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Rel ated Applications This is a continuation-in-part application of U S. -
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15 vapor deposition systems and, more particularly, to a gas shield for reducing film

deposition on the processing equipment. Additionally, the present invention relates
to a semiconductor processing system employing a protective shield and utilizing

exhaust control.

20 Backeround 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, the substrate is exposed to one or more gaseous substances such as
stlane, phosphane, diborane, oxygen, ozone and the like, and chemical vapors such

25 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 and/or the surface of the substrate to produce the
desired film. The CVD systems typically employ injectors which deliver the

30 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 contamination which may



becone enbedded in the filmor degrade filmuniformty. In many
applications including sem conductor processing, filmcharact erifi iAPﬁmCh
as purity and thickness uniformty nust neet high quality standards. To
preserve filmaquality and prevent unaécept abl e defect levels, the 5
reaction chanber nmust be cleaned to rénove the deposited filns. The

I njection ports are typically positioned |ess than one inch fromthe
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w || becone coate teri oduced during ions. To
reduce the atmoknessofmifonnitg must d@et high huditar ea, sone CVD systens incl ude
in front of the inject ?rs and exhaust port.
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tenperature for a selected process. The high tenperatures in the reaction
chanber cr eavigh theanatarialqiredunsd duiing thegegationsr Ge eatiuse fteamant vhbwhi-upy cause

t he screen t. |.e_af riod of ti.ne. The thernal ef ormati on of
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"of deposition materials. The ability of the screen to deliver nitrogen to
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the shield. Since reen essen I TTES “an f the

reaction chaetferated dvecabetb atavethesate aewhichl iigtetidls ecdugiidate Whithe §Hidld dakherm ty
and distribution.of the process reactant chem stries within the reaction
chanbel® Th®'EPHY& created by removal of the shield for cleaning or the

P e o BRSSPSR, B e
el i m nat ed ietevdisditeraptratures, SirieghmipletF0ONC to 600° T with thasdistrmesaindphymbéc t he
Inert gas t %elzng%'leg@d%g (ach appropriate temperature for 2 selected process. The high
temperatures in the reaction chamber create thermal stresses in the perforated screen
20 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, leaving portions of the 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,
25 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 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 consuming and

30 expensive. A shield in which thermal deformation of the screen is minimized or

eliminated is desirable. A shield which provides a uniform supply of the inert gas to




3 the reaction chanber is also desirable. A shield in which a damged
screen surface can be quickly and inexpensively replaced is simn 2ar8PR 2004
desirabl e. For atnospheric pressure CVD (APCVD) processing, the substrates
are transported during processing by a conveyor which carries the
substrates through 5 one or nore reagtion chanbers. The reaction chanber
I's not an encl osed chanber, but is nerely the area in front of the injector
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created along th wi dth of the reagtio anber i ch .
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chambenow t ha&PactéataQra rtel siBvetthdh the Saté sﬁ%ﬂcﬁ@h@ sedaRiigkdduesd tosthgesi rabl e.
As gases are pulled into the exhaust vent fromihe area below the injector
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APR 2004 the reaction chamber. Thus, a non-uniform gas-to-gas boundary is created along the

width of the reaction chamber. A shield which effectively prevented the escape of

reactant gases from the reaction chamber without interfering with the reaction

20 chemistries is desirable. As gases are pulled into the exhaust vent from the area

below the injector on one side of the vent and the buffer zone between the reaction

chambers on the other side of the vent, a large volume of reactant gas recirculation 1s

created between the opposing flow streams. A shield which efficiently exhausts

reactant gases from the chamber and minimizes the amount of gas recirculation

25 within the reaction chamber is desirable.

Objects and Summary of the Invention
It is a primary object of the present invention to provide a shield assembly

for protecting the exposed surfaces of a gas injector, chamber wall, or exhaust vent

30 used in CVD processing.

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




4 which uniformy delivers an inert gas to surfaces of the shield assenbl
during extended use of the shield assenbly, and allows use of a sddAPR Zﬂﬁz
undi storted surface shape. It is another object of the present invention
to provide a shield assenbly 5 which will withstand the high tenperatures
necessary for the chem cal reactions pccurring within the chanber, w thout
gas | eakage or deformation of the shield assenbly or surface delivering

protective gas flow It is yet another object of the present jnvention to
provi de a smlaplaua@%@iﬁﬂylwwewr&eérﬁm%ftg{“a&ﬁﬂofr)@ﬁ|sg@éc§wa“€% & 10 It is

anot her obj gt k4 B%:?fﬂégﬁtﬁ@lh ais&\‘rﬂﬂ?,i £ ABwRLRY bAE sRos Bl ARIAGTPLY. Whi ch

provi des separate aust paths for reactant gases and by-products
ver sus anbi ehépegas drawn into the chanber. It is still another object of

t he present inventjion to ovide, a shield assenbly .which,creat an inert
gas Euffer zone o %ﬁfﬁeﬁg{’JFﬁ‘é%éQ%Brﬁée%fm’F@HB‘E %P%aﬁh&s?qql%ﬁseé Xhe
chambers |t JifieR RN Weths@Rl BEINiOE tenflfrR0RS GBlestY S8 theBhdRicRl @¥ddmsa shiel d

assenbl’y which can supply excéss inert gas to Tlow out of the chanber

i nst ead of reequiringnwjthiatjeatamber rbithent gagdsakage bedefoanatidneighe Blaeldhanber in

order to prevent, the e%cape.of. react ant%aga}fes fromthe chanber in an open
t

APCVD syst erdssemply or swiags deliygrnsgpaieciyys; N

of t he present invention to

provide a shieldy Es%?m%merW'%omh@iﬁf@s&ﬁﬁinwfﬁidnqulﬁwi@aaeﬁietcmsérﬁe@t ant
gases within the chdnber whi lle protecting the exhaust vent path surfaces.

Anot her obj exith winaviablepndsepleccablesntcenh is to provide a shield assenbly

al | ow a new fle design having APCVD pif. I r ers

i sol at Efg 25 bynﬁgfsfaé‘f’ H@Ie‘étsoafm? &"r?scé'@l/ i [1&3)%:0(3: rs?gp ‘%eﬁd‘gésssgﬁ% t he
chanber s ratyigénh pRoAites $opirite AusIRKRadhe patls Bteadtint gabes apddyamsdedhanbers. A
nore general object of the present invention is to provide a shield

assenbl y whiversulambienbgas draysdnigdbs chambere, reducing the maintenance costs
o0 o2 19 R PRSP T YRSl b S0
obj ect of theniph e®aRt 2h Meenids Gaffepzqieqibetating sid akapasfyendtdnt gadeatfrom
15 the chamber.
It is another object of the present invention to provide a shield assembly
which can supply excess inert gas to flow out of the chamber instead of requining
adjacent ambient gas to be drawn into the chamber in order to prevent the escape of
reactant gases from the chamber in an open APCVD system.
20 It is an additional objebt of the present invention to provide a shield
assembly which minimizes recirculation of the reactant gases within the chamber
while protecting the exhaust vent path surfaces.
Another object of the present invention is to provide a shield assembly
allowing a new muffle design having APCVD process modules or chambers isolated
25 by buffer modules which extract excess inert gas from the chambers rather than
supply excess gas 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
30 economically and efficiently manufactured and maintained.

It is a further object of the present invention to provide a shield assembly that



2 2 APR 2004 5 is constructed of a base having a continuous unit frame for
easy, yet secure, insertion of a sheet or screen. In sunmary, t@?éﬁ}yﬂﬂl

i nvention provides a durable protective shield for protecting the

equi pnment from excess filmdeposition and safely isolating the 5 reaction
chanber fromthe remai nder of the procgss path. The shield includes a frame
assenbly including a pair of spaced end walls and a pair of side walls

ext endi ng bet.ween, an unted, to the end wal l. A plurality of shield

bod 0 are - cAEredRg W HEaRs e L uiBiptS i Fafie Ry foiy il sfcusmaseriopodi s
posi ti oned fqjfa she@tRGile® agai nst injected reagents fromthe injector and
shunt shield bodies spaced 10 fromthe injector shield bodies for

prot ecti on agai nstinsutmmesyethis svgriersprokaich a dfirabteprotehiied shitiddbes i ncl ude a

base, a perforated she arried t he base, |.enum , bef ween t he base
and the per f FaEEINEHE v Fnifemieghtotiens ) uiebEEoR ghd FaFbysr FiRE han
inert gas to rehigioRlcRAHBRAford the RWdiRie? 0B tHehrédead pétﬁ.ema%i@idfiw%sgs hr ough
the perforated sheet. In one aspect of the invention, the shiel odi es

are capt ur ed Ensgssemblytinelugingrepaisefspbted endotrlisrad aphis oflsidelwhlsodi es can

f I . { | ati t . . [
Lemper at ot o CARRERbY A nd OO B b8 bRl ARBIRBETE it bilen @Y o ot e
sheets are capirisdesy thy flahe Skingdl9, ineRdidgaaRctonftlcldtddve!positioHed fdchat the

sheets can freely_ expand and contract relative to the base and end walls
under varyi n@retesHsy againskiniestesl repeants fremithe tjestorqnd sbugfrshesid bodies spaoedt ry
requir ejent s L ] . 1 d . LDV I on,.the_ shunt
shi el d bodi eséogtgghg\{f?ﬁgohg@cgn%(%ﬁ% Icﬁe’F&[’S)(t)e?ct?1 Bﬁgéalg%ﬁ%ﬁ%sk% r??l%c > g%a§Ht°5 ar eas
bel ow the shhestield bodies tadudel £base onperfarhted Blgget cqrisd by tigd bAera slefl@nof t he
deposi tion z%ne Wi t hin thg p,rochsi ngh chamber. The invention also_includes
an at nospher PENYFEBLRG base apd thepariopalpd Fhest agd gas delbiery devtienfarmeliveringc| udes

a plurality s ' hai ' PRy erein for
ol et ng. T oagent CERI0 UNRIERRTAEL fofAal aM 1APuR hes UIEREL RroddiPhe
posi ti oned opedpposlisheetsildese afpethef thajmenton, the shivld dpdies trecdappoed s

substrates through the processing chanbet | ong a process path. A
plurali'ty of “ﬁmqgﬁﬂémgﬁégpgﬁ?%'ﬁ Qiaé?llarfg“%‘il gﬁ‘ggg‘?ﬁg@?ﬁ%ﬁﬂé“g nd SANYHE 1 est
of the procesqaall thd\rafe Tedehltty ggﬁér%@%g REpRIAGE LB hMGofi{ TR §hGtned N€

buffer chanbers and the process p
aspect of the invention, the perforated sheets are captured by the shield body base

and end walls such that the sheets can freely expand and contract relative to the base
and end walls under varying temperature conditions, maintaining the precise

20 geometry requirements for CVD films. In another aspect of the invention, the shunt
shield bodies each include an outlet port for supplying inert gas to areas below the
shield to form buffer zones of inert gas on either side of the deposition zone within
the processing chamber.

The invention also includes an atmospheric pressure chemical vapor

25 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 processing chambers along a process path. A plurality of buffer
chambers isolate the processing chambers from the rest of the process path. A

30 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



of the conveyor, and includes by-pass ducts for venting the buffer chanbers
of 2 2 APR 2004 6 nuffle. A protective shield is nmounted in the processing
chanbers for protecting the surface of the injector and the inlepg APR 200he
exhaust ports. The protective shield includes injector shield bodies
positi oned adjacent the injector and $hunt shield bodies spaced fromthe

I njector shield bodies. The shield includes an inlet port 5 between the

i nj ect or shi ehffldhollipestecting: mmlmiﬂmemntp@Mthbermmmg ttenstennfor phatedtthgradi es

for the flow o entsthr tective shield. The.sh nt shield
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protective shield to form barriers on o ite si es )
i nj ection pobadses spaced AmaViDe Ey@tt@mhidbd bodis. g’l]neashlcid mcsludmsvm inlet poktat t he

new protectiyve shield exce I rt s from
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process exhaust vents. In a new enbodi nent of the present invention, a

protective sinckdd afp@nugaﬁllecwnmasnmrbgas and ashpstogneut|es pprt@oupﬂsd to that
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of unit shi ehdfdpedirhss @@bp;bcﬁdelawe§afd1efnﬁjaamﬁsc&srrmw5 ApPevD eydtélgd.  Each of
the unit shield bodies is formed of a single piece base and the base has a

unit #Pame mﬁsﬁ@tlarl cmweﬂ Hethakthe mewdiroigetivashigld san supphie exassainet ggheet

carried by sl AhulHdpltalie RaBbERUIPAL LPhLY ARLA IRk e fiase and

the perforate FVery devi c&7for |ver inert

gas to the pixitedie mhfﬂae a‘r&@ghrtgtlﬁassdﬁ&s irfsedad ol Being @savein fﬂtuﬁeescﬁahfb@ugh t he
perforated sheet. Additional objects and features of the invention wll be

more readi | yPrO%f-‘ﬁE&?_‘}éﬂf\‘tSt Y46 t he fol I owing detailed description and appended
clai ms when takeny e emBOMinttRE HBQ \%SEH'UI’ID&K haybRgsetivBshild B?%%' ption

of the Draw ngs Figure 'S a scC £Ie Vi ew of an eX|st|ng prior art
( APCVD) 5 pr oalistsbatyon sgsmrmmsmxn&cd:that nnnh:demframe assenmbly probiding bpeirsifi el d in

accor dance vgpg@edt h%\BaIF t

a pair of side wallls extending between and mounted to the end
walls. A plurality of unit shield bodies carried by said frame assembly are provided.
Each of the unit shield bodies is formed of a single piece base and the base has a unit
frame formed around the perimeter of the base, a perforated sheet carried by said

20 unit frame, a plenum partially defined by the base and the perforated sheet, and a gas
delivery device for delivering an inert gas to the plenum at a flow rate such that the
gas diffuses through the perforated sheet.

Additional objects and features of the invention will be more readily

apparent from the following detailed description and appended claims when taken in

25 conjunction with the drawings.

Brief Description of the Drawings
Figure 1 is a schematic view of an existing prior art (APCVD) processing

system which can incorporate a new protective shield in accordance with the present
30 invention.

Figure 2 is a schematic view of a processing module or chamber of the CVD




Figure 2 is a schematic view of a processing nodul e or chanber of the CVD 2
2 APR 2004 .7 systemof Figure 1, illustrating an existing prior art type
of gas shield. Figure 3 is a schematic view, partially broken awa§z APR 7804
protective shield in accordance with the present invention, shown
installed in a processing nodule. Figure 4 is pictorial view of the shield
assenbly of Figure 3. 5 Figure 5 is a pictorial view of the preforned

perforated s | ; hvesinbhericnd @sdigr outlet port
and i nner ex 55@?052 %op'gtlhge}%gﬁggrl%%gg%gnbly E) Fi gure 3. Figure 6 is a

top plan view of Figuredis asdhesatinsdicwnpentiatly brateeraway, ¢fildprsteofive breeldshi el d
assenbly of Fi g%ﬁ 3. .10 F{}&ure.? is a Lront %1 .vi ew of .an erad wal | of
the shiel d a8¥BFRGe BROEGREEEDS Invepen. shaw dnslaliel da & PErctyBnEIodYicew t aken
substantially al OP%uIrt# Bes SeR gl viEv e %ielﬁlagdeﬁglﬁofﬁéﬁ& gnl arged view

taken substantially of area within circle 9-9 o 15 Figure 7. Figure 10 is
an end §i ew of anFiguretios pistecial viewgedshelpieforaey pgeformtdsl seresh sparning tieel d

assenbly of Figur . Figure 11 is an _enlarged view tak substantial |y of
area wi thin HirPEr Befivees 15 nfecir gifle Bha sl N SRR e of t he
shunt secti ogssemblydsIFiy@e)s. assenbly of the shield assenbly of Figure 3.
Figure 13 is an enlarged view taken substantially of area within circle
13-13 in Fi gure Fmurd$ ing opplan ey of thsendswdls andantemabmedring tybgsedfghe

assenbly in gecqrdan kEh anot her enbodi nent of the invention. Figure
15 is a sche%ﬁ?clﬁésvpﬁﬁy\g&%uﬁee CVD system process nmuffle enabled to

exhausjgexcess chpigaed 7 @AsromkipliiitRTofR Gl eRIMT thesifeld usdentb]$ of Bigure
contai nment of process gases through use of the new shield. Figure 16 is a

cross-sectiohal view of a shield assenbly in accordance with
Figure 8 is a cross-sectional view taken substantially along line 8-8 of Figure

Figure 9 is an enlarged view taken substantially of area within circle 9-9 of
15 Figure 7.

Figure 10 is an end view of an injector section gas delivery assembly of the
shield assembly of Figure 3.

Figure 11 is an enlarged view taken substantially of area within circle 11-11
in Figure 10.

20 Figure 12 is an end view of the shunt section gas delivery assembly of the
shield assembly of Figure 3.

Figure 13 is an enlarged view taken substantially of area within circle 13-13
in Figure 12.

Figure 14 is a cross-sectional view of a shield assembly in accordance with

25 another embodiment of the invention.

Figure 15 is a schematic view of a new CVD system process muffle enabled
to exhaust excess chamber gas out buffer modules while ensuring safe containment
of process gases through use of the new shield.

Figure 16 is a cross-sectional view of a shield assembly in accordance with

30 another embodiment of the invention.

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




30 anot her enbodi nment of the invention. Figures 17a and 17b are an end

view, and an enl arged view taken 22APR20 8 substantially of the area within

circle 17b-17b, respectively of one shield body of the shield aq%pgh*gmpf

Figure 16. Figures 18a and 18b are pictorial views of one shield body

the shield assenbly of Figure 16, and shows the sheet being inserted into

the shield body. 5 Figures 19a and 18b are an end view, and an enl ar ged

vi ew t aken substantiallg of the area within circle 19b-19b, respectively of
¢

the ot her shivdptantiilyyof the arenavidtip eirele Adbd by fpspertipsly @f eng ghickihpdyeoldon i s a
front plan vj | s an end wall of the shield assenbly of
Fi gure 16. 1%1‘?%@’518%%1}3%%{?@9% ﬁ‘ont pl an view of the outside of the end

wal | of Figure 20Rigurekii@uagd 285 h@ pictofigflsde8eof drnwhicld bedy of theRRiethi el d
assenbly of Figure 16, showi ng the vent shield assenbly assenbled in a

vent shr oud.2sEsaRly & Figuge 4hpnzhows thesheghheing igseriedrptodhe shield bady. vi ew

t aken ubst anti ag: f it hin: Gl r T adiel ctively, of
one of the side \?\%H{rsegI?ggg%zégﬁtle#%nsegglw%*' aﬁhgns%ﬁlﬁéﬁ ég‘sgﬂi}lﬂy of Figure
16. Fi gure 2X3Jbitantéallyi aftthe hah wiihimciodle 495 0B/ esigectivdle of thed atbémshialdfdodnge in
accordance wth an alternative, enbodi nent of the present invention. Figure
24a and 24b ofrthe shieldpaseneblyobhiguss 18 CvD system process nuffle enabled to

exhaust excess Ckﬁgg&rzoq%a%%h@%fg wMH!jr?s?%Mdn%n@%é{[Wc_%ﬂifeﬁi 20

cont ai nment of procfess gases t use o e new shie Figure 25 is a
top pl an vi eassénhblysf Fagured6t he path of various gases as they are exhausted

o e, D LR R0 B Ay o B e P B 0
ilTustrating the ffibow NQfisGR3ER sedRdnll LW Ale i19cl1d aRRAFEEE FigRry/i@W of
anot her enbodi nent “of a shield assenbly assenbled in a vent shroud. Figure
28 is an exphowet the ewentchidltessembly dssesbdedoinig veht shrgud.e 27. Figure 29 is a
perspective view lﬁfgu}eg 924 glrl]é 2513r grré%n%];ld tvpeei\v,sapvid %}1 %n a?gse%n\}%c!:xx te(ﬂgen
substantially of the area within circle 22b-22b, respectively, of one of the side walls
15 and shim seal of the shield assembly of Figure 16.
Figure 23 is a pictorial view of a metering tube including a flange in
accordance with an alternative embodiment of the present invention.
Figure 24a and 24b are schematic views of a CVD system process muffle
enabled to exhaust excess chamber gas out buffer modules while ensuring safe
20 containment of process gases through use of the new shield.
Figure 25 is a top plan view illustrating the path of various gases as they are
exhausted through the CVD system process muffle of Figure 24.
Figure 26 is a cross sectional view of a pbrtion of the shield assembly and
injector illustrating the flow of gases.
25 Figure 27 is a perspective view of another embodiment of a shield assembly
assembled in a vent shroud.
Figure 28 is an exploded view of the shield assembly of Figure 27.
Figure 29 is a perspective view of the vent frame of the shield assembly of
Figure 27.
30 'Figure 30 is a perspective view of the shunt shield frame of the shield

assembly of Figure 27.



Figure 27. 30 Figure 30 is a perspective view of the shunt shield frame of
the shield assenbly of Figure 27. 2 2 APR 2004 9 Figure 31 is a
perspective view of one of the end walls of the shield assenbly QMieﬁmre
27. Detailed Description of the Invention 5 Reference will now bg n
detail to the preferred enbodi nent of the invention, which is illustrated
I n the acconpanying figures. Turning fow to the draw ngs, wherein |like
conponents are desjignated by |like reference mer%l S tr}rou hout t he
various figures, Et&“é%ﬂ&rﬁﬁ’%sw%%’f’éwctf@“?iog cndvalls pighe gnigldagsembly
schemati cal | y¢ gl lnlés%f ates a section of an existing prior art CVvD 10
processi ng systgm 10 'with which the protective shield assenbly of this
invention is used. As is known in the art, atnospheric pressure CVD

systens typically include one oQr nore.processi 9 nodul es or chanbers 11
positioned al ong the processw@&ﬁ%ﬂl—mme processi ng nodul e
| 1 aregshown in ﬁb&'ﬂé&e%{in'ﬁﬂﬁfbem&&@%e% mﬁ%éfériled' bIEREn AT thd ect or
14 for Injecting chemcal reagents an 15 ot her gaseous substances into a
reacti on chainyenticor, whidcie sustraeed, in glenecainbynyioe Siggreat ddmitg nolvtedtel y bel ow
the injector 14. In %he.if.lustrated exag%le, ”@l D .system 10 ,i ncl udes
four processi@y MsdtRESH ‘l'ie%“%ﬁﬁaf"n 1egiated by i rtCFF(S%/fbcﬁrﬁuf“eFasls to be
under st 00d ¢ fi3ughi3g: MUTIRbu g REQGRERIONS BREbILER Aibupan! aned depends upon
the constraints of a particular process. Conduits I8 deliver the gaseous

substances to 20 Figere hpaetatisalipillusiniteha sacting pdan exisingpdersart GVEugh

separa flow paths to o of , t he .i pj ect.i Qn por 20. though not shown,
‘each pgﬁt ZOP@ETSéW@ssyFt@WgnfDnWtE@n‘é‘f}b% p{%g&}v(gﬁ:g}c{l@a:‘lsgrgf)ﬁ‘/lagﬁglsgpvqnglgnﬁj ect or
14 to del i vefisetha s3&ROWS it iR SHABG R spRerit srEgate CVEEsysidnttybiRallthchiRRCt | ON
chanber 16. The substrate 22 is transported al onget he process path by a

conveyor 24.omEorThercgmesessing masules opghambess hepalawedalong theprogess path2e
whi ch provi , ] t i : t ransport and
L b ov S FumBBi o LD AL AOE R SV 08 2L ek 0oport o
11 are separgloeekshy odidlen 1 inedeisk as idéctohi4 foriigjettiigectichdcairexpessiand nodul es
11 fromthe rest of the processing
15 other gaseous substances into a reaction chamber or process area, generally
designated 16, directly below the injector 14. In the illustrated example, the CVD
system 10 includes four processing modules 11 as shown in Figure 1, although it is
to 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
20 the injectors 14, which transport the gases through separate flow paths to one of the
injection ports 20. 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.

25 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 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

30 hanging from a plenum body 30 which is used to deliver an inert gas such as

nitrogen between the curtains 28. Deposition waste products including unreacted



path. As shown in Figure 2, the buffer nodules 27 include a plurality of
curtains 28 30 hanging froma plenum body 30 which is used to deliver an
inert gas such as nitrogen between the curtains 28. Deposition wagteAPR 20m
products including unreacted 2 2 APR 2004 10 gas are expelled fromthe
reaction chanbers 16 through exhaust vents 32 which are coupled to a
sui t abl e exhaust system (not shown). The chanber deposition area 16 and

substrate 22 gisard &lp2iiBedoat thk Reacles chefbdre a6 throght Smasaledise DyhRgatd N9
elenents 34. 5 As the substrate is npved through each reaction clha er 11,

t he i nj ect ed coyglsditaacuyatle sxhaug) wysteanaiet shaver). dig/cbambendeposisonpreart 6
f ft i (. uni f.orm | film Th
cotual r eagerd SBRHAELE eelahod U Bkl Rac il Bt BT iRiiod cifipgatinng

quality of fi3dd4ndesired. In one application of the processing system 10,
the inner port 20 is coupled via injector 14 and one conduit 18 10 to a
silicon ource readt Hissubsieate gn hrogigh gach wactifinsthiagber W tthe ijeatayen, and

i bor ane. RSO BACE R R RATERBOA PR ke sub4Ek oF HROEPYPEy 23R S

as nitrogen. foxygehin, ofif@uclied ardil0 MTief acory gRgeRb dsazianke GV Bidcegden is
delivered through, another conduit 18 and the injector 14 to the outer

ports 20. A Sepeadingrartyipos the tvpg gad quality of fibmglesipgds Jgions sepheationofithd t 18 |
to the inter gﬁgée§§1ﬁ%§§'§?&ﬁalbotrhcﬁx‘ﬁ{e{qgogt%ogi@ gc?.ﬁ)g@tf &aSn; ebidf 12 'a{u'l 8?%%01%&3@215% an

phosphorus source reactant from't speci“eés unt i
appr oacH} t he toafsdrcos sotme ecac@nesuchplsi TEAS, siland ot disilakivdtidnitidged, ahliis

invention is descyibed herein. Specific ,1he shield 12 is _shown
‘protecting t 5??‘{)%‘?0333&%0"6?3 Fﬁ%‘a‘iﬁrﬁ“&f‘%ﬂ@- '5%@' PEBSR?!HIE Rl ridibeyang. he
exhaust vent sealtd suoSli < ShLel y
al so be used?%gg? eg\ﬁgg%ﬁllya?dipgﬁé@‘s’ﬁ?ﬁﬁgﬁ?ﬁg{gﬁ%ﬁ&%?ﬁ%ggﬁa%%%rgvgl | s

of process modgbmbinationpf okyganiand ozbne frel misthgersis debingreg sirbughnadathiérng
outlets. In addi.tion hield 1 an be, appl.i to CVD systens operating at
va[) i O;JS pr ﬁsﬂip EE ié)ﬁgt &Srﬁl{fﬂgf zéf%ﬁf;ﬂ%ef %B“i)?@'sgfrt@?m;ﬁcpr‘l‘rﬁgm%gn

sub- at nps phefttatels BAGYEN aithdrQondiit PE €5 theliftefrhddiM 10t P FRSdebErat
systens. Shield 12 can al so bena&[))I i ed t(; evari ousersf)airr?mg(g};t)osit i o?s aoef

di fferent como%lieqns horaseandphaspRomuE sepcoraaeient Bpmarhe oxidizing species until
borophosphosiﬂllé'gaggsea}%rg;cﬁtﬁgg§@rs§%§é§ns. The subject matter of this

I nvention is
One application of the shield 12 of this invention is described herein.

Specifically, the shield 12 is shown protecting the front face of the injector 14 and

20 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 pressure, such as for sub-atmospheric (SACVD) or low

25 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.

Tuming to Figures 3 and 4, the shield assembly 12 of this invention is
30 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



not to be limted to any specific application. Turning to Figures 3 and 4,
the shield assenbly 12 of this invention is 30 positioned in front of the
injector 14 and the inlets of the exhaust passageways 32 where_ it protects
t hese surfaces against filmdeposition and the accunul ati on of ZZZAE%FZM‘ZOM
Il potential contam nants. Unlike prijgr art shields, the shield assenbly 12
of this invention also nore precisely defines the boundaries of the

reaction Ch%gt&glﬁal &%&Qﬁiinsﬁ@.ntﬁﬂiﬁ@gﬂiér arf\§hi91id§,0tﬁé§lﬁéldi£sé?%|? 19&Jrhis bel ow,

the shield so prevents mgration of the reagents outside the shunt
sections of itveatishizlsbandr2 previsely difings thec dhinderzestaif dle whetneshaddposi ti on zone

16 to a precisely defined,arga. By.controlli th L f the deposition
area, the sl‘i{FE‘Ps&){_'QaIB? IbhAs discyess R g?}f“&lggloﬁ’r gﬁ%‘é‘gégﬁ%lprev&? t he
reaction Ch%ﬁhﬁlﬁbr\%? tmgéémaaay Fel SRdnieb by deiRe ShABNYT codthifheite

improving the quality and uniformty of the filmdeposited on the
substrate. Teaetishickdrdbdiehastion neetul el aqueasslpdefinnd aeal Benentadlling ihecl udes

a nunber of . 10 _.separate shield bodi 40. . Two of the .shield bodies 40a and
200 Cooper asiZE 6 THIPRETIOR fir Ao QRN 12 AoMi Y UG e AL S ch | s
posi tioned aggi e tkedchitn Ehanistdaa8d Fow ddiBrriry) wiethitheldhabiberrtBeredy ound t he
outer edges of the injector 14. This conf |t_gurat|on ensures the front face

of the injeimproving thagqualie and|veiforuigeel e fdm depesitednaibe syhstrate. 32 wil | be

substantial ly isaql,ated reaction by:product n re nts.. The
15 shiel d bodi esqli'ﬁafﬁ%ﬁlu%igg]ﬁs %\F@dgﬁﬁgoé%trgﬁtgorrf Er[dggc 5%“&2}@%9?5& e e&rotf 46 of
the shigel d k&aratk BRiefd KOMi&QS 40. TEws 800RRhRId Bodied 404 D 40bjcoeperateltd delinough
.the shield. The size, shape and configuration of the inlet port 46 is

"dependent utin baskewalb AR iof theaghiald bedy 1 hwhishis eesitigpedrgainst the femtdage ofpeci fi ¢
I njector- 14 .em i ' : 5 ' , the
ot port 48 T 010 wilF oRRARBICURG B S hicot U TR ORAELAREL 00
t he edge of ehfireqihe frohb facs of fsd injeotoe d4 jand thedutes edes 30 dfftke enltaastmats
injection parts 20 to provide maxinmum protection for the front face of the

. 0
i njector 142 veﬁ\ké\fébitgmtfawslsqlates;éroahﬁfé%qrb%?{ 461538 UBBIAC TGRAHS: ofh%f t he
et ROt el dhodt i dRGha 4@b G HaEE BRRo (@fihe kA filetYokUdlot BE sRIERPR: Of

this invention. For exanp nodi fications of the invention the
shi el d bodi ¢s: Ada ofittet réBdntwiyjdoteddgnibjented 12 5hriongtotie shiald)l Thasigersbhpe and t he

nlet port gt dontdiestianofthe ARG oRe uihehder! Filtne Eohigithd Y f @I V-

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

20 sized so that 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 considerable variation within the scope of this invention. For example, in
other modifications of the invention the shield bodies 40a and 40b may be combined

25 into a single assembly and the inlet port 46 defined by an opening formed through
the unitary assembly. '

Shield bodies 40c 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 paths 116 leading to the

30 exhaust vent inlets 50 of the exhaust vents 32 to remove process gases from the

deposition zone 16, The shield bodies 40c and 40d are spaced apart, forming an



Shi el d bodi es 40c and 40d are positioned below, and slightly outwardly of,
the shield bodies 40a and 40b, with the inside edges 48 of the shield
bodi es 40c and 40d cooperating to define the begi nning of the i ARPR 2004
exhaust paths 116 | eading to the 30 exhaust vent inlets 50 of the exhaust
vents 32 to renove process gases fromighe deposition zone 16. The shield
bodi es 40c and 40d are spaced apart, formng an 2 2 APR 2004 12 outl et port

58 of the shigtiet Gsts8bt the IRieldBEaRBL IRQRereTaiecomt ThE opdittpoR&8iis alggned
with the inlet port 46, and is considerably |larger than the inlet port 46.

Since the shyig deinlebport Af.sandiseansidarally darpercibar Hie It RIA AP SiRsE thhe

reacti on chanbe sition.zone . i.d: t t rt 58
substanti al | ;}Bﬁg }%gg&fﬂgv%ﬂ{?ép%&q% ?gotﬁggglé%&ag]}egoﬁhec rpﬁtﬁjgtc?lg%]ggpenbodi ment ,
the outl et prcgoﬁﬁori'@cﬁlealﬂ,/\ﬂfétvhidﬂ‘f of thboutletpoft S8 wubeantialiypdefads tie t he inl et

port wdth of 0.25 inches. However, it is to be undersgood thg& t he size
and confs gur alepesition arepelmothe ikustigtsdendpdiagntpibe oafletnastd§ Bas 3 Witk ghst rai nt s
of a particul_ar . | ' - b ' i 62 to
Form the enciBedd s bt Mo P REHTLhBRHIRTo 0T thohcl HBLRDE ML oo

The end wal | $e@Adalstordiatehesikt sitequad guaioh iof theadutlenpon 58magy ke eilorddtde
front of the injector 14, Side walls 64 are nounted to the end walls 62 by

bolts 63 or dh%‘éqns%i_"fsaﬂfl@%"s‘{l@ﬁépg?at’l‘)ﬁereby securing the various
conponent s of t he i @l edib CASHIR with P’;‘E Ba1PB 2 SFoRine BRAG B umE Ne

shi el d bodi es 40 are not nount ed&%l rect e en s 62 but all owed
to expard 15h@ngh sdhidhr protectiveigas iy antyodnced hhpamdiwalls @oalsh haverasUsshapesd

descri bed below.in relation to Figures 7.and.8. T d | 1.5 62 inclyde
outward proj SORfIgYaLioMI WrapRryfdd CﬂPﬁtc‘?th}? %%C‘%%Q‘grﬁp{%“’%Séae“%m"&“&glz by
providing thjo%réna%lﬁldzw& @Y oMRAGhiMble RlsteheisdiiRAbyWabingidhen t he

side walls 64 are attached.” Using bolts or other simlar fasteners to
secure the sivisouwstdspd¥nts®ftieshield 12a0gethes2 [n thietprefetred embefumeswdbes 40 20

cesenl ed andnei R e Mo ayften RSl ABRr 5 allEPaTRLb B Gy ve

conveni gnt | y 6l @an@skt uAdd vaRjind finfjRehta® cofiditions il Re@sdribedietovd it @ldtiohel ow.
However, in other forns of the invention, nmeans, which do noisobper E_‘ qui ck
di smant | i ng &¢ Figwsesshind & The epdyvalls 62u8elude euteiard prlechias dpive %\Sg]’é her. 25

The side wal g itk AEemPRTIICHE MBI Y pRbvilihg (BOL&ré BRgAASANA PAdngOD tO
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

20 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 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.

25 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 of the side walls 64, thereby dividing the gas flow path into exhaust ports 50
into two sections on each side, the purpose of which is described in more detail

30 below. The side openings 66, which allow substrates to be transported through the

process modules 11, also provide for the passage of gases from the buffer modules




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 fromthe interior of the side walls 64, thereby dividing iﬁ P&aml
flow path into exhaust ports 50 into two sections on each side, the

pur pose of which is described in noreisletail 30 bel ow. The side openings
66, which allow substrates to be transported through the process nodul es

11, al so proyy detsfdeithé pRrcPasiadifeOf | Giasieh the exhdubepaiuf deforfedbéere? e APR
2004 13 27 outside the process nodules I | through the exhaust paths 68

formed bet weinsiderrdges efsthd sidedipdls 64fand e eitereongflthassheald padies ABc and €0d ©or of

the shield bgdies 40c 0d to . the exhaust port, .50 t ead using the
gap between (HEXCPHLPRANTs TRueatns wHE Ghuar B eRPe el R Fond s ‘Fhe

shi el d bodi egp@id exfehdfiithdriodsMhé fifeldibddie 0auad 408 tPREMIhESde bkhdust t 0 be
understood that the side exhaust port may be provided by an. opening in the

si de wabl s 6raths A8 dhisttnde vaders@paiint ther sidhexhanstaion Bay bé pevidegdy an

i ntroduced t aah. t shi oqlj CerEi; -up.fhe quter
exhaust pat Eé&wg‘nt 98‘3% ‘?Jrlleggt E%Q%(ﬁﬁ%eer zorlllﬁlgl(&Zdﬁ%{ﬁnIgg%Yh&hgb%Eﬁ fﬁ‘gs 66. The
exposed surf ag@duedd thhrighhheltieldbdiies 480 and ¢0drmay e fheamdr kehaken cal

10 reagents by barriers of inert gas sucavas ni trogen, argon, helium or

ot her suitabP#hs 6%%%9‘_‘“[‘!1&9 ‘HFPPE&'&?“ﬁ? Al Hhrowgh ??qnﬁﬁﬁéﬁosi tion by bl ocking
the surfaces of thg, gg%c?sleg auxﬁ%%g 8Fthégh{j:gpﬁrc5&i&e4 E&‘Erﬁr&@éte(ﬁ ﬁ%ﬁ#‘t’ﬂk cﬁ%rﬁﬁ:@ﬂ‘

Since shield bodies an are substantially identical, althoug
reversad rel gagerss by bameraofinée gas such as shtrogled, dygely, heliGm aniothier beitabdscri bed

.in detail with the descripti.on .applyi equal ly to.shield body _15 40b. The
shi el d body %¥5%i The B'&@gcg“ﬁ@mlffgﬁlé@%ﬁé h b Rlesking e gUpree e ?Tte SB&R‘E‘ or

pre-formed tgodibesdigsin @E cBEAREE re2EMAMrdain. FEGIE Shidld budedd doRahd ubs agheet 76
stands away fromthe base 42 of the shield body 40a to forma plenum 78.

The per f or at sstagtialéy identiéals aithoyethrayered hlatkrectone anether, palygdkiald bodw0os to

R PO ST O Ay

al | oys.j5The poy. OBihd shiélll bolf 488 mRRides & peifolabid sheetdr sbfeed 080owhicHi¥berht @as
supply device is used to fill the plenum 78 with an inert gas such as

nitrogen at preffogued totthe slgeiredishae, shrsvinin Figyeqs susthihat &8 shert 76sfands at ed
sheet 76 a“%%gg%ﬁ% Ba%e{]@g%rﬁhghﬁaﬂ tolly 4b9 % f2fn 4 BEnSHOR! THR pelBratdle

Illustrated e
sheet preferably has a thickness in the range of 0.005 to 0.012 inches, for example

0.008 inches. Suitable materials for the perforated sheet include stainless steel,
20 inconel, or other similar alloys. The porosity of the screen 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

25 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

30 as in 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




25 nore conduits or netering tubes 80 are positioned in the plenum 78 and
coupled through the end walls 62 to an exterior source of inert not
shown) for delivering the gas to the plenum The wall of the ms?tgﬁﬁlh 0k ube
80 is porous, allowing the gas to diffuse uniformy through the tube wall
in all directions. Thus, extraction offjgthe gas fromthe netering tube is
not limted to discrete holes forned in the conduit wall 30 as in prior art
systems. W1t ReseBf RbhfRhuh frofY &k SR mdiNS USSR Gelttlc88calizbd j@lof %st he
solid tube cauSe the gas to exit each hole at a high velocity, maihtaining
a high 2 2 ARRhR0OO4 plehudegFlesse ddcahipedgetsuasult iora ndveuniform drettibhitisuofiace and

creating localized jets of S i t.hi e plenu These. l ocalized jets

result in a ﬁﬁfpdﬁ?#’gf‘ﬁﬁ“&r‘gg’?‘?r&f%hﬁng‘?fttpﬁé‘& e“'ﬁglgerﬁ y@ﬁgetmggtham and al ong

the front of ptfg1i6" eRPdedBURERbI @pidatchbilboh BR Y Ri@atan8 MAhdify:

agai nst nore rapid deposition on the screen and the unlform&]yé 5WO t he
. f

reagent § wi t bf thetrbageotsavitton tlenchattber amd theund foymisy of the deppsitsil ith Wth

the netering,.tube 80 of e present iLnventi h Lffusio ccurs

evenly. af onghegeang b SRR FE e LTVAEEH e b lRgRaBn oot e Ay REFEG"  ne

entire pl enufRedntife feR£th@Ad cirdlimeertrieloFiimg ﬂu&é,ﬁilliiﬁ?ﬂ’&; emih@fﬁﬁuﬁﬂuﬁih 8@ gas

provides a |lowvelocity, uniform supplal of gas tree of localized effects.
P

Mat eri al s f ot epifrm rago Tiwiscthe eandwit 80 proxidgs ajlewovelarityopm rmysupalyl efde

ni ckel , stai o QL [ ' ' | pQ.:t.ubes 80

are preferr eg%ﬁ?% ?ftslg?%lzﬁgeft}?\é %rg’%?%%%{@g? &fdﬁl\é%cdoﬁg%?? é@gqﬁé@&é‘té&r epl aced

with the prpeérosity inchalediidiet, shanlessgsteel salsilitonahibidor Wile the thetering nites  of

holes for inpecting the  inert gas into the plenu To gchieve a uniform
"n&“@#‘}t%o%

di st ri but i on3®preqaafeed it 1§ tofhe ugdessiond thaygh JeRlagey with thenynber
of conduits j | | -0 ef.ef: . : ' l
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ensur egst he th)e@Ur@r\ﬁﬂ'du!rnb%ogém{dhnymlédmfbiﬁﬁthdrpﬂe?e@gwmeﬁmdssﬁdnqan;{ﬁas to

e
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concentration 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

20 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 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
25 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
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
30 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




In the preferred enbodi nent, the shield 12 has a nodul ar design to be
easily 25 and conveniently cl eaned and nai ntai ned. As shown in Figure 6,
the metering tube 80 is inserted through an opening formed in thE? AP 206! |
62 and secured in place via a nounting nenber 81 provided at the end of
the conduit. G ring seals 82 or otherl5suitable sealing neans provide a
seal between the netering tube 80 and the end wall 62. Gas is delivered to
the end wal | emBodireengabe s1epping thbdbhsG oBaich Fhigldred4)40andd 30b id intdrtegs 84. The
gas flows through internal passages forned jn the.end wall_(not shown) and
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war p, bend or Buck eating of t may cause the screen
to cradk. Prthitknesy, tovediimdsd sardehi gharsatparatoressiate saredantaatesahe séreened i n t he

screen or ot her ans tqQ 20 reduce this buckl.i ffect, However, these
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def or mation Qkdel %ir%&ﬂﬁmhe'agckyme,_ (RARESRRMAAAGDA BhdseD thedbeRRS wWahis
geonetry of the reacti‘on chanmber, interfering with
bend or buckle. Repeated heating of the shield may cause the screen to crack. Prior
art shields have used embossed indentations formed in the screen or other means to
20 reduce this buckling 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
25 eliminated as it is free floating rather than 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 a manner which permits movement of the

30 shield body 40a and 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




the uniformdistribution of reagents within the chanber deposition zone 16.
Wth the shield 12 of this invention, buckling of the perforated screen is
substantially 25 elimnated as it is free floating rather than c@nsAPRaiied
at its edges. In the preferred enbodi nrent of the invention, the shield body
40a is not affixed or welded to the Bnd walls 62, and the perforated sheet
76 is not affixed or welded to the shield base 42 or end walls 62.
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sheet 76 is stai nl ess steel )
76 to substantially fill the channel 88. The channels 88 and recessed areas 89, which

are formed in both end walls 62, accommodate expansion of the perforated sheet,
20 minimizing or even eliminating buckling or warping of the perforated sheet. In the
present embodiment, in which the perforated sheet 76 is formed of stainless steel
and has a thickness of about 0.008 inch and an insertion length of about 0.150 inch
into the channe! 88, the channel 88 has a depth in the range of 0.200 inch and a
breadth in the range of 0.0085 to 0.010 inch. The recessed area 89 also has a depth
25 in the range of 0.200 inch to accommaodate a similar insertion depth of 0.150 inch of
the base 42, and the tolerance in the range of 0.001 to 0.005 inch in breadth greater
than the shape of the base 42.
The side edges 90 and 97 of the perforated sheet 76 are held by the shield
body 402 in a manner which permits movement of the sheet 76 relative to the base

30 42 of the shield body. As shown in Figures 10, the base 42 of the shield body 40a

includes a curved support surface 91 having a longitudinally extending bore 92




and has a thickness of about 0.008 inch and an insertion |Iength of about
0.150 inch into the channel 88, the channel 88 has a depth in Bﬂg_gﬁﬂﬁe of
0.200 inch and a breadth in th e range of 0.0085 to 0.010 inch.~ A b
recessed area 89 also has a depth 25 in the range of 0.200 inch to
accommopdate a simlar insertion depthypf 0.150 inch of the base 42, and
the tolerance in the range of 0.001 to 0.005 inch in breadth greater than

the shape of fifhed BRs&nsFhe Iiae eabéj% 860 pePBradititscBekn s it BRpReNAteNAs Bstesheet
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96 as descri bed above. he shi e odi es 40¢ and d are simlar to the
shi el d bodi eswodhthariockdddpin %&s@ekgnts:k:llabb\zb body 400 is described in detail

since the shield di.e 0qg. a 40 e id | hou r e

rel ative to one aﬂg gld%?ﬁieéqﬂ‘é ?4@4?&?“5 ?fltf’g %‘d‘ﬂg% i 9?83 CFE@% el d
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gas such as i
which is spaced from the base 99 of the shield body 40c, forming a plenum 100

between the perforated sheet 98 and the base 99. .a gas supply device, such as one or
20 more metering tubes 102, fills the plenum with an inert gas such as nitrogen. The
metering tube 102 is substantially identical to the metering tube 80, described above.
In this embodiment, the metering tube 102 of each shield body 40c and 40d extends
through a different one of the end walls 62. However, if desired the metering tubes
102 of both bodies 40c and 40d may be mounted to the same end wall 62. The
25 metering tube 102 fills 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
deposition 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
30 that the 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




metering tube 102 is substantially identical to the netering tube 80,
descri bed above. In this enbodinent, the netering tube 102 of eadbzapgqmﬁ
body 40c and 40d extends through a different one of the end walls 62.
However, if desired the netering tubes 102 of both bodies 40c and 40d may
be nmounted to the sanme end wall 62. The 25 netering tube 102 fills the :
pl enum 100 wi th the gas, and the gas passes through the sheet 98 and forms

a gaseous cIoud Ln front of scr.e 8 t h epasi tion on
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i ncrease causing the ends of the sheet to nove deeper I1nto the channels
104 and t he Hidaddahe ehds dfztbe b8 XSdompne dtepgrentoithe tecessed read96e dhas,dhe 106.

Thus, the channel,.104 and recess a 106 pf d l.l.s 62 hold the
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the shiel d bdHyndepyaiyingtemperaturegandiionter mit s rmverrent of the screen 98

barci cffarly §n FrotRdgeads it REHTRRL HRROE B SORMAG de il STONT
108 and a setherHieldbaiyde id hGnirder whizhgiengits hevedet «fdigescredn e lpieef or at ed

sheet 98. In this enbodi nent, the retalnlnp 20 nmenpers 108 and . 110 are
provi ded by 10dhgPas§RorasIthg saseresidends adsealrags nAa shown particularly in Figures

12 and 13, the base 99 includes a first retainer 108 and a second retainer 110 for
holding the side edges of the perforated sheet 98. In this embodiment, the retaining

20 members 108 and 110 are provided by longitudinally extending slots formed in the
base 99. The side edges of the perforated screen 98 are seated in the slots 108 and
110, which hold the edges in place while permitting expansion and contraction of
the screen 98 under varying temperature conditions. In this embodiment, the slots
108, 110 each have a depth of about 0.10 inch and a width of about 0.010 inch.

25 With the channels and recessed areas formed in the end walls 62 and the
configuration of the base 42 of the shield bodies 40a, 40b and the base 99 of the
shield bodies 40c, 40d, the perforated sheets 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 side plates 64 to the end wall 62 with as few

30 as four bolts 63, and inserting the four metering tubes 80 and 102, each with a single

fitting 81. Even with the nitrogen barriers, some film may be deposited on the




base 99. The side edges of the perforated screen 98 are seated in the slots
108 and 110, which hold the edges in place while permtting expansi on and
contraction of the screen 98 under varying tenperature conditi gﬁsAPRlﬁﬂﬁ‘t hi s
enbodi ment, the slots 108, 110 each have a depth of about 0.10 inch and a
wi dth of about 0.0 10 inch. 25 Wth the channels and recessed areas forned
in the end walls 62 and the configuration of the base 42 of the shield
bodi es 40a, 40b and_ the base 99 of the shjeld bodi es 40c, ggd,,the
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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.

20 As is shown in Figure 3, the passageways 116 provided between the shield
bodies 40a and 40b and the shield bodies 40¢ and 40d deliver unused reagents and
reaction by-products directly to the exhaust ports 50, ensuring the efficient removal
of the process exhaust from the deposition zone 16. This is different from prior art
shields, which do not direct the gases to the exhaust vents within a controlled path,

25 but merely provide a layer of inert gas in front of the exposed surfaces of the injector
and exhaust vent inlets. Nitrogen emitted through and covering the perforated sheets
76, 98 isolates the perforated sheets from the chemical reagent stream and inhibits
deposition of film on the surface of the perforated sheets. a uniform supply of the
inert gas is provided in front of each perforated screen since buckling, warping or

30 other deformation of the screen is avoided by allowing the screens to move relative

to the shield body and end plates under varying temperature conditions. Thus, the




20 As is shown in Figure 3, the passageways 116 provi ded between the shield
bodi es 40a and 40b and the shield bodies 40c and 40d deliver unused
reagents and reaction by-products directly to the exhaust portngOAPR i
ensuring the efficient renoval of the process exhaust fromthe deposi 90n
zone 16. This is different fromprior_art shields, which do not direct the
gases to the exhaust vents within a c%&trolled path, 25 but nerely provide
a layer of inert gas in front of the expo ces ector and
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As shown in Figures 3 and 12, the shield bodies 40c and 40d each create

dua: exhaust plpaurhd 00 shrongh thethases 9 taethe arqatielaw 81 shirdd agiseent ke thgcutlgt bot t om
1 ' : |
port *138°¢ 5 AEE5E T Sitslat 3 ARRE ol 4{Gus@NSEIR N o HE (UL KB AR 5

the base 99 batdnheuttdtparttiolditotdshuahéaitsinmeiteientdesignated 20124, ahd AGhper t 58.
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performance. The shunt outflow 126 flows around the shield bodies 40c, 40d
and through the olkeshushoutflowxlouewpaohndthetsbielhbodighdlies d0pend tigough
Directing t htihg oufer S aurHt%Ichaiurs]F 6§th 68 to the exhaust port 50. Directing this stream of inert
gas to the exhaust port 50 ensures the process exhaust via path 116 from the
20 deposition area 16 will be carried directly to the exhaust vent 32 for extraction from
the system 10 and also dilutes the chemical concentration and increases velocity to
ease the removal of by-products. The shunt outflow 126 also provides a barrier
between the buffer modules 27 and the reaction chamber deposition area 16,
effectively isolating the reaction chamber from the conditions in the areas upstream
25 and downstream of the process modules 11.
The shield 12 of this invention creates a buffer gas zone on opposite sides of
the reaction chamber. The inert gas is delivered to the plenum 100 at a flow rate
sufficiently high to maintain a constant flow stream for both the shunt containment
flow 124 and the shunt outflow 126 as well as the protective flow through the screen
30 98, ensuring the desired buffer zone is created on either side of the deposition zone.

With the shunt containment flow 124 and shunt outflow 126, the deposition zone




gas to the exhaust port 50 ensures the process exhaust via path 116 from
the 20 deposition area 16 will be carried directly to the exhaust ,vent 32
for extraction from the system 10 and al so dilutes the chem cal 21 PR 200¢
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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
20 large 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 40d effectively minimizes the
amount of recirculation of the reagents where the gas streams meet, ensuring the
reagents are efficiently exhausted through exhaust vents 32. In the embodiment
25 shown in Figure 3, the shunt section shield bodies 40c and 40d are located to
substantially physically block the large recirculation volume present in the prior art
shield represented in Figure 2.
With the shield 12 of this invention, the inert gas supplied by the shield
bodies 40 ensures that the reagents and reaction-by-products will be safely retained

30 within the deposition area 16. With the new shield 12 this containment can be

accomplished where gas is introduced into the chamber either at a lower or greater



art processing systens are overcone by the shield of this invention. Wth
prior art shields, the recirculating flowis produced in the relatively 20
| arge area between the exhaust inlet to vent 32 and the upper surfiQeApnfzom
t he conveyor 24 or substrate 22. Wth the shield of this invention, the
shunt containment flow 124 and the sfream ined shape of the shield bodies
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in an open APCVD gy t#ppareAsfrom thp fiagesing, the prastiténteatigoipngyidé¢seshieldd@nt
' nvention pr\.ucr)}\lliic:l(*ii ?t;say%csusieg ltodac:tLlizeve improved uniformity of reagents within the reaction
chamber, greater control over the reaction chemistry residence time, and precise
control over the geometry of the reaction chamber 16 and deposition zone, thereby
20 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 conveniently and quickly assembled and dismantled for maintenance or
cleaning. The shield 12 includes metering tubes 80, 102 which deliver the inert gas
25 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 allowing a uniform distribution of buffer gas to be provided
within the muffle 26. It is to be understood that this invention is not limited to the
30 shield 12 of the illustrated embodiment which includes each of the features

described herein. Instead, it is to be understood that shields incorporating only some



whi ch may be used to achieve inproved uniformty of reagents within the

reaction chanber, greater control over the reaction chemstry residence

time, and precise control over the geonetry of the reaction chanbﬁa 16 and
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deposition zone, thereby 20 enhancing the quality of the deposited
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embodiment the base 139 includes a continuous unit frame 141 having ends 142 and
143, and the perforated sheet is carried by the unit frame 141. The perforated sheet is

20 captured by the continuous 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 stainless steel and commercially

25 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 Serial No 08//823,655 the
description of which is incorporated by reference herein in its entirety. The
oxidation treatment providés components that are less susceptible to corrosion and

30 minimizes contamination. Preferably, the shield assembly is made of a combination

of stainless steel parts and oxidized Haynes 214 parts. It is preferred to use oxidized



earlier described enbodi nent, the sheet is carried by the base, however in
this enbodi nent the base 139 includes a continuous unit frame 141 having
ends 142 and 143, and the perforated sheet is carried by thelﬂﬂtéééﬁﬂﬂm
141. The perforated sheet is 20 captured by the continuous unit fr i
of the shield body, and the shield body is captured by an end wall. Thus,
the sheets can freely expand and contzgact relative to the shield body and
the shield body can freely expand and contract relative to the end wall
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spaced apart a erebetween the outlet port 58 of the shield
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screen 198 whgh bioEy RERL to%brm 1R PIGUALIOEWHi Rcdos thegdashppey ddhiee sheet
stands away fromthe base 139 of 't he
such as the metering tubes earlier described. The sheet 198 preferably has a
thickness in the range of about 0.005 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,
20 but is formed of a base 139 which includes a continuous unit frame 141c. In this
embodiment, the unit frame 141¢ includes spaced apart end sections 142 and 143,
and top and bottom sections 144 and 146 which extend longitudinally between the
- end sections. That is, the base 139 includes a continuous unit frame 141c and end
sections 142 and 143 at each end of the base 139, and these end section define a
25 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 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

30 slot which holds the edges of the sheet in place while permitting expansion and

contraction of the sheet. Thus, the sheet is held along its entire length and ends in



shiel d body 140c to formthe plenum 100, which receives the gas supply
device such as the netering tubes earlier described. The sheet 198
preferably has a thickness in the range of about 0.005 to 0.012 i fgis,
with a typical value being 0.008 inches. As shown, the shield bodz B3 s
no longer fornmed of only a base, 20 but is forned of a base 139 which

i ncludes a continuous unit frame 141G In this enbodinent, the unit frame
141c includes spaced apart end sections 142 and 143, and top and bottom
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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
20 unit frame. Fig. 18b shows the sheet in its fully inserted position. Thus, the sheet is
secured along its 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 140a and 140b are substantially

30 identical, although reversed relative to one another, only one shield body 140b is

described in detail below. Shield body 140b includes a perforated sheet or screen



15 slot 145. The perforated sheet is inserted as showm in Figs. 18a and
18b. O particular advantage, the sheet is easily inserted in one end of
the frame end 142 or 143. The sheet then slides along the slots i? gﬁ@&p
and bottom 144 and 146 portions of the wunit frane as shown in Fig i d
into the slot in the opposite end section of the 20 unit frame. Fig. 18b
shows the sheet in its fully inserted2gosition. Thus, the sheet is secured
along its entire perineter, and yet it is not fixedly secured and may
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frame 151. In this enbodinent, the wunit franme 151 includes spaced apart
end secti onsatiEnendsy 153, and top 154 and bottom 156 sections extending
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a continuous unit franme 151 and end sections 152 and 153 at each end of
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sheet 176 is inserted into a slot or slit 155 formed in the unit frame 151, and similar
to that shown in Fig. 18, the sheet 176 is inserted through one end section of the unit
frame 151, alone the top and bottom sections and into the opposite end section. The
slot extends all the way through one or both of the end sections in order to receive

20 | the sheet 176. Consequently, the sheet is held along its entire length and ends in the
frame, and not only along its ends as in the earlier described embodiment. While the
earlier described embodiment is a significant improvement to the prior art, this new
embodiment is the preferred embodiment. This frame construction allows for easier
insertion of the sheets, and provides a stronger shield body. The frame construction

25 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 of the slot within the frame. At the elevated
operating temperatures, which are typically greater than 400°C, the perforated sheet

30 176 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



the unit frame. The slot 155 is shown in nore detail with reference to
Figs. 19a and 15 b. The slot substantially conforns to the shape of the
sheet 176. The perforated sheet 176 is inserted into a slot or ?|2i %PR:L@E‘
formed in the unit franme 151, and simlar to that shown in Fig.” "18, e
sheet 176 is inserted through one end section of the unit frame 151, alone
the top and bottom sections and into 2he opposite end section. The slot
extends all the way through one or both of the end sections in order to
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previ ously scribed. Preferably, the Dottomoutlet screen 160 1s a

perforated slomen. simlar to the sheets 176 and 198. Specifically, the
botto utl et screep. 16Q i.s ositioned in the t.om of the base 139 and
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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

20 unit 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 ﬁme 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

25 sections to receive 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 bottém outlet screen 160 causes a flow of inert gas from the plenum 100
30 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



provides for the flow of inert gas through the screen 160 to the area bel ow
the screen. 15 In this enbodi nent, the bottomoutlet screen 160 is secured
to the base via the unit frame 141. Thus, in this enbodi ment, t el BBR 1l
surface of the base is not substantially solid with an outlet port 58 as
in the earlier described enbodi nent, Egt Instead is substantially open,

wth its perineter defined by the contfnuous unit frame 141. In this

enbodi nent the frane 141 includes a second slot, 175.fornmed.in the 20 unit

frame 141 t olfbdhussulpanially praventias tin reagentottdder Ny Preserts FAls, when

the bottom t : LSgl egd .i: and -
et og byt REVnEheEREohdenk 36, Bafhd e A RRAROLATUAL vhOEHRASE Bnf
perforated bfibivamesudtd gicounercdahe B&thm dhudet stieen dmbodimenhs moretpréfeask 141 is
substantially simlar to the earlier. described slots 145 and 155, That is,

the slot is ﬁ@ﬂﬁb?jmﬁéﬁ‘rtwﬁlemboﬂmﬂ%gﬁh? Rettam qutistscegsp s BRiter aPTEEEINge and

seat the lon ' .00, : : preferably two, of
t he end%sect%gﬁegﬂ%ﬁ%[?gnn@g%ﬂégﬁgtsméﬁe’ eéﬁ%#@?@%%ﬁpﬁgqgﬁ' the way through
the wall so that UOfpagtubendiafiageathegloratitytolfchegthettaenagrie weed,ifon and into

the side sections and opposite end section of the unit .fra 141. The
bot t om out | eeXaeple éhaatdey ccaersiewn %stfF%WOBP“}Ot’i‘é}ftthegggwf‘Y'g}W fh?g'ﬁﬁr%&[«}g 00 30

though the b@ﬁﬁf%ﬂ;&%xﬁ@? Sgés’ﬂg&g%}ﬂ?(c %Qﬁ?xﬁgbr%leﬁj 1861 85E6the hﬁﬁétg%eﬁetz& '1‘9{?':& et

screen 160. er of inert gas in the I on bel ow t he
shi el d bodi ethekdSecmande? TRatAPRh2 pOrbsiZBofldifydonetdfitse perbratad sheeltd, y 78y Edent i ng

the reagents and reaction by-products from_I eavi t he depositiaon zone 16.
Furt herl,% t heahdh{hmay e galgeted RARITERCHRB A %&Rgr 'F’f‘%i/ﬁ‘f‘gf"é? glnert

encount er ed . ' : r 2an t he
Ut 1 ot port BB BeRiH e S R B B B L ek g 5

recircul at i otheichainber adf raeterihg uadorarty seesaifalllsyrfade dregHBre gdresmtyr efitbs. O
particul ar advantage, the porosjty of the shegts may. be yar.i.e f or

exanpl e to ail’rﬁeﬁféaléb%é?rifcé?qg“’dég‘?%éﬁﬂBWdBél?et"r‘g‘f'FCB? Fjo8. SPEREGHLAIE ¢ he

pl enum 100 t X4 > AR REDRGERE i B MBESES the
upper screeng%rggﬁ}ééfEh?%gpééggmggggwﬁﬁgﬁ Slbzﬁ a’?he pg?osi tys}(;f any %ne of

t he penfor at eflatxines¥sto SUT8, Inlth6 pidierasideniltplinmayt the pewisity bEthetbottamhiwlee a

CorLan T on Bl Lof 8RSy DI ol eS8 Bl 1501 0
the porosity may be selected to be 9% for sheets 176 in shield bodies 140a and 140b;
5% for sheets 198 in shield bodies 140¢ and 140d; and 35% for bottom outlet screen
160 in shield bodies 140c and 140d.

20 Of further advantage, another embodiment of the present invention provides
for 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
positioned within the exhaust ports 50 of exhaust vents 32. The vent sleeves act to

25 provide a contour to the walls of the exhaust ports 50 which minimizes recirculation
of the gases as they 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

30 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



t he chanber and netering uniformty across a full surface area. The
porosity of the sheets nmay be selected to tailor the flow in the adjacent
region. Specifically, the porosity of the sheets is equal to or |ggsAPREM
50% and nore preferably in the range 15 of about 5% to 50% In the
preferred enbodi nent the porosity of the bottomoutlet screen 160 is
greater than the porosity of the othejgsheets 178 and 196. For exanple,
the porosity may be selected to be 9% for sheets 176 in shield bodies 140a

and 140b; 5%,for, sheets ;198 in ield. i : 5% f or
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sleeve 180, and an insertion depth to permit the sleeve to expand during elevated
operating temperatures. In addition to allowing for the components to expand and
contract with temperature and thereby minimizing buckling and warpage, the present
20 invention allows for the easy removal and replacement of the vent sleeves. The
inner vent sleeve 181 may be similarly attached, such as secured with a slot formed
in the shield frame 138, or bolted on the shield frame 138.
The frame construction embodiment just described also provides for
convenient attachment to the end wall 162. The end wall is shown in Figs. 20a and
25 20b, which illustrate the inner and outer surface, respectively, of one end wall 162.
In the preferred embodiment, the shield bodies 140a-140d are not affixed or welded
to the end walls 162, and the perforated sheets 176, 198 and 160 are not affixed or
welded to the unit 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
30 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



and the like. Preferably however, the sleeves are not rigidly affixed, but
are instead secured in a "free floating" manner simlar to that described
above. Specifically, the mnner of attachment is shown with referffaﬁ 5@%
Fig. 16. The outer vent sleeve 180 is preferably attached by insekti E e
end of the sleeve 180 into a slot or slit 180a 15 carried in the side walls
164. The sl ot 180a extends Iongitudinﬁ?ly along the length of the side
wal | 164. The slot 180a has a width such that it s$@urely hol ds .t he vent

sl eeve 180, shadedity hiald dhra srdrsceraqishl 420l Peing 1524 hed of Bevaitfpmsipdndndur i ng
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To permit free expansion of the shield bodies, the recessed areas 189 and 190
in the end walls 162 have a depth such that, at temperatures near room temperature,
there is a gap between the end sections of the unit frame to the closed end of the

20 recessed areas 189 and 190. At the elevated operating temperatures, which are
usually greater than 400 °C, the unit frame and its end sections can expand, causing
the end sections 142 and 152 of the unit frame 141 and 151 to substantially fill the
recessed regions 189 and 190, respectively. The end sections 142 and 152 of the
unit frames 141 and 151 have an insertion depth of approxirhately 0.150 inches, and

25 the recessed areas 189 and 190 have a depth of approximately 0.200 inches to
accommodate the insertion depth of the end sections while allowing for expansion.

Of particular advantage, the present invention also provides for “free
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

30 a gas supply via through holes contained in one end wall. The opposite end of the

metering tube is closed. The closed end of the metering tube is carried in the end



10 recessed areas 189 and 190 to couple the shield bodies to the end walls
162. The walls of the recessed areas 189 and 190 substantially seal the
ends of the shield bodies, thereby preventing flow of gas around ngapﬁw@‘
of the shield bodies. Since the sheets are seated in the unit fra

this enbodiment the end walls 162 need only capture the ends of the unit
frames, and thus the end wall contains only the 15 recessed area 189 and

190. In the e r.descr odi ured by
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include outward projecting dowels 166 which assist in the assembly of the shield by

providing the correct alignment and spacing of the end wall when the side walls are
attached.

20 To securely attach the shield assembly 112 to the chamber, one embodiment
of the present invention provides for using a removable seal. Specifically, a vent
wall shim 194 is used to provide a seal between the side walls 164 to a vent shroud
165 as shown in Figs. 16 and 21. Of particular advantage, the shim 194 is not
rigidly attached which provides for easy removal and replacement of the seal 194,

25 Specifically, the seal 194 is formed preferably 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 Fig . 22. Specifically, a slot 195 is formed in the side wall 164, and preferably the

30 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



The outer surface 193 of one of the opposite end wall 162 is shown in Fig.
10 20b. This end wall 162 receives the inlet gases for the two netering
tubes termnating in the end walls 191 depicted in Fig. 20a. As shown, gas
is delivered to the end wall 162 via gases supply tubes 183. The} pABR 2lows
t hrough internal passages forned in Sge end wall and enters the netering

tube 80 and/or 102. At this end wall "162 the rreteri ng tubes are inserted
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To provide tngkune{at 1&§§zéep ahRSnVAIdr S oR lc&bidBandTRE Aké, Nﬁtﬁ sthi@fes§Qteand 102
5 are enpl oye ternatlve enbodi nent of the netering tubes are shown

in Fiddre ZBemgmhd:pxgEﬁredmatemzﬂe netering tube 200 enploys a flange 202 at

(2)82 gzg gf ci H;& a al{erl]r?atwe crnbo 1mcn-{thhes R shonvzn 1|n 1|gﬁjr%$?6?hrgle19h 5% region

illustrated in Figures 27 through 31. The shield bodies 240a-240d have a "frame
construction™ of the type previously described. Each of the shield bodies 240a-240d
includes a base 246a-246d that is formed of a single piece of material, with end

20 frames 247a-247d. The shield bodies 240c¢ and 240d include tie members 248c and
248d which joins the ends of the frames 247c and 247d. Each of the shield bodies
and the tie members include grooves 249 which extend longitudinally along their
edges, and register with slots 250 formed in the end frames 247. The shield bodies
2402 and 240b accommodate at least one perforated sheet 251 which slides through

25 the slots 250 and along the grooves 249 to form a plenum 252 between the base and
the perforated sheet 251. A gas delivery device 253 delivers inert gas to the plenum
at a flow rate such that the gas diffuses through the perforated sheet. The shield
bodies 240c and 240d accommodate two perforated sheets 256, 257 which slide
through slots 250 along grooves 249 to form a plenum 258. A gas delivery device

30 259 delivers inert gas to the plenum 258 at a flow rate such that it diffuses through
the perforated sheets 256, 257. The shield body assemblies are captured in the



recessed region 204. The recessed region 204 is a plenumarea. That is, the
recessed region 204 contains a plurality of holes 206 spaced around the 10
circunference of the recessed region 204. The holes 206 act to convey gas
received fromthe gas inlet tube 183 and fitting 184, where the gashPR 7004
di stributes around the circunferencg of the recessed region and Into the
netering tube 200. The netering tub % may be made of a netal or netal

all oys or ceranmc erigl.s, sugh wa na tckel.. stainless. steel,
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Fi gures 16 31s illustrated in Figures 27 through 31. The shield
bodi es 240aeg#dd ahdeontmact relatne tochmend walls. chite hiield nesemphieanskitsi ousl y

descri bed. Each of the i el.d bodi 240a-240d, incl ud b 46a- 246d
T e o i
The shisel d nggiagfe at?iﬁag& fs@a#as et DE4, UG el SndBEVA! SnPA8 tikanHurtRedBthewhi ch

joins the en ranes Z247c and 247d. Each of the shield bodies and
the tie nenbliekl dssarhbigandrblasong 6§itahomporsntemdy Pofgrted 8y anloxidaliPbng t hei r

edges, and register, wth sl 50 r In.the f . The shield
bod ey D5omaat BAsHRAIR S Hatent o g?ﬂ?ﬁgﬁés%‘éﬁgﬁea{%gg%%é@ 251 whi ch
slides throy n‘%@oﬁ%@wﬁk i$ ireBfboRAted BY AeTBrehBEhGERGH 98 eRdRt. OTHor m a pl enum
252 between the " base an the perforated sheet 251. A_gas delivery device

253 del i ver sxidadon trgatmendpionaleptemponents that 4re &8ss susceptiiie tp samrasiamandas

di ffuses thrqugh the perforat heet ... The i ' 4 k. 240d
acconmiddat e MHRHEIBEY ?%Eaé?’é‘at’% dt Ecr%g% the %?e@n%gérﬁ)sly ?%&Iagf%{rzao%gﬁﬁg ?[(l)%ls 250
:al ong gr oovgs sdfhess Qtek PhdRsAnd R MIFBIZTBmeé\2 ghpartie | Tt epryferted ke eseddkidizéd
delivers inert gas to the plenum 258 at a flow rate such that it diffuses

through t hélayees 2idametrishioe partsthat arg sithimthe wapiepath padigre s5Bess8ItP es are

captured in the 2 2 APR | &) 33 [ 262,
Figure 3 1. tem?tufqﬁéxﬁ%qdfr&%Pgéfgtﬁgtesg‘c%g#ﬁu%g@ 9%)‘(1%3%&2%3 codr?? ract
relative to the geahiideshiesnbatahe 220b lctudeadyenc siiclirppetion 26X whicth and

contract relative to the end walls. The shield assenb

are neide of eatends wpwardlyoadjacsuicthe dnes wallmf é@f‘se’g‘laéﬂlpo‘ainl 1@%% iqslta%%aﬁgnent >
et o< AR e sl aad i ke
treated by amleXé €tk ®Brewith a frame which retains the shield bodies 240a-240d in the
recesses 253. The side walls each include a vent shield portion 266 which extends
upwardly adjacent the outer wall of the exhaust port. The side walls 264 fit along
20 | the sides of the shield bodies 240c and 240d. The vent shield portions 263, 266 are
shaped to form a smooth transition between the exhaust opening or gap between the
shield bodies 240a, 240c and 240b, 240d and the exhaust. The smooth contour
minimizes turbulent flow of the exhaust gases which flow through exhaust opening
116.
25 As described above, the perforated sheets 251, 256 and 257 are inserted
through the slots 250 and along the grooves 249. The end edges of the sheet are
seated in the slot, and the side edges of the sheets are in the grooves. This permits
expansion and contraction of the sheet. The shield body construction allows for
easier insertion of the sheets, and provides a stronger shield body, seals the screens

30 or perforated sheets within a single unit frame part thereby reducing the total number

of parts and complexity of the assembly. In other words, the screens are now sealed



process as described in U S Patent No. 5,916,378 |Issued June 29, 1999, the
description of which is incorporated by reference herein in its entirety.
The oxidation treatnent provides conponents that are | ess susceptible to
corrosion, and 10 mininizes contami nation. Preferably, the shield &Z8BRBy
I's made of a conbination of stainless steel parts and oxidi zed Haynes 214
parts. It is preferred to use oxidize#4 Haynes 214 material for parts that
are within the wafer path and are exposed to tenperatures exceedi ng about
350 C, such pgashighd pasit)ited cbnbiaddessurizdfdame inkt@d0d by Theltiphi pird abadthes 240a
and 240b include a vent shield portion 263 (Y\,hi ch-. 15 extends u rdly

adj acent t hecathersesoabad esnbadiraenty i jh¢ elﬁtﬁtf.Oﬁrﬁé“%m@r%ﬂs'é‘&l\,@hﬁe bet ween

£ el O o Al s e e g o

walls to for rame retains t I e | es 240a- 240d
in the recesgprfangEly filllke sirfRpymiihg sloasd49| and thel ecracnsemil sidts adecsizedrsuclon 266
whi ch extends upwardly adjacent the outer wal], of the exhaust port. The
si de wabl s 2that theigapagigd s PW%‘FG@%‘héﬁﬂf’ﬁbwgh‘i“éhﬂhﬁﬁ'&ipégmﬂ SN 240d.
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bet ween t he ustopenihg or gap between the shield bodies 240a, 240c

and 240b, 24@gdyarThd deeceqrandshield Bdily mamoihthenrbotourednshapes wigish inutuom| ent
flow of the exhaust gases which flow t,hsrz%utgh eél aust ening 116. 25 As
descri bed abowéntaingke desired flawehagasissisticsefthe siield assemMy. 51 e i nsert ed

arc Seated i n i ng EASE e AP e B RRRNTO IS RIS ABELET o” °

are seated in the the shéets are I n the
groovegg Thi éxd@ﬁaﬂa'td schisvepadestainndesired propbrimatoftie Héw thtven deqaenurmh255 hi el d

.body construction allows for, easier insertion of the she , rovi des
a stronger sﬂﬁ%l'ﬁh&}iéﬂﬁ}ﬂ%@aﬂy?ﬁ‘@yﬁé’gﬁ ogte %‘?qeffr‘i{]eggéf‘?ég?g &F‘Yhi n a
single unit t B B t PR inerPfasiatd he and
conpl exity opégﬂ%tgcg%ear?%{}&ég%n%@her %lrtgés},em%%efm&:reens l%ﬁ eéansow segl ed 2 2
APR 2004 34 pigisnsaidjagbt thasheetstand tc providemuappropiriatd flawbalanpsinethd of by
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the gap ar oupoositgoptaeisherteis geheratip equal éeor lnss tham S0%e and moee prefarakly in
expanst on the range of about 5% to 50%.
As described above, the inner surface of end walls 262 includes recessed
areas 261 which conform to the shape of the end sections of the frames of the shield
20 bodies 240a-240d. Specifically, the inner surface has recessed areas which conform
to the shape of the ends of the shield bodies 240a-240d. Note that only one end wall
262 is shown in Figure 31, but that the opposite end is similar. The shield bodies
240a-240d are seated in their respective recessed areas 261 to couple the shield
bodies to the end walls.262. The walls of the recessed areas substantially seal the
25 ends of the shield bodies, thereby preventing flow of gas around the end of the
shield bodies. Since the sheets are seated in the unit frames, the end walls 262 need
only capture the ends of the unit frames, and thus the end wall contains only the
recessed areas.
To permit free expansion of the shield bodies, the recessed areas 261 in the

30 end walls 262 have a depth such that, at temperatures near room temperature, there

is a gap between the ends of the shield bodies and the closed end of the recessed



of the screen within the frame without distorting the shape of the screen
or the shield body. The screen and shield body maintain their contoured
shapes which in turn maintain the desired flow characteristics of the
shield assenbly. O particular advantage, the porosity of the shHeP®BR iy be
varied, for 10 exanple to achieve a cgytain desired proportion of the flow
fromthe plenuns 252, 258. That is, the porosity of any one of the

perforated sheets, 251, . 256 and 7 I ' in
Prow spl it (BrmeaCtfyast s Bpeletp Rl SLRE FELRRID YraER RIPAETIE T,
sheets and tghid4 BBHRS calle:dRRA,QRALEIAE them sUdslannally il thdecessébrdgRmsand
nmetering uniformty across a full surface area. The porosity of the i5

sheets may be sel Asdestribed abaveometeniagipbsy arnemployed [RAMVEY HickH g3 to the
Specifically, the or aosi of hS. or | ess
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descri bed ab@yfighttfes cdAREnedUR bae endivaitndhwabpssid@ad iofitieudesringadeded
areas 261 which conformto the shape of the end sections of the franes of

the shield dosedodiheslamadandabine nuiering jubais qamedia qngifaf vkl 20L0khishs
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their respective recessed areas 261 to ngl;cPl e the shield bodies to the end
wal | s 262. Tthet thameterisig tuhe mag dkeslysexpand aad copbeebid igmaln sseurely paces ends

of the,shield. | €S- r | of the
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shield 1@odi e?tg’%iqhﬁghlflﬁq&%gﬁgé@[ g}r{gﬁéée){a%?ne%&?\gﬂﬁ?ggﬁ%f t ?r arr%s, t he end
wal |'s 262 ne@gh ordedch eadpiallr 762, itichndsresfonidite thenfour frretering, tubesdondplacédhe end
wal | contains only the recessed_ areas. Toh,&%r mé_J[ f rgea&jex nséeogfgﬁf he
shi el d bodi ei®eachpf thepdenims of shigld balies 24 dafpas prdeipicred o ¥all depth
such that, f dtef inte A asshies FolRd tRGh¥EEn
t he ends of a%%zte‘%g%%gldj%ggﬁbggfggﬁd%ém@} ergfg lr(l)f the r eg(?:eessed 21 2 APR
2004 35 ar eagnd will,einé \cateesthe pettatrgigbésstidert thisend wdll, tie metering titiek pre
greater than 400C, the shield bodies c xpand, .causing themt
subst ah#i al | sqredinorfbe eae wall g2 v, @gﬁ?‘é‘ﬂ"sg%rlﬂzesd g@'ésr ?lgﬁ'ﬁs 1135 g@sé( remey gqu £48e t ubes
are enpl Oyedm&@riﬁg@%@é 'l'ggh{ct thBest A heliak tHRWHpBLiG éHIBvia RBsend of the
metering tube I's dttached to a gas supply via o
In another embodiment of the present invention, a new muffle design is
provided. The muffle design is illustrated in Figure 15 as described above and is
shown, along with the path of the gas exhaust flows in greater detail in Figures 24a,
20 24b and 25. The muffle 26 includes at least one process module 111 which is
surrounded by adjacent buffer modules 127. The exemplary embodiment shows
four process modules 111 and five buffer modules 127, however it should be
understood that any number of process modules and buffer modules may be used
and will vary depending on the design of the muffle and reactor. At one end of the
25 muffle 26 there is a load region 29, and at the opposite end of the muffle there is an
unload region 31. The load region 29 is configured to receive wafers and integrated
circuits for processing. Typically, an automatic load mechanism (not shown) is
employed to place the wafers into the load region 29 of the muffle 26. Wafers are
conveyed through the muffle by a conveying means. Preferably, the conveying
30 means is a motor driven wire mesh belt, however any suitable conveying means may

be used. The wafers pass through the muffle 26 and undemeath the process modules



5 through hol es contained in one end wall. The opposite end of the netering
tube is closed. The closed end of the netering tube is carried in one end
wal I 262 which includes at |east one well (not shown) formed in the inner
surface of the end wall. The well receives the closed end of the rdl&FRdi;
tube. The depth of the well is such {gfat the nmetering tube may freely
expand and contract and remain securely placed 10 within the shield body

frame. |n the q¥elp k@%at@%@?&%bﬁﬁ&s}pdﬁ L %a?ér?thfeﬁlékié‘ég miffle 1¥PrQhapEN end

wal | 262, which correspon our netering tu one placed 1n each
of the pl enwmsosfregioingdld bodi es 240a-240d. Gas is delivered to the end wall

262 via gas supply tubes 268. The gas -flows through internal passages
formed in the endrgerably thedoahidpad ‘c“l‘i@a‘ﬁ%\% B8NS cﬂ%@é‘*?@'@ﬁ“ﬁf’??% N3nd
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present invention, a new nuffle desi gn i s pgl%vi ded. A’ e nmuffle .design is
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configured to receive wafers and |ntegrate L rcuits for processing.
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t hrough the 'nu y a conveying neans. Prefer ably, the conveying 30 neans
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and unl oad 31 regions enploy a plurality of curtains.
from the load and unload ports 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
20 shows three curtains in each region, it is to be understood that other numbers of
curtains can be used, and that the number of curtains in the load and unload regions
may differ.
As shown in Figures 24a and 24b, the load and unload curtains 33 and 35 are
generally comprised of a plenum body 37 having two plenum stages, and upper
25 plenum stage 39 and a lower plenum stage 41. The plenum body 37 is elongated
and extends longitudinally along the length of the muffle and is coextensive with the
length of the buffer modules 27 and process modules 11. The upper plenum stage
39 receives inert gas through gas inlet 42. The lower surface of upper plenum stage
39 contains an array of distribution holes formed therein (not shown) comprised of
30 at least one row of holes across the full length of the plenum body, though multiple

rows of holes may be used to distribute the flow over the entire surface of the



Specifically, in the preferred enbodi nent, the |oad region 29 includes
three curtains 5 33; nanely a outer load curtain 33C, center |load curtain
33B, and inner load curtain 33A. Simlarly, the unload region 31 includes
three curtains 35; nanely an inner unload curtain 35A, center unlqﬁpApRZU‘
curtain 35B, and outer unload curtai ®’35C. The outer |oad 33C and unIoaJ
35C curtains are positioned at the end of the nuffle 26 in the | oad and
unl oad regi qisqum.eTheitertgasyassehintd frecipproplgnEBAtagad o daf daeprsyed10 curt ai ns

eepooti vel Y rosgRaRCaRtith Py B R TR BN o Bl theB T 1HE8Rn speters | one

in between tdfend BARK plediich PLEGaihoadarewd eliiigard stuer ThE BBt extesdzatsngidey. The
curtains act to isolate the process nodules fromthe rest of the muffle,
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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

20 gas 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 of the first plenum stage 143. The exhaust gas is then
conveyed through an array of metering holes (not shown) in the upper surface of the

25 first plenum stage 143 to the second plenum stage 145. Preferably the array of
metering holes is comprised of at least one row of holes across the full length of the
plenum body, though multiple rows of holes in a rectangular array extending the
substantial length of the upper surface of the first plenum 143 may be used to
distribute the flow over the entire surface of the plenum.. The gases are then

30 conveyed out of the second stage plenum 145 through the exhaust port 139. The

unload exhaust port 141 is the same.



of the | ower plenum 41 contains a narrow el ongated slot. The slot extends
along the length of the |ower plenum 41. The inert gas is conveyed t hr ough
the slot in the 5 lower plenumto the region beneath the slot. ?rzgm
exits the slot in along, thin curtain like sheet. This curtain 1004
gas sweeps over the surface of the wafgers passing beneath it, thereby
"purging" the wafer surface. The curtain of inert gas also acts to isolate

the process chambgf g el » é]\ra?l nﬁ%ﬁ?e@%@t&go@f Juxgehpmv@mo vidgl k&%f&hio
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AYR 2004 38 O further advantage, the system of tpe t%rgcs“([eerg“a rﬁ/ebntf}‘
provi des f orurdegdfiggion 31 to be exhausted by ports 139 or 141 if no
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
20 the reaction chamber which are exhausted directly to 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 160 is
exhausted through the by pass vents 131. This purposeful injection of excess inert
gas thkough the bottom outlet screen 160, such that the amount beyond what is
25 exhausted through paths 116 and 68, is exhausted by vents 131, allows stable control
of the flows inside the chamber process module and promotes containment of the
reaction gases in the deposition region 16. Such containment enhances the
uniformity of the film deposited on the wafer, and reduces powder build up on the
surrounding injector and shield surfaces. The advantageous containment of gases is
30 illustrated in Figure 26, a schematic diagram showing the mass flow of reactive and

inert gases within a portion of the process chamber 111 achieved with the system of



nodul es 127 that are independently exhausted. Specifically, the buffer
nodul es 127 are positioned adjacent the process nodul es, one buffer nodul e
127 on each side of the process nodule 111. The buffer nodules 127 are

el ongated and extend 5 longitudinally along the length of the prd%bABRzmu
nodul es 111, and are generally coextepnsive with the process nodules 111.
The buffer nodul es are conprised of an el ongated by-pass duct 131 having

two el ongate baffl 7 pl | a
| ar ge cavi tyg'f&esggol\%e e ‘éﬁ‘c %I%"Jnr‘ﬂ@?eﬁélﬁgﬁﬁ 3\0“&8%?? ?ibrpgfl’iﬁp%?%%ospfl oned
adj acent oneg @p;o; NRkvnodl afoacRAitRpe withithHe ahivldasstrablye | A d®wh) the TEOS '

t her ebet ween. The channel 148 is el ongated and exterlgs the breadth of the
by pass ducgasligsubstansiayirertpingg duthssleposttioniegionel Gy 2ad yfiogrpletelyn ot

accommodat ed afﬁgggﬁmétlmﬁe%‘ﬁw%g alft§ excess inert gas flows into the

buf fer nodul & roce nmodul es 111 and is renoved fromthe

muffle gia by- pasihélﬁfipissl@&tenihrsﬁbr@‘h ift peatey petad methafmnqaaoflgmesazamhe
out er nost buffer es can al so 15 receive sonme fgﬁ llr}gr ‘%ES fl ow ng
out of the iambk?s.| Bhebyurasssirtdd! connechpash ofghe b‘tff%fﬂ%‘? et } \OBTBER B ween
t he chanmber proces on 31 to
be exhausted&b aﬁo‘?ePWQa?&rg[tﬁi@?*&gﬁ}d‘)q@%@ef\%g&?%g%ﬁ?gg?glﬁndul es.

The by-pass Fwﬁ&ﬁ?alorigr&chﬂﬁl@pemﬁmtpafssmuhﬁ cRireeavity\portian B afithe he
process nodul es 111. The .invention prdg es C?}gﬁ mant of the rea‘gents
wi thin 20 t hby-passcductsnl 3driarper atvark pdipldhe dpct al.wsefemaw%% Pkhaust

ports 39 and; ﬁ%suyl ﬁgg{,eg@ rlgitg escr[mpﬁo AL LS RIOSnEAhE b9GabOviéddie

by- pas vent & stantial portion of the inhert gas
conveyed thr 03[9b0§1ﬁm1ddaittauhenﬂtdfehe ls;cpmrdumﬁmu By epamtdy edhaustiogifie t he by

pass vents 131. Thi oseful |nject f excess in a rough the

bot t om out | ePu@—@r‘éﬁiP ?L% 7 dp dagse &'{I’a'i rﬂ%&ﬁl"‘ég’gﬁ?ﬁﬁe’%’?&g ‘%gaz]tsﬁexhgusted

through pat hg gl%akﬁﬁt%}f%fgﬁcﬁm% aﬁfaﬁ%a&ﬁ%fgxcééﬁn{e& ¢h3 FronftHeQiEres hlupscont r ol
Sl

of the flows anber process nodule and pronotes contai nnent of
the reacti on2pasahanoeditd mmﬁapmsdnshmiumcegf the ctificzalShemicad fows ansida thenhances

the wuniformty of the fi 0 Hoyder
build Jg on Ph‘?é“beéti?F‘?CGEﬁfHPH@ ﬁf]rse ]%%?r ﬂgﬁ’sgms\é%egg? {cjven%q?ﬁ?ega %\%t ageous
cont ai nnent ﬁangi‘é%ghaixo%%tﬂrédi&hra%ﬁ%f bikeFiDthetedbn. ThichaM@idite di agram
show ng the ss flow of reactive and 1Inert gases within a portlon of the

process chanbertamiratias prablers i thy system apd eesn igfthodepoabed fio.asyeell as

increased maintenance and downtime needed to remove the deposits that form in
this region. The present invention minimizes these problems by having continuous
20 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 open

25 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 associated process chamber 111 are separately exhausted. Specifically, the
exhaust vents 32 are exhausted into a chamber exhaust plenum 151. The chamber

30 exhaust plenum 151 is coupled to each of the process chambers 111. The chamber

exhaust plenum 151 is separate from the by-pass exhaust 141b and the load and



the present invention. As shown in the figure, the mass fraction of TECS (a
reactive gas) is shown at various positions wthin the shield assenbly. As
shown, the TEOCS gas is substantially contained to the deposition region
16, and is conpl etel y exhausted through the inner exhaust path 1157 ABR Tjpe
by- pass systemis shown in greater detail with reference to Figures 24b
and 25. The by-pass ducts 131 connect 4@ach of the buffer nodules 127
together into by-pass vents 133 along the full length of the muffle. One
by- pass vent ydidgd Leﬁhau@@smlamedlalmngemgphymadﬂycsﬁparhte, - thusseparadely 131,
The cavity portion 149 of the y-pass ducts 131 is opgn at. eac of the
duct 131 andCQrﬁLCﬂlaber@meﬁiﬁa%%@@WIWﬁ féc?ff‘f‘éa%?'aﬁgggw\%‘ﬁ?%esg%“ ses

flow fromthe cavi 4 n n ach end
of the by-paB¥° ﬁﬁc&@ 19“Bl fngoe%gggpae{*sg exh ggs?&rﬁgﬁz tpé)btﬁ‘a ngﬁﬁvo%? gss 127

via |arge by:Hagsiledusbs akabstanillpvopsss reteliatist ravgmefappBRimatelyusd tozﬁl i on of
pressure and renoval of excess inert gas frorrht he buffe nodul es rfl
§ ’ide the

enhanced to nhrrnﬂwlzﬁh esich exhaysheant 82, tt*‘ﬁég}b?‘ihf’ 2\ f@ﬁ-‘eﬁ% f 2pRIgREate
15 chamber pfees tpg&%gé gp}lgc&&omp N @haihe $¥368ARia C6RstAR R rayent this

regi on are I'on an recirculation of gases in the region.
This can | eaenmﬁces:matcamawbum off tteddeposition prdwessstysthemrawgn@iﬁéw W&fet he
deposited film as well as_ i ncreased nai nf@ﬁ nce nd do @‘ﬁ

remove the d&pesfically, thethickpessiapd upHpanityg 3‘?58 Piera cpo?‘n'\/
m ni m zes thg}t‘r a c%r%%% Pys 1%%% cmlglmsthgqeﬂydfagilngopfhetﬁﬁ@csgglig re

waf er substr ean 'l nert gas. further advantage, utilizing
the by-jpass @iﬂpﬁo&red@&m& thecfidw eatés amms comtmltabl;rmdfcpnﬁﬁllthém&?%ééﬁse nodul es

Cont ol eq byrocrugLER I SgEFT TR o e s ey B Flef

| sol ates the F‘t;igkggat)ers fromany external disturbances or
non- unlformtsggt%{rigig}? as in an open 25 APCVD system This pronot es t he
deposition of nor igurk26risa siHemmtiobotthr plarf wiew. s PWlftE”Fée patbraf the.gas flows

mbodi ment, th t ts. 32, h t ed
T oogse Chantiaihis cfhaisisysioat rsneaitiony OBf Brofied ol BR flibyipasSBthatscal ' o0
vents 3z areu%?gq%@dnm&exr?aum@m%nb@ﬂstm@hewﬂgw&ﬂumghmanber 30

exhaust “pl enum I's coupled to each of the process chanbg 11 The
chanber  exhahahbed e e8Haustsis oaptiedfos clarigyn AReWS-a9d&5oRkIBMIEE” 141b and

the load and rgprgseﬁtpﬁezg%gélﬂmg 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

20 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. 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

25 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 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

30 and untoad exhausts ports 139 and 141, respectively as represented by Arrows D.

This bi-directional flow of inert gases from one curtain aids in isolating the process



unl oad exhausts 139 and 141. By being physically separate, and thus
separately controllable, the present invention allows for a constant nass
fl ow of gases fromthe process chanber 111 into the exhaust vents 32.
Preferably the exhaust flowrate is controlled to be a substantial PVAPR 2oy
constant rate in the range of approximtely 40 to 60 5 sl mthrough each
exhaust vent 32, though ot her flow rétes may be appropriate for different

process applications. Mintaini ngf a substantiall I>'/ao(§gtnst ant flqw rate
enhances t heharobers dtomathiel lpad anst unlead 1§81988i HHYRING genb Howpatty B8 ¢ onduct or
wafer. Specifically, the thicknes I f ' f Hievis iafongat eri al
deposi t ed or3f% orgé}efcgggergqafzﬂ'@ u\ﬂa(%ag{&qftgmlk %g??&ggsg&%% o%al I_yl, “The
repeat abi | i tgroQforf 3% aRd BRASE il dlloid PUrRVISY aniride, telmectively as epistediby nor e

control |l able and constant. Upsets to the proces d gas fJ)ow s are
mini m zed. Ardows BalWhile thaeapesfepswy fheyoudsr 1??1{9%@?%{]“%‘&%‘%%{%90%“4?5? &sed.
Figure 25 is a schematic, boito ' NG hhiRePirbugdfthéipe gas flows
wi t hi n ¥xhafé 1“39%(‘%&“’@6&6{%% @ﬁ#@gfﬁgﬁ%%gg g(;%iv( t hr%ugh t%e bly- pass
exhaust and rediacifiCedhaast pone 199 kadds exditlustratéd bysireaves Ehavhthe Pieerf | ow of
gases through 't he chanber plenum exhaust is omtt

' f? f.or clér'tg. Arl[ ws a

and B on Fi quriorpBowinggewerhihe eaisy aadsexif gnfearessiied by fLoss ‘555 b pqriegl| y a
portion of t i pert gas f 0 .| ot G 160 harafdrr om
bet ween t he %ﬁ%ﬁwﬁ%‘?’pﬁ 833%"%‘%@&?%‘;33‘3%5 gar\l’géf{ulﬁ% c\f/t‘:?t ?ggﬁgr oud housi ng 165,
out of the shifabdl anssfmdinipemahtiynthe systemmitticpresmt inventien allawafag 0By ipass
ducts 131. As discussed ahove, apﬁéi | straEed nicely in Figure 26, all of
the red@t antchgaseehe dpsirpdidirastignof e gasHafdtPent s 50 and 32, and do not
-enter the by-pass,duet 1 thc-%’ét%m A3 ¥mb¥yFd l@RTohfolaysreay@tontrobthgh t he
by- pass system € I hert gases are coqveyed into the by-pass ducts 131
where a subsfi@nbi ghdey withirathepoodessing thamtsirs. t Spesificallic fhedditpaF exkhEishy - pass
duct 131 and into 25 the by-pass.exhayst vent - I ch end
of the duct veptmay besgrisalled by ”H}P%F‘?%Wi “bea%g) é—%ﬂdﬁ%ﬁh%&rg%& ecr%%setgﬁt
enbodi ment, ' i A% taR ahd e by-pad nd@klesarRirthat thad 35A
curtains al S@O‘?ﬁgg&lgﬁteglfntn gﬁ%gfg%%g? by- pass duct)}spl31, as represented by
Arrows 1€ Thechaaibet extagstpletimmayfbetdest gasdlew 69RiFe mgaes QR "5% and
unl oad exhausts ports 139 d 141, re ' rrows D.
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This bi-dire®® egs Promone curtain‘aids 1 n isolating

the process g.2.4R8 Ralbers.

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

which may be used to achieve improved uniformity of reagents within the reaction
20 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
25 may be 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
30 from the chamber and allowing a uniform distribution of buffer gas to be provided

within the muffle 26. It is to be understood that this invention is not limited to the



41 chanbers fromthe | oad and unload regions. Uilizing a different flow
path, the gases fromthe center |oad and unload curtains 33B and 35B
preferably flowin one direction toward the |oad and unl oad ports 139 and
141, respectively as depicted by Arrows E. Wile the gases from t el APR 2
| oad and unl oad curtains 33C and 35C gge 5 again bi-directional with a
portion of the gases being exhausted through their respective exhaust
ports 139 ang. i . F rtion

fl ow ng towagH%@#ezaber%b% %}}h%%@zelgﬁbgglﬁngg)ﬁzcgelﬁ%lgg&béfhﬁﬁ ?E)H\%B%%U&%uch control
of the flow pakcHbBedhettite Ihitedd, itgasele widemmsodthisshislds imgdrpofatihgongyi sogrie of -
the wafer surface, and nore inportantl em of the present '

) y, the s
i nvention al Pbthe f?%i\ﬂ'eéﬁésct"@e‘iberéﬁ'o‘éé‘@tht“hg‘eéé‘éﬂer%@h’&i‘?‘é@flf’ﬂ'n of the gas flow
paths. Addi tional by, . RIRY fedtubd Y tROREW @bSHiedhaw control
the flow of gasegt l&w‘%ﬁ?%ﬁﬁaéﬁg?%ggﬁm%ég%ﬁa%er s. Specifi calllgé, the
by- pass sexhapedn de¢eribednyether, emhtfeahieadayple gaploftdindependently osInt 0
provi de substantjally constant _flow of gases, exiti.n he..by- pass exhaust
vent and t hecombisatan wagfpayres F‘GFIFFF@“FIIEFﬂgscif@%ﬁ%hﬁ@f‘%g%n:ﬁ’setfogﬁggﬁﬁm may be
cont rol I ed_ by gasabhost LRtk ehnBEARS O tRE BAR invedish ABvd Bichpranebant
fl ow of gasesS €ex EI ng the chanber exhaust plenum and the processing
chanbers. As forpuagzas efillubtratinrtand desoripgionndhey b not gsensteditpbe sxhayatiye ovi des
a shield 12 which may. be used to achieve inproved uniformt f reagents
within the reattlsH th‘?ZG‘VEW‘a‘?Potht%'e Bficeist g‘?mk?éﬂﬁoc?f’&o@gr()btv he elé%q%f on
cheri stygy T eRldipRGRohd i vANMoR 86 p3RISIeM light dT0RS abidve 1gRBing! Mheo! t he
reaction chanoer and deposition zone, thereby enhancing the quality of
‘the deposi t eémbbdimentiwersivhese abd desoribail iherdantd kasbexplaip the Roxsirles of e

condi ti ons without danmagi.ng or. def or.m.n f j ' oul d
reduce the ef}fee‘e’t’?q}lé’l‘?eg‘g 145 r*tmﬁléglsiﬂﬁpé?adw%pgoﬁa%ﬁ%gﬁ Fnéﬂggogﬁ%sgkglc%h?ﬁsk arrrgdul ar,
and 25 may bg, GQRUEIHE RMivehtian Andiiiidus prdsaRndtedith varidismadificatiorsas are

mai nt enance or cleaning. The shiceld 12 includes petering tub 80, 102

whi ch del i vesuitdddoithepartigaler usesontempiited uliis watendad fhat thei sEers9idrSt ri but i on,
i nproving the unj.form.t f. the .t WY &R% kon zone 16.
The shilgl d ié“vlfgt‘ﬂn [a%d?%r}e%bg 8Flrafr§€gp§)%§%%éer§%%§gﬁ%lgn op[%%)dsti?'te si des of
the reaction chanber, preventing reagents from escaping 30 fromthe chanber
and allowing a uniformdistribution of buffer gas to be provided wthin
the nuffle 26. It is to be understood that this invention is not limted to
t he



2 2 APR 2004 42 shield 12 of the illustrated enbodi nent which includes each
of the features described herein. Instead, it is to be understood that

shi el ds incorporating only sone of the features described herein is_wthin
the scope of this invention. It is inportant to note that while theZSZAPRzgm
features of the new enbodi ment have 5ibeen described together, each
feature nmay be enpl oyed independently and/or in conbination wth features
of the earlier described enbodi ments. The foregoing descriptions of

speci fic enbodi nents of the present invention have been presented for

pur poses gN THReAMSN and description. They are not intended to be
exhaustive or to limt the invention to the precise forns disclosed, and

obvi ousl y ymany 10 modi { | ga, 009, AU HAHIALIRRE1% HoP WPEBLEN! Sydhdglt of the

above teaching. The enbodinents were chosen and descr i n‘order to best
expl ain thnﬁﬁkﬁﬁ%p|es of the invention and its practical application, to
t hereby enable others skilled in the art to best use the invention and

[ nmbodi t i th i di fi.cati [ h
barti oul ar use EBHEEABFRCLATIRITES PP LASH PRar it 2gaf et BRI TS
i nvention %jﬁﬁg %%e%{ﬁd%pﬁ?@d PsanPRRINNIg: Bed et o and their equivalents. 2

2 APR 200 A protective shield for chenical vapor
deposi tion syst@msandseepnd Fijevtor shield bedicueanaedbby s2if dapgi aseembYas#idof spaced

end walls and a pair of. sjde wall.s t i : to said
end wal | s;mlfﬁH’rf%%Feé‘? bgdigs b%@gﬁ(ﬁs‘f‘ﬂ]’%{@o © %nﬁinagﬁl%?%o | gs&gglr rg egé cgxsmsai d
frame assefhhy poSiBbA abicdpsdedl ashi&tdl, badiigacibesiigldrngids leveg spaedef i ne a
first surface 8? sald protective “shield paosition able adjacent an

i nj ector, apaitctoidefimetanrinisistion poBdhiesbetyerm oY 055%%@“‘(50&%5 e an

i njection port ther bet.gveera fto_re s#i@?d'f | ow of reagents fromthe injector

t hrough safigcior Jrrapeh JAd BIRtRTHY® S¥% ¢t and second shunt shiel d bodi es
carried by sai dffst aEscagsEnb! y,shustaghield bodies edrried Hy baidifesndssisambdpaced from
said injector shield bodies and positi on&d to.ddef.i ne a. ﬁg%o(rid sau]rdf ace of
sai d prot eeid ve shhandshiglgdedies bemgdppredsirom said imjector shield bodies ar

positioned to define a second surface of said protective shield opposite said first
surface, to define outlet ports therebetween for the flow of reagents through said
protective shield said side walls fitting along the sides of said associated shunt shield
bodies:
said injector shield bodies and said shunt shield bodies each being |

formed of a single piece base having a continuous unit frame formed around the
perimeter of the base, a perforated sheet camried by said continuous unit frame, a
plenum partially defined between said base and said perforated sheet, and a gas

delivery device for delivering an inert gas to said plenum at a flow rate such that the

gas diffuses through said perfofatcd sheet.

2. The protective shield of claim 1 in which said side walls

include a vent shield.

3. . The protective shield of Claim 1. in which said shunt

shield bodies each include a bottom outlet screen carried in said continuous unit



-surface, to define outlet ports therebetween for the flow of reagents
through said protective shield said side walls fitting along the sides of
»sai d associ ated shunt shield bodies: said injector shield bodies 2 d said
shunt shield bodi es each being fornmed of a single piece base havi gA&R?WM
continuous unit frame forned around thg perineter of the base, a
perforated sheet carried by said continuous unit frane, a plenumpartially
defi ned between said base and said perforated sheet, and a gas delivery
device for delivering an inert gas to said plenumat a flow rate such that
the gas difgusesnd bbayedtosaidbiparhothatefifos Hedlow of thehrerpgastonghsaighi el d
of claim1 in which said side walls include a Xﬁpt shield. .3. ng
protective sdhiuet shielfl bodzeste form 3n inpRt GRS RETIEF LRG ovg 5d SErRE FEeGach
include a bottomoutlet screen carried in said continuous unit 2 2 APR 2004
44 franme and coupled to said plenuns thereof for the flow of the inert gas
t hrough said, shunt shieIﬂhpﬁgkgﬁvggﬁ&@bﬂsannﬂnerhl@hﬁhhdﬂﬁﬂgﬂoz@mgkbe|OW

sai d second surface. 4 The protective shield of O ai mi%i r&ﬁm{y’eggpsalgsd
injector shilgddies dnddnis and skt ghiskihedies spe kpvpsercsd CRILINGFAFE RS ends

and said end walls_  are sh dt te . ofsald td RoRGhRr and
shunt shi el darpéansd t@ HlaFPo‘i"ﬁE ieBSS %@é&%@%‘ﬂf@kﬁ’ﬂg?‘@%@%&f)%g‘iﬂgg in said

frame assembjyecifiandiful Aldhebbdies SRl feuné alembly. 4 i which said end
wal | s have recessed regions configured to mate with the ends of said

injector and shunt shield bodies forned therein and the ends of said

injector and_shunt shield die : i Sal dnereRssd drowels, said
ends of said®injector and ?ﬁ%ﬁ%" e§ﬁi(/gls%1%§g$| elsairﬂbei ngnm)v_abl e within said
recessed I egjQNSreasss6icdidrcdatigireans nabuwith s eidd diodideiniectorpadashan

contract under varying tenperature conditions..6 Th I i Leld of
Claims 1 andsfﬁelidrbovlkﬁsgmt@feﬁé‘ﬂflwgﬂoisﬂ@fuef?r ﬁ‘é‘fﬁpuﬁlghgg@ \6?(1)%% cﬁuous
unit frame such that.saj r fsdi®i aphel fleindkhiek] bedisai d
cont i nuous uﬁeiafedtflpgsr%ds &?‘?Sﬁg réegélgstr’lgiggﬁhgﬁg Scént”‘rjgécltti on_ of saj ?I%Ee forated

sheet under yehy ity abripiciateideemssediregionsas spid injrstor gpdsbetishe! SRPEFY of

Claim6 in which said continuous . "
: expand and contract under varying temperature conditions.

6 The protective shield of Claims 1 and 5 in which said
perforated sheet is held by said continuous unit frame such that said perforated sheet
is movable relative to said continuous unit frame during expansion and contraction

of said perforated sheet under varying temperature conditions.

7 The protective shield of Claim & in which said continuous
unit frame has a slot formed therein and said perforated sheet is seated in said slot

and movable within said slot during expansion and contraction of said perforated

sheet under varying temperature conditions.



.unit frame has a slot forned therein and said perforated sheet is seated in
said slot and novable within said slot during expansion and contraction of
-said perforated sheet under varying tenperature conditions. 2 Z AP?'E 004
45 8. The protective shield of aiml in which said gas delivery d% C

is a netering tube disposed in said pu num said nmetering tube having at

| east one porous wall for diffusion of the gas through said porous wall
into said plenum 9 The protective shield of Claiml in which in which
said gas delivery device is a conduit disposed in said plenum said

condui t ext endi ng thr oughe pRRR1i0€ sisaldbrenginnal | s irawhichiseidt gad deliearyt he
exterior thereof to said one of said end walls. 10' The protective shield

of cl ai m Meited mbtesinizdutsi disposed in saidpdenude saidensonng wbahryingpt sastcar ri ed
by the shield- -body assenbly.to ovide a seal, between.the .shiel d body
oY senbl y e PORSS A blor AithisiRn o BO s dBraRghRae pEToLS Wet ip SHAR SR 5

chem cal vapor deposition system conprising: a plurality of processing
chanbers each having an injector therein for injecting reagents into said

processi ng chamber and Ehbpusdctivestisldpd€lsinohed orwhiohpowhicd ssidas of sai d

injector; a conveyor for transporting supstrates through sai rocessi ng
chanbers dsligery davise ircendpih A15possd i tAidP q‘?%f%‘i?‘?’é‘{mwgm%é‘bg Bdti ng said

pr ocessi g CHRTRSLR AT ARd itk &8 Wl 8. RIGUERR AR hoBibbiaananc osi no

) t >
said proc nbers, sal nodul es and the process path of said
conveyor; wd@.the protective shield of claiml

10, The protective shield of claim 1 in which said side wall
includes removable wall shims carried by the shield body assembly to provide a seal

between the shield body assembly and the outer exhaust passage walls.

11, ‘In combination, a chemical vapor deposition system
comprising:

a plurality of processing chambers each having an injector therein for
injecting reagents into said processing chamber and exhaust vents positioned on
opposite sides of said injector;

a conveyor for transporting substrates through said processing chambers
along a process path,

aplurality of buffer modules isolating said processing chambers from therest

of the process path;
a muffle enclosing said processing chambers, said buffer modules and the

process path of said conveyor; and

the protective shield of claim 1,



