or othes syitaple gases.on-
chamber or proc Wﬁm&mmm&gmﬂm bygthicid bodi] OW ¢ he
i nj ector In e ilTustrated exanpl e system 10 1 ncl udes four

processi ng mdul@sﬁ‘ommaghmt%r - shighd bpdiesA92 pnd 40b aresubstantigliyer st ood

E:gﬁtst ﬁ Q?nt s of adm&mgpt | cu%gr prv%n(%-:lggﬂs"'eﬁl ndqu&Xegéig&ﬁp%%%lwgon the
gaseous sullét ancisscribed mldetmﬂ Witk the description applying equalipp gliield bedy#i6b Theishieldgases
fAIh{ ?\ggg hS ﬁgfI r Sthebo‘ﬁ'g'gaagﬁﬁﬁé P%ﬁtglq%ggféer%s esfnle ﬁ%’mhgglsa otr?gp%ﬁfmﬁ%ngﬁ udi nal
axi s of the des::’edlslgpe,cshm ihFiguee 5| stdhthat tltelsheegﬁésﬂmds awagbﬁoraﬂméas'erﬂa -
Tt L e BRELA FpA anugnomewe%ameﬁ%néevbre%aﬁiy%%
entire process phickndssircthetangeof 005D 10. oaz imhésl for Bﬁmﬂm €.0080inches.dSitablec| ean,
substrat e, Yo sgraenas i perm shettnyhdibiis wiL e S sleruti alolf .
separated by buffiefpordiybfibe streen is on the order of 10% -30%.
A gas supply device is used to fill the plenum 78 with an inert gas such as
nitrogen at a flow rate such that the nitrogen permeates the perforated sheet 76 and
forms a nitrogen cloud in front of the sheet 76, In the illustrated embodiment, one or
20 more conduits or metering tubes 80 are positioned in the plenum 78 and coupled
through the end walls 62 to an exterior source of inert gas (not shown) for delivering
the gas to the plenum. The wall of the metering tube 80 is porous, allowing the gas to
diffuse uniformly through the tube wall in all directions. Thus, extraction of the gas
from the metering tube is not limited to discrete holes formed in the conduit wall as in
25 prior art systems. With such prior art systems, the discrete holes drilled in the solid
tube cause the gas to exit each hole at a high velocity, maintaining a high degree of
momentum from the thin metal surface and creating localized jets of gas within the
plenum. These localized jets result in a2 non-uniform distribution of inert gas in the
plenum and along the front of the screen, adversely affecting the protection afforded
30 against more rapid deposition on the screen and the uniformity of the reagents within
the chamber and the uniformity of the deposited film. With the metering tube 80 of the
present invention, the gas diffusion occurs evenly along the entire length and
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whi ch isolate the processing nodules 11 fromthe rest of the processing

path. As shown in Figure 2, the buffer nodules 27 include a
plurality of curtains 28 hanging froma

-9- WooaskssPody 30 which is used to deliver an ingerpgsinspych as
nitrogen between the curtains 28. Deposition waste products

I ncl udi ng unreacted gas are expelled fromthe reacti on chanbers 16

v

t hrough exhaust vents 32 which are coupl®d to a suitable exhaust

system ( not showr]k. r..de ption area 16 glsubs rate 22 are
retained at 5 F%%?e gg%ﬁ‘?%a@ﬁ?’éﬁh“te e’get“t'}’rg‘af% eh%’éf’#ﬁﬂm Gt s 34.
As the substrat e Tims/theenidtib8®prhidesclowreheity, anifschasupsly of das b 6f loRdlived ed

subst ances react Wt h. ot her and/or ,wt he upper, surface, of the
substrate 22 to cffetdd %&l{t‘?ﬂaﬁ‘n tgr ??H%Hl? 8@ W%Fﬁ“i”é?@r egFedfPPFqﬁ‘Y moludgaickely -
reagents used in stdiﬁas@bt&lwr@ﬂieﬁxﬁcaﬁﬁdbe%ﬂethemetedﬁﬁgwéﬂd ark pRferfel St & Y5 and

quality of filmdesired, . |ln one | catj on of t rocessing 10  system
10, the inneP por %‘W@%&@ﬁﬁ%ﬁﬁﬁ&dmﬁyw&m&ﬁﬁemassmqh@gm a
silicon _ Ssauwenf&asaaﬂhawreboﬂﬁoﬁ%je&n%m&{gmﬁbhﬁ'ﬁfm th
nitrogen, and if desired a dopant - source reactant such-as TMPi

TMB, phosphi ne and/ or Teiegisvsaanifomudisteibution(of gas within the plenupmtheshetering tabel | ed
with an inert cargp &', i [ i: RAL_L
90! 62'a rhiberSoi cBndists i Hon W@uegmam%% Oa;]og:gitge 18

of oxygen and ozone and nitrogen 1s delivere h “anot her

and the 15 i njlengtioef tha plesum A8 dashawnparticylary in Pigwe 3cthemstieripgtube 80 isr ogen
Lravel's 1 Qyoh a8RIASE e vty o (Rl 5% il BAT RSB ook RREE O

ports 20 to separate the sifitcon,
in the deposition zone. The nitrogen or other inert gas is supplied to metering tube 80

at a flow rate which ensures the plenum will be continuously filled with sufficient gas
to provide a satisfactory gas barrier across the entire surface of the perforated sheet 76.
Typical flow rates of nitrogen gas used in shield bodies 40a and 40b for the APCVD
15 process modules described herein are approximately 5 to 15 standard liters per minute,
In the preferred embodiment, the shield 12 has a modular design to be easily and
conveniently cleaned and maintained. As shown in Figure 6, the metering tube 80 is
inserted through an opening formed in the end wall 62 and secured in place via a
mounting member 81 provided at the end of the conduit. C-ring seals 82 or other
20 - suitable sealing means provide a seal between the metering tube 80 and the end wall 62.
Gas is delivered to the end wall 62 via gas supply tubes 83 (Figure 4) and fittings 84.
The gas flows through internal passages formed in the end wall (not shown) and enters
the metering tube 80 via an opening 85 in the tube. In this embodiment, the metering
tube 80 of each shield body 40a and 40b is inserted through a different one of the end
25 walls 62. However, in other modifications of the invention, the metering tubes 80 for
both shield bodies 40a and 40b may be inserted through the same end wall. Inserting
the metering tubes through the end walls allows the metering tubes 80 to be easily
removed without detaching one or both of the end walls 62 or removing the screens 76.
While the ability to remove the conduit 80 through the end plate 62 is advantageous,
30 it is to be understood that other embodiments of the invention may include conduits
which are entirely contained within the plenum 78 or attached to the inside of an end

wall, requiring removal of an end plate 62 to remove the conduit.
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phosphorus source reactant fromthe oxidizing species until the gases
approach the waf er surface. One application of the
shield 12 of this invention is described herein. 20 Specifically, the
shield-12 is shown protecting the front face of the injector 14 and the
inlets of thYOMABEIt vents 32. However, it is to be undePSTHEW26HYt t he

shield 12 may al so be used in other applications such as protection
of the chanber walls of process -14a0dul es, or protection of the
exhaust vent path including outlets. In addition, shield 12 can be

applied to CVD syst enGVD pescassingcfypicaliyaccws st plewssiutemperainoes, oftenyasdiot as

at nospheric 25 ol ur.e, s s for .sub-at ric.(S t,] ow
pressgre (LPC,\/D)60(9r8h| ﬁpnorM&%%gwgm%ﬁ&Q&%icm‘%%e%fego be
aplol i e_olI to vari pb&kﬁlhtkmsﬂmad:bbmmgﬂmhﬁﬂeﬁﬁﬁhgﬁnﬁn?ous stlreammmﬁngpg!él T, not
only silicon oxide i derr or_.boropho silica ass .

sys%/ems. The sub}q’@!?%&ﬂg’?‘éf“]%*w?rﬁ?@pq“ﬁ%ﬁf@ sicgerho'fhet%@aﬁgd&%ﬁeﬁ)ehw% any
specific 5  maaPind GiphérQ@inperdiure of the screen cAused the ghrden td-expaiidfaster aadtb #, t he
shiel d assembly 12 of this ipvention i . . positj on?gmgri}g;t{ont of the
injector 14 and BT FtEnt Selpfve ty the % Piney tg SfHEgRIs I y to the .
protects these sw@s&,&m&%%ﬁﬁﬁ@m&w%,mﬁmmlmﬁa of

pot enti al : ) . . . .. -10-
cont ani nant's. Unheakieg of fsrshigld mayirasseidhe sorren Shrmrly  BEowtrh shjeldophaye veed 5
invention al so ezabossed infdntaGony ﬁﬁ%&%%oﬁ%@%ﬂc@%?ﬂu&%

reaction chl%nber eposition area 16.

effect. However, these measures have not completely overcome the buckling problem.
Moreover, the deformation of the screen and the embossed indentations distort the -
geometry of the reaction chamber, interfering with the uniform distribution of reagents -
within the chamber deposition zone 16. With the shield 12 of this invention, buckling
of the perforated screen is substantially eliminated as it is free floating rather than -
15 constrained at its edges.
In the preferred embodiment of the invention, the shield body 40a is not affixed
“or welded to the end walls 62, and the perforated sheet 76 is not affixed or welded to
the shield base 42 or end walls 62. Instead, the shield body 40a and the perforated sheet
76 are held in place in 2 manner which permits movement of the shield body 40a and -
20 sheet 76 relative to the framework of the end and side walls 62 and 64 as the shield
body 40a and sheet 76 expand and contract under varying temperature conditions
without creating internal compressive stresses which could lead to buckling, warping
and the like. The interior of at least one and preferably both of the end walls 62 are
shaped to hold the ends of the perforated sheet 76 and the base 42 of the shield body.
25 As shown in Figures 7 and 9, the end wall 62 includes a channel 88 formed in the end
' wall 62 which corresponds to the shape of the pre-bent perforated sheet 76. The ends
87 of the perforated sheet are seated in a channel 88, with the walls of the channel 88
holding the sheet ends in place. The end wall 62 also inctudes a recessed arez 89 which
conforms to the shape of the base 42 of the shicld body 40a. The shield body 40 is
30  seated in this recessed area to couple the shield body 40a to the end walls 62. The walls
of the channel 88 and the recessed area 89 also substantially seal the ends of the sheet,
preventing the flow of gas around the end of the perforated sheet.
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di scussed in nore detail below, the shield 12 also prevents mgration of
the reagents out side the shunt sections of the shield 12,
confining the reaction chanber deposition 5 zone 16 to a precisely
defined area.w8yossegst rol ling the size of the deposition areernukdagsrso
shield 12 of this invention provides greater control over the reaction
chem stries and flow occurring i thin the chanber, thereby -

i mproving the quality and uniformty:- of the fil mdeposited on the

substrate. hardd? i d2ed RS2t 4 I i d
general ly includes a r?ﬁ“’ er o?s%grgéeggepar at e s‘{?ﬂ‘ﬁﬁé‘%ﬁ@é‘%ﬁ%@ t he
shi el d bodi es 40aoem tenpRtatee thees is e significatb faprbetweam the ends of thetshedt 76mid bade? of
t he shield body i j | t] ai;n the frant.face of the
injector 14 to W]ér?\f/g%’e%%ﬁi&w%&}% g‘?‘l‘%gag%gd8?&‘fﬁ€mf’ﬂjsg@?%misﬁ?d% - At
configuration  the elevated wpesting enfperatiresf ahithodre hgpitiyepeqér thdn a00P, the

i nl et edges 50 of the. exha vent s wi || be substant. al
isolated frothre 8@‘8&%‘5“"%%&@& %%%c%ﬁ@g%d,,cglg%@g_m#hcg[tggsheet J§¢;F°el d
bﬁ.di lez ?Oa aﬂd 4beamia?panewamd 88.0 ThicdHafuels988 dnagedgssla@aieaﬂ_ @,eéﬁlcgh@h ouah
shi e or the .flow of the reagents jnjecte i nj ect or t hr oug
the shield. The dpgred ’élhgﬁévea‘ﬁd"gls 2, a&%ﬁdﬁﬁmwm theReriorstedishedtr ¢ 46
i s dependent uporm*anﬁglafe@ureﬁhﬁﬁﬁngbu&hﬁgbﬂﬁﬁ&geﬂmepe_rfmteda%&sm% of
the specific injector 14 enployed in the processing system10. In this .
enbodi nent, the infrsert epbpdiment, xhigh the perfptedsheet Ja ixforprdraf giaindess Boel aatd i s
si zed 50 thgy 20 pasa iHitkn@EeabBht 0,008 iRk MindetioR R3bhicP EM: 0. VS indUhigte Of

the outernost injection ports 20 to provi dé maxi mum protection for

the front face ofchurmel §8athe ghagpel B3 has yrgpthdn theirange of 9.200jach and a breadyrigdhest ood
that the confi gurzéﬁﬁegg_o%sﬁtbeo.ow ifith, pﬁfehecé@e& Mk@h@&ﬁﬁ%ﬂc@?ﬁ%ﬁ%‘h@%ﬁ

variation i'n the scope of this Invention. i n ot her
nodi fi cati ons of 0208 inch¢earcoromodate a similartinsertion idepthl o Ui 0schiafshehast 420amdmay be

corm ned, 12 . 3p08lchaBe il o0 0 S s i ool 0Y,
40c and 40dlare (basei 42. oned bel ow, and slightly outwardly of, the .
spLeLo podes 402 andyge, ekl sl AR AT Bl Aol Sl )
exhaust paths 11604 irecinager whithpgermits movementolff the Sheet/ o uelative wtthse tal 42 ofttliee
cxhaust Yents 32 e S SaRhOSSRIARETD, b lei% aiy SS90 bl
port 58 of the shkusled saponsinfice DD hiviny £loagincanlly ditendingtosd 92frdediRertis.
aligned wit l2]0 the The side edge 90 of the perforated screen 76 is slipped into the bore 92 and the locking
pin 93 slipped into the space between side screen edge 90 and the wall of the groove 92.
While the pin 93 holds the edge 90 of the screen 76 in the groove, the pin is not affixed
to cither the shest 76 or the base 42, As the screen 76 expands under elevated
temperature conditions, the side edge of the screen 90 is allowed to travel in a clockwise
25 direction around the pin 93 such that the sheet 76 may expand without creating the
internat forces which will‘ eventually damage or distort the sheet. As shown in Figures
10 and 11, the base 42 of the shield body 40a also includes a longitudinally exténding
bore 94 formed through the base 42. A slit 95 extends outwardly from the bore 94. The
side edge 97 of the perforated sheet 76 is inserted through the slit 95 and into the bore
30 94. a locking pin 96 inserted into the bore 94 secures the sheet edge in place, while
permitting the sheet edge to expand around the locking pin 96 as described above.
The shield bodies 40c and 40d are similar to the shield bodies 40a and 40b.
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inlet port 46, and is considerably larger than the inlet port 46. Since the

shield 12 of -11-

this invention provides the boundaries of the reaction chanber deposition
zone 16, the wi dth of the outlet port 58 substantjally defines the:
deposi tion art®’*”¥#®5the illustrated embodi ment, tHEBEU¥F2E port 58
has a wdth of about 2.5 inches conpared to the inlet port width

of 0.25 inches. However, it is to be und®rstood that the size and 5

configuration of the outlet A{)or,t 58 may be tailored to the constraints of a
particul ar Only ghisld bedit 406/is described In detail since thershield hodigsHOpaud 481 are mat e

with end wal |'s 633ehcal ity |x8§t§r@ %@ZP‘ : e '
protective gas is int r’oduc%ﬁ(}.%v%%g en V\t%ﬁes 6 aTh'ssod sg&é&éﬁ%ﬂé&eﬁ%ﬂé@%
configuration tothérshisldbasiyf@d: Tae shieldtbodst 4QcHaclides @ perforated shest olescreeh B8 64
are nounted 10 : | 1. Laotner suifabl
fasteners, ther eﬁ§§°§e‘%3$ﬁ°§&g19{‘ﬁ€%}a?%%§s}}‘f&9 &gld%g#%%ﬁo 8 %Pfcf“ﬁ%elgﬂi eld
12 toget her.5 | n bétween thé perforatedshioet®i8raadithe baded9.skn pasl sdpply dévixe, such as one or 40 ar e

o TOUnt e 0 Rl Gy B eSS s R BRSBRT 2
Figures 7 and  metering tube 1023 sebsthnvially idenfidal itonhb iktering tub86] dpsctibedebbwy
oL 6 gy T o A o B By,
64 are attached. thoinighg diffetdntorlof thie Bed wiils 62.| Howdvasif desiredtht tefefifgtibestl0P si de
alis o 64 e decent vallz, 62, D e, ohl el d hodigs 40 canturec
tube 102 fiils the plenum 100 with the gas, and the gas passes through the sheet 98 and
forms a gaseous cloud in front of the screen 98 to inhibit film depositibn on the screen.
As with shield body 40a, the shield body 40c is captured by the end walls 62 and
the perforated sheet 98 is captured by the shield base 99 and end walls 62 such that the
15 base 99 and perforated sheet 98 are movable relative to the end walls 62 and each other
during expansion and contraction of the sheet under varying temperature conditions.
The end walls 62 include a channel 104 into which the ends of the perforated sheet 98
are seated (Figures 7-8). The end wall 62 is also formed with a recessed area 106
shaped to receive the ends of the base 99 of the shield body 40c. The walls of the
20 channel 104 and recessed area 106 hold the shield body 40c in place and prevent the
leakage of gas from the ends of the plenum 100. a gap exists between the edges of the
perforated sheet 98 and base 99 to the bottom of the channel 104 and recessed area 106
to permit expansion of the perforated sheet 98 and the base 99 under varying
temperature conditions. As discussed above in relative to the shield body 40a, the
25 perforated sheet 98 and base 99 can expand as temperatures increase causing the ends
of the sheet to move deeper into the channels 104 and the ends of the base 99 to move
deeper into the recessed area 106. Thus, the channel 104 and recessed area 106 of the
end walls 62 hold the shicld body 40c in place while permitting expansion and
contraction of the shield body 40c and screen 98 under varying temperature conditions.
30 The side edges of the perforated sheet 98 are also retained by the base 99 of the
shield body 40c in a manner which permits movement of the screen 98 relative to the

=D

base 99 as the screen expands and contracts. As shown particularly in Figures 12 and
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the shield bodies to be easily assenbl ed and taken apart, providing a

nodul ar shi el d body 12 which may be conveniently cl eaned and
mai ntai ned as is described in nore 20 detail bel ow. However, in other
forns of the wowesdsson, nmeans which do not permit qamulssmsmantl i ng

of the shield 12 may be used to secure the shield together.
The side walls 64 are spaced outwardly gk the shield bodies 40a and 40b to
define exhaust ports 50 for delivering exhaust directly to the exhaust’

vents 32. The 13, ﬂxeb%‘@f‘ﬁh@&Eﬂ%tWﬂéSﬁﬂa%&d%ﬁr&Bh&ﬁ%@&%ﬁﬁxg@& and

40d is spacedfromthelnterlor he side walls 64, the

di vi di ng t he gas side@dgesaf e perfomtedshest 98: B’dhlsgmggdlmtothﬁmmmgmembersw i ons

e oponrRtlOgRFrofied B e AR O P o7 HORHS o

t he process rmduledgeSIthheperfomedsa‘ﬁw&mgma&dm&nstond%aa&hg}awmfchgalﬁebefrom

exhaust pat ne. 68 B EFlsE iRl peiuBlng Ephsion sa consRth L dotes W hdgh T
64 and the ext er marymg tempmmieloehﬁudmdlte&xséhﬁrboaménﬂmd slots noa,euemme por t
Ol oxt enil oy e O W oS BB SRR R RS 15115 8% o0 e
the side exhaust pat hWGBthelchamlstaﬂdba:eshedafeﬁ fuafited in the end walls 62 and the
t%g side wal | st g?f% %h‘%%}‘g %%&Sﬁﬁomgq£%wg%iﬁﬁﬁn@ﬂ%eﬁgﬂ gas
i ntroduced 40r ougadies#0cs40dethe plifutitebshd€ls 76 and 98 may be easily slipped into said bases
and said shield bodies inserted into said end walls. The shield assembly 12 is easily
completed by attaching the sidé plates 64 to the end wall 62 with as few as four bolts
63, and inserting the four metering tubes 80 and 102, each with a single fitting 81. Even
with the nitrogen bamiers, some film may be deposited on the surfaces of the perforated
15 sheets 76 and 98 after processing for extended periods of time, When the accumulated
film begins to interfere with the operation of the shield 12, the shield 12 may be easily
dismantled to remove the shield bodies 40 for cleaning or replacement of the coated
screens. New or clean screens 76 and 98 or shield bodies 40 may be installed for
continuous operation while the used screens or bodies 40 are cleaned, reducing the time
20 during which the processing system 10 is idle or shut down. The shield bodies 40 and
screens 76 and 98 may be reused at a later time after they have been cleaned. The
porous metering tubes 80 and 102 may also be easily removed from a whole shield
body 12, in case cleaning of the remaining parts as a unit is desired.
Figure 14 shows an embodiment of a shield body 12 which includes a different
25 type of retainer 90a for holding the perforated screen in place. The principle of
operation is the same as the technique already described to attach screen 76 to base 42
(Figure 10) in that two parts interlock, creating the geometry which acts to capture the
screen without constraining the edge of the screen. The shape of retainer 90a is just
different than the simple rods 93 and 96 used for shield body 40a.
30 Additionally, different shapes of the slots and screen edges than described to
attach screen 98 to base 99 (Figure 12) can be employed as well, as shown in Figure 14
by slot 90b.
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and 40d may flow up the outer exhaust paths 68 and out into the buffer

zones 27 t hrough openings 66. 5 The exposed surfaces of
the shield bodies 40 are protected fromthe chem cal reagents by
barriers of inert gas such as nitrogen, argon, heliumor other suitable
gases. WO 39%58§i t r ogen mi ni ni zes fil m deposition by BTOCRYHY e
surfaces of the shield bodies 40 fromthe chem cal reagent steam
Since shield bodies 40a and 40b are subdBantially i dentical, "’

al though reversed relative to one another, only shield body 40a wil| be 10
described in detail wiAsHs shawndinstigure 8. the passeyaysd 16 grayided betyeerhthe ishieody
40b. The shield . ﬂ!' n&k . t - n 76
which is bent or bﬁfi’ee?]ggargn%%tbgég?he eﬁ@ﬁ&e@é@vgﬁég s‘%g‘f)ez, S p\?\er)r?g%ng | gure
5, such that the raieeion by/froductsirectiytathe exhanst ports 39aensurisy the efficient reppovialef

shield body 40a tp form a,pl enoum,78. The t ed.. [ r has a
t hi ckness in the ‘ﬁ%ﬁ@%‘%@%ﬂﬁ%@%@ﬁ%@@ s?“ gdr‘&%%g#g’ﬁg%%@e?éﬁches.
Suitable 15 5§ naydel & ot diedct th gazey th tieakienistyerte tithinal contelled pith betmemslyeel

i nconel, or other simlar all]oys. . The porasit f. t reen.is on
the order of 10%Pre(dsalayero me’¥8“mﬁ°“‘°fam§88§’°§%ﬁbﬁ?%?%%f\}$°c‘8’°?‘§‘%§eegfﬁ“% firll
the plenum 78 wi tyenfifilets/Iitrog@nitidddhioth and covering the petfoged sitets 36,/98dsulatast e
such that the nitrogen perneates the perforated sheet.76.and .. forns
a nitrogen cloud tPﬁPW%?@%“QﬁéW%@SW‘?W“P& H’é&%?@&“&?ﬂ)ﬂlﬁeng,
one or 20 O &, ROk oF tRIpefiBrbi s sidats.! 4 hefmS of o fileit igay ie provided e -
pl enum 78 and coupl ed t hrough the end walls 62 tixo an exteri ﬁr@
source of ir@rt gggat(oﬁe@chmmsedﬁmw\béﬁlﬁhﬁgwmpmz oro ﬂéleg’ggat’c%"f

pl enum The wal | ' vﬁ-ﬁgttﬁﬁ%&d,“ﬁ pebativéto! tRVShidd 8da§ aBi@éndt O - -

di ffuse uniform yél{eheégﬁagﬁiﬁ%ﬁg?%be wal ‘i’n.glml&gi r.egt I ons. Th.us,?. extraction .
of the gas platesuaderviaryingdemperatuye congitionss Thiis; the mafeigiformdaysrsof et g23h ol es
fornmed in the conguj el ' a ,5%,3 hdnknstien Nogor | OF
art systens, ther%%’:i’g(;&exe\?{éé ﬁg@etg%&‘rzlaﬁ%eam?%at k_g {s’%.l I %Er_],ﬁe' ~tube cause:the
gas to exit each dontamizentsawithinthe chdmbei and proredting anifermtistribyitign ofthe; reagentst

m)mentumfrcil?the L hi th’ﬁ% 91! surface and creating |localized jets of gas
wilaln e
enu

wi thin the ese localized jets result in a non-uniform

di stribution of inert Wit thershiehiel2 of this inventiomrthedepositicnl asad 6tineonfinesiio thef ¢ he
e e e L
t he chanber andt hge siiélfi ®bdibs 40cahd ¥ dletpersdté duall éxhhust patlistto thelezhausstventiinlgt t ube
80 ofthe 50 and also include a bottom outlet port 122 formed in the base 99 of the assembly.
20 The bottom outlet port 122 causes a stream of inert gas to flow from the plenum 100
through the base 99 to the area below the shield adjacent to the outlet port 58. The
substrate 22 or the conveyor 24 causes separation of the flow from the bottom outlet
port 122 into a shunt containment flow, designated at 124, and a shunt outflow,
designated at 126, The shunt containment flow 124 provides a buffer of inert gas below
25 the shield bodies 40c and 40d, preventing the reagents or reaction by-products from
feaving the deposition zone 16 by escaping beneath the shield 12. The containment
shunt flow 124 isolates the reaction chamber, allowing the width of the deposition zone
to be precisely controlled and improving process performance.
The shunt outflow 126 flows around the shield bodies 40c, 40d and through the
30 outer shunt exhaust path 68 to the exhaust port 50, Directing this stream of inett gas
to the exhaust port 50 ensures the process exhaust via path 116 from the deposition area
16 will be carried directly to the exhaust vent 32 for extraction from the system 10 and
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present invention, the gas diffusion occurs evenly along the entire length

and -13-
circunference of the tube, filling the entire plenumw th the gas at a
uni f or m r at e.wo 99/36585 Thus, the conduit 80 provides a | owpgeissaizbMo
uni form supply of gas free of |ocalized effects. Materials for

conduit 80 which exhibit the desired por?5|ty I ncl ude ni ckel, .
stainless steel, or silicon carbide. e the netering tubes 80 are °

preferred, it is alsediftesthe chemcﬂ@%ﬁ&éﬁgﬂaﬁm&eﬁs@v&m% {:a§e #Q riRalr

repl aced W|th th% prior art_ conduits havi ng orrred
With a series of PHEFicEor The skt ionilopn126; #sa proyides #hmet hﬁWpﬁnellharhxﬁ‘er

To achieve a uni fyyddleslhgtahd métllegdilmﬂf hm%ﬁ@g Lhe 1! g@é&m Balggé ring

t ube 80 or _.a nunber conduits DI mat i bR pre t end-
substantially al éﬁﬁgﬁqm@lambef fmm the) eongdjtionsgh theareas lupstream zad déwnmmf the

partlcularlylnﬁﬁg gg nmetering tube 80 is 10 | ocated in the
vicinity of the et port to provide a substantial nitrogen

concentration ﬁeshddiédﬂq&iaﬁmﬁmmebﬁdngwﬁﬁm@%ﬁé&ﬁlhei nert
gas is supplied t 0 . . a,flowra ensures
the pl enum wil | e con grusr@gﬁeﬁ &5 %’dfhv%%?’l the ﬁcln gﬁ) ata °W rage,

pr 0}/i de adsa':1 i sf awﬂiclegtlygnght@mamtaﬁfamml o ﬂoﬁrhﬁaﬁrﬁﬂt{omtﬁmﬁﬁﬁﬁnﬁﬁm&hﬂwdr
perforated sheet : : i ates i trogen gas used in
shi el d bodi es 40&2‘@?1‘&?‘266‘“%?“%‘@ iP5  RHES e ABEeER P
herein are prroumﬁﬁmdéiuédbuﬂ‘&rﬁnaﬂdﬁaddbhbﬂieﬁsxﬂeéﬁﬁé §ition zone. With

has, a modul ar design to be easily

In th f d t th
and. - C S LoV ARG P A 2 i oaRiop oAt SrokRon o bgIEYG. t o

metering tube 80andihe process gas flows can be precisely and uniformly controlled as all the gases are
supplied and metered within the chamber, producing a higher quality film.

With prior art systems, an example of which is shown in Figures 1 and 2, the

15 exhaust flow rate to vents 32 is greater than the rate at which gases are éupplied within

the chamber area of process modules 11 so that the inert gas supplied by plenums 30

or from the buffer modules 27 may be drawn into the reaction chamber to form a barrier

preventing the escape of reagents into the curtain area. a problem with this system is

that the buffer gas is typically provided and drawn into the chamber area through side

20 openings 66 in a non-uniform distribution, resulting in a non-uniform distribution of

reagents along the edges of the chamber which detracts from the uniformity of the film

deposited on the substrate 22. The inflow of gas from the curtain area 27 and the flow

of process exhaust from the injector 14 within the chamber to the exhaust vent 32 create

a large stagnant pocket between the two flow streams where reagents and reaction

25 by-pfoducts are recirculated. The recirculating gases interfere with the ability to

precisely control the reaction chemistry within the complete deposition zone 16. These

problems with the prior art processing systems are overcome by the shield of this

invention. .
With prior art shields, the recirculating flow is produced in the relatively large
30 area between the exhaust inlet to vent 32 and the upper surface of the conveyor 24 or
substrate 22. With the shield of this invention, the shunt containment flow 124 and the
streamlined shape of the shield bodies 40c and 404 effectively minimizes the amount
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inserted through an opening fornmed in the end wall 62 and secured in place

via a nmounti ng nenber 81 provided at the end of the conduit C-ring
seals 82 or other 20 sui tabl e sealing nmeans provide a seal between the
nmet eri ng tube 80 and the end wall 62. Gas is deliv e end
wal | 62 via dﬁg ﬁﬁly tubes 83 (Figure 4) and fittings 84§%£%Edﬁ%ﬂwiThe gas
flows through internal passages forned in the end wall (not shown) and
enters the metering tube 80 via28n opening 85 in the tube. I'n this -
enbodi nent, the nmetering tube 80 of each shield body 40a and 40b is

inserted t hr ough o&rmrﬁlﬂmr#ﬂ@ﬁeam Wbereﬁa gz%mams e easuring theseageris arei

ot her nodificati Qp&. % y NRnie 83 &h OMFlgme3
bot h shi el d bodies ﬁ a an 40b é be |nserted throu h the sane end

| nserting the shunt,seation shigld éomdé%wemedetﬁau naayahxsxsﬂb'hl%
nmetering tubes 8 SleAfellin 18 or
both of the end 3%%@’?‘]'2?%&}%%’%,% ﬁtg%ggl?g %@hﬁl&mﬂ !\i'/\;] gﬂgﬁe
ability to ré&nove theVﬁthﬁelthQﬂﬂnsmwhom@leemgﬁbmh@byfbemmdéﬁjeous
30 it isto be under d.t f dail ¥ may

I ncl ude condui ts %“&ﬁ‘e re en %3 dq&%?’ﬁleb% safe %l nt g‘r?um 78
or attached to t hiepositionckeeacts. aWith itite new shxeld 12/\/ﬁixd qontacnpuﬁntcangaemcmpéﬁhedf an

o0 P 62 1 R e it sl g g v

t enperat ures, of trg18 ofithe lBtiaustshrough vents 38.08¢ ﬁbﬂthﬁcaﬂ\éltl’fer e flawinginto oxloutadfds
the screen Il(s) eXpOesgrgcegsomwu?e qotltnoc aogbergrrigs | l e Ly egx%real't%asto draw gas from
- buffer module 27 in through openings 66 to provide containment. The gas which is not
" accommodated by the exhaust vents 32 flows into the buffer modules 27 between the
process modules 11 and is removed from the mufile via by-pass ducts 130 connecting
the buffer modules 27 to a separately controlled exhaust vent, as shown in a new muffle
15 design in Figure 15. Since the reagents are safely contained within the reaction
chamber and delivered directly to the exhaust ports 50 and vents 32, the gas which is
vented through the by-pass valves is nitrogen. No reagent or by-products are carried
to the by-pass vents 130. Utilizing the by-pass ducts 130 to extract excess inert gas
from the process modules allows all the gas flow within the process chambers fo be
20 supplied and controlled by the geometry within the chambers, more effectively isolating
" the process results of deposition on wafers inside the chambers from any external

disturbances or non-uniformity present as in an open APCVD system.
As is apparent from the forgoing, the present invention provxdes a shield 12
which may be used to achieve improved uniformity of reagents within the reaction
25 chamber, greater control over the reaction chemistry residence time, and precise control
over the geometry of the reaction chamber 16 and deposition zone, thereby enhancing
the quality of the deposited film. The shield 12 can withstand changing temperature
conditions without damaging or deforming parts of the shield which could reduce the
effectiveness of the shield operation. The shield 12 is modular, and may be
30 conveniently and quickly assembled and dismantled for maintenance or cleaning. The
shield 12 includes metering tubes 80, 102 which deliver the inert gas to the plenum in
a more uniform distribution, improving the uniformity of the reagents within the

SUBSTITUTE SHEET (RULE 26)



backpl ate is situated behind a plenumfilled with a continuous stream of

ni trogen. Thus, the back plate is at a | ower tenperature than the
screen.. The snall er thickness, lower 5 mass, and hi gher tenperature
of t he screen wawyesss: he screen to expand faster and to a PCT/USIs/Bre@at er
extent relative to the backplate. Since the screen is welded directly to

t he backpl ate, this thermal expgjsion causes the screen'to wanp,
bend or buckl e. Repeated : heating of the shield nay cause the screen
to crack. Prior %@%osﬁiﬁh%d3§6h'ﬂﬂ@shié§ﬁ§iusedtofonnal?aﬁ@ﬁﬁﬁﬁfex‘i&qg&#%b or med
in the screen or her neans to reduce this bucklin wever,
t hese neasures h&¥ahesaction ehaabes) WW@?&W&@% e@mmm §omrthe Faamber and

Moreover, the def b %Ezpig %ﬁﬁf
di stort the aﬁsm%oqn‘@{?&%g?&lﬁe reaction chg Interf j‘g‘ﬁ]‘ﬁgéw th the
uni form di stri butt¢ bnuuderstwgb#ttbls invention 1smttlhmtedtthdlmhakd)&oﬁh@ﬂhs&m zone

16. Wth th h
perfor:[at ezj gcfele(ra?hi%s&éﬁﬁg‘?ﬁlm g%%%@%s | bedh lrn'eénstel%étt’ﬂ?gber at her

t han 15 const maderstded tIBSsimd@emcorporating only some of thmfemhﬂ:s [desetibed eekin is

enbodi ment of the.,nvention he shi.el d body 40a is not affixed or
wel ded to the engu{ﬂﬂ g&@?bﬁz}hﬁqwgmﬁerforat ed sheet 76 is not affixed or
wel ded to the shield base 42 or end walls 62. Instead, the shield

body 40a and theagerﬁ (F)]r %t ed sheet . 76 are held in place in a manner
whi ch permts no e shield body 40a and 20 sheet 76 relative
to the frampgwork of thﬁanaﬁhuaaansé&ﬁme@fms}ﬁadmipré&nﬁﬁvénhenﬁm@ﬁ&edm
body 40a and she%t 76 %15?0%73 ntract under varying.tenperature
conditions® 1guggs;l Mg"‘l‘"h With Feigrenc i Fig<\Sy hield bodiesddda-1d0dc h
could | ead to bugkye A\ebnsi@iiBh BSlled a “frame cardudtdf” Whith is iﬁ@rehtrﬁ’cﬁi th@rab&fe at

| east one and preferably both of _the end walls 62 are haped to

hol d the ends of dessEbekmbodimen Wﬂm@h&mmlﬁasémn@hdmbassmaéwd
body. 25 - As $heed offa di fnﬁé‘f:i%ée Zfa;a@n@ anggﬁsmﬁ mbasn%ﬁ&gé WGRd

channel 88 fornmed in the e corresponds to tE’e shape

of the pre-bent p@?maf@vbﬂﬁaetm?s‘mﬁhedmmduﬂesﬂi@ﬂ@ﬁ?@fmﬂﬁbﬁhﬁﬁr at ed

ﬁglegf ngr tehzegaggt eedcai]g I'n ?ﬁmﬁ W‘x{cﬁ@n%hﬁ aﬁ%%sﬁgﬁgg%a t etessed
area 89 which dehvetym r delivering andnest gapto thefplenivm aba Bow #fe sufh thhtdhegrsel d
coupl o the  shi ol it S tofpetfrartd shoes S it ol Bl 40 €t Ty
channel 88 and t hedyrsiwe thebeseand the 88it frimothstcasicsthe shrktlaye formadd ftoreone pitse. of t he
sheet, 20 Thus, the sealing of the sheet is performed by one piece. In the earlier described
embodiment, three pieces were used to seal the sheet, i.c. the base with an attache
mechanism such as the locking pin, and the two end walls. In the earlier described
embodiment, the sheet is carried by the base, however in this embodiment the base 139
includes a continuous unit frame 141 having ends 142 and 143, and the perforated sheet
25 is carried by the unit frame 141, The perforated sheet is captured by the continnous unit
frame 141 of the shield body, and the shield body is captured by an end wall. Thus, the
sheets can freely expand and contract relative to the shield body and the shield body can
freely expand and contract relative to the end wall and frame assembly of the shield
112, The shield assembly and its components are made of a metal alloy, such as
30  stainless steel and commercially available alloys such as Haynes 214, Inconel and
Kovar, and the like. Further, the shield assembly and at least one of its components

may be treated by an oxidation process as described in pending US patent application
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preventing the flow of gas around the end of the perforated sheet

- 15- The channel 88 and recessed area 89 have a depth such
that, at tenperatures near roomtenperature, there is a significant
gap betmeen the ends of the sheet 76 and base 42 ofthe shield body

40a to the cl¥&Y®E¥Hd of the channel 88 and recessed area BOT/UNRE25740

the el evated operating tenperatures, which are typically greater than,
400[ err], the 5 perforated sheet 76-2ad base 42 can expand, causiihg the.
ends of the sheet 76 to substantially fill the channel 88. The '
channel s 88 and r 8ortNel8/B2365% 8@ deseriptidn dlwdnchxs incorportted byertfirencohdréin énd

wal | s 62, accommoga of t rat ed sheet nim zi ng
or even elimnnati enﬁﬁ&(pﬁ’ﬁéx‘%ann%a?eﬁﬁfﬁ @FBWB?%%W&W%@?@HQI

present enbodi nenéunSxanwnnmecmaﬁﬁneM&ﬂﬂy thefshietd dssenibylis edadebfd Nl ess
steel and 10 has .a t.hig tk S sotée about . 0, Oegg nch nd a& insertjon length
of about 0.150 i n¢ImYmFtion el 1parts P‘B%“T’FHQ“%F dept h
in the range sof Oaﬂﬁﬁedlmhbsawmateaﬂqacgahsmér@ﬁ;mmmewaferrpam&ﬁd%eiapo(a&ﬁ5 to
0. 010 inch. The recessed area al so_has a inther

0.200 inch to acc@mt\éw‘hexﬁmém‘*‘ﬁé%r@vlsﬁ@%éMSIBFldQC’ 90194Pﬁ§4ﬁ1 14pd-he
base 42, and tmsmahamsanwﬁnmmommqn&%amwﬂh%c@w 'n

breadth greater than the shape base

si de edges 90 andFigs 130 't%@nﬁéhlﬁ’lé?a%ﬁ}’e‘éo"sﬁtl&*ﬁm@ arl%sg H@mews-smm@hwew body
40a in a manner Weialhbif 13bd s sERMAB R ierAbschibi@ shldffody G0d flshipk Y fufledol® base

42 of the 10 Thus, as with shield bodies 40c and 404, shield bodies 140c and 1404 are positioned
below and slightly outwardly of shield bodies 140a and 140b. The inside edges of the
shield bodies 140c and 140d cooperate to define the beginning of the inner exhaust -
paths 116 leading to the exhaust vent inlets 50 of the exhaust vents 32. The shield
bodies 140c and 140d are spaced apart and form therebetween the outlet port 58 of the

15 shield assembly. Since shield bodies 140c and 140d are substantially identical,
although reversed relative to one another, only one shield body 140c is described in
" detail below. Shield body 140c includes a perforated sheet or screen 198 which is bent
or pre-formed to a desired shape. The sheet stands away from the base 139 of the
shield body 140c to form the' plenum 100, which receives the gas supply device such
20 as the metering tubes earlier described. The sheet 198 preferably has a thickness in the
range of about 0.00S to 0.012 inches, with a typical value being 0.008 inches. As
shown, the shield body 140c is no longer formed of only a base, but is formed of a base
139 which includes a continuous unit frame 141¢. In this embodiment, the unit frame
141c includes spaced apart end sections 142 and 143, and top and bottom sections 144
25 and 146 which extend longitudinally between the end sections. That is, the base 139
includes 2 continuous unit frame 141c and end sections 142 and 143 at each end of the
base 139, and these end section define a perimeter of the shield body 140c at its ends.
The sheet is not rigidly attached but is held such that the sheet moves relative to the
shield body. The sheet 198 is retained by longitudinally extending slots or slits 145
30 formed in the unit frame 141c and its end sections 142 and 143. The perforated sheet
198 is inserted into the slot 145, through one end section, and the side and end edges
of the sheet are seated in the slot which holds the edges of the sheet in place while
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shield body. As shown in Figures 10, the base 42 of the shield body 40a
I ncl udes a curved support surface 91 having a longitudinally
extendi ng bore 92 forned therein. 20 The side edge 90 of the perforated

screen 76 i sygbbsyeed into the bore 92 and the | ocking PCT/USPY/F37433
slipped into the space between side screen edge 90 and the wall of the

groove 92. Wiile the pin 93 holz(gs the edge 90 of the screen 76 in
the groove, the pin is not affixed ““*" to either the sheet 76 or the

base 42. As the screen 76 expands ynder vat ed te tur

cani t one. t ho PR ArpmiRARd sadtEionty F R Thut e shere Gy B Rite s

cl ock\(/jm' se ﬁS t enﬁfagﬁgthmﬁdanmdhémmfjﬂzdalﬁt?uQMMQah aﬁs%h.&feﬂae'éﬁrliteﬁyl |
expan W t hou creall . Lhterna ol ces .LCnh W .event ua
daPrage or di st or‘%‘%’?@ggﬁ’g@&me% Wﬁ ﬁ”ﬁ?’g‘l?ﬁ‘@g’ °m%h°&‘me&'0‘3 fenigcant o d
base 42 of the shpRveméRthithéfitoratthisnes ehBdiment!idme pichred anbotiest eTRE N

bore 94 forped through the base 42. A slit 95 extends outwardly fromthe
bore 94. Th®  frame cogptctiongllowsAopsasicr, wsertion of the heets,And Provides 3 sironger ¢ e

through the sli &h@ﬁtﬁﬁﬁ skdﬁ]ﬂe §Eenittn 2lngle m?ﬂm@pﬁ%&ﬂ}&e&cﬁg%% thager t ed

into the bore 94 secures e sheet edge 1 h place, [ ermtting

the sheet edge mmbsmofiparts pusi eemplexity lobtwisssgmplyn 1o ethaewords,dhe sseeen nove
Te. o1& P00 GRdh AR, B Conhdls B i, Bl By bR R LB, 107
bodi es 40c and 4@diendescribed embodimegtent i cal, al t hough reversed relative to.
ope anotiet 115 SCT4EUA1Rt: ABOALRaS PR bt i s AR “H 2OV
: slot 145 substantially conforms to the shape of the sheet 198. The screen is sized such
that, at temperatures near room temperature, there is a gap between the perimeter of the ™ _
sheet 198 and the boundaries of the slot within the unit frame. At the elevated operating
temperatures, which are typically greater than 400°C, the perforated sheet 198 can
15 expand causing its edges and ends to substantially fill the slot 145, _
The perforated sheet is inserted as shown in Figs. 18a and 18b. Of particular
advantage, the sheet is easily inserted in one end of the frame end 142 or 143, The sheet
then slides along the slots in the top and bottom 144 and 146 portions of the unit frame
as shown in Fig 18a, and into the slot in the opposite end section of the unit frame. Fig.
20 18b shows the sheet in its fully inserted position. Thus, the sheet is secured along its N
' entire perimeter, and yet it is not fixedly secured and may freely expand and contract,
thereby minimizing the tendency to buckle. Further, the sheets are readily removed and
reinserted for easy maintenance and replacement.
Fig. 19a and 19b show another shield body 140b according to this alternative
25 embodiment of the present invention. Shield body 140b is similar to earlier described
shield body 40b in shape and function. As with shield bodies 40a and 40b, shield
bodies 140a and 140b cooperate to define the back wall of the shield assembly which
is positioned against the front face of the injector to wrap around the outer edges of the
injector. Since shield bodies 1402 and 140b are substantially identical, although
30 reversed relative to one another, only one shield body 140b is described in detail below.
Shield body 140b includes a perforated sheet or screen 176 which is bent or pre-
formed to a desired shape. The sheet stands away from the base of the shield body
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which is spaced f romthe base 99 of the shield body 40c, form ng a plenum
100 5 bet ween the perforated sheet 98 and the base 99. a gas supply
devi ce, such as one or nore nmetering tubes 102, fills the plenum
with an inert h as nitrogen. The - met ering | S
substantial ly |3%ﬁ%¥€al to the netering tube 80, descrlbedE§%§§éﬁg"

In this enbodi nent, the netering tube 102 of each shield body 40c and. 40d
ext ends through a different on4of the end walls 62. However! if

desired the neterlng t ubes 102 10 of both bodi es_40c and 40d may be
nmounted to the satidb i farmpie plenpm 7§ hichreceives e gas supply devigpaich asthe metpring: he

pl enum 100 with tde.cos. A@ﬁﬂh&%hﬁ@&es&?&ﬁ%&ﬁﬁ%gﬁetsﬂ&t §47§Ffefe%a§%%s| tion

forms a gaseous cloud in front of the screen 98 to 1 nhibit

on the screen. thlclmessmﬂlefaﬂge‘)@Qﬁﬁﬁwgﬁl@hds,@mmwoemcﬁl el dbody 4Qc
I's captured by the en | e %]aﬁp%},
captured by the shiel %‘égglse%‘ggnéaﬁ%d bos 4&2%1&815 ePﬁﬁﬁ.&fi a\gé?’bt‘)ase 99
and perforat &d smthG&sal@imimm@OmmuamW&ametlﬂb Inrtbis embddem@, themhiteac h
ot her dur 0 on i ng
t enperature condi |on1§¥%ﬂa&$a&ag%a%m%gwa‘fnfs %%?“‘g‘gﬁg %ﬁﬁ%ﬂﬁl nto
\_/Fﬂl ch 'Ejh_e Frdgzofs&ﬁmmmtww&mmdeendsam%séﬁtaeﬁ (Hébgscrt&ﬂ(;; 8).
e end wa IS S Wi a.Lecess re S ed to
recei ve the ends Bf® % 8°"§é‘“8%ﬁ?‘ﬁég§ﬂﬁéf‘§ﬁ Wqﬁ%éﬁ%qﬁg%ﬁ?@" “%he 20
channel "104 and r&e&a&?ﬂmm&&&ﬁ@hﬁaﬁﬁ&b&mﬂeﬁbﬁh@ﬂﬂdd%li40bﬁt|18®ﬁdsand :
prevent the Jyomt-h s of ..th e 0..a gap
exi sts betwd@n the edéﬁ%g%ﬁige‘ Uihed rp 33'9' §t8’8 Qtﬁg%égggd

the bottom of thehehiitete. ﬂésl@ﬂﬁﬁ%@ﬁ&ﬁ%@é%lmﬁueferenceto Fif. PR b,
expansi on of the _Eherforat ed, sheet, 98 and _the base 99 under varying

t eriper at ur e condi tHeslet subgtantiglly eonformy m%m@%#xﬁemﬁpﬁg@ﬁh@y%ody

40a, the 25 Q@ﬁx&a&aw&aﬁwshtagsMedqaaﬁu&%ﬁﬁaalﬁxaﬁ%ﬂn&mmmtures
I ncrease causing the ends he sheet to nove deeper. into the

channel s 104 and iFig %%W‘%WSWWWW“mWG&@&?ﬁ]n@@% he
recessed arqg 106ne thh ¥ hotthf %ﬁﬁhx&@ﬁe%ﬂsﬁ@éﬁﬁ Bn. 2T1RA 10k Shterits all B

end walls 62 hold the Shl el d body 40c In e permtting expansion

and cont rvaayt thenughfong los boHi ef theirod gections tnerdercioctepeivrgthg fieet 196 yi ng
t enperature cond| r sheet
98m;re al so ret ai ne hmes%%ettals Idal&glé%eﬁggﬁanﬁ d%ﬁ@%%&%égﬁlﬁ% a

manner whi ch permdﬁalmnmhtasUftthmdasmd%budwmlwlﬂheewdesmbed base
99 as the screen gxRAAQS: 00 RANE AfhrSveri 15 RYROPRL HibHhADbalrbol G €5 12

and : 20 preferred embodiment. This frame construction allows for easier insertion of the sheets,

and provides a stronger shield body. The frame construction also simplifies assembly

of the shield and reduces the number of parts. The frame 151 increases the rigidity of

the shield assembly. The slot 155 is sized such that, at temperatures near room

temperature, there is a gap between the perimeter of the sheet 176 and the boundaries

25 of the slot within the frame. At the elevated operating temperatures, which are

typically greater than 400"‘C, the perforated sheet 176 can expand causing its ends to

substantially fill the slot 155, and the screen and slot are sized such that the gap around

the perimeter of the screen within the frame permits expansion of the screen within the

frame without distorting the shape of the screen or shield body. The screen and shield

30 body maintain their contoured shapes which in twn maintain the desired flow
characteristics of the shield assembly.

In an alternative embodiment of the present invention, 2 bottom outlet screen
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-17- 13, the base 99 includes a first retainer 108 and a second
retainer 110 for hol ding the si de edges of the perforated sheet
98, In this enbodinent, the retaining nembers 108 and 110 are
provi ded by |wogssesshi nal |y extending slots forned in the bagev8Rkaskhe side
edges of the perforated screen 98 are seated in the slots 108 and 110,
which hold the 5 edges in place mhbgg permtting expansion-and "
contraction of the screen 98 under varying tenperature conditions.

In this enbodi ne ﬁ%% p : f .about
0.10 inch and a %ﬁ%@?ﬁﬁ%ﬁt%&%&?‘nch_ aﬁbau‘f?fuéldbodles 140{"’%9%&5&“‘

channel s and rec%@edimmeﬂlt}Smnrwﬁmﬁﬁwmfmﬁcmoﬁ@lﬂatbwdmhpmvgously 09 of
configuration oft . i ' 40a, 40b and t. ase o]
Charipent! 06 O (efbag %%%aﬁir aé,%%Fﬁ‘g °p1é"?$%?éé‘te‘§8 S perdReA e SO R bo
easily slipped i sheetsski6cnd29%s Specifically, tha Hotkan duteh sezbeah 15068 ﬁ%}ﬂoﬂﬁﬁhg&d into
said end walLls. The shjel v, 12 i.s easi|l . o) t,

attachi ng thé Si }8 3#@%9%??%%}%%%&1%5 @%Wﬁ@“&ﬂf@%%@gp‘”éol ts
63, and inserti ng40&]@r&ﬁt&blyﬁﬁh%bﬁtﬁgoﬁtlﬂbﬁﬁeeﬁﬁGﬂBﬂeﬂcﬁalongﬁﬁfb]gﬂ;etléhgﬂzo‘I‘lthg'b le
fitting 81. Even _, with the nitrogen barriers, so Il mmay be
deposi '?ed on the W&%?%V%Hg‘swng?%‘%ﬁsm eéwegﬁtg?wﬂawef@aﬂm er
processing for exgesiedacthia edgioad STHe boftdniButlelYefen | Ppravidey ot At A6w of inert gas i ! M

begins to interfere with the gperation of the shield 12, the shield 12 may
be easily thrgngh the:soresy 160 to s ggeabelaveths sereand bodi es 40 for cl eaning or

repl acenent 19f the copfhid embodiment, BEEABRDuINGWeRT 160/iE RRurdd IR Gasd GaBiRd 98
or shield bodies 40 may be installed for
unit frame 141. Thus, in this embodiment, the bottom surface of the base is not
substantially solid with an outlet port 58 as in the earlier described embodiment, bﬁt
instead is substantially open, with its perimeter defined by the continuous unit frame
141. In this embodiment the frame 141 includes a second slot 175 formed in the unit
15 frame 141 to receive and secure the outlet bottom screen 160. Thus, when the bottom
outlet screen 160 is inserted into the bottom of the base and carried by the unit frame
141, the bottom of the base is “closed” with the perforated bottom outlet screen 160,
The slot 175 in the unit frame 141 is substantially similar to the earlier described slots
145 and 155. That is, the slot is formed partially through the side sections to receive
20 and seat the long sides of the sheet 160. At least one, and preferably two, of the end
sections 142 and 143 has the slot 175 running all the way through the wall so that the
. screen 160 can slide though the end section and into the side sections and opposite end
section of the unit frame 141.
The bottom outlet screen 160 causes a flow of inert gas from the plenum 100
25 though the base to the area below the shield adjacent the bottom outlet screen 160. This
provides a buffer of inert gas in the region below the shield bodies 140c and 140d, thus
substantially .prevenﬁng the reagents and reaction by-products from leaving the
deposition zone 16. Further, the inventors have found that when higher flow rates are
encountered the bottom outlet screen embodiment is more preferred than the outlet port
30 embodiment. The bottom outlet screen is better at preventing recirculation in the
adjacent region, especially at higher flow rates.
Of particular advantage, the porosity of the sheets may be varied, for example
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continuous operation while the used screens or bodies 40 are cl eaned,
reducing the tine 20 during which the processing system10 is idle or
shut down. The shield bodies 40 and screens 76 and 98 nay be reused
at a later tine affer they have been cl eaned. The tering

t ubes 80 and“fﬁ?%ﬁég al so be easily renoved froma whol e gﬁﬁgﬁgﬁmﬂﬁ

body 12, in case cleaning of the remaining parts as a unit is desired.

Fi gure 14 shows an enbodi ment of a shi eB® body 12 which includes a '
different 25 type, of retainer 90a fqor holding the perforated screen in
pl ace. The pri nciicdicys 2 certam desirgg proparfigpofithe ftl‘ﬁgwglé e plenumo100 £0. ¢t the e

al ready descri beﬁleﬁﬁn@@d%ﬁg@ﬁéﬁ&fbﬂ&é@l@%ﬂ&ﬂﬂemwswm 198 12944E Easd by | N

that two parts inhterlock, creating the ?eomatry whi ch_acts to capture the

screen without cbesThagisitheppresity ofenyeons pf thpperforitedsheetsyiES, d9ad 169 maebei ner.
90a is just sejostaditd SR04 BB BSHIRE AP ok R gl bt B8 elo

shi el d body 40a. Itio y, different shapes of the slots
and screen eidges adjacent thesshestshand to provide an apprgpriake flow balaras in ther charphes and)g

(Fi qure 12) can b, citp i@ oackh b P SucbBOUO. | BB oy shets may B 51 o1

90b. :
As is shown in Fidecte t@tailorthe fiow ndbaadiapent tegion.pSpecifichily, theparesity of theshetts e d

e 205 e A B R T S
ensuring the eff ipipesferredombediment the porosity of thedotton cwtlet sczoch 168 is gfeatontbame -
deposition 1200 ne :tIhGe'por-I;rs]iitys ofj tl?e o%.i\e]; Lheeroct(sa T‘}S Jn&%% Q‘roi‘ gxramp e,t the’ ]polrgsli ?ﬂay be selected
' to be 9% for shee:s 176 in shield bodies 140a and 140b; 5% for sheets 193 inshield ;.
bodies 140c and 140d; and 35% for bottom outlet screen 160 in shield bodies 140c and
140d. .
Of further advantage, another embodiment of the present invention provides for
15 the use of at least one vent sleeve. Referring again to Fig. 16, vent sleeves 180 and 181
are shown in a cross sectional view of the shield assembly 112. Preferably, the sleeve
"180 and 181 is a narrow, elongated member. The vent sleeves are posiﬁoned within
the exhanst ports 50 of exhaust vents 32. The vent sleeveé act to provide a contour to
the walls of the exhaust ports S0 which minimizes recirculation of the gases as they
20 travel through the exhaust ports 50 and out of the exhaust vents 32. Minimizing
recirculation of the gases also minimizes the accumulation of deposits in the region.
Preferably, two vent sleeves are employed in the exhaust port 50; one vent
sleeve 180 being adjacent to the outer wall of the exhaust port 50, and referred to as an
outer vent sleeve. The other vent sleeve 181 is adjacent the inner wall of the exhaust
25 port 50 and is referred to as an immer vent sleeve. The vent sleeves may extend partially
or substantially along the height of the exhaust port 50. The two vent sleeves 180 and
181 may be equal in height, or each may be of a different height, suited to the specific
geometry of the exhaust port 50 {o streamline the flow from the transition of the exhaust
port to the vent assembly. The vent sleeves may extend longitudinally along a
30 substantial, or partial, length of the exhaust port 50. In the preferred embodiment, one
or both of the vent sleeves extend substantially along the full length of the exhaust port
50.
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5 whi ch do not direct the gases to the exhaust vents within a controlled
path, but nerely provide a layer of inert gas in front of the
exposed surfaces of the injector and exhaust vent inlets. Nitrogen
em tted througoemessovering the perforated sheets 76, 98 imahusb@sreo

the perforated sheets fromthe chem cal reagent streamand inhibits
deposition of film an the surfage of the perforated sheets. aj

uni form supply of the inert gas is provided in 10 front of each ’

perforated screen si ”?ﬁ%&qso&ﬁfﬁﬂ?&y%séﬂﬁ@@ﬁxa%??m%}gnm slée s

screen is avoi ded by ow ng the screens”to npve rela shiel d

body and end maybep@F@@%wﬂdetmm&wa@nmm andthes, the
more uniformlayggs %Eeférgﬁﬂlﬂggﬁ.r the sl smtggﬁﬁléfﬁfedg@gﬁ%a %gﬁ%ch?% Chin

deposited fil m by reduclng & aecunIT At on o
t he chanber and mn‘r‘frxlﬂngmghnfamensmlattotliatdemibecbaibotrdaeSpwﬂm,ttBeﬁximeroﬂMth| n
t he chanber of this nve I,on,

he s 1
deposition afea f%acp?m&sfﬁh?‘m LFBetf epo}equ %ﬁ“f%‘éerc‘f d§ e y
directly below t hacheaﬂyéhsenmgbnéﬁd oﬂ&eslbewrlsmmo'%sltiﬂbﬁﬂn &m&%&@mﬂxesxde

t he shield bodi es ch create u at xhaust
vent inl et gh"aﬁ?‘ltc}g& %%F%ﬁf%‘ﬁg} angg’tﬂf{’}’ “Fﬂrlﬁgd in
the base 99 of thﬁeaﬁs@amlhés aAWidth suma;abatswﬂalp%idﬂhep%t sxs&z 186,U@%na
stream of inert %gs to_flow fromthe gl enum 1 hr ough ‘the base 99

to the area bel offserHen dapthdp permy the slsey WXP?PQWSQPV%PPC%BWWW“
substrate 2fp or Eﬁ‘ﬁdﬁi@ﬂortﬂiuzn%‘fo&@etb‘é RPorftRB & Ephridin® Eont& wWith@ihgcFa8if ddae

bottom out | et into shunt contai nnment fl ow, designated at

124,. and a shunt. thﬁtabymgnmmsbuc m.wwwe@mvmnshm forhaeasynnent
flow 124 provi de ergoviat hrfdefepREentddf bf the AentAlePl Zﬁe ucts gee%CisP%y% 40c

and 40d, preventing the reagents or reaction by- pr rom

| eaving the depogmlﬂ@hat@mW@y@@é&pﬂhﬁglob@mmtﬁeme@ﬂﬂmeﬁ&mwm

cont ai nrrent teade0Wg 124 isolates the reaction chanber, allow ng
the width of the léiep05| I'on zone : to be precisely control I ed and

i mprovi ng ptocess per'fharﬁmm;enstmcuonembodxmentjustdeidmbedsﬁmprowdmﬁbmvnvﬁanf | ows

around the shiel Qgﬁ t h
exhaust path 68 ?ﬁ e exhaus por &5@@%&%&%&'5@1%3%% 7 nePt gas
to the exhaust pilstrddtheinserandottirsunficecespatively)afiote exd wal Hi2n Iixﬂﬁ'piafﬁwdt he
deposition area . direc to.t nt 32
for extraction f%ﬁ%@é@gygﬁ@f S%gio l%ld a%:}'edorw ﬁedg’xtﬁ
162, and the perforated sheets 176, 198 and 160 are not affixed or welded to the unit
20 frames or ends walls 162. Instead, the shield bodies and sheets are held in place in a

manner which allows movement of the shield bodies and sheets relative to each other,

‘._)

as well as to the shield assembly and the end walls. Specifically, the interior of at least
one, and preferably both, of the end walls 162 are shaped to hold the end sections 142,
143 and 152, 153 of the unit frames 141 and 151.

25  Asshown in Fig. 20a, the inner surface 188 of end wall 162 includes recessed
areas which conform to the shape of the end sections of the unit frames. Specificaily,
the inner surface 188 has recessed areas 189 which conform to the shape of the end
sections 142 and 143 of the unit frames 141, and recessed areas 190 formed therein
which conform to the shape of end sections 152 and 153 of unit frame 151. Note that

30 only one end wall 162 is shown in the figure, but that the opposite end is similar. The
shield bodies 140a-140d are seated in their respective recessed areas 189 and 190 to
couple the shield bodies to the end walls 162. The walls of the recessed areas 189 and
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-19- al so dilutes the chenical concentration and increases

vel ocity to ease the renoval of by-products. The shunt outfl ow 126
al so provides a barrier between the buffer nodul es 27 and t he
reacti on chang, osition area 16, effectively isolatin éﬁﬁ%

reaction cha 8£%%§%n1the conditions in the areas upstreag¥an R5Mst r eam
of the 5 process nodul es 11. The shield 12 of thls

i nvention creates a buffer gas zone on-#posite sides of the

Sl L AN IR CORE R ST AR

the shunt cont ai a@@iY thé ksd/6f the shield bodied4 s&a@é fh@@he‘éﬁ%se%'dfﬂ Wit Rarss, VE! |
as the protecti ve flow througlg t he screen ensuring the desired

buffer zone is cidle & gﬁlﬁéﬁ%l‘ee@ﬂ@y%mth??@ﬂ%ﬁ@tmm
the shunt contai &a&m&ﬁdm&aﬁn@aﬂyaﬁ%ﬁw&aﬁwd@f@o e Gy Biielebay Zone

boundary and the process gas flows can be preci sel ormy

control | ed & al tmbqdiment sheshegtswere also cmm@mmlmm&emm&a t he

chanber, produci ng a art
systens, an exanp O’#‘U%’ll Cﬁgl S gﬁ%?/\‘/{w&:té\gsp%dubrog;sﬁ’ desieda%%“kf%%?ﬁ
exhaust flow ratmthgendamlb 162 have @d@&%phmhh#mmnmmmpmS are

The'i nert gas SulSTe 24 8 VR BEGH B & wl LRF Rade TPRY et de A 0 27

may be drawn i nt meceshed areamt89iand lﬁma&mk::relevated qrenating tempetatares, wh:chareusually
PO 19§ 3Rabrusl i Pty S S S SRR o

into the charrber seetios 14D and1f2 afithiﬂzmt frame 141 and 151 to substanua!ly £ill the recessed

‘regions 189 and 190, respectively. The end sections 142 and 152 of the wnit ffames

141 and 151 have an insertion depth of approximately 0.150 inches, and the recessed

areas 189 and 190 have a depth of approximately 0.200 inches to accommodate the

15 insertion depth of the end sections while allowing for expansion.
Of particular advantage, the present invention also provides for “fiee floating”
metering tubes. As described above, metering tubes are employed to convey inert gas

to the various plenums, One end of the metering tube is attached to a gas supply via
through holes contained in one end wall. The opposite end of the metering tube is
20 closed. The closed end of the metering tube is carried in the end wall 162. Specifically,
the end wall 162 includes at least one well 191 formed in the inner surface of the end
wall as shown in Fig. 20a. The well 191 receives the closed end of the metering tube.
The closed end of the metering tube is aligned in the well 191 and the depth of the well
191 is such that the metering tube may freely expand and contract and remain securely
25 placed within the well 191, In the exemplary embodiment, there are four wells 191, two
on each end wall 162, which correspond to the four metering tubes, one placed in each
of the plenums of shield bodies 140a-140d.
The outer surface 193 of one of the opposite end wall 162 is shown in Fig. 20b.
This end wall 162 receives the inlet gases for the two metering tubes terminating in the
30 end walls 191 depicted in Fig. 20a. As shown, gas is delivered {o the end wall 162 via
gases supply tubes 183. The gas flows through internal passages formed in the end wall
and enters the metering tube 80 and/or 102. At this end wall 162 the metering tubes are
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20 openings 66 in a non-uniformdistribution, resulting in a

non-uni form di stri buti on of reagents along the edges of the chanber
whi ch detracts fromthe uniformty of the film deposited on the
substrate 22. WPH8/3658% | ow of gas fromthe curtain area 27 anecunisssiszav

.of process exhaust fromthe injector 14 within the chanber to the exhaust
vent 32 create a |l arge stagnant ggocket between the two flow streans
where reagents and reaction 25 by-products are recircul ated. The

recircul ating gadgsrtédih@rthiedna will162 vRehBRiH Holed 16® This allows f&re?@r@ﬁlv)’alﬁpnt rol
the reaction cheghstr% Wi thin the conpl ete deposition zone 16.” T
problems with th m&@%r%&%wg"@ywehslda%@eemmw«lhd%m el d

of this Idesefibéd 4BBve. The end walls 162 al om&{l&eh) Rfa&@ﬁmﬁ%t&ng%%&g ?ﬁ%w- ick

recirculating flow is produced in the re atively e vveen
the exhaust i nl etassigsin ﬁﬁ“@buﬁﬁﬁeﬁ@@@wm&e@mtmammkwmgdf or

substrate 225 W tyhp dnAQuaiitch theQfdetlis on, the shunt containnment flow
124 and the strearﬂ]ﬁ#neﬁ se apemlg eE%hl el d bodi es 40c and 40d

ef fectively m ni ni zesTo besurslycattach the shield assembly 112 to the chamber, one embodiment of

ensuring the r eadreientinfbniR pvidsy Br bAREF T IERS, SFeelBao B
vents 32. In the sﬁnbt%nm& tosprovitie 2 seaFbetwieen th side walls 164 tohareﬁtfumixd $6%4d ON
he- 1 arge o oSt BAJS g 2hr ke vmiseine Ao rpL ity bsdbaion: oo
in Figure 210 5 whxch provides fo:Watsﬁrehb@al&hd fpthcddenObf thébdal 194y € Bpdcifitally, AR | nert
gas suppl ' ed by 1 r}1‘i’\l§ﬁbls(?‘01~111e referaaly of a metal alloy such as stainless steel and the like, and
is bent or preformed such that the shim fits between the side wall 164 and the vent
shroud 165.
The shim seal 194 is carried in the side walls 164 as shown in greater detail in
15 Fig. 22. Specifically, a slot 195 is formed in the side wall 164, and preferably the slot
195 extends substantially along the length of the side wall 164. The slot 195 is formed
of a shape that substantially conforms to a portion of the shim seal 194, Of particular
advantage, the shim seal 194 is simply inserted into the slot 195 from one end of the
vent wall 164 and is slid through the siot 195 until fully inserted. The shim seal 194
20 provides a seal between the side wall 164 and the vent shrond 165.
To provide the inert gas to the various plenums, metering tubes 80 and 102 are
employed. An alternative embodiment of the metering tubes are shown in Figure 23,
In Figure 23, the metering tube 200 employs a flange 202 at one end of the metering
tube 200. The flange 202 includes a sealing region 203 and a circular recessed region
25 204. The recessed region 204 is a plenum area, That is, the recessed region 204
contains a plurality of holes 206 spaced around the circumnference of the recessed region
204. The holes 206 act to convey gas received from the gas inlet tube 183 and fitting
184, where the gas distributes around the circumference of the recessed region and into
the metering tube 200. The metering tubes may be made of a metal or metal alloyg or

30 ceramic materials, such as alumnina, nickel, stainless steel, aluminum or silicon carbide
and the like, with stainless steel being the preferred material.
In another embodiment of the present invention, a new muffle design is

-
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40 ensures that the reagents and reaction-by-products will be safely

retained within the deposition area 16. Wth-the new shield 12 this
cont ai nment can be acconpli shed where gas is introduced into the
chanber either at a |lower or greater rate than the fl ow %te of the
exhaust throﬂ&? RMeft s 32. So inert gas can either be rovaﬁE{UF?‘?sz Br out of
10 the process nodule 11 through openings 66, whereas the prior art has
to draw gas from buf f er nodul e-387 |n t hr ough openi ngs 66 to provide-
contai nment The gas which is_not conmodat ed by the exhaust vents

32 flows into tHBovdsk eﬂ%!ﬁpé?‘m‘sﬂg?%@ﬁm Figure 15 as desqsibsd ebovepdiisl es 11
and is removed f takbﬁ M%?aﬂbﬁh@é‘u%ﬁﬁ‘ﬁ%§ﬁé&@r@&ﬁﬂﬂﬁ 24a, 240 the

buffer npodul es 2 to Separ a control |l ed exhaust vent, as shown in a

new nuffle 15 andaés@muﬂlﬂégml@d&wlw&mgmmm@dgékmhakéssracfuedgﬁ .

contai ned wt h| %&ﬂag a&‘g[ﬁl; to the

exhaust ports 50 agguvents I%Odul%s 127a’fﬂv%/n 1@%&8&%@&&%%&%%&&% t he

t)y Fﬁssbval Ses imodulesrlddemi ﬁ?@umamedlﬂ%dm,tiprYﬁDMOGG he undszstooid ¢hit any

0 the by-pass vents et excess

I nert gas tb ?#1% sg%‘rogtélgéss r?o ln@%&uﬁ?ﬁ ggﬁ%eﬁﬂ%%%lwﬁgp%thi n

t he process charthalhe désigniaf tiOmufile asdmpnttomd&tandemﬂnﬁthe)mhﬂh%yherhs adeaginet r y

wi thin the chanber.s ffectively results

of deposition or® ‘?%‘fﬂféﬁ M%mg %5 g}“@%tﬂ%msgﬂymg%rg 3P£ e 1dad

di sturbances or rlaganmgli&%mgu;edproemeaiﬁe wafeisrand finteprated ARCHIS foy proeessing.

As is appar1 nt from he fo@g%(cg preé‘g?%@ vlgrﬁm%]g??ﬁ%oi%g&g&a shield

12 i c &ff@nt S

within the r eactm@ﬁhe%ad regiort FP6¥IRS mufile 261 Waf&@&*ek@ﬁve?éﬂ&brdxﬁl@ﬂﬁ:ﬁﬂd@n -

chenistry residence tine, and preC| se contr ol - - over them%%oben]atry
the

the reaction chaARSBYEYING mEARS. MI,Mﬁo&mzmmm

quality of the dgRReédtay shitsbcody %&hﬂml b&as%demwaﬁwp&bm Ghe
t enperature condi tions w fhout amag \r’llghor deform ng parts of the

shi el d whi ch cow@fﬂﬁéé@éém%@eathﬂwpmweﬁ ahgrethe wafgarsaFs prpepssed.
oper ati on. }he Siai %méd&eﬂéuﬁﬂ%hﬁfe%m:éi%{e@ﬁoﬁ%gxonnconven' ently and
e

qui ckly assenbl | smant| ed fornai ntenance or ¢l eani ng. The

shield 12 incl udes WPMYNMZSWM|WH§@PW¢RIWW#§PW@&S to
the plenumin Spegificall nﬁ%ﬁrefb?ﬂe&%ﬁm%&k%eﬁ&h&%n@%ﬁ%%%ﬁ@ﬂ orm ty

of the reagents

. namely a outer load curtain 33C, center load curtain 33B, and inner load curtain 33A.
Similarly, the unload region 31 includes three curtains 35; namely an inner unload

20 curtain 35A, center unload curtain 35B, and outer unioad curtain 35C. The outer load

33C and unload 35C curtains are positioned at the end of the muffle 26 in the load and

unload regions, respectively. The inner load 33A and unload 35A curtains are

positioned adjacent the process modules 11 in each region, respectively. The center

load 33B and unload 35B curtains are positioned in between the inner and outer load

25 and unload curtains, respectively. The curtains act to isolate the process modules from

the rest of the muffle, and from the exterior environment. The system is exposed to the

exterior environment to facilitate easy loading and unloading of wafer substrates for

processing in the muffle. | Exposure to the exterior environment can introduce
contaminants into the system. To prévent contarnination from the load and unload ports
30 and help isolate the chamber process modules from the external environment, the
curtains 33 and 35 of the present invention provide an inert gas purge, which is
preferably nitrogen gas. While the exemplary embodiment shows three curtains in each
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-21- deposition zone 16. The shield is used to forma barrier or

buf fer zone on opposite sides of the reaction chanber, preventing

reagents from escapi ng fromthe chanber and allowing a uniform

di stribution W@bednsgr gas to be provided within the nuffl| ecz@issgzsans

to be understood that this invention is not limted to the shield 12 of the
illustrated 5 enbodi nent which incl des each of the features des¢ribed
herein. Instead, it is to be un&erstood t hat shields incorporating

onl'y some of the, fegt i€ HEAAE RS diBers of curtains MnH3ubea! B2 B R Of

this invention. odi nen ernative
enbodi ment of t heaumbéref curfair® ip thedeadtand nndoad tegions may differst r at ed in

Figures 16 through ng-sgﬁc“gﬂﬁﬁ‘?%}%ﬁ“% {beggfoah?ncﬂrﬁoad ﬁn?ﬁi‘éﬂnﬁ 591%' es

140a- 140d hav on ca rame construction” which
is different frogeﬁeb&lyahmpmedofaplenmmbeéys?lhentgéwbpbnmﬁ%gﬁ%@itppﬂfplm

Bl coe of mmtori aFuEnP S Ve BERRARGS S Hrifbody 3T pRibEfha taefs® "01 ©

peri phery of the1wmmaﬁpem§ﬂmehmémfﬂbemiswmemmueamgmme .

perforated sheet%ﬁa_wu?gﬁ&de&%&émg%n{ Trhra ?Q}lg}%;\ugébetv\een t he

base and t he per t

geHverl nghan IE h %ﬁ;ﬂ&%@"lﬁ@ h fdfh I bf-ﬂd BQ@ME‘;

i ffuses throughthe ger orated sheet, The shie referred to as
Wsr%(%sm feraPTiy ‘{f“fﬁaasﬁ%“t‘ﬂ%{f’ hales; es

"unit" shield  ofdism
the sheet ajg fOra%&tfxéﬂﬂ‘l&ﬁﬁldf'tﬁ‘&lﬁenmbody,thoughmuluplemwsofholesmaybetmed

to distribute the flow over the entire surface of the plenum. The inert gas passes into
the upper plenum stage 39 and is coniveyed through the distribution holes into the lower
plenum stage 41. The bottom surface of the lower plenum 41 contains a narrow
elongated slot. The slot extends along the length of the lower plenum 41. The inert
15 gas is conveyed through the slot in the lower plenum to the region beneath the slot.
The gas exits the slot in a long, thin curtain like sheet. This curtain of inert gas sweeps
over the surface of the wafers passing beneath it, thereby “purging” the wafer surface.
The curtain of inert gas also acts to isolate the process chambers 111 from the exterior
environment and allows the pressure balance within the muffle to be adjusted throngh
20 the use of different flow rates in the range of 5 to 75 slm. In the preferred embodiment,
the inner curtains utilize lower flows around 5-10 sim, compared to the center curtains
at 10-15sIm and the outer curtains at 30-60 sim.
The load and unload regions are separately exhausted via exhaust ports 139 and
141, respectively. The exhaust ports act to exhaust a substantial portion of the inert gas
25 from the inner, center and outer curtains. Preferably, the load exhaust port 139 is placed
adjacent the center load curtain 33B, on the side closest to the entry of the load region
29. Similarly, the unload exhaust port 141 is placed adjacent the center unload curtain
35B, on the side closest to the exit of the unload region 31.
Of particular advantage, the present invention provides for exhausting the gas
30 in the load and unload regions in a metered fashion. That is, the exhaust ports 139 and
141 include two elongated plenum stages 143 and 145. Referring specifically to one
exhaust port 139, the exhaust gas flow is directed through a slot 147 formed in the side
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20 Thus, the sealing of the sheet is perfornmed by one piece. In the
earlier described enbodi nent, three pieces were used to seal the
sheet, i.e. the base.with an attache mechani sm such as the Iocking

pin, and the walls. In the earlier described %B?
t he sheet is»&éﬁ@ﬁ ed by the base, however in this enbodi rnen?'r %ase 139
includes a continuous unit frame 141 having ends 142 and 143, and the

perforated sheet 25 is carried by th&-unit frame 141. The perf orat’ ‘ed
sheet is captured_by the continuous unit frame 141 of the shield

body, and the shpPEtgfsbglenws stags,43: dde syhaust ganig themicpnveysd fhrougiyan array of
sheets can free' meseﬁﬂenslea&%t%% ﬁqaeﬁﬁma@e&mémﬁmuﬂﬁageqdmmd t he

shield body c | y expand and contract relative to the end wall
and frame asserrbsgpoed plpmn §tngee14§ Preferably thejepray gfmetgnpg-lialesis capnsised of 8l j t s

comer oi ai 1y avarfagheros (FEVE e Atk @y emupn bodl, Brdtgh ichlABhs 10
Kovar, and the | pRiwlesfinz tedangularawaysdrteanting shesubstintialdengthoof theupper surfaceof its
;ggﬁ?ﬂg”bg oat entie ST it 145 a5 Ve Wt afdiin R e HbwPOWR B Il oiBRE bEREY ' N
-22- Se pleahm NThé ﬁséﬁ?e’ihﬁﬁ&nvdyed olg sf:the ;wondrstagé pledinime b4 S5i through the
treat ment. prov, SR RS werAeed st pet 1A B PR o Lo
corrosion and ninimi zesmmaw; thﬂsysﬁhﬂdf&liﬂhbs;m mirmuahpzehdwbshmk y is
e o 2 10 sl PHOpk e 5 Skl be WSl 55, oS
parts t hat are Wmtelpbﬁucxnb@adg&éﬂrthmohssm onébuFRERBdule 127 on each side of the
process module 111. The buffer modules 127 are elongated and extend longitudinalty
along the length of the process modules 111, and are generally coextensive with the
process modules 1 11. The buffer modules are comprised of an elongated by-pass duct -
15 131 having two elongated baffles 147 placed in the lower portion of the duct and a large
cavity 149 above the baffles 147, The two baffles 147 are positioned adjacent one
another and spaced apart to form a channel 148 therebetween. The channel 148 is
elongated and extends the breadth of the by pass duct 131. The buffer modules 127
receive gas which is not accommodated by the exhaust vents 32. This excess inert gas
20 flows into the buffer modules 127 between the process modules 111 and is removed
from the muffle via by-pass ducts 131 through the bypass exhaust port 141b. The
outermost buffer modules can also receive some of the inert gas flowing out of the inner
load and unload curtains, or transfer flow from between the chamber process modules
to the load region 29 or unload region 31 to be exhausted by ports 139 or 141 if not
25 removed via the buffer modules. The by-pass ducts 131 are independent from the
exhaust vents 32 of the process modules 111. The invention promotes containment of
the reagents within the reaction chamber which are exhausted directly fo the exhaust
ports 50 and vents 32. No reagent or by-products are carried to the by-pass vents 131.
Instead, a substantial portion of the inert gas conveyed through the bottom outlet screen
30 160 is exhausted through the by pass vents 131. This purposeful injection of excess
inert gas through the bottom outlet screen 160, such that the amount beyond what is
exhausted through paths 116 and 68, is exhausted by vents 131, allows stable control
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to tenperatures exceeding about 350 [err]C, such as shunt shield bodies

140c and 140d. The shield body of this enbodi nent is shown
in nore detail with reference to Figs. 17 to 19. One shield body
140c is illuswoasssdss n Fig. 17a, a cross-sectional view  pcrrussssShioel d
body 140c is simlar to earlier described shield body 40c in shape and
function. 10 Thus, as with shield b?gil es 40c and 40d, shield bodi.gs
140c and 140d are posi tioned ow and slightly outwardly of shield

bodi es 140a and Lf@fa. ﬂomqnéxéi@th@%ﬁﬂﬂ&%r&ﬁishﬁodm mdproﬁbﬂeebshtﬁﬁﬂbrﬁ%fﬁféoc a“d

140d cooperate to define the beginning of the inner exhaust
116 | eadi ng to t eactionigases in the depositionaegion 1. ofuch senteinment sehapessthe t@;_forsze

The outl et port SoUBrduguret of 3yl eRRRRG PRE il SR ASRRNE, 10

and 140d are submjmland#h;eldml;qsca'l‘headvantageousasbnthamgmqfemsseﬂhsmwim ve to

her, I '
el o, S el 4 DoMyELIG ok b Ep el Yeekd? Pocind B Elasd ok of et and S s

i sbent omﬁh&ﬁmﬁamf&qmadeﬁmb&ﬂhanhmﬁ%ﬂﬂhemm from
the base 139 of the ., shi bod 140 I.enu .1 whi ch
recei ves the gas“g’ Aﬁém@éng}fw ﬁgpé?? er

dgscrl bed. The slaeesnolﬁé?pﬁpmeﬁsaminymbaanem l&hm&pes%slsnomeme 'I‘EOS w&nge of
about 0.005 to 0.Q12 j es I ca ue, .bei n 8 i es

shown, the shiel d“‘lﬁ'@ﬂ?gb{ gtﬂg‘ 381?5'8?"%‘%@%%1 S HH et% f?g?’é"% 51‘5
formed of ajdase the inner exhadstPatthiirieh includes a continuous unit frame 141lc.
In this enbodi nent, the unit frane ncIu es s ced art, end
sections 142 and 143, Theky W%P%m%ﬁ&% ceto Fighs 40 @idni ch
extend | ongi tudi B3l lrke BRpAE @It 19 RiskcBich b%&buffé?%iodhﬁs IZMgaﬁéﬁxt&Sﬁ

i ncludes a continuous unit frame 141c and end sections 142 and 143 at each

end of the pass yents 133qlong the il leneth afithe muffleo (Ong byipass vaplcl33 dnositiopsd t he
shiel d body 1400 aighe bhcf cRifthe by-pass dycts/ ¥, TREEkvity BorfiBh 149 St by lsd diefacd_but

I's held such that the shee atlve to body. The
sheet 198 i&5ret ashn@pm/atlemhgmdeﬂﬂhﬁduqtﬁbmdémlfwgnsglmg@vaysmpﬂgbyzpsssso

f d th

pgwgr alt gd sﬁeg?w&gfﬁn%a%gggw%gr}gée‘%tw ?ﬁﬁgﬁkﬁg %’%%@?g ﬁ?ough one end
section, and theesd@féh&iw@as&@ctaugeBysmem&nﬁh@\é@tmﬂtﬂﬁsﬁbﬂém t he
sl ot which hol dsb&-@&s%ﬁ&?ﬁl%ﬂ%ﬁ%@ @Jﬂﬁ{xst'v&tsofﬁ?e%uw}hﬁo%of pressure and removal

of excess inert gas from the buffer modules 127 is enhanced to minimize disturbance

20 of the critical chemical flows inside the chamber process modales 111. Prior art
systems which do not vent this region are prone to stagnation and recirculation of gases

in the region. This can lead to contamination problems in the system and even in the
deposited film, as well as increased maintenance and downtime needed to remove the

deposits that form in this region. The present invention minimizes these problems by

25 having continuous purging of the entire wafer substrate path by clean inert gas. Of
further advantage, utilizing the by-pass ducts 131 to extract excess inert gas from the

process modules allows all the gas flow within the process chambers to be supplied and
controlled by the geometry within the chambers, and more effectively isolates the

process chambers from any external disturbances or non-uniformity present as in an

30 open APCVD system. This promotes the deposition of more uniform films on the

| wafers.
In the preferred embodiment, the exhaust vents 32 for each shield assembly and

SUBSTITUTE SHEET (RULE 26)



-23- perm tting expansion and contraction of the sheet. Thus, the

sheet is held along its entire length and ends in the franme, and
not only al ong its ends as in the earlier descri bed enbodi nent.
Wi |l e the earl gescrlbed enbodi nent is a significant | mpr ovenent
to the prlorvé Mi s new enbodi ment is the preferred enbthVaHES™0The 5

frame constructi on allows for easier insertion of the sheets, and proyides

a stronger shield body, seals t-B& screen within a si ngl e unit: frame.
part thereby reducing the total nunber -of parts and conplexity of

t he assenbly. | nassecieted pRopass chamber LLk we epasateljosshausted. Spec&Mly,dhéagmhausm ngl e

part, the cont i nyaHos3Rlelexd @B indo W dnEfler Yenali pibily B84 S R Lh ol o e

earlier descibed nor e
detai |l with ref eplemya 16bisriogpled ﬂo?anhnﬂtlﬁﬁbces?mﬁambers 111. Thé GlﬁamMEexhaust

substantially co t. of t he, s cre n.is sized
such t ha§i m%l l%%eé;r}gtf %P%% rﬁgf&?@agpdqag an$ "F]?“ﬁs gap

bet ween t he Speri 1%t and bfl. t By being physlcﬂt}esapaxdtQ&nalﬁdxstsb&rﬂayl I&dﬂfdllﬂﬁeﬁﬁe t he
slot within the unit fa el evat ed opera erat ures,
whi ch are typi ca?rﬁ/mb 3?%?%?%%& B Efrstant ass %%@F%&"&%@Em‘i can 15
expand causing i1H mttgasmﬁhtemnommly&aém&yﬂw&hekmnﬁélﬁatolﬂéa

The perforated sh%e |nserted as,shown jn Figs. 18a and_18b.
particul ar %?R?g apstant pffmhe mnge of %W%@%M@cﬂmﬁhre% el of

the frame end 14@haist vé 32] tRughe@er flow rates mh 5 apprdpriae B &ifreh éeisé)ts in
the top and bottom,144 and 146%0rt|ons ofth )hunlt fpiiig thﬁm hown

in Fig 18a,10and #Riicptionse Maintaininga substausislly,eqnstant 8aw raiembanses the mﬂmmy frane.
Fig. 20 18D St epddtfonpRseds onthd detricotiduotor WRRE SpRAGRAT) thb Hicimes@iia ¢ 1
sheet is secur ed G on%’ étitge layer of material deposited on the surface of the wafer i ed, B
is improvi
Additionally, the repeatability of the process is improved since the flow rates are more
controliable and constant. Upsets to the process and gas flow rates are minimized. And
15 finally, the longevity of the entire system is increased.
Figure 25 is a schematic bottom plan view showing the path of the gas flows
“within exhaust system. Specifically, the gas flow through the by-pass exhaust and the
load and unload exhaust flows are shown. The flow of gases through the chamber
plenum exhaust is omitted for clarity. Arrows A and B on Figure 25 represent the gas
20 flow of inert gases, specifically a portion of the inert gases from the bottom outlet
screen 160 and from between the chamber process module walls and the vent shroud
housing 165, out of the shield assembly and into the buffer module 127 and by-pass
ducts 131. As discussed above, and illustrated nicely in Figure 26, all of the reactant
gases flow through the exhaust vents 50 and 32, and do not enter the by-pass duct 131.
25 Thus, only inert gas is conveyed through the by-pass system. The inert gases are
conveyed into the by-pass ducts 131 where a substantially equal portion travel toward
each end of the by-pass duct 131 and into the by-pass exhaust vents 133 positioned at
each end of the duct 131 as represented by Arrows A and B.
In the preferred embodiment, a portion of the gases from the inner load 33A and
30 unload 35A curtains also flow into the outermost by-pass ducts 131, as represented by
Arrows C,  The remaining portion of the gases flow toward the load and unload
exhausts ports 139 and 141, respectively as represented by Arrows D. This bi-
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entire perineter, and yet it is not fixedly secured and may freely expand
and contract, thereby mnimzing the tendency to buckle. Further,
the sheets are readily renoved and reinserted for easy naintenance
and repl acenwobyrissss Fig. 19a and 19b show ancidrassssisrsl d body
140b according to this alternative 25 enbodi nent ofthe present

i nvention. Shield body 140b is simlar 40 earlier described ' shiel d
body 40b in shape and function. As with shield bodies 40a and 40b, shield
bodi es 140a and J440Rn% e TS

assenbly which cqagmfg%ﬁ | ong{? atglglcnst thﬁgﬁlflgr,@c#rﬁtng?;cﬁr %Lﬁté;s
injectorto wap mmdoaﬂ@némbadmas Bﬁllﬂnx@dlﬁ'ﬂmtﬂowm&e@ases&ombc shield

elative Lo one SHoy el Sdish Sl R bERmE MO0 Hilhe Atpenpn iR o1

bel ow. thﬂoadammlnd#pm&)ﬁﬂandﬂ&ﬂwpaﬁpdywm heedwsE. Whileen 176
whi ch is bept or Q esi The, sheef st ands
away from the b Jh egas$s We&%%% lgd}lrﬁgmgloadacugmns 53%dmaggeareagmnbt ectio;

- 24- Tnfithin pofticn@f the ighses wm&&dmmemmw&mmumpl.y

device such as th teri t.he ear] descri bed
enmbodi ment, the agﬁé M?%We‘?% Frﬂ?g%}f o%erpomongq & 1O ‘?‘?’i‘"@' range
of 0.005 to 0. Olkgitia® entéd)bymwal@ ﬂxcﬁQSnﬂ-d%hﬂ}‘é ﬂOWpathsofthemen asef\gai N

as shown, the shield QOdgep:MQb .S no er .formed of only a base but .5
now t he base 13PHE pg¥ E‘gc%t‘l"ﬂ'ﬁ'&ﬁ’s" PW#?&WW‘PWW‘WP%‘”@%&H‘? nent ,
the unit sgitétﬂﬂ?th& ehiT6Venr6iPalRRS £ dndB 3hdosEMhE dSREd HifdBonloTthedadl 153,
and top 154 and bottom 1

flow paths. Addmonally, the system may employ a flow control system to control

the flow of gases within the processing chambers. Specifically, the by-pass exhaust

vent may be controlied by gas flow contro]l means to provide substantiatly constant flow

- of gases exiting the by-pass exhaust vent and the by-pass modules. Further the chamber

15 exhaust plenum may be controlied by gas flow control means to provide substantially

constant flow of gases exiting the chamber exhaust plenum and the processing
chambers.

As is apparent from the forgoing, the present invention provides a shield 12

which may be used to achieve improved uniformity of reagents within the reaction

20 chamber, greater conirol over the reaction chemistry residence time, and precise control

over the geometry of the reaction chamber 16 and deposition zone, thereby enhancing

the quality of the deposited film. The shield 12 can withstand changing temperature

conditions without damaging or deforming parts of the shield which could reduce the

effectiveness of the shield operation. The shield 12 is modular, and may be

25 conveniently and quickly assembled and dismantled for maintenance or cleaning. The

shield 12 includes metering tubes 80, 102 which deliver the inert gas to the plenum in

a more uniform distribution, improving the uniformity of the reagents within the

deposition zone 16, The shield is used to form a barrier or buffer zone on opposite sides

of the reaction chamber, preventing reagents from escaping from the chamber and

30 allowing a uniform distribution of buffer gas to be provided within the muffle 26. Itis

to be understood that this invention is not limited to the shield 12 of the illustrated

embodiment which includes each of the features described herein. Instead, it is to be

SUBSTITUTE SHEET (RULE 26)



sections extending |longitudinally between the end sections. That is, the

base 138 i ncludes a continuous unit franme 151 and end sections 152
and 153 at each end of the base, and these end sections define the
peri meter of el d body 140b at its ends. 10 heet 76
is carried i rﬁéalﬁpggr%i tudinally extending slot or slit 155 %'%r/uns;ggfsﬂ?lo
the unit frame. The slot 155 is shown in nore detail with reference.to0

Figs. 19a and b. The slot subst3ftially conforns to the shape of

t he sheet 176. The perforated sheet 176 ~[s inserted into a slot or -
Sl t 185 for med Yidetsiaod iyt shields feomeeting qely spray pl e feburrdesarihgtperein i

inFig. 18, the syREh thetlogeof tisRVénEdnt hr ough one end section of t heunit
frame 151, al one 15 the top and bottom sections and into the opposite

end section. The sl otltisimpostgst tanete thatwhile the featurggaf thenew sgfhodimentavehoeth of =

t he end secti onsgd.@s Ceab S feSHns : g&e"d . tly,
the sheet is he|‘c’1*§1‘%§18’%?‘%’és’_’ entire &%g?ﬁagﬁﬁﬁé%d |er§m?'ﬁ%d/?rz¥rgr:e&{man &pnot
only al ong 5t s ewith featurgsofithe earlier| desaribeik smbaidimehtse Mthedforegoing Aksictiptions of

o or At thi o HEies sboiEERpRY HE dhok e Nell 63 pre BRETHF Hiee 8 0

frame construct i iblustedtionasd fiescriptioni dhey asaiot intendeak totbeexbdustinvesor to limit the and

provi des .a str.on hi.el A consir.uction SQ..sl.hplifies
esenpl y - HEkeERE e Rt iR loRR. GRISHANBY, AP arrisiotRy wd o
151 i ncreases t heariatigrisdie possihle in light of thé iteve teaching. The embodimentireers tdsedl 55 i s
si zed such that, at.tegperatures near.toom . . tenperature there is a
gap betwee r}tot he ﬁ@rqeﬁ:é'ﬁgfm&r&qr ﬁ%bfé’ﬁ%@!a“&@%%lﬁsﬁé%dﬁ‘mﬂ sélgnggracucaf of the
sl ot.. W: It hin-the .ﬁpp&ﬁ]mﬁon,lltg\ghe&&@ e"‘"ﬂhlﬂvﬁiheﬁ sn?ed a;tfhg@n t\cﬁ%ﬁﬁs’él?gh'é ﬁ%ntxwhfdd'l are
typi cally greater -fhan / err] ¢ the perforated sheet can , expan o
causing its ends'¥Qus mw%@ﬁﬁ?“ﬁl@@&ﬂquﬁgeﬂﬁd@ﬁpm & screen
and sl ot are si z@tenipidied 1k itbiled Hiat BE Sd6Pélof the inventioh BE déficl BP e claths t he
screen within the frane pernts, expansion of the screen within the

frame without di%Pended Bgretogad bsiiserivalente screen or shiel d body. The screen
and shield 30 body maintain their contoured shapes which in turn

mai ntain the desired fl ow characteristics of the shield assenbly.
In an alternative enbodi nent of the present invention, a bottom outl et
screen

SUBSTITUTE SHEET (RULE 26)



- 25- or sheet 160 is present in the bottom of the base of shield
bodi es 140c and 140d. In this enbodi nent, the screen 160 is used

i nstead of the bottom outlet port 58 preV|oust descri bed.
Preferably, timedeésom outlet screen 160 is a perforated sheeiusisEiedr to

t he sheets 176 and 198. Specifically, the bottomoutlet screen 160
is positioned in the 5 bot t om of ége base 139 and extends -al ong:;at

| east the partial length of the shield 140c. Preferably,; the
bottom outl et screen 160 extends al ong the entire | engt h of t he

shield body, however, this nmay vary dependi ng on the anount of outfl ow of

i nert gas WHASIS RAIMED Wi s region. The bottom outlet screen 160
provides for the,flow through the screen 160 to the
area bel ow the scft eenA%é%Emgﬂ%rqaﬁd?‘ﬁb‘én . PISPEe bott om out | et .

screen 160 is securedaﬁ'ambhmezhbismcmdmgdﬁmofspacedmdwm&aﬂdr@moiﬁéewﬂiﬂus in

this enbodl t.he om surfac t I s, not
substantial Iy solef‘tan%’ﬁ tﬁ@{“[ "’ggmg m?‘5ne earlier described
enbodi nent, but ap1mahwmdsmdm&mwshxﬁ&a@&sedm§ RadhloP st BT €T
defined by the CO@WQ% us unlmcﬁl&f 141. In this enbodi nent the
frame 141 incl ud&¥® §8’8§ ed ot singlepiese baseaying A upit frame formedsareund41 t o
receive and secUl fefigneailolf @le 2t %eéﬁgme;[ stdvﬁhﬁfkgﬁﬁ}: 5} Eﬁ

nd carried by-the

outl et screen 160 i,s.inserted into the bottom ofthe”base a

unit frame artialiydefined,by $2if baseangk saidperforated Shegt,aefl@sa;dehm devich for
per f or at ed m)ttoabmﬁﬁg%mﬁ&fg@@o len at a flow rAfGuchl R s ??ﬁe?ﬂnb{{kht
e SIots

frame 141 is substantially simlar to the earlier escr

145 and 155. Thafaidperforstedshedl: s for rred partially through the side
sections to receive 20 - and seat the'long sides of the sheet 160. At

| east one, and preferably two, of the end sections 142 and 143 has
the slot 175 run®i ng The proteetiveashield ob Glpim tihia whith a pair bfiadid shield bodies are

positioned to define a first surface of said protective shield which is position able
15 proximate an injector body, said shield bodies being spaced apart to define an inlet port
therebetween for the flow of reagents through said protective shield.

3. The protective shield of Claim 2 in which a second pair of said shield bodies are
positioned to define a second surface of said protective shield opposite said first surface,

20 said second pair of said shield bodies being spaced apart to define an outlet port
therebetween for the flow of reagents through said protective shield.

4, The protective shield of Claim 3 in which said second pair of shield bodies
include a plurality of screens carried in said unit frame.

25
5. The protective shield of Claim 4 in which said second pair of shield bodies
include a bottom outlet screen carried in said unit frame and coupled to said plenums
thereof for the flow of the inert gas through said shield bodies to form an inert gas
barrier zone below said second surface.

30

6. The protective shield of Claim 1 in which at least one of said shield bodies is
spaced from one of said side walls to define an exhaust port therebetween.
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screen 160 can slide though the end section and into the side sections and
opposite end section of the unit franme 141. The
bottom outl et screen 160 causes a flow of inert gas fromthe plenum 100 25

t hough 't he b%ﬁ@ﬁ/ﬁsishe area bel ow the shield adjacent the p%%sg%t | et

screen 160. T provides a buffer of inert gas in on bel ow
the shield bodies 140c and 140d, thus substantially preventi. ng t he
reagents and reaction by- product s fronr3&aving the deposi ti o zone

16. Further, the_inveptors hang ggﬁ gt when hi r flow rates are
encount ered t he bot t oricEmiFeEye st (dﬁét’i’b HW@?hsa}dss xtepdehbesveengnd han t he
outlet port 30 lslﬁaaﬁdmrmabneJﬁsﬁdbﬁkmaaalsdx&itléstro%%féa?d&?él&ﬁfdféto

pr event i ng recirculation in the adj acent reglion specla

hi gher flow r at e¢efine a first wﬂlaustpassage“@vbﬁa'mm%ieaﬁananfagiesmetmtodpsmu ty.of
the sheets may DgidgRbih€rbf sdidihicid B #nd 2 second pas eway between thero
g;g agrt | m? ow vm‘t hi n

- 26- to achieve a certain desir on
t he pl enum $00 t@x@&qulqsmdsadoneofssgqlgﬂgmoo through the bottom screen 160
verses the upper screen 198 as the case may be. That is,

t heporosity of anyone of the perforated sheets, 178, 196 and 160 may be
sel ected to achi®ve éfhemwdﬂe&mfﬂbalmtlthIchEaéslhbld\bodxesa)thespaeed gas

into the. regions QW n .appr.opyi ate
f1 ow bal ance in ?nﬁgancdhsglr‘%%gér ang wﬁ%ﬁ%ﬂ%&%ﬁ%“ﬁhﬁ%ﬁqtemg’émg full
surface area. Theidwhiebbadies of saidfiransmsemblyray be selected to

tailorthe fI00W|n the adjacent region. Specifically, the porosity of the

sheet s
9. The protective shield of Claim 8 in which said end walls have recessed reglons :

- formed therein shaped to mate with the ends of said shield bodies and the ends of said
shield bodies are seated in said recessed regions.

15 10.  The protective shield of Claim 9 in which the ends of said shield bodies are
movable within recessed regions as said shield bodies expand and contract under
" varying temperature conditions.

11.  The protective shield of Claim 1 in which said perforated sheet is held by said
20  unit frame such that said perforated sheet is movable relative to said unit frame during
expansion and contraction of said perforated sheet under varying temperature

conditions.

12.  The protective shield of Claim 11 in which said unit frame has a slot formed

25 therein and said perforated sheét is seated in said slot and movable within said slot
during expansion and contraction of said perfofated sheet under varying temperature
conditions.

13.  The protective shield of Claim 6 and 7 wherein at least one vent sleeve is
30 positioned along at least one wall of said first or second exhaust passageway for
reducing recirculation of the gases as they travel through said exhaust passages.
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Is equal to or less than 50% and nore preferably in the range of about 5%

to 50% In the preferred enbodi nent the porosity of the bottom
outl et .screen 160 is greater than 10 the porosity of the other sheets
178 and 196. W@993¢58&npl e, the porosity maybe sel ected PCT/US8/25130 9% f or

sheets 176 in shield bodies 140a and 140b; 5% for sheets 198 in shield
bodi es 140c and 140d; and 35% f or bottomyqutl et screen 160 in shield bodi es
140c and 140d. O further advantage, another

enbodi ment of thgs,pr eﬂe@fotécﬁwﬁmdlwmlmdadﬂ&r&ﬂmdla’éleastoh&@nﬂﬁ&v@ﬁzahdéseaﬁ
one vent sl eeve. BR‘%e_é)errl ng again,.to FI? vent sl eeves 180 and 181
are shown in a c# pmss ip f igas ?P@%?fékﬁveéggmf‘i?@ﬁngwéﬁerabl Y,

t he sl eeve said fidfor38dnd Pdssdgewayiar r ow, el ongat ednenber. The vent
sl eeves arepositioned within t he exhaust ports 50 of exhaust vents

32. The vent sleeves act to provide a cont our to the walls of the
exhaust ports 50 BhoRlcive/shfeld Ul 2 neH sRl o1 lﬂ%%m 0
travel through t e ei%aust ports 5%@1&51 out hﬂ:? ﬂg&ex%&i%g%ta g

M ni mi zi ng adaus@dplmmmfsaldmtegzasweha\sug Fpanousiwallfor diffusion of
accumrul ati on of Preferably, two
vent sl eeves ar eﬁ&g%g:)i ygéd%éélﬁ%&ﬂ ﬁtsotsaxdgregmgo one vent sl eeve
180 being adjacentto the outer wall ofthe exhaust port 50, and referred to
as an ouf er n V. ot vent sl eey cent the
I nner wall of thieéeex\rlllglui’foﬂfgge S%ield rﬁ?mg'(l}%r a*’sd eﬁn@ﬁ%&m}?@&%ﬁﬂg

vent sl eevd0 The&mﬁdmlaﬂm@mem&oﬁxﬁmtﬁhdn@hﬂm,&hﬁﬂangehwmgaatcuhtdae‘etsswt | ally
al ong the hei ght of th st .port 5 vent Ieeve 0 an

181 may be equal™FK" ﬁ@ﬁig‘lﬁ“‘% £§E 3‘35%“@1"“15 °ﬁ8 eSSt ted to

the specific region forediseibutingofas tfivtn thehetesior ﬁﬁfni‘nf&&m%@ntﬁttheﬁlfén'bﬂeflhbe flow
fromthe tranS|t|on of Ehe exhaust - port to the vent assenbly. The
vent sl eeves may™ % ongi tudinally along a 30 substantial, or
partial, length of the exhaust port 50. In the preferred enbodi mant one

or both of ;the vent sleeves extend substantially along the full Iengjh of
t he exhaust3por t17- The protective shield of Claim 1 in which szid gas dehivery device is a conduit

disposed in said plenum, said conduit extending through one of said end walls and
mounted from the exterior thereof to said one of said end walls,

18,  The protective shield of Claim 17 in which said end wall includes a gas supply
20 fitting connectable to an exterior gas source and a passageway formed therein for the
delivery of the inert gas from said gas supply fitting to said conduit.

19. A protective shield for chemical vapor deposition systems comprising:

a frame assembly including a pair of spaced end walls and a pair of side walls
25 extending between and mounted to said end walls; and

~ first and second injector shield bodies carried by said frame assembly, said
injector shield bodies being positioned to define a first surface of said protective shield
position able adjacent an injector, said injector shield bodies being spaced apart to
define an injection port therebetween for the flow of reagents from the injector through
30 said protective shield, said injector shield bodies being spaced from said side walls to.
define first and second exhaust ports therebetween, said exhaust ports being connectable

with exhanst vents positioned on opposite sides of the injector;

T —



-27- The vent sleeves 180 and 181 nmay be secured in a
variety of ways. The sl eeves may be affixed to the walls of the
exhaust port such as by welding or bolting, and the like.
Preferably hoygygsssst he sl eeves are not rigidly affixed, bptngdsgadsist ead
secured ina "free floating” manner simlar to that descri bed
above. Specifically, the manner of 5 attachment is shown with .
reference to Fig. 16. The outer vent sM%ve 180 is preferably o
attached by insertin egve L into.a slot or slit 180a
carried in the side %ﬁqg&aQO%QE%%&?%§#O%§@?&Y¥M§W?Y’ said it

| ongi t udi nal | yal shieljt bodiek beihgjspacdd: froms safibinjeatot shifldbodies and positiohbdtodefite a1 80a
has a width such that it securely hol t he vent..sl eeve 18Q, _.and .an

i nsertion depth %“ﬁéPﬁ%‘Ff%é‘[%‘Pé&%Sg%m&B%sﬁas%ﬁ?h $aid gt Wder at i ng .
tenperat ures. 1Csecondshunbsltild bodlies beingbpatod apart fo@efinc8 oG PrD BcbetiveenFerdand
and contract w E,tg herrp rature a'ggq ] ,therggy m ni mzing buckling and
war page, the prd8eHeW ohtragmnisdhrough saidprotestive pleld, sy renoval and

repl acement of the vegl iffécRRMEad bR ahd Sd shifi thick KUAIE edbB beiBYoridBd of 2
simlarly attached, such as_secured with a slot forned in the shield frane

138, or bolted single piecg,basg havinga dniy framefprmedaground the perimeter of therbase, fay ane
construction e : f ohi s js | ; | :
“%ﬁ‘éﬁ shhéﬂ%imgfﬁff%@ﬁﬁt E-Jnﬁé} la&ﬁé&i{ﬁlﬁﬁﬁmﬁ?ﬁe | gé@(@%&i Oagméin d 20b.

attachnent to the end wall 162. he end wal I's shown 1n

whi ch i |hagesand sid perfrzsatedhgheet, and@ sos delivery deviefor delivetingomiinest gas toof one
end wal | 1d. | g, | -shi l.es

140a- 140d arge no%?{dg’? |x§g§g§$mtfglecgﬂ%%mt%%§)§n§ m@gﬂ&géﬂﬁﬁ@%tand t he
perforated sheets 176, 198 and 160 are not affixed or welded to the unit 20

frames or_ends wy IS rh3udBot B of B NoGh daRRASnAR S HGRlEs BhGae! d 1

place in a mann OWS mnovernen res and
sheets rel ative ltﬂwmmhi_an;dpmdﬁ'omsaidix_:jemﬂ_fmldlbodisstudthdramﬁtﬁlodeawﬂnbl y
and the end val | gy, AR bl ht ol yReEdoR) 19bredl odef 38 i inoctor stied
15 bodies and said shunt shield bodies and a second exhaust passageway between each of

said second shield bodies and said side walls.

21.  Theprotective shield of Claim 19 in which said shunt shield bodies each include
a bottom outlet screen carried in said unit frame and coupled to said plenums thereof

20 for the flow of the inert gas through said shunt shield bodies to form an inert gas barrier
zone below said second surface,

22.  The protective shield of Claim 19 in which said injector shield bodies and said
shunt shield bodies each have spaced ends and said end walls are shaped to mate with
25 the ends of said shield bodies to hold said shield bodies in said frame assembly.

23.  The protective shield of Claim 22 in which said end walls have recessed regions
configured to mate with the ends of said shield bodies formed therein and the ends of
said shield bodies are seated in said recessed regions, said ends of said shield bodies

30 being movable within said recessed regions as said shield bodies expand and contract
under varying temperature conditions.
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one, and preferably both, of the end walls 162 are shaped to hold the end
sections 142, 143 and 152, 153 ofthe unit franmes 141 and 151. 25
As shown in Fig. 20a, the inner surface 188 of end wall 162 incl udes
recessed wo 9s3easeas wWhi ch conformto the shape of the epdressesmns of
the unit frames. Specifically, the inner surface 188 has recessed
areas 189 which conformto the shape ofy;t he end sections 142.and
143 of the unit franmes 141, and recessed areas 190 forned therein

whi ch conf or m t 94t heTRéyabKRctVE SHAE oBElintsAV%nd BPin W5t 253 p or&@déhe{) 151.
ut

Not e that 30 only one end wall 162 is shown |nthe ure at the
opposi te end i s b¥paid pentinuops gnit frame such thay said perforetpdsheatiomo Melatmtqssaat ed in

their respectiv aﬁmb %%Q:o : CAHR j el d
bodies to the e%odﬂﬁﬁﬁéﬁg%wﬁe %9?@9,1 thfé&rcg%negsfs?glg P5F ea%gf%%%ﬁ Co
190 subst ant i al vgryinga¢mpemture gopditisinst he shi el d bodi es, thereby preventing
fI ow of gass around the end of the shield bodies. Since the sheets
are seated 1 n the unit franes, in this enbodi nent the end walls

162 need only capt ur Thepneteative shicld of Claim 24 ih whick saibcontimmbus unit frame hak hslst t he
end wal | contai ps r ea.l18 d.19 In th arlier
doscribed 5 - il ikelnlis SO REREIONER iole Lt St e e B oo
formed in the eskt \Ahlhhg diplansion and contraction of Jaid [peffofatedf sheer exdennatyig of the
shi el d bodi es, &"FF § esqﬁiq}oareas 189 and 190 in the end wal's 162
have a depth su eratures near roomtenpature, t here
Is a gap bagween the end sections of the unit frame to the cl osed end of
th . .
© 26.  The protective shield of Claim 19 in which said gas delivery device is a
metering tube disposed in said plenum, said metering tube having at least one porous
walt for diffusion of the gas through said porous wall into said plenum.

15 27.  The protective shield of Claim 19 in which in which said gas delivery device is
a conduit disposed in said plenum, said conduit extending through one of said end walls
and mounted from the exterior thereof to said one of said end walls.

28.  The protective shield of Claims 26 and 27 in which said end wall includes a gas

20 supply fitting connectable to an exterior gas source and a passageway formed therein
for the delivery of the inert gas from said gas supply fitting to said conduit or said
metering tube.

29.  Theprotective shield of Claims 26 and 27 wherein said conduit or said metering
25 tube includes a flange disposed on at least one end of said metering tube, said flange
having a circular recessed region with a plurality of openings disposed only the
circumference of said recessed region for distributing gas from the exterior

circumference into the interior of the metering tube.

30 30.  The protective shield of Claim 19 wherein at least one vent sleeve is positioned
along at least one wall of said first or second exhaust passageway for reducing
recirculation of the gases as they travel through said exhaust passages.
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recessed areas 189 and 190. At the el evated operating tenperatures, which

are usually 10 greater than 400 C, the unit frane and its end sections
can expand, causing the end sections 142 and 152 of the unit frane
141 and 151 to substantially fill the recessed 89 and 190,
respectivel y.woﬁ?gsséf‘ld sections 142 and 152 of the unit frg}réz&gg%s?o 141
and 151 have an insertion depth of approximately 0.150 inches, and the
recessed areas 189 and 190 havet2a depth of approxi mately O. 200

i nches to accompbdate the 15 i nsertion depth of the end sections while

al l owi ng for expdnsi éy chemical vapor deposition systerp egmnrisisBar advant age, the
present invention alg m@t A t‘ﬂv‘?&eisﬁ{ chitﬁ&?se%mg)h?%mjectorthereﬂ%;ﬁfehm tubes.

As descri bed above, t ubes "are enpl oye 0 convey Inert _‘gas

to the various pmtmm@d@rmcmemman@vmmsnm&wmemwa gas

supply via of sai EH hol es contained in one end wall. The opposite

end of the netering o s 20 cl osed. The cl osed end ofthe netering

tube is carfied in tlaeommeybrierittansb6Ring Sybstratés thmbghsaid processing dhiwebezsalongal | 162

i ncludes at |east_one |1 191 formed in the inner surface of the end

wal | as shown | PEPGSSPH™. The well 191 receives the closed end of the

met eri ng t ube. a plufdlity of xfferimedulesifolsting s«id proceéssigg thantbetsdroal thgrestd i n

the well 191 and he dept h, of the well 191 is such that the

nmet ering tube mﬂf g‘l’é@pand and contract and remain securely 25. . .;

placed within the welalmnﬁamdl&xﬁgwmepﬂésam cRafiteel, 8310 bufférmbdulearand fieur

wells 191, two on each end wall 162, which correspond to the four
mssmaaté}amﬁ

met eri ng t dBes, [OTVE¥ITs of the plenunms of shield bodies
140a- 140d. . a lgrotemvzfaﬁem%&ht%fsamqna&&mgfcmsa@&'oﬁme&aew te end
wall 162 is shown in Fi hiis ‘end wall 162 recelyes,the ‘inlet.

gases for the t\%ﬁm‘gﬁﬁgnmmg‘ﬁﬁﬂﬁt&ﬂfﬁﬂdlwmé’% said prafsefivRastield 191 ¢
depicted in Fi gbnés ; éﬁ&cﬁpﬂﬁ@dh%&ﬁtﬂﬁ‘é& %E&ﬁ'saﬁ@m}e@ﬁrﬁﬁ&t‘ﬁélhb&ﬁé’s via

gases supply tu The gas flows throu I nt ernal passages formed in:

the end wal spaced&mnawémmshlﬂéwm@emwgmwwa@saﬂamm@bﬂdbﬂilwt his -
end wal | 1§32 t NGy Bkt hdHd bbiwREPsafif shunt shield bodies for the flow of reagents through said

protective shield, said shunt shield bodies each being formed of a single piece base

" having a unit frame formed around the perimeter of the base, a perforated sheet carried

by said unit frame, and a plenum formed between said base and sheet, said plenum

filled with an inert gas and a bottom outlet screen carried in said unit frame and coupled

20 to said plenum for delivering a supply of inert gas below said protective shield to form
buffer barriers.

& 32.  The chemical vapor deposition system of Claim 31 wherein said buffer
modules each have at least one by-pass duct for the removal of excess gas from said
25 muffle.

33.  The chemical vapor deposition system of Claim 32 wherein the rate at which
the excess gases are removed from the processing chamber through said exhaust
vents is less than the rate at which gases are introduced to the processing chamber
30 such that a portion of said barrier gas injected through said bottom outlet ports of
said shunt shield bodies is removed from said muffle through said by-pass ducts
such that no gas from said buffer modules has to enter said procgssing chambers.
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- 29- inserted into the end wall 162 via through holes 167. This
allows for easy renoval of the nmetering tubes. The netering tubes
are hel-d at the opposite end via wells 191 as descri bed above. The
end wal | s 16VAP¥$585ncl ude outward projecting dowel s 166 WHCITISI825740

assist in the assenbly of the shield by providing the correct allgnnent and

spaci ng of 5 the end wall when th43-side walls are attached. -}
To securely attach the shield assenbly 112 to the chanber, one enbodi nent
of t he qsr es die chemvieai tvamen deposition eystetroof Glain B8P m&mbr@@aal

Speci fically, ay 194 is sed t o, provi de a seal

bet ween the’ si de ﬁe I@f%tmecwqgﬁp&f oL ggassexh.-ﬁzstveng WRiGHiSi n Fi gs.
16 and 21. O pandependent framlszidexbgast veme shim 194 is not rigidly attached 10
whi ch provides for easy renoval and replacenent of the seal 194.

Specifically, the seal 194 is forned preferably of a netal aIon
such as stasnl esss, st ek cltodl Ppok ilgositiaf System of Claim 4R sad pythd O Mo
such that the shimfits pbetween the side wall 164 and the vent

shroud 165. exhaust vent is =°nﬂﬂﬂéd§h8%f@@aﬂ°n§@4nqa§s@mwwubmhsu de walls

164 as shown | 1 Ghfak fowde ikl clthglSia by.pal BhmdPren BASK 5 Fabotmodig] Ot 195

is fornmed in the side wall "164, and preferably
ext ends substantlally along the length of the side wall 164. The slot 195

is f d I f
Itfle Sanﬁn seal 194 Ohg?ﬁgﬁaﬁgaep%&a&% varﬁtc%‘gxggm’ﬁ &8’& gartion. o

I'mseal 194 is
sinply insdPted mttméasﬁmmtti ammcmmmlenumwmchxsvent wal |

164 and is slid '@51‘-53 &FF% I ( fully inserted. The shim seal
194 20 - provideS a seal. et% %ﬁ%e S8 wal i 164 and the vent shroud
165. To provide the inert gas to the various plenuns,
met eri ng tubes I ter pat v odi ment
of the nmeteringt ubeghgggmﬁ?gmﬁofﬂepﬁfl&ﬁn@s'fégm a@ﬁfﬁ’@“’% t he
metering tube 2@@hamstplaym iscsrtnllebbP§id flow cofittol ivansofo frividd@bstintialy

15 constant flow of gases exiting said chamber exhaust plenum and said processing

chambers.

38.  The chemical vapor deposition system of Claim 31 wherein the muffle
further includes a load and an unload region positioned at opposite ends of said
.20 muffle for receiving and unloading wafers.

39.  Thechemical vapor deposition system of claim 38 wherein said system
includes an elongated buffer module having two elongated baffles positioned
adjacent one another forming an elongated slot therebetween, and an open cavity

25 above said slot for receiving said at least one gas, and a bypass plenum disposed at
each end of said cavity for exhausting said gas.

40.  The chemical vapor deposition system of claim 38 wherein said load and
unload regions include:

30 a plurality of curtains positioned within each of said regions and spaced
apart; and

one exhaust port in each of said regions for removing gases from said

-
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tube 200. The flange 202 includes a sealing region 203 and a circul ar

recessed region 25 204. The recessed region 204 is a plenum area. That
is, the recessed region 204 contains a plurality of holes 206
spaced "arou i rcunference ofthe recessed region The

hol es 206 aggo?gﬁggivey gas received fromthe gas inlet tdﬁgnﬁégégﬂd
fitting 184, where the gas distributes around the circunference

of the recessed region and into -“4the netering tube 200, The netéering
tubes may be made,of a nmetal or netal alloys or 30 ceram c material s,

such as al um na&fi%kel, stainless steel, aluminumor silicon carbide
and the like, with stainless steel being the preferred material.
I n anot her enbodi nent of the present invention, a new nuffle design is

-30- pAbvi dBke chemicalyapen depesitiangiyste of elaimtOrvehersin pash pfgid e 15 as
descri bed aboveemqstlpéfts include agﬁ%%ﬁgﬁgmﬁgn@&gghggﬁft erJas exhaust

flows in greater detail in Figlres e muffle 26
i ncl udes at3 | easurfase forpecgivingsaidwtiighst oxe gos andvhsectnd; plemun with anlarchy of by

adj acent buffer I ogi yr process 5
nodul es 111 andh Ive agﬁ?%éﬁrfa%gﬁl es ; aé%e&eg%%%ﬁ%‘ﬁﬁeﬁmr st ood

t hat any andhanrbutiet pdrt for exhasstingwald passfraanshidloéd emuntoad rdgiom. nay be used
and wi Il vary dependi ng on the design of the nmuffle and reactor. At
one end of the nuffle-26 there is a | oad region 29, and at the

opposi te end of 42.he Thfchkmicaheaper degositioni$spitan of Claint 40whctein Eiich of sid]
cei ve wafers and i i

b acessi ngt0 ©irtahiShude on i ot For toCeip ', o et 5oy coupied s et
S port, said plenum body comprised of a first plenum with an array of holes in a lower

surface of said first plemum and a second plenum with a slot formed in a lower

surface for conveying said gas from said first plenum to said second plenum through

said slot and into the miiffle,

P
L
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10 Typically, an automatic |oad nmechani sm (not shown) is enployed to

pl ace the wafers into the load region 29 of the nuffle 26. Wafers
are conveyed tgépugh the nuffle by a conveyi ng neans. Preferably,
the conveyi ng NEANS°1S a notor driven we mesh belt, ﬁ@?)ﬁgg\ésgwgny

sui t abl e conveyi ng neans may be used. fThe wgd ers pass throug
muffl e 26 and underneath the process nodules 111 where the wafers are

processed. 15 The wafers then exit the nmuffle 26 through the unload-;
regi on 31. Preferably the | oad 29, and unl oad 31 regions
enploy a plurality of curtains. Speci fi y, in the preferred
enbodi nent, the load region 29 includes three c@r\gins 33; nanmely a
outer load curtain 33C, center load curtain 33B, Jpnd i nner |load curtain
33A Simlarly.mbaunl oad region 31 inc reej:urtai ns 35;
nanely an inner unloegp curtai n35A, center Band
out erunl oad curt ai n35( heout er | oad 33 nﬁ;ﬁn 0 curtains
arepositioned at the eN#l [pfthe nuffl e26 inthe | opd &nd unl oad
regi ons, respectively. B i nner | oad 33A and unjjoad 35A ains are
posi ti oned adj acent t f ocess nodul es 11 in eadgh regi onj Jllespectively.-
The center | of@ 3B und unl oad 35B curt are ioned in
bet ween the inTrer and r toad 25 and unl 03 t rgppectively.
The curtains ac\ to i $ f e the process nodul es fjrom ték rest of
the nuffle, and from xterior environnent. THe sysi W exposed to the
exterior environnent cilitate easy |oading 4nd ufl Mg of wafer
substrates for cpssing in the nmufflpe. [Expos the exterior
environment can i grodups cont am nant® 0 To prevent
contam nation.tr dad and unl oad ports 30 i sol ate the
chanber process romthe external envirofredi~ t he”| curtains
33 and 35 of the BFe i nvention provide an ingrt |fjlas pur@e, which is
preferably nitrog Wia] e the exenpl ary ®@nbpdi ment §s r~t_hr ee
curtains in each Q © - o~
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-31- region, it is to be understood that other nunbers of curtains

can be used, and that the nunber of curtains in the | oad and unl oad
regions may differ. As shown in Figures 24a and 24b, the
| oad and unIQ%g ains 33 and 35 are general ly cogprlsed of a
pl enum body 3 %aV|n 24t 39 and

g two pl enum st ggd upper pl enum
a | ower plenum stage 41. The pl enum ody i s el ongated and ext ends .

| ongitudinally along the length of the nuffle and is coextensive wth the

| ength of the buf fer nodul es 27 and process nodul es 11.
Theupper pl enum st age 39 recei ves inert gas through gas inlet 42.
The | ower surface of upper plenum stage 39 contains an array - of

di stribution holes formed therein (not shown) conprised of at |east one row
of holes 10 across the full length of the plenum body, though nmultiple
rows of holes may be used to distribute the flow over the entire
surface of the plenum The inert ga SS i N0 t he upper plenum
stage 39 and is conveyed through th st Nt hol es into the | ower

pl enum st age 41. The bottom surf I I@hum 41 contains a
narr ow el ongated slot. The s tlends] Bl ong the I ength of the

| ower plenum4l. The inert 15 gas is ( through the slot in the
| ower plenumto.the re t he sl qtlL The gas exits_the slot
inalong, thigq cgrtig|n Iike §h . S ¢yrtal n 2N gas s

over the surfade. ¢f jtihe wafer siihg| berndat h| i [, efeby "purji

waf er surface. TR cuflt a i nert] g agk s t32i si

process chanber;—é%ﬁ rom t heflext i pr ehiyil§ onffent gnd E

pressure bal anct tiHin the nHf fl e rogph 2

different flow Jateqd{fn the rHng¢ of {5 7 n Ingt pr gf erf]

enbodi nent , tthe i nner{jcugt ai psjuti li zg | pwery f ljpws arou

conpared to thg é?%te curtai fis Y419l skl mfand| t he out

at 30-60 slm : h¢ | o 0 rei ghs are s§
exhausted via e ports 1 respegfively.

ports -act to exhausH |k bst i Ay or t{n thq:) r as

FIG_2
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25

fromthe inner,

exhaust port 139 is placed
the side closest to the entry of the |oad region

unl oad exhausoopmesss 141 i s placed adjacent the center unl o¥d¢8¥25340
35B, on the side closest to the exit3 of t22 unl oad regi on 31.

O particul ar advant age,

gas 30

exhaust ports 139 and
and 145. Referring specifically to one
exhaust gas flowis directed through a slot 147 formed in the side

-32-

t he present

center

and out er

curtains.
adj acent the center

Preferably,

of the first plenum stage 143. The exhaust
conveyed t hrough an array of

met eri ng hol es (not
" upper surface of the first plenun1stage 143 to the

t he | oad

| oad curtain 33B, on

29. Simlarly, the

I nvention provides for exhaustlng t he
in the load and unload regions in a netered fashion.

That is, the

141 include two el ongated pl enum stages 143
exhaust port 139,

t he

gas is then
shown) in the
second pl enum

stage 145. Preferan ering hores rgresonprised of at
| east one rowfof holes acros Il length of t p umgody, though
multiple rows{ 5 %angular arr ext &ndi®g t he .
substantial | ¢ he | pl enum 143 may
be used to di thle entife surflpP€ offt he
pl enum . The ¢ he S hd age pl enum 145
t hrough the xhpust Jporg 141 is the
sane. T ysgkem g pr esent
I nvention providdes for buffer /1 ghp] r¢ i ndependently
exhaust ed. Spec]fi c%l y, t B | "“s&’
N— ’ ) =
\‘_q-
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\
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are positioned adjacent the process nodul es, one buffer nodule 127 on each

side of the process nodule 111. The buffer nodul es 127 are

el ongated and extend | ongitudinally along the length of the process
nodul es 111, general ly coextensive with the nodul es
111. The buf fvg‘?g"n’%ﬁ pchbgzsi o

es are conpri segl cy ig el ongated by-p
€

131 having two el ongated baffles 147 plac i nthe | owerportion ofthe-duct

and al arge cavity 149 above the baffles 147. The two baffles 147
are positioned adjacent one anot her and spaced apart to forma
channel 148 therebetween. The channel 148 is el ongat ed and ext ends
the breadth of the by pass duct 131. The buffer nodul es 127 receive
gas which is not accommopdated by the exhaust vents 32. This excess inert
gas 20 flows into the buffer nodul es 127 between the process nodules 111
and is renoved fromthe8Rffl e a by- pg@s duct 431 tay ough the
bypass exhaust port 141b. The :H‘er st buffer nodulegjcan al so
recei ve some of the inert gas flow ng D ooyl and
unl oad curtains, or transfer flom1frvz‘ﬂ u%zé nodul es
to the |l oad region 29 or uq%gad regis /47 1385 or
141 if not 25 renoved vi he b/ Cty !ﬁl.are
i ndependent fromthe X hays v L. 111.
The invention promotes cont ai{{gHeng imorll
reacti on chanber -whi ch are exhauy ports
50 and vents 32. No reagent or/ s yents
131. | nst eadgQp subst 7 7 7 Jof yet%s
through the bottom outhet scrfef 1S A /LA t he Dy
pass vents 131.. This purpQsgfy ' A Jingft. gas. .
t hrough the bottom outl et JoHE) ’ ghgunt /beyond what is
exhaust ed t hrougdQmt hs 1} /2 ' Y/ i al | ows
stable contro

' 40b
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- 33- of the flows inside the chanber process nodul e and pronotes

contai nnent of the reaction gases in the deposition region 16. Such
cont ai nment enhances the uniformty of the filmdeposited on the
waf er, and rwguyesaspowder build up on the surrounding PCT/U$9BRE4% or and
shield surfaces. The advantageous cadnt di 2ent of gases is illustrated in 5
Figure 26, a schematic di agram show ng the mass flow of reactive and-1nert
gases within a portion of the process chanber | ||l achieved with
the system of the present invention. As shown in the figure, the

at various
{he TECS gas is

mass fraction of TECS (a reactive gagjpgis shown
positions within the shield assenbly.;As shoyg
substantially contained to the deposifti

exhausted through 10 t he i nner exhyus The

by- pass systemis shown in greater s 24b and
25. The by-pass ducts 131 connec Nget her
into by- pass vents 132 P One
by-pass vent 133 is positi g0 p - ESs ducts
131. The cavity portion o g70pen at each

end of the duct 131 us
vents 133. Gases flIp o
By separately -
]SS ducts 131 and

by- pass exhaust venig , 0 val of
excess inert gas froMRthe buf P v enhanced to mnimze

di sturbance 20 of DRg cH A f\ows inside the chanber
process nodul es 11187Pfi or™ systens Y@Fch do not vent this
region are prone to stagnation and recircul ati on of gases in the
region. This can |l ead to contam nation ) eEMBeen t he system and even in

t he deposited film as well asf$‘ dﬂ;naintenance and downti ne
needed to renove the deposits that formin this region. The present
i nvention mnimzes these problens by 25 havi ng conti nuous purgi ng of

the entire wafer substrate path by clean inert gas. O
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further advantage, utilizing the by-pass ducts 131 to extract excess inert

gas fromthe process nodules allows all the gas floww thin the
process chanbers to be supplied and controlled by the geonetry
within-the c and nore effectively isolates the PCT/USOSHSPHES S
chanbers from any external disturbaqfez %# non-uniformty present as in an
30 open APCVD system This pronotes tTHe deposition of nore uniform
films on the waf ers. In the preferred enbodi nent,

t he exhaust vents 32 for each shield assenbly and

- 34- associ ated process chanber 111 are separately exhausted.
Specifically, the exhaust vents 32 are exhausted into a chanber
exhaust pl enum 151. The chanber exhaust pl enum 151 is coupled to

pl enum 151
kd exhausts

each of the process chanbers 111. The chanber exhaust

is separate fromthe-®pass exhaust 141b and the | oad and unl &
5 139 and 141, By lbejng physically separate, and thus separ
controllable, th present invention allows for a c@Rstant ndss
fl ow of gases fro tess chanber 111 into thg¢=e
32. Preferably thl R IfIOM/rate is controlled to be a I
substantially con \B in the range of approxi mately 44
t hrough each
appropriate for d
substantially cong
t he deposition pr
t hi ckness and
surface of the waj




Additionally, the repeatability ofthe process is inproved since the flow
rates are nore control |l abl e and constant Upsets to the process and
gas flowrates are mnimzed. And 15 finally, the longevity of the
entire systerW®89%36f%r eased. Figure 25 i s a mgiusssmsy4 bott om
pl an vi ew showi ng the path of the ga% flo®2 w t hi n exhaust system
Specifically, the gas flow through the by-pass exhaust and the - ! | oad
and unl oad exhaust flows are shown. The flow of gases through the chanber

pl enum exhaust is omtted for clarity. Arrows A and B on Figure 25
represent the gas 20 fogy of gxert gases, specifically a portion of the
inert gases fromthe bottom owl et screen 160 and from between the
chanber process nodule walls a he vent shroud housi ng 165, out
of the shield assenbly a gyffer nodul e 127 and by- pass -
ducts 131. As di scussed ustrated nicely in Figure 26, all of
t he reactant gases fl hr ough t he exhaust vents 50 and 32, and do
not enter the by-pass duct 13 |25 Thus, only inert gas is conveyed

t hrough the by-pass syst gm~1 @ nert gases are conveyed into the
by- pass ducts 131 where a subgtal\tially ?gyal port travel toward

each end of the by-pass duct nd i ntoythe by-pdys exhaust vents 133

‘posi tioned at each end 131 as, ldd by Arrows A
and B. In the preNgrre Srmisigy r of t he gases
fromthe inner |oad 33A and 30 : A $ ¥lso flowinto the
out er nost by-pass ducts 131, as repfedqted by Arrows C The

remai ni ng portion of the gases flo 4 b ad
exhausts ports. 139 and 141, ' “Jume i rrows D. This
bi- :

76 947 o6
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- 35- directional flow of inert gases fromone curtain aids in

i solating the process chanbers fromthe | oad and unl oad regions.
Uilizing a different flow path, the gases fromthe center | oad and
unl oad ‘curt aj and 35B preferably flow in one directi

t he | oad angwﬁﬁwgégiports 139 and 144, rg?pectively as deﬁ?@?%%ﬁgygArroms
E. Wile 5 the gases fromthe outér oad and unl oad curtains 33C and
35C are again bi-directional with a portion of the gases being
exhausted through their respective exhaust ports 139 and 141 as
illustrated by Arrows F, and the other portion flowng toward the entry and
exit as represented by Arrows G Such control of the flow paths of the

i nert gases al l ows a "sweeptrnos of~'AFu/8i ng" of the wafer surface,
and nore inportantly, the 10. §y§frg\6( the present invention allows for
one to choose the desired directi on t e gas fl ow pat hs.
Additionally, the system may enpl\oy » HQOol systemto control

the fl ow of gases within the proce b’ chanbers. Specifically, the by-pass
exhaust vent may be controll by gas flow control means to provide
substantially constant flow s i ng the by-pass exhaust
vent and the by-pass nodul es. Furthg hanmber 15 exhaust pl enum may
be controlled by gas flow control ny 'j@cﬁubstantially

constant flow of gases exiting the aust - pl-enum and. t he -

processi ng - chanbers. is apparent fromthe :
forgoing, the present inventi®® pidvi des & sMel d 08 whi ch may be
used to achieve inproved uniformt cagent aspiZt hin the reaction 20
chanber, greater control over the r™edidoflceoiBID residence time, and

preci se control . over the geonetiry of fhe reaction chanber 16 and
deposi tion zone, thereby ‘enhancing 22 theSduality of the deposited
film The shield 12 can withstand changi ng tenperature condi tions
wi t hout damagi ng or deform ng parts O shi whi ch coul d reduce the
effectiveness of the shield operatiogf Shiygd 12 is nodul ar, and nmay be
25 conveniently and quickly assenbl ed and di smantl ed for mai nt enance or
cl eani ng. The shield 12 includes netering tubes 80, 102 which
deliver the inert gas to the plenumin a nore uniformdistribution,

inmproving the uniformty of the reagents within the
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deposition zone 16. The shield is used to forma barrier or buffer zone on
opposite sides of the reaction chanber, preventing reagents from
escaping fromthe chanber and 30 allowing a uniformdistribution of

buf fer gas t8'D¥3Evided within the nuffle 26. It is PCT/UBY§/26740
understood that this invention is nof |{ni2Red to the shield 12 of the
illustrated enbodi ment whi ch includes each of the features
descri bed herein. Instead, it is to be

- 36- understood that shields incorporating only sonme of the
features described herein is wi thin the scope of this invention.

It is inportant to note that while the features of the new enbodi nent have
been descri ped toget her, each feature may be enpl oyed i pek
and/ or in conbinati 5 with features of the earlier descr
enbodi nents. The fofZgpi ng descri ptions of specific enb
the present inventipnghave been presented for purposes of
illustration and depchj ption. They are not intended to be exhaug
limt the i pvgntion to the precise fornms disclosed, and
many nodi fications Rnf variations are possible in |ight
above teaching. Thelelfpodi nents were chosen 10 and descri bed ifh order
to best explain theip i
application, to theze
i nvention and :
suited to the parti §u
scope of the invent q

enable others skilled in the art to besi e t he
arious enbodi ments with various nDdificai

use contenplated. It is intendgd
"be defined by the clains




appended hereto and their equival ents.

-37- WHAT IS CLAIED | S: 1. A protective shield for
gas distribution systens conpri sing: a franme assenbly
includi'ng a pair of spaced end walls and a pair of side walls 5

ext endi ng be{agResed nounted to said end walls; and PCT/US98/25740 &
plurality of unit shield bodies carried by said frane assenbly,. each - of
said unit shi el d bodi esighej nga2forned of a single piece base ‘having-
a unit franme fornmed around the perineter of the base, a perforated
sheet carried by said unit frane, a plenum partially defined by
sai d base and said perforated sheet, and a gas delivery device f 10
delivering an inert gas to said plenumat a flow rate such that gas

di ffuses through sai d perforated sheet 2. e
protective shield of daiml in which a pair of said shield bodieslare
positioned to define a first surface of said protective shield NCh s
position able 15 proxi mate an injectordody, said shield bodi ei ng
spaced apart to define an inlet port -— t her ebet ween for thé fl ow of
reagents through said protective shield. \\ < Ll, '
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3. The protective shield of Caim2 in which a second pair of said
shield bodies are positioned to define a second surface of said
protective shield opposite said first surface, 20 sai d_second pair of
sai d shi el d ¥8a8M88%ei ng spaced apart to define an outlet Poy}sssrsro

t herebet ween for the flow of reagent¥ thr@dgh said protective shield.

4, The protective shield of Claim3 in which said second pair of $hield
bodi es include a plurality of screens carried in said unit frane.
25 5. The protective shield of Caim4 in which said second pair
of shield bodies include a bottomoutlet screen carried in said
unit frame and coupled to said plenuns - thereof for the flow of the
inert gas through said shield bodies to forman inert gas barrier
zone bel ow sai d second surface. 30 6. The protective shield of-
Claim1 in which at |east one of said shield bodies is spaced from
one of said side walls to define an exhaust port tthﬁbg;meen.

- 38- N
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7. The protective shield of Caim6 in which said shield extends between

and is spaced fromsaid one of said side walls and said at | east
one of said shield bodies to define a first exhaust passageway
bet ween sai dygjeqsgagt one of said shield bodies and pCT/S| ot her
of said shield bodies and a second gassaggpay between said anotﬁg?agf sai d
5 shi el d bodies and said one of said side wall. 8. .- The

protective shield of aim1 in which said shield bodies each have spaced
ends and said end walls are shaped to nmate with the ends of said shield
bodies to hold said shield bodies in said franme assenbly. 10

9. The protective shield of daim8 in which said end walls have
recessed regions formed therein shaped to mate with the ends of
said shield bodies and the ends of said shi el d bodi es are seated
in said recessed regions. 15 10. The protective shield of Caim?9
in which the ends of said shield bodies are 198 ppvabl e within recessed
regions as said shield bodies expand arid4 NA@r varying

t enperature conditions. 11. ) pre d\ spieldd of Aaimlin
whi ch said perforated sheet is held by sag# 20 uni Ry

said perforated sheet is novable re‘;aéﬂé to said unit Kxane during
expansi on and contraction qfjsai gg@€rforated sheet underNgarying

t enperature condi tions. 12. = The protge®ive shield of
Caim1ll in which said upgg.frj as a slot forned 25 therein and said
perforated sheet is seated in A

146
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during expansion and contraction of said perforated sheet under varying

t enperat ure condi ti ons. 13. The protective shield of
Claim6. and 7 wherein at | east one vent sleeve is 30 posi tioned al ong
at | east one WAIPPREPS said first or second exhaust passagewaBCT/u$98:25740
reducing recircul ation of the gases & theé? travel through said exhaust

passages. -39- .

14. The protective shield of Claim13 wherein.said at | east one vent

sl eeve i ncl udes a perforated screen forned in at |east a portion
of the vent sleeve for injecting gas into said first or second
passageway. 5 15. The protective shield of daim1l1 in which said
gas delivery device is a netering t ube di sposed in sai ¢—pl enum
said netering tube having a porous wall for diffusion of the gas-
t hrough said porous wall into said plenum 16. 1 ihe pL\qt ective
shield of Caim15 wherein said netering tube includes a f 1-’ NOY

FIG_194
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10 di sposed on at
having a circul ar recessed

| east one end of said netering tube,

said fl ange

region with a plurality of openings

di sposed only the circunference of said recessed

di stributingwgassésem the exterior circunference into the

met ering tube. 15 17.

said gas delivery device is a conduit
said conduit extending through one of said end walls and
fromthe exterior thereof to said one of said end walls.
The protective shield of daim17 in which said end wall
fitting connectable to an exterior gas source and a
delivery of the inert gas from
19.
“vapor odgpositi@p systens conprising: a
| s and a pair of side
d end walls;
y said frame assenbly,

supply 20

passageway forned therein for the

said gas supply fitting to
shield for chem ca
frame assenbly including a
wal I s 25
first and second injector

ext endi ng betméfn and gPunted to s
i nj shhel d bodi es carried

region for
40f the

The prgt gctyye shield of daim T VR Whi ch

said conduit.

Tair of Bpaced end

di sposed in said plenum

nmount ed
18.
i ncl udes a gas

A protective

and

sai d injector shie
surface of said protective
injector, said injector sh
an injection port therebet
t hrough 30
spaced from said side wal

said protecti

d bodi es being positioge
shield

ports therebetmeen

sald e

D define a first

P adj acent an

_ defi ne
5-f rom t-he injector

$higg! d bodi es being

0 ~Second exhaust
gl W th

¢t or ;-

L167

FIG_20A




- 40- first and second shunt shield bodies carried by said
frame assenbly, said shunt shi el d bodi es being spaced fromsaid

i njector shield bodies and positioned to define a second surface
of said prot ¥O¥R&8%Ehj el d opposite said first surface, sai BCT/UB8R57ANd
second shunt shield bodi es being spatfed/ agart to define an outlet port

t herebetween for 5 the flow of reagents through said protective.:

shi el d; said injector shield bodies and said shunt shield
bodi es each being forned of a singl e piece base having a unit
frame fornmed around the perineter of the base, a perforated sheet
carried by said unit franme, a plenumpartially defined between said

base and said perforated sheet, and a gas delivery device for delivering an

inert gas to 10 said plenumat a flow rate such that the gas diffuses
t hrough said perforated sheet 20. The protective shield of
Claim19 in which said shunt shield bodies extend bet ween and are

spaced from said injector f@ield bodi es and the associ ated one of said
side walls to forma fir haust passageway between each t8%ai d i nj ector

shield 15 bodi es andg4qsai d shunt shield bodies and a sefond exhaust
passageway between eac sai d second shield bodi gs and sai d side
wal | s. 21.

fotective shield of d ai maolid which é id
shunt shiel d bd&ba ach i ndl ude a bott om out ljet screFD/Gﬁ ied in
said unit franme and Houpl edjto said pl enuns thereof
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20 for the flow of the inert gas through said shunt shield bodies to
forman inert gas barrier zone bel ow said second surface.

22. The protective shield of Claim19 in which said injector shield

bodi es "and s@ighosésss shunt shi el d bodi es each have spacpgr,ggf;%%ﬂd sai d
end wal |s are shaped to mate with 23¢ ,; 4fe ends of said shie odies to
hol d said shield bodies in said frane assenbly. 23. .The. .

protective shield of aim22 in which said end walls have recessed regions:

configured to nmate with the ends of said shield bodies forned therein and

t he ends of said shield bodies are seated in said recessed regions,
said ends of said shield bodies 30 bei ng novable within said recessed
regions as said shield bodies expand and contract under varying
tenperature conditions. '
41- 24. The protective shield of Cains 19

perforated sheet is held by said cont uni
said perforated sheet is novable relative to s§¥%2g§=u
frame during expansion and contraction of said perfor
varying tenperature conditions.

3 in which said
ane such that
onti nuous unit
eet under

7
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25. The protective shield of Caim24 in which said continuous unit frame
has a sl ot formed therein and said perforated sheet is seated in
said slot and novable within said sl ot during expansi on and
contraction YO ®E6ESperforated sheet under varying PCTAIB#ISHO0Ur
conditions. 10 26. The prot®ecl{i ¥ shield of daim19 in which
said gas delivery device is a met ering tube di sposed in said-;

pl enum said nmetering tube having at | east one porous wal | for

di ffusion of the gas through said porous wall into said plenum 15

27. The protective shield of Cdaim19 in which in which said gas delivery
device is a conduit disposed in said plenum said conduit extending
t hrough one of said end walls and mounted fromthe exterior thereof
to said one of said end walls. 28. The protective shield of
Clains 26 and 27 in which said end wall includes a gas 20 supply
fitting connectable to an exterior gas source and a pagsggeway forned
therein for the delivery of the inert gas from|sgid gas supply
fitting to said conduit or said met ering tube. 29. The
protective shield of Cains 26 and 27 wherein said cong or,.5aid netering
25 tube includes a flange disposed on at |east one /Gﬂazaid net eri ng
tube, said flange having a circul ar recessed r¢ h with a

plurality of openings disposed on ci rcunf ce of said
recessed region for distributing j on@é’At erior
circunference into the interior of the Tetering tube.
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30 30. The protective shield of Claim319 wherein at |east one vent

sl eeve is positioned along at least one wall of said first or
second exhaust passageway for reducing recircul ati on of the gases
as they travgj %Jlgﬁggggh sai d exhaust passages. PCT/US98/25740

-42- hig An chem cal vapgg depgsition system conprising:

a plurality of processing chanbers each having an injector therein for

i njecting reagents into said processing chanber and exhaust vents
positi oned on opposite sides of said injector, 5 a
conveyor for transporting substrates through said processi ng chanbers al ong
a process path; a plurality of buffer nodul es isolating
sai d processing chanbers fromthe rest of the process path;

a muffle enclosing said processing chanbers, said buffer nodules and the-10
process path of said conveyor, a protective shield nounted
in sai'd processing chanbers for protecting the surface of said
injector and the inlets of said exhaust ports, said protective shield

i ncluding injector shield bodies positioned adjacent said injector, shunt
shi el d bodies spaced fromsaid injector shield bodies, an inlet

port between said injector shield bodies




15
reagents through said
each being forned of a single piece
around the p&YQQ688s of t he base,

pl enum
in said unit frame and coupled 20

of inert gas bel ow said protectiveshield LQq;foro

base

and outlet ports between said shunt shield bodies for the flow of
protective shield,

sai d shunt shield bodies
having a unit frame fornmed

a perforated sheet carri RETAUSIS25740 by
said unit franme, and a pl enum f or redt9%et wd2n sai d base and sheet,

sai d

filled with an inert gas and a bottomoutlet scréen catried

to said plgnumfor delivering a supply

buf ferbarriers.

32. The chem cal vapor depositio [ e Cl &i'm 31 wherein said buffer
modul es each have at | east one bf-passsfu or the renoval of excess gas
fromsaid 25 nmuf f | e. S 1332 he | m cal vapor deposition
system of Cl aim 32 wherein the ratd at“h | 4 t he excess gases are
renoved fromthe processing chambed thrpad aiagexhaust vents is
| ess than the rate at which gas resnt cegl to the processing chanber
30 such that a portion of satd barw sdinjected through said bottom
outlet ports of sai d shSEF%SﬁEE €s is renoved fromsaid .
nuf fl e through said by-pass ducts j —4—fIs that no gas fromsaid buffer
modul es has to enter said processif Sk -
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- 43- 34. The chem cal vapor deposition system of C aim 32

wherei n each of said at | east one by-pass duct are connected to a
comon by- pass exhaust vent which is i ndependent from sai d exhaust
vents. - 5w 99/36%25 The chem cal vapor deposition syst egpraissédsadom 34 '
wherein said Sy-pa S exhausp veny is controlled by gas flow
control neans to provide substantially . constant flow of gaseés
exiting said by-pass exhaust vent and said by-pass nodul es. - 36.
The chem cal vapor deposition pyst 0 al m 31 wherein each of said 10

exhaust vents are connected toja cd
I ndependent fromthe by-pass ekhaug
vapor deposition system of C a|lm 36
pl enumis controlled by gas f|)M/“f,
constant flow of gases exiting}sald
processi ng chanbers.
system of Claim 31 wherein the|nuff
an unl oad regi on positioned atjop
recei ving and unl oadi ng waf efs
deposition system of claim 38 yherdi

pl enum which is
The chem ca
exhaust
substantially 15
m and sai d
va@or deposition
s a load and
muffle for
q:cal vapor
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I ncl udes an el ongated buffer nodul e having two el ongated baffl es positioned
adj acent one another form ng an el ongated sl ot therebetween, and an open

cavity 25 above said slot for receiving said at | east one gas, and a
bypass pl enumalssmssssed at each end of said cavity fRET/USRERITIL | ng
sai d gas. 40. The chem cal #ap2r deposition system of cIa|n138
wherein said | oad and unl oad regions include: 30 a
plurality of curtains positioned wthijn each pf said regions and spaced
apart; and one exirEagSiaPort 18] € f said regions for
renovi ng gases from said - -44-
regi ons. 41. The chemfc4l &EPOS|ti n system of claim40
wherein each of said exhagist port i ncl udg pl enum body with a
first plenumwith a slot in a | oydr sur f ad or receiving said at
| east one gas and a second pl enu vrth ag any of holes in a | ower
surface for receiving said at Ie$]t g%; fr d first plenum
E;’ c:l ™
- <l -
" et ol L
":” e ]
: m M
-— Lp ]
1l By
- EE
"E_____~
>
T = Q
Ak |
il Q)
<C [ae] o~ |\‘
= S
— m——
< o
4 w.
gl 2T
NgE 3)
(= o

E
33¢ 139 \“33b
4 \'@
=

G, F
G




and an outlet port for exhausting said gas fromsaid |oad or unload region.
42. The chem cal vapor deposition systemof C aim40 wherein each of said
10 curtains include an inlet port for receiving a gas, a pl enum body
coupled to sgj d }Pgs?t port, said plenum body conpri ggfhyssenéed i r st

pl enum wi t h Q%2 ay of holes in a Iﬁwe,r 22 surface of said first

pl enum and a second plenumwith a sfot fornmed in a | ower -sur f-ace for
conveying said gas fromsaid first plenumto said second pl enum through
said slot and into the nuffle.
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