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20  deposition chamber in a vapor form. Typically, the substrate is heated to catalyze the reaction.

One type of CVD system that is widely used in processing semiconductor wafers is an
atmospheric pressure chemical vapor deposition system (hereinafter APCVD system). APCVD
systems are described in, for example, U.S. Pat. No. 4,834,020, to Bartholomew et al., which is
incorporated herein by reference. In an APCVD system, the deposition chamber is operated at

25  atmospheric pressure while gaseous source chemicals are introduced to react and deposit a film
on the substrate. One kind of APCVD system uses a belt or conveyor to move the substrates
through a series of deposition chambers during the deposition process. A typical belt-driven
APCVD system may have three to four separate deposition chambers. Each chamber has a linear
process gas injector for introducing process gas into the chamber to process the substrates, and

30  one or more exhaust ports for exhausting gases and byproducts from the chamber.

Linear process gas injectors are described, for example, in U.S. Pat. No. 5,683,516, to

DeDontney et al., which is incorporated herein by reference. Typically, the injector has several
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While the previous shield designs provide an advance in the art, one problem with
previous shield designs is deposition of oxides, silicate glass and process byproducts on the
components of the shield. This is particularly a problem with shield screens, deposits on which

25  can disrupt the flow of gases through the screen, causing imbalances in concentration of reactant
or process gases in the process chamber. This in turn leads to deterioration of deposition
uniformity, increasing with time until the uniformity within wafer goes out of acceptable bounds.

A related problem is that because horizontal faces of shield screens protecting the injector form
a ceiling of the process chamber, deposits formed thereon can flake or peel-off resulting in
30  contamination of the film being deposited on the substrate. Another problem that can occur is

deposition of oxides, glass and process byproducts in the exhaust path, and in particular ina
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Tt is an object of the present invention to provide a gas distribution system such as a

chemical vapor deposition (CVD) system having improved process uniformity and repeatability

over time through the reduction or elimination of deposits on the shield, exhaust path inlet and

other system components. It is a further object of the invention to provide extended operating
25  time between scheduled maintenance or cleaning operations.

In one embodiment, the present invention provides a protective shield for gas
distribution systems. The protective shield comprises a base having a unit frame formed
around the perimeter of the base, a perforated sheet carried by the unit frame, a plenum
partially defined by the base and the perforated sheet, a gas delivery device for delivering an

30  inert gas to the plenum, and a volume insert disposed within the plenum for controlling the

distribution of the gas flow through the horizontal and vertical sections of the perforated
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exhausting unused gaseous substances and reaction byproducts. A vent guide assembly is
provided for directing the unused gaseous substances and reaction byproducts from the

25  exhaust path inlet to a vent path. The vent guide assembly comprises a first guide member
coupled to the injector shield body and a second guide member coupled to the vent shield
body. The first and second guide members are configured to form a curved section of the
exhaust path inlet to direct the unused gaseous substances and reaction byproducts to the
center of the vent path, whereby reducing deposition of unused gaseous substances and

30  reaction byproducts on the walls of the vent path.

In a further embodiment, the present invention provides a chemical vapor deposition



4 WD 03/018866 PCT/US02/27376 system having a full volume vent assenbly.
The CVD system conprises an injector, a shield assenbly for protecting the
front surwew®me/nufsed he i njector, and a full volunme vent asseqiplugsot/zi376
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appentesfutl valise pamvsstadlpetoompasses substantialtythe fiath kagthandieidiy ehthtigs, in
which; FIG 1 is a,schematic, view of an.APCVD pracessi : m whi ch can
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rate; FlIGs. 4A-4!D are a CFD simul ation plot and. graphs tﬁ% ing the vertical
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throu an inj ec%or . Shi 'elvgl}]igl@d the predicted silicon dioxide deposition
rate HEEEIH IR G GBS Mo0dr ent of the present invention; FIGs. 5A and 5B
are CFD si gy atis @RcinRit o of mg APRY Ippessssing spistetriich canincerspiate the
injector shield having a volune insert of the present invention (Fig. 5B)
as conpupededtiye ghiskd laracccerflﬁnqeﬁ’rlgb%Pfeé?nté?‘@n??\?’g. 5A): 25 FIGs. 6A and 6B
are OD si 34 LoD PhlicAehy PRSIt Fe SHiaRNEBIONNOBmid Bséreduddd BB i n

i nternmedi ate chem cal reaction species at the surface of the injector

shi el ¢hjbas pipldfimk doerdingsephe ahbedimepra Sepresany Eveneen;(Fi g. 6B) as
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chem cal %ﬁ{e.r\jem&tai é}{?l ObntalRR1dcltEmanitudle isGTH0ESn SRffrd gendlurgeigaythafughn
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for dealprioenit ijejasshseldpud thearédiciad silinorodioxide depRsii@EPISH| ugs with parti al
FIGs. 4A-4D are a CFD simulation plot and graphs showing the vertical and horizontal

20  velocity magnitude distribution of nitrogen purge gas through an injector shield and the predicted
silicon dioxide deposition rate according to one embodiment of the present invention;

FIGs. 5A and 5B are CFD simulation plots showing the pressure distribution inside an
injector shield having a volume insert of the present invention (Fig. 5B) as compared to a prior
art injector shield (Fig. 5A);

25 FIGs. 6A and 6B are CFD simulation plots and respective graphs showing the reduction
in intermediate chemical reaction species at the surface of the injector shield having a volume
insert of the present invention (Fig. 6B) as compared to a prior art injector shield (Fig. 6A);

FIG. 7 is an exploded view of a prior art injector having a chemical plug at the ends of a
chemical distribution slot;

30 FIG. 8 is a cross sectional view of an injector showing a plurality of passages and thin

distribution channels for delivering gases and the location of the chemical plugs with partial
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di stribution channel according to one enbodi nent of the present invention;
FIG 9 iswaososssmti c view of an inner injector chem cal PCBUSKAYIING a
partial plug at the end of the slot according to one enbodi nent of the
present invention; 5 FIG 10 is a schematic view of an injector
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asse "H%)ﬁe;%gﬁl{ é}{\%}—l@g}? %%g%nog’e‘é AR FhleBSort D d BN AIROSHNESHrgOflow Bithe pidssént

i nven 14B are schematic views of a CVD system of the
pri or tifikjedtbi ¢henlidAslotas conpared to a CVD system of the present invention
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20 DETAIL CRI PTI ON OF THE | NVENTI ON ' The pr eseat i nvee[r]%;j on is i(agr ected
é
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deposi tiop on sutfaces of .a.CVD l; . schematically illustrates a
sect i B‘ff'elé‘glyaﬂ‘fc%t;f@t r?&eﬁplibfffhnéeﬁ g@%ﬁ{pgrsggel&%nﬁaﬁ’syst em 25 10 with which

t he prot ectigyel Shi Lidheratievidw sifwihHashemicahtipon depgsitien sseu) pwieativei s
described in nore detail in U S. Patent no. 4, 8@4, 020 tq?@oai scl Ofﬁjll‘ee of

whi ch shisldremplising aenigyideassenily apdyQlyigg disert ACCOTENg e fraenge

at nos heritc ‘%rﬁ%s_ure CVD systens typically include one or nore processing
modul 558 AHB®rs 11 positioned al ong the process path. Each processing
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(Fig. 14B); and
FIGs. 15-16 are partial schematic views of CVD systems showing one half of the full
volume vent assembly of FIG. 14B according to two embodiments of the present invention.
20
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a method and apparatus for reducing film and process

byproduct deposition on surfaces of a CVD system.
FIG. 1 schematically illustrates a section of an existing prior art CVD processing system
25 10 with which the protective shield assembly of this invention may be used, which is described
in more detail in U.S. Patent no. 4,834,020 the disclosure of which is hereby incorporated by
reference. As is known in the art, atmospheric pressure CVD systems typically include one or
more processing modules or chambers 11 positioned along the process path. Each processing
module 11 includes an injector for injecting chemical reagents and other gaseous substances into
30  a reaction chamber or process area below the injector. In the illustrated example, the CVD

system 10 includes four processing modules 11 as shown in FIG. 1, although it is to be



system 10 i ncl udes four processing nodules 11 as shown in FIG 1, although
it isto be 6 W 03/018866 PCT/US02/27376 understood that the nunber of
processi yomaddses 11 enpl oyed depends upon the constrai nP€TAfS02/27376
particul ar process. Conduits (not shown) generally deliver the gaseous
substances to the injectors, which transport the gases through separate

f1 ow pakREod R HeuRSiHebEploSeskihg Aaales ¢tlemployad defeadpupmdbscqpatrdintspf a
conveyor. 5 The entire process path is enclqosed within a nuffle tf{)qéet he
h

t r anspparticalaciptoceise sSonyitsf(not shewa) persrabedeliker i gasepts Bbeanges

processi dyles 11 are f whirehspofed at e t he
pr oce@&cﬁ’gs’mté@sﬂﬁﬁeo%%g ﬁ@%ﬁgﬁg eﬂ;a}fattg lri:lg aé%%g%%}bﬁﬁ%ﬁ. Buffer modul es
27 maylohd ik Pelfess b bRkichitvegbr.cur t ai ns hangi ng from a pl enum body which is

used to deliver an inert gas such as nitragen hetween the curt ai
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with an inert carrier gas such as nitrogen, Undgped or dope | ass fil ns
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t hrough, a separ at or f WY ) td RbRYirmPaodest i ve
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20 formed by reaction with oxygen and/or ozone, typically supplied through a separate port of the

injector.

J As mentioned above, protective shields have been employed in the prior art to reduce the
accumulation of deposits on various surfaces in the CVD system. Protective shields having a
construction called a "frame construction" are described in more detail in U.S. Patent nos.

25 5,849,088, 6,056,824, and 6,352,592 the disclosures of which are hereby incorporated by
reference.

To further improve the field of protective shields in CVD processing, the present

invention provides a protective shield having a volume insert or feature as shown in FIGs. 2 to

6. As shown in FIG. 2, the protective injector shield 100 comprises a base 102 having a unit

30  frame 104 formed around the perimeter of the base 102. A perforated sheet or screen 106 is

carried by the unit frame 104 of the base 102. The perforated sheet 106 comprises a horizontal



30 frame 104 fornmed around the perineter of the base 102. A perforated
sheet or screen 106 is carried by the unit franme 104 of the base 102. The
per f or at eaO9BLEB66L06 conpri ses a horizontal 7 WO 03/ 0183@6TRSIZ/ISOR/ 27376
section 108 facing a substrate (not shown) and a vertical section 110
facing an exhaust slot (not shown). A plenum 112 is defined by the base
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vertical secti on 110 of the perforat ed sheet 106, a, second. se%tl og 120
f aci ntheshieldimdybyransisuisabde ngans 5o relding. g@?@&?l?ﬁl&fh%ﬁ%l&{n 188 4R8%a ¢ hird

sect on 122, facing 10,935 8l I EATLARMEGR oL it inEhRI 2usRLIIE GRRyi o 120
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sheet pAQ81 aémedao;x BReaed 1©lesﬂgﬁmyedls21éetf 106. glasorfel embodinoents the rgduped

del d 114. Prefe bI d f
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i Nt er sREbh 010 6f the bafaatemshm 16fd semod settiond 20 &wmgﬁh@h@mn@@cmn 16%0fhend
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rotective injector shield 100 further conprises a_vent gw de manber
302 sheet 106 forms a tapered passageway 124 for gas flow from the gas delivering device 1

Preferably, the tapered passageway 124 tapers from wide to narrow as the gas flows from the gas

delivering device 114 along the horizontal section 108. In this embodiment, a thin gas channel is

formed between the perforated sheet 106 and the three bend band 1 16 at the intersection of the

25 first and second sections 118 and 120 of the bend band 116. By controlling the gas flow from the

gas delivering device 114 the velocity of gas flow diffused through the horizontal and vertical
sections 108 and 110 of the perforated sheet 106 is controlled.

Preferably the protective injector shield 100 further comprises a vent guide member 302

for directing unused gaseous substances and reaction byproducts to the center of a vent

30  passageway, and thus reducing particle deposits on the walls of the vent system. The vent guide

member is coupled to the base of the shield body and extends upwardly and outwardly to the



for directing unused gaseous substances and reaction byproducts to the
center of a vent 30 passageway, and thus reducing particle deposits on the
wal | s of wba3wessste system The vent gui de nenber is coupl edCrasotizrsbase of
the shield body and extends upwardly and outwardly to the 8 WD 03/018866
PCT/ US02/ 27376 vent passageway. The vent gui de menber can be coupled to
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byproduct build up directly above the fer surface and [ V) t he
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si mul ations.showtn |eShdetOHE e PrdsBftitiRntigMpiovidee b gFeatehi el d
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di stributioninside the injector shj elﬁﬁ W Lh ﬂedﬁcedtﬁlolﬂég& %upﬁgé taﬁdshows a
gr eat erefereuednaing the&eagien byRpdpeipRuLl, Up HRIeCHy 005t % HE™ A "ower “Val ue
near the exh i Jesponding to better protection from

i ncur B8 %’g%ﬁiﬁ%&%@gfﬂg%ﬁ%ﬂﬁ‘%ﬁ{éﬁ%dj acent injector slot through the
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speci gisield with reduced volume inserts shows a greater value near the metering tu%e y the inj ector
and a lower value near the exhaust port inlet, corresponding to better protection from incursion of
chemicals from the adjacent injector slot through the horizontal section of the perforated sheet.
The injector and vent shield flows are 35/35 slm in both simulations. Increasing the injector
25  shield flow can pressurize the entire reduced internal volume of the injector shield body frame
higher than that of the prior art injector shield.
FIGs. 6A and 6B shows the resulting reduction in intermediate chemical reaction species
at the surface of the improved injector shield having the volume inserts of the present invention
(Fig. 6B) as compared to a prior art injector shield (Fig. 6A). In this silicon oxide deposition
30  model, gaseous chemical reactants tetraethylorthosilicate (TEOS) and ozone (O3) are used to

form silicon dioxide (Si0,). The mass fraction of intermediate species formed by the TEOS and



at the surface of the inproved injector shield having the volunme inserts of
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chem ?’3? &BP%%%%?g?b%ﬁ%gﬁ%egn% ﬁgﬂ%pﬁgﬁnggﬂﬁgg%ﬁ%ets he el ongat e%l menber 204.
The cheiinedkagekugkodtnaattinterlegatad ntenbeetkare o nunber offilipidisgibution

di stribution channel 212. A e detajl ed descriptio i pi.ectqr can
b othnER orhio 382 ids seieRs beiiogn dhe esnEiing erepkS AL pkd e BbSEESL 0T
153 e&élweg%éﬁrpaxe b&s .ef}%gﬁﬁribdtfbntchﬁmwﬁ AN dlebt gabdifis GlikMneed toplregion whdear e of
fi'hger shape pointing downwardly. The . .

mixing of the gases is desired to form a thin film on the substrate positioned beneath the injector

200. End caps 214, braze foils 216, alignment pins 218 and chemical plugs 202 are sequentially

attached to the elongated member 204. The chemical plugs 202 are inserted at the ends of the

chemical distribution channel 212. A more detailed description of the injector can be found in

25  U.S. Patent No, 5,683,516, which is incorporated hereby in its entirety by reference.
In the prior art, the chemical plugs 202 are of finger shape pointing downwardly. The

solid part of the chemical plug blocks chemical flow out of the distribution channel 212. Inert

gases such as nitrogen flow through the opening under the solid part of the plug 202 creating an

inner purge at the ends of the distribution channel 212. The inert gas purge prevents chemical

30  gas from flowing out of the ends of the distribution channel 212, thus reducing the deposition of
reaction byproducts at the end plates of the protective shield adjacent to the ends of the

10



solid part of the chem cal plug bl ocks chem cal flow out of the
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the ends of the distribution channel 212. The inert gas purge prevents
chem cal 30 gas fromflow ng out of the ends of the distribution channel
212, fidsutipdmehid. t he deposition of reaction byproducts at the end pl ates
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t he bal ancing_of the purge gas flow .The insertio f partial into
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bypr oduct bui |l dup. on t he.inj.ectaor rforat . S Blad, Wi | e
still prot &8¢ i“hsﬁﬁ’c%eo s?ﬁrg?ldﬁlgﬁsdlrﬁ? eeglj%cg%rggcag lrlf?lgﬁané‘ﬁr3 fse%g%‘fq’]fvi%gj uglrd g%ess
app! i Gatb @ikt é&g@?@ffbﬁhd%ﬂ@&dﬂfﬂﬁﬂgjecfoh ghigldoTaRttioteofthe phrdiabflughimtpthesent
i nvention provides a vent 25 guide assenbly 300 having jnjector_shields
100 aasiswéitie infectr deeniisal digributionegrenpgs alterseier redirection and metering of inert

gas purge flow, thus reducing heavy byproduct buildup on the injector perforated sheet of the

shield while still protecting the shield end-plates based on each specific process application.
In another embodiment, the protective shield of the present invention provides a vent
25  guide assembly 300 having injector shields 100 and vent shields 150 for directing unused
gaseous substances and reaction byproducts to the center of the vent path, thus reducing the
quantity of reaction byproducts deposits on the vent shroud walls. The vent guide assembly 300
can also prevent reaction byproduct particles or flakes from falling back onto wafers during
processing. The vent guide assembly 300 is described in detail with references to FIGS. 11 to
30 13. FIG. 13 shows the entire protective shield 301 comprised of pairs of both the injector shield

100 and vent shield 150 of the present invention.
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gaseous substances and reaction byproducts to the center of the vent path,
thus reducing the quantity of reaction byproducts deposits on the vent
shroud waWwb93/0T4866 vent gui de assenbly 300 can al so preveRCTSALLi306
byproduct particles or flakes fromfalling back onto wafers during
processing. The vent guide assenbly 300 is described in detail with

r ef er encesmt@nbhGthe Iirﬂ;tebtivé‘}ﬁluéla 30IFI11®:1uthg 8 vemisguidreaseertblys3 00 rcorweises e shi el d
301 conprised of pairs of both %}r .shi el d 100 dmu[glagﬁ e,hJ[el d 150
of t Heaiynférjesfor $hﬁ@léﬁ91116ﬁ10q1109%l9n6 %f&éﬁ?ﬁ% h general, the

pr ot ?r[‘acotr{ Ve SRR &ﬁq§é'g§'gbﬂﬁhy Q)Iaan\ﬂearﬁalr%‘ﬂbé*ﬁ sRisRIBaies 130 pedipiaitdiesm a pair

or “shi Ies p03|t|oned adj acent to an injector &nd spaced
apar tthe gnjeletdt stgeld bogies to d&i’mefdthusopaﬂleangnt V@ﬁ(&‘#ﬂek?ésqmﬁl@é% Bovidgd P a pair
of vent shleld bodi es r t.he t ies to
def i nehaanelaimsised &%Sﬁo‘tlsnF epéfﬁndéy Bgogg%lalé &%r%\%frgpgﬁ%lgbfgﬁghannel

g”“se&h%ﬁaﬁ)%%na mtd%ggﬁﬁo@mea&%myog}o&mmmu &t Aranigwalbcis ceintedal  pat h

aust port and thus deposition of reaction by- products OE t he
vent shroubh patmﬂan, seferthgctodFigs.| H featd.iveharaFie. rids homisRply gngisgle offhe t o 13,

where Fig t I f icity,
t he vlérﬁfecﬂﬁ? eslgg W%Shqv,?gfglgg aSSQ b 3%?&{1& e@ﬁ‘ﬁl t?u ??6125 m%éégg% ed tg a
i nj ecécﬁfple?lhb%hﬁ}]e&@x‘%‘flﬂ@@ocﬁf@m&@@aﬁm@idémelmmbém aﬁxpladdunﬂee@nt diddhe vent
shield body 150. The first gui de nmenber %&f ext e pwar dl
out wabm:ﬂyylﬁtOo TMledWhlb%iﬁz WS P wilhy aEfﬁ gcf H’te é?mfri’%}é flnogw de
menber, 30 rns_an_ an

first oilide 39 fcﬁ'm\é%ﬁtah w1t1f31>éb1§ect tthevengl e can
r ange® 1?“?”6&1 targ‘aﬁ}fte’i%orf%%ﬁ # ggees 63@% gl ng on sp fic applications. The
secongkigurkieaFRitag a:%@‘frdns alsau pb 30 degeeey dependimlgeindspbuﬂy apBatens. dkeends
upwardly and outwa to the vent path. '%9 extension of the %%gd gui de
menbesecand ghisiermeraber Y is cppplRd 18 areah shigld; %é( r B e WP WAL g| ng from
about \g};yvggﬁygot%lg@gr{t Gth, T-BQ%X% Li8h oPt'BQséc%ﬁ@ HdgHicdder PRNRIMS adplantth 304 are

confl orm n outwar curved section of the exhaust port. inlet
t @5 di feRpéct t@aCteriival bxtspmﬁglugtf&m abautd 5dteBledegotest Adecfusheind sqsand ewilsy fr om

| t _shroud wall haust p t
R e T S b e
Secongﬂ% re@fféaa'i& lé?érd'ﬂ'ﬁgts 394n&&drsithunpyekihuyt Ph amycﬁ:modlbyvem

par al an an respect to a vertical axis from abﬁrp 15 to
30 delgb&@Wallﬂ'hethb|exhausgpathewhﬁn1tned€];8’@12$ efimagsiondryprosugigrom the ¥ent s Uhe base

frame 104 of the,i | d bod
104" omatinaseraguicd oo BTty thettiynd st iy slilg meltieliiog 6830 o} B BRRRALS AP
abyan aﬂ@ghﬁva‘%ﬁ/hﬂ b&RACind £ ah%gléesﬁlith g@be@ &6 hivertical breis Smoatbuy U5 de 30

degrees.

y The first guide member 302 can be an integral part of the base frame 104 of the injector
shield body 100. In this case, the base frame 104 of the injector shield body 100 extends
upwardly and bends outwardly at an angle with respect to the vertical section. The second guide

25 member 304 can also be machined to be an integral part of the vent shield body 150.

To prevent any deposits or flakes from falling back onto wafers, it is preferred that the
second guide member 304 is machined so that a recess 306 is formed between the second guide
member 304, the vent shield body 150, and a side plate 308 that connects the vent shield body
150 to the vent shroud outer walls. Accordingly any deposits or flakes from the vent shroud

30  outer walls are trapped in the recess 306 and prevented from falling back onto the wafer in

process. Similarly, the outwardly bending section of the first guide member 302 can also
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25 menber 304 can al so be machined to be an integral part of the vent
shiel d body 150. To prevent any deposits or flakes fromfalling back onto
waf ers, iwoiog/omsed erred that the second gui de nmenber 304 PC3/usavtidned so
that a recess 306 is formed between the second guide nenber 304, the vent
shield body 150, and a side plate 308 that connects the vent shield body

150 tfandt{a ay @plhysidal @ajstthattireventany depoditsend Hilreg fiprayept dhapiskinee wells fromkes from
t he vent shroudy 30 outer walls are trapped in the recess 306 and prevented

fromfﬂ@ngbh@(%é@ﬂledﬁ%férwo%é? er in process. Simlarly, the outwardly
bendi ng S%ﬁéﬂ] ?or She1d Mtﬁ&utgcﬁb %nt’@ﬁﬁl@ﬁss&gglyc @deé@odepbﬁts\fﬂ B8 et8866

PCT/ US02/ unction as a physical trap that prevent an}; Pos:ts and
f | ak erdudanayviakie fﬁdmdwdwaltsrmfrthe/\athasstfpa@lrﬁndf(ﬁw ﬂﬁ@tbd@&k SRtodhe Walsier in

process. In_an injector ut ery
dépodIreesss.n I pRNtKRgH the Erﬁfeﬁh %ﬁ\é\fdf V«?n g%lde ? %ten% EPth%Spsfg e{ %‘Q‘F’]@ﬁ}sﬁg pat h
and d{i0pQl EI%&B{:M tﬂ%ﬁsé’d‘ Rebreubaiksaidreadtiopbypesacts ﬂmoughn]nercaater off he

protective s vent gui de assenbly of the pres

& i nve{]?té’%g'n ﬂl rects
or chhanehtsshidue mmq:a@as’éblage@mﬁ@laﬁﬁé@ exhauSt LSS TSRS H1% ?hr ough

th t f .th t, sh
exnadstgdgesiatines B e B R QLB LSRRG W o

val | sg akﬁpr AT kg gehflgua@@s ?tfbﬁng{s Iﬂlfysmﬁttﬁplaedas aun}mthatbf owdsrs cfrlfbtk@s of f.
Al so, e vent gui de assenb

orms physi cal
powd edrep Gront thakert Wedls theyare ﬂ@#ﬁm Heth 8ap asRag yud pr?%é‘%da"%ém?éﬁ%f’ac?r? Mt%he trap
areas_,and _.prevented fromfalling back onto the wafers in process. Previous
exhau@f % raé% Oi*f'ects the reaction by- products exiti nagt he shi el d exhaust
path inl ePreillﬂth)&lah@tﬁr@ﬁfng\(ﬁdeuﬁgﬂlmadtmmby-pv@lwm exitinggh¢ siield exeausigwstler vent
shroud wal |l s such t hat Eowdery
&

L th t
s s val 15 such Chat pbusery Seposiis, Lomen el ki e vert
;[Mh ?hgﬁ({]&%[l% ﬁéposg £ rx e e (R)%F Rap¥aynht tan R £eahsly ofed n%ﬁhﬁrﬁ ticrentien | s

Thon rn ve ocity. The vent guide asse surfaces, which
My bedireots tieikbnst gises tethaotiter ofsthe eXl'dluStrIaﬂ‘E@,W a)élff@méfle ﬁo%lﬁﬁ‘fqnﬁﬂgﬂ‘ﬂ y hi gh

terrperature (about 225-273C) hat b t ery
deposwels wihew dngRly rgductiopa VFB’F 'tl ﬁVSI?t %“6‘@&1 ot esggfsp é“%%l%@p%rt her

away at %&é%ﬂh% o6 @ dﬁ%@é"greteﬂﬁsﬁ’ﬁ%ﬁ:ﬁmf mgﬁ%rﬁﬁéiamaé (ebowtl25-275MGy es 20

concen’f reaction prodicts to the trap areas where any flakes from
t he vaph tedib ?Lpdodmtslcmncmfamm\eddry Kegopits on thelguidear ﬂ?h@wﬁplho PVGSHEHp space

 educemgSiecHB AN e OB B SRtk BT S (i
\2@8 LS ?&cgrg‘tr%%&Eh&{cﬁlt‘tﬁﬂprﬁgﬁ&ﬂottﬁe Rfp 488 vidiaust fldkes Wohmthe ugit shived wells gui de
are more likely to fall harmlessly in the trap space rather than falling back onto the wafers in
process. In addition to reducing the total amount of powder accumulation on the closer vent
shroud walls, the accelerated velocity of the exhaust flow through the vent guide assembly better
deflects falling powder or flakes dropping from the vent walls. In this way flakes are prevented
25  from falling back onto the wafers in process.
In another embodiment, the present invention provides a CVD system with one or more
deposition chambers having a full volume vent assembly 400 to create a large powder trap
volume, thereby enhancing the run time before any cleaning maintenance isrequired. The CVD
system having a full volume vent assembly 400 are now described with references to FIGS. 14-

30 16.
In general, the chemical vapor deposition system with full volume vent assembly 400
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deflects falling powder or flakes dropping fromthe vent walls. In this way
fl akes are prevented 25 fromfalling back onto the wafers in process. In
anot her ewbadiomssné , the present invention provides a CVD gstusn/dvéq one or
nore deposition chanbers having a full volune vent assenbly 400 to create
a large powder trap volune, thereby enhancing the run tinme before any

cl eani g {54 ﬂfiﬁjé@féﬁ@o%ﬁmmiﬂ ont Be VD04 forsied mithame ngmarefpotts 4Qfounme vent
assenbly 400 are now described with ref erencg&%tfg FI GS,. 1&- 30t 16 fI3n
gener iccting gaseousubairnagapd shighlasssmbly AVQ SFY RPTOfRCHng the fRat SFate

asse 400. .1 / 8 / : I S8Sr hieldl Bb&ies 208 body
402 g@l/ﬂfg&g 1@?%?1&8%?%%@ %g%a%r‘l#ggg%glﬁ%g&ngﬁggp%r e ports 409 for

i nj echogebreasEiestnt tHehne0C402 and spitied hphrotesiefint ypa0409 fr Ploviaf thedgasepus
protecting the front, surface _409 of the.injector. The shield ly 406
c onpr substanees St the AnjeePRtdZs Andhpar yspthicld hpdes %%ﬁpta%"ﬁ"é’ %ﬂi@%ﬁ{@ the

i nj ecgor ;40 - ; ' et 499, RORIIfoRhOfert BRrogaseous 5
subst%a(r%l‘é ¢ Or%[r;]g%c}flg&ﬁ%jd%@?%r&eﬁg%,gﬁg}%dﬁsét%ggﬁ e(‘;f vent shield b%di eg 410
spaced] apafbviled foraeniovidy umatdigisapsciubstastes ehd reastive dyapgducts Hemithe an

h h inl 412. full I : 4. | '
" emovienehan e apotiet i Ak Sutiias ¥ Bac B SR it alels RIAYSRRE AL

react| NESHic18 Bb @6l 466l 4n CATRD I TiRE&hauP path iafeteklPasxsdndpmt h
i nl et *s}f%gﬁ}]%b@gglﬁﬁgcf};gse theei nj ector shield and vent ®shi eld %‘%da%es 406 and

408. Tehst abavwits height df thennistctor body 402 dhpainef vent pahstl oBEPEOY eYGHE of the

i njector body 402. A pair of vent path ' t fxein
i nj eciygctorm4. THae \‘/’Etﬁtpar%qt %136 ﬁrfé’ng’ﬁﬁso “%5";&@@%1?}{)@16%?;%‘?@9 a?ﬁ?ﬁ? tl?] ?FI gngt h
and 'rgggg?lqjgdgc,\b;@z i njector body 402. FIGS. 14-16 schematically show the

det ai D system having the full vol ume ven ,asi{%g%i&/ 400, FIG 14
shows a coFf@8.ildeh S@hemaiecailmshow&e@ﬁ@ﬂ%@ﬁﬂc‘é%éﬁﬁp@ﬂa%st Jppgyedty ¢ 15

vent assenbl t t : ' @ afgHolr attd dt h
and IEWGP’EPYO%IOOt ﬂgi ﬁzf%bot“%’% (%gnd)égl gﬂg&qlﬂl ssvi%élﬁ#%%rgﬁ%éf g{sb?y?(?) theﬁﬂ prior art
vent SYStRMaMIE! Tht Rentvedilis 88 arompess sibftamedlylifie filbwidthend dengtioof &e vent
shroud wal|'s ich do not enconpass the w dth and |ength,of 1;th 'E}jeector.
The pimeeor bady 403 eFlis D& sanish oehe HFIOT Aft JERLIYSER HhEre, T el Efglés and vent
shi el odiies, 204 | ' BB tie i andfledgtieof

i nj ec;aSﬁne%d’ﬁ%esl%g roa\%‘naOWfr?r&?‘&@f@%ﬁwﬁgc@?ﬁ%e ghi el d 406 conprises a
vent it i@pcssenbly 418 which includes a first guide menmber 420 provided

E ﬁet he 1n) %.‘(}:12 ggotgcrt]iivg lsﬂie{)dod%% igf o%m% gf %}(gc?ogghigﬂi #d%%rﬂ%%ngggﬁ%hfe{.&eoﬁésght of
20 410 which have extensions above the height of the injector 402 as shown in FIG. 15. The
protective shield 406 comprises a vent guide assembly 418 which includes a first guide member
420 provided to the injector shield body 408 and extending upwardly above the height of the
injector 402. A second guide member 422 is provided to the vent shield body 410. The second
guide member 422 comprises a curved section extending upwardly and inwardly into the vent
25 path416. Consequently, the first and second guide members 420 and 422 define a curved stretch
of the exhaust port inlet extending upwardly and inwardly into the vent path 416.

Preferably the second guide member 422 extends upwardly and inwardly across and over
the first guide member 420 such that there is no vertical access for any powdery deposits from
the vent path 416 to fall directly to the wafer in process through the exhaust port inlet 412. The

30  injector 402 is preferably connected to the vent paths 416 through a baffle 424. The first guide

member 420 extends above the baffle 424. A large physical trap area 426 is defined by the inner
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injector 402. A second guide nenber 422 is provided to the vent shield body
410. The second guide nenber 422 conprises a curved section extending
upwar dl y wod3jomses dly into the vent 25 path 416. ConsequeRCITyusor/mms74 i r st
and second gui de nenbers 420 and 422 define a curved stretch of the
exhaust port inlet extending upwardly and inwardly into the vent path 416.
Pr ef emalibytht hentgathotid, theibdflendriand thée Fzstexidemusnhardad.dT e Gusiguidewasnabsf acr oss
and over the firs uj de_menber ., 420 such that there.i S nag tical .access
for afio %Mé,apo‘@éé%g@fjﬂg ig‘ﬁﬁlrﬁm’cnﬁ@m%’ﬁ’tg 'Eftfﬂnﬁigﬂﬁécail PP g %(%6:: uifiyg/cl%% t he
vaf er 4 o &h@aex RakS! baeR Fonk tHeShned W1l JBe Bt batheator 402 is
prefe;[datg?psin nﬁ@g%}g%%o t he vent lggéihs 416 through a baffle 224. The first
gui de  nenBeferdd§ teoceemitbgradomenbére 28 af hachingdsuchithptanhasiealrap ap 448 8p ar ea

426 i s defined by the inne 14 34018866 t he
veht g%{flﬁdhi%‘fee?ﬁl? S5e99 &1 elghe\é/f%geé Crst WSE%éh%%MQi%ﬁ@1év st

gui de gireiaipehy 4#E0ARY hEWHS RBOVR of HekdaFhliihg off¥orh therputérwatlufithevephpatho form
a physical trap area 426 sufficient to trap any powdery deposits or flakes

fal | i AY6 backeeivedrin theepliysicel tramdd8. of the vent path 416. Preferably the

second [ er. 422 is i i 28 is
5 Formed borapg onieeaeia e TRt RarpER By U R aRlack R BRBRATC
pat h 45l& abcdl hBcass r poshicey depoeityordflikes Anyal Poasiiemtaltposifesfrom the akes
falling off fromthe outer wall of the ven at 416 are recg%%ed.'n t he

physi waths ¢ 6 psinge ghe Tarendyenisgude MeHRET AEfeR afeﬁﬁly F3PTRYey & NIEL SBMIS1 v 400
i s advant.age i I q posits
or 11 SRR SR ok est PR b e o B B R o e e he
seconghuék Mrg@podderaapesiuact hikenhatces the ryn @ime bsdroamrelednmgfmaigtengusiede

menber. Further, the widest |lateral. geongetry of . i pj,ectgr agvail abl e na
be uséuregbreemdhgven 8 %Prﬁé}‘ %Hg%‘?gﬁ?ea%‘swpbﬂﬁy og-h}egy%ﬁ%gﬂggasw he ru%
time taﬁga{ﬁom_oggg]ﬁg&gs BBhE 3FEin prSeek£qU red fromthe vent walls,

thereby mnimzin usceptibility of the systemto &avi ty driven
pasder or FIGKK stioepsmothtoemblimeritef the fullyobuwesswent agemply, INCEIPORBINE not her

enbodi.ment of the full .volu vent. assenbly, incarporati. jhert. gas

pur ge dSrHe Pﬁ{ﬁegé( e PSyeRBLy A ge E]I%ﬁsé’s‘%}/' ot PNI&SQ(A‘E%’ P ;Q/i Hcf g g%eg%hg hﬁﬁohhe

exhaugfiefQbt 1 hid &b dtildent! helltbhalrEnedé 8ERfector BicldHodidaals wad veme sigeld

i njector shield bodies 408 and vent shield bodies 410 is exten eoda&gpward
2

to al lbodiepdirQie extanddd upwasdito 2lomi nurgsreas foarqus pdditienal pedersted shecks,

incorpgrated into.the inner sur t I [ Sit QRdGUderaeNbEr s
420 s> ol anades e, stk RRe 2 i b mRREnRRRRRCB T
asgenbbypeitively. tie @V‘Ers?rstglﬂﬁlaﬂimggl@fullwehﬁn@vﬁnd essembhdwvihtiegeatgasipurgddat t he
conpl ete exhaust path rromthe injector, up into the Jarge )

vent guide is advantageous in that the complete exhaust path from the mjector up into the large

=

volume vent shroud is better purged to further reduce potential particulate contamination on
wafers in process below.

The foregoing description of specific embodiments and examples of the invention have

25  been presented for the purpose of illustration and description, and although the invention has

been illustrated by certain of the preceding examples, it is not to be construed as being limited

thereby. They are not intended to be exhaustive or to limit the invention to the precise forms

disclosed, and obviously many modifications, embodiments, and variations are possible in light

of the above teaching. All or some of the above embodiments may be combined for process

30 advantage. It is intended that the scope of the invention encompass the generic area as herein

disclosed, and by the claims appended hereto and their equivalents.
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vol unme vent shroud is better purged to further reduce potential particulate
contam nation on wafers in process below The foregoing description of
speci fi c wolwsdissent s and exanpl es of the invention have 2&ThsSempresent ed
for the purpose of illustration and description, and although the invention
has been illustrated by certain of the preceding exanples, it is not to be
construed as being linmted theredyLATM8y are not intended to be exhaustive
or toé&hr{i{t the?df.g_venti on to the precise forms disclosed, and obviously
many 35 elAM¥HS.  enbodi ments, and variations are possible in |ight of

t he above teaching. Al or sone of the above enbodi nents may be conbi ned
for process 30 advantage. It is intended that the scope of the invention
enconpass thprojentize ishickl fon gassdistabetion sygiesws| eeRfisiagid by the clai ns appended

i e L G BT R, S

conpr i si ng:a RerRrfas shdpoviriel By theivhitffraane sfio peroratdahed hahimgpaorizetter  of t he
base; a perforated sheet carried by the unit frame, said perforated sheet
havi ngeetigndiesing asubstraie @nd a yertigel ssefion BeweEpsXBAUSERILa vertical section

facing an exfialsh RAES: o S b Sh Vet 0 shARRs BPghet he
hori zont al agﬂ vepgﬁlggydg%%d%gég?getahgkﬁ%%r%orat ed seheet;S 10 ?3. gaé3
del i veseyfotiad steef, or delivering an inert gas to the plenumat a flow rate

such that the gas diffuses through the perforated sheet:; and a .vgl unme

i ndert di sppoga@dleuyqrmdﬁvqcagarﬂe Yﬁﬂﬂ%fa@rm%g?srt&%lg‘? PR §f? ﬁBWtrﬁti?r‘f‘u‘&]? ﬁ?ﬁe gas
fl ow r | v i cal sections of the perforated
sheet T}giggﬁf@%estt%?g?gE:}%eﬁ%gﬁ)gaﬁd:ﬁﬁget(’)%%I aim1 wherein the volume insert is
a bent band wdupb édettalisposed widlse theplening fosedtrolling distrithéioplof tiggasuch t hat

the internal volu of. t l,enum for .gas . fl ow.i duced, and
di str ifiﬂﬂlp%ﬂ‘ri%‘f‘gbtﬁ%gh@%o‘?qgl@%dﬁ’ TCRkSCR Szogﬁlﬂeaﬁ’ergoé%f(; TF's i ncreased
sufficiently to prevent incursion of external gases inside the shield and

to forma suitable boundary | ager. whi ch substantially elimnates deposits
ontst he2. hBhe pmitective shicld efielaim & wherepghe selumednsest i pbent bagd copplediaihect i ve

shield of claiim 2 rei.n the volu | i xd endi ng
the full L?%ﬁaflﬁ}sgpggaﬁ‘gﬁ%%l& ﬁf‘rﬁ%ntg n@é@%ﬁ%@t‘%}rﬁ?ﬂlo %é@g&???g#ﬂ@fﬁ; gce faci ng
t he vertigedlis reduced, and distribution of the gas flow to the horizontal section is increased

sufficiently to prevent incursion of external gases inside the shield and to form a suitable

boundary layer which substantially eliminates deposits on the horizontal section of the

20 perforated sheet.

3. The protective shield of claim 2 wherein the volume insert is a three-bend band extending
the full length of the base, the three-bend band has a first surface facing the vertical
section of the perforated sheét, a second surface facing the horizontal section of the

25 perforated sheet, and a third surface facing the gas delivering device, wherein the second
surface of the three bend band and the horizontal section of the perforated sheet forms a
passageway tapering from wide to narrow as the gas flows from the gas delivering device

along the horizontal section to the vertical section of the perforated sheet.

30 4. A chemical vapor deposition system comprising:

an injector having a front surface for injecting gaseous substances into a processing
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section of the perforated sheet, a second surface facing the horizontal
section of the 25 perforated sheet, and a third surface facing the gas

del i veri myodamisseq wherein the second surface of the thr@eThsot2i3and and
the horizontal section of the perforated sheet forns a passageway tapering
fromw de to narrow as the gas flows fromthe gas delivering device along
t he ml@mz)@fataﬁﬂ section to the verti cal secti on of the perforat ed sheet. 30

4. A ch | deposi t
front _sur repelgre P gerHgPgLBh Chboranceerr iy i ke aanag O

03/°0 k 18hiv6 Shie MR sin g2 pla t@sf:ﬁid tovedslicetsgl positioned
ad ag@g?ﬁ?ﬁgféﬁgﬁ or % neprot ecting the fron?ﬁsurface of the injector,
sai d prot ewhemmthhirgéaﬂormonmmsss ng end plates and perforated sheets; wher ei n

the injector co i se lr«aidnj €ctin
gaseous subst ang&emlﬁédnjg%ﬁo&l poﬁ{%%tztlggm éC?%%gg%ogg&bsﬁh?%ﬂJé@tsgird J pl ugs ’
di SPOSS gesgﬁlgtcﬂgmg&dgmpf the chem cal injection port slot to balance inert

purge gas supplied to the ends of the chem cal {1] ectlon 1pto tt slot relative
to a chenical gm@tcsmh;ﬂmde&woﬁﬁqtlﬁ@?ﬁdééfﬂle&bem% HPB RO h& Ttion port

I wh
per 1 opAlEiEd RALRTES APt PRlite saTr LG ?ﬁ%k%l&‘fﬁﬁédtﬁ&é’gﬁt%?‘?gi‘ﬂﬁ%?p%& ion

bui | depdphiedl chSupplidd B @k 8sddIs of ﬂffe&heﬂnﬁml tgdctivaport shbe,pmlseremdnp@ytgme m of

claim4 wherein the injector plug is |dedvv| varying in
diiore ngidobuildhb of reasten b)ﬂ’tr%d"fcﬁeoﬂ tﬁ@ﬁ’?rfﬁ‘i& E;%EMFIIB Cfg §@BB{]‘?’1§%’1{1% t he ends

of the,c C ieSai d opening conprises a first narrow
sectlﬁ)‘f? gﬂﬁz‘lc’?‘%?%%ﬁ%‘gﬁ% dgp sec |on aéjeacent the front surface of the

injector. 6. The chemnical vapor dep05| t| on system of cl ai m 4 or 5 wherein
the protective shield conpr.i.ses: g § avi.n anlénfr ra}ge f or med

ar ouné theTb@PhWélr"aB‘PrQeﬂ?@SlHa%éySteénB ?]1a VETER BSIIEKF PEE By the unit
frame ro%?deqval a V}getrn : Cabﬁﬁ%nﬁ&iﬁieﬂﬁoﬁ‘vﬂﬁ’dﬂ #aft@lthe 1&6&&3&1@@ gaaﬂlomg a

substpate ction facing an exhaust port; | enum
pasti alﬂp)hediaf thlaeaddsbgf thtchdmaisa injectiangorhglei, ZQJﬂlpmmléﬁl@PmEﬁl%%@ FS@@EIPWons of

e S 4 SR 2245 RIS ] ver g an e gas

6. The chemical vapor deposition system of claim 4 or 5 wherein the protective shield

comprises:
20 a base having a unit frame formed around the perimeter of the base;
a perforated sheet carried by the unit frame, said perforated sheet having a horizontal
section facing a substrate, and a vertical section facing an exhaust port;

a plenum partially defined by the base and the horizontal and vertical sections of the

perforated sheet;

25 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; and

a volume insert disposed within the plenum for controlling distribution of the gas flow

through the horizontal and vertical sections of the perforated sheet.

30 7. The chemical vapor deposition system of claim 6 wherein the volume insert is a bent

band coupled to the base and disposed within the plenum such that the internal volume of the
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the gas diffuses through the perforated sheet; and a volune insert disposed
within the plenumfor controlling distribution of the gas flow through the
hori zont avOanai188e¢ t i cal sections of the perforated sheet. PBU/URO2/TI3RG

chem cal vapor deposition systemof claim6 wherein the volunme insert is a

bent band coupled to the base and di sposed within the plenum such that the
i Nt er pishurd Sbrgie kv isheducdd, MOIBBINIBASE tHRGRs eoo Ash@izoptd feafionds gas 1 ow

is reduced, and distribution of. th as flow to. Ql41,20 ection is
i ncr elsregses uiEeEht toyprgvsnReERn Ogﬁg‘iﬁfl?; 8‘?’?%@5@?3% ﬁ’é?ldgag(gxéogqu%sa} de the
shi el g,u@gfgt} g.n(flsﬂ‘? 'ﬂsy%rw?l tahd gAYy RERf YAt CIPbsiinGhe Boldnidl iseéldnyof

el i m nat'es c?epos ts on the horizontal section of the perforated sheet. 5
8. Ththegbrbratal sheetpor deposition system of claim7 wherein the vol une
insert is a three- bend band extending the full length of the base, the

t ht ee- bend band has a first surface facing the vertical section of the

per f ogat edrghgRimica v& Gﬂi}goéitiéﬁ 3@erh 8EE1REN 7 Rehehan thzonlwahe isett ivnthode- t he
per f or at ed sﬁeet ,lcandﬁa third surface faci ng@t he gas deli ver%aggifdevi ce,

wher ebendttad seicoding 11 Billrltrgle obthebage, thertbethend barthips Afdrst Hi 3°ReNt al

sectiqgn of.the perforated. sheet f.o i ide to
e gL pP RS B heloL Pl BRI bR Lo
hori zgptalrosRet 4B, b 4 herdwatfhéCRkingald srictiberiipadqvaef whetoarths kemind 9. A

protective shield assenbly for a gas distribution st C rising: 15 a
pao r efrficajoétrechres frced b ddke brygontabpretion g ﬁ’@é’ﬁff%éﬁeqeﬁe@cfgggs 4nd spaced

apart _to define a rt ther I rﬁiét&g, ces from
t he i RfGREY @PHLs/ 0611% “%/%ﬁtf) %saj %lg%,}%g%%o%a? e%&isgﬁrgfglﬂ%&g?? H?er om sai%g i nj ect or
shi el dlohgdicmorizoher siction i tile vereion] sshiiel of thaperforpted sheet.shi el d bodi es defi ne
an exhaust path inlet for exhausting unused gaseous substances and
reacti on byproducts; and 20 a pair of vent guide assenblies for directing
t he ugused J R Ueednzisfdeom t he exhaust

pat h ig'nl et q%ﬁ%%@ien?ﬁ-ﬁ%g{aﬁs?ﬁm%g;irgalﬁé%ﬁfﬂ\}lgg??%slgf.d,e apzlse |y conprises: a
fiisst gui da paeobarecoughicddibodies prsitianed ediocens n éjecterrmgd spacedeaperrieli ng
upwardl y and out\/\%dl y t he vent athB' andgf%S esi%c%{})(il gui de nenber
coupl Eefinep porbiheEmbetehension IBY RS SARRPUE Y SHEF P OB B and outwardly to

the vent pathir of vent shield bodies spaced apart from said injector shield bodies, wherein said

vent shield and injector shield bodies define an exhaust path inlet for exhausting unused

gaseous substances and reaction byproducts; and

20 a pair of vent guide assemblies for directing the unused gaseous substances and
reaction byproducts from the exhaust path inlet to a vent path, wherein each vent guide

assembly comprises:

a first guide member coupled to the injector shield body and extending

upwardly and outwardly to the vent path; and
25 a second guide member coupled to the vent shield body and extending

upwardly and outwardly to the vent path;

wherein the first and second guide members are configured to form an
outwardly curved section of the exhaust path inlet to direct the unused gaseous substances
and reaction byproducts toward the center of the vent path to reduce deposition of unused

30  gaseous substances and reaction byproducts on walls of the vent path.
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wherein the first and second gui de nenbers are configured to form an
outwardly curved section of the exhaust path inlet to direct the unused
gaseous swbapamses and reaction byproducts toward the cemCcerusot23he vent
path to reduce deposition of unused 30 gaseous substances and reaction
byproducts on walls of the vent path. 18 WO 03/018866 PCT/US02/27376 10.
The pilot ecThe ratitior dhiaklsassdhly of clairairwigreihsaidifivstspuids mpmber igande menber

it EH R By Pue AP i S i Ry Ak uBSarR &' 00y
Seco ”%&&é’hﬂ%ﬁ@[ﬁ BREY, S $hiaHHstURMAEHN AR maHbMGEReNd Gploaidandddal |y in

paral l el and at an'angle froma vertical axis between about 10 to 30 5
degr eestwatdly sThstarsially écpareielshd ef ah anglefrbing vsitical aximbeoveaen ebeidrl 0dBRfr i si ng
a E)ai rr of side plates for connecting the vent shield bodies to the walls
of > t hdesFast pat hs, wherein said side plate, second guide nmenber, and vent
shield body forma recess to receive particle deposits, and 1o said first

gui de nenber extends upwardly and outwardly to forma trap g{ea to.receive
parti dle d8pegratectiveshieithassesnblyedclaja 19Haher canperinep ratr Aisiemlyes 09 or 11

wherein the ipjector.shiel. i : . : i a unit

f rarrec?laﬂeﬁﬁlag %3&3%%%@%%@? %’;&b Eé?,%g? Of%%%@@SQ@S%%%%ZC?gg@gﬁg%t carried
by t hgedoRil toufdean@mbes 2ird oot §loglatbedy sdires rebasgitmpcaive aitivbmdeposits end i on

facing a substrate, and a vertical section facing an exhaust Port; a pl enum
paft i ariffirstenideanemertentengs upvw adly Meouﬁwidkyctﬁtfamgaﬁr&wm PLfCect i ons of

t he tfor sheet; 20 a gas delivery device for delivering an inert gas
to th@g%ﬁcéén%&?]gg%&a flowrate such that the gas diffuses through the
perforated sheet; and a volune insert disposed within the plenumfor

controlling distriputjon of the gas.flo t hyough.t he.hori zont.al. an
vertiddl sddePEiectye S{"ﬁ& ??é‘?m@ﬁ’é)t & l%lﬁeg? or ggwﬁgr_emrﬁg 1134?%%@??@5”@%% d
assengblgﬁglqgﬁcl aim 12 wherein the volune insert is a three-bend band

ndi ng t

exte e full length of the base, and the three-bend band has a first
susface faaibage havieg vent freme fomud avprndfthe herippeler ofthe bascsheet, a second

e o B T, T e RE T SRR e 3 L
]E 2r6mts Qéaﬁl%ntiﬁdlﬂg hanskiardaddeviariizedical fa&ae kh oghaobt fdig perforated sheet
a plenum partially defined by the base and the horizontal and vertical sections of the
perforated sheet;
20 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; and
a volume insert disposed within the plenum for controlling distribution of the gas flow

through the horizontal and vertical sections of the perforated sheet.

25 13.  The protective shield assembly of claim 12 wherein the volume insert is a three-bend
band extending the full length of the base, and the three-bend band has a first surface facing
the vertical section of the perforated sheet, a second surface facing the horizontal section of
the perforated sheet, and a third surface facing the gas delivering device, wherein the second
surface of the three bend band and the horizontal section of the perforated sheet forms a

30  passageway tapering from wide to narrow as the gas flows from the gas delivering device

along the horizontal section to the vertical section of the perforated sheet.
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30 passageway tapering fromwi de to narrow as the gas flows fromthe gas
delivering device along the horizontal section to the vertical section of
t he perf owetledissheet . 19 WO 03/018866 PCT/ US02/ 27376 14. pATaisentsaé vapor
deposition system conprising, an injector body having a front surface
formed wwth a port for injecting gaseous substances, and a back surface
for connecting to a vent assenbly; 5 a shield assenbly for protecting the

front surface of the injector, said shield assenbly conprises a pair of
i nj ecltr s eicaniend ypRY dsBRSIEPLHE TGP HEBHPEL he i nj ect or body and spaced

apart to define.d %;ﬁﬁ{gla%l@faeﬁ&ﬁfsmm fhfed JRh Bbrt theinfRERO BscOWPSt ances

fromthe in eI{cltor; a palr of vent shield bodies spaced apart from
each efibssaiceks, iand ebadrsusfabefat coboutiing fo awent essamblch of said vent shield

bodi d ipj hiel d_podi fi h y . and
Fubl vol ume Dt sa By B s ot e SR GALBERE bl fagtenf” °

react i,9R,RYss Products fromthe reaction chanber, said vent assenbly
conpri seg: 15 a pair of exhaust path inlets defined by the injector shield
and vent shi el d a poivaif égectenshielé khdigs positianed iadjaeens thsdniastar hgduend east above

he height of the inj dy: and L eOf ' b
the inj oct or andoirahpLeciomS FpEhasBeAeh s Tal R R RGO or

the injector bodgym @8 idjecto;h@dchem cal vapor deposition systemof claim 14
wherein said shield assenbl further conprises: a vent, gui de .assenbly
i el udi ng: a fi rawrgafuve@tsﬂm%% odiesyiparakrper fome cach A spidriniBRioE e Hody and

Second gui de menBaroatBn s AR SHERERSO pnd Wil R hoRa . e
nmenber conpri segefingihwgtawsepathafilegxhéndi ng upwardly and inwardly into the
\3/22: i gﬁt gf a}[,fwgﬁ rvgllu?nesvacleh? asfslerills)lty fgp quII’?O%Cl;I’?gnudl’luggA gaesecgruesnsiljﬂeagtgncdeg% ?eagtignulg}\/-ed
products from the reaction chamber, said vent assembly comprises:
15 a pair of exhaust path inlets defined by the injector shield and vent shield
bodies, said exhaust path inlets extending at least above the height of the
injector body; and
a pair of vent paths provided above the injector and encompassing
substantially the full length and width of the injector body.
20
15.  The chemical vapor deposition system of claim 14 wherein said shield assembly
further comprises:
a vent guide assembly including:
a first guide member coupled to the injector shield body and extending
25 upwardly above the back surface of the injector body; and
a second guide member coupled to the vent shield body, said second guide
member comprises a curved section extending upwardly and inwardly into the
vent path;
wherein said first and second guide members define a curved section of the

30 exhaust port inlet extending upwardly and inwardly into the vent path, and

inner and outer walls,
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30 exhaust port inlet extending upwardly and inwardly into the vent path,
and inner and outer walls, 20 WD 03/018866 PCT/ US02/ 27376 wherein the
first guiwe oawemses of the injector shield extends upwardl yCahusor213ne hei ght
of the injector to forma trap area between the inner wall, the first guide

menber, and the injector, wherein the vent shield body, the second gui de
menber and wheeein thed rsixgifle wembreofithe injectorsbielthextordstupa@sdiighgve B m a recess

for a4k tﬂgaﬁgeétaf oefoﬂsagﬁ%ty, afen RBGeRL Sl WAE tﬁ@@t@g oAy

exten and i'nwar across over €r such that
t her e th&in El&t(ﬁll rect access for any partr cle deposrts to the substrate
through the exhaust port inlet. The chem cal vapor d posr n system
of cl ai m 14vhsrein thaiyat elrlrldtl‘ﬁéy,fthr WO%auléee@ﬁﬂ)ef f‘e%uglr ovi ded

W N RRONTPALLER) Kodlel 080 KBRS ﬁfé‘féd%??%%saﬁhat Vi me the entrance

to'the u |nert gas s supp to the plenuns and
di ffuses t htrhmgiﬂ thet deeorpkg fide akebesheatds uptvatdiparid instardip dewecord thgui de
chemi cal vapor depositi

menber n syste npr i si n. injector
havi ngt?rét %Wergﬁrrfsae%ﬂ%ﬂww 8ot aﬁ%\‘?ég‘ﬂ' %@E‘é’?s’itﬂogg%sug’ﬁg UE&ssi ng
chambef,q,siid éxﬂht’é@g@fénﬁ&fm” ses: a chemcal inj ectr on port slot for

i njecti ng-gaseous s tances into said processing chanber; and 20 injector
pl ugs di sposed at the ends of the chemi cal injection port slot to balance

T B e R S 5 P L P
chem cRldel MbRGdrs OR ptf@rlaedstvﬁh pleﬁlﬂﬁls?aﬁﬁﬂ? U@ﬁ%xh&t@d sk tB&illindghd he

front surface of the injector, said shield y conprising: 25 a pair
of i njestruune te Hiedull viobuheeenbswidtineshgas lawp@beqhto the lenpjne eng diffises

apart et we W of gaseous substances from
t he i f‘%@?ﬁorrateg%egf éﬁh%ggﬁ]ar?c%eg%cggmg e{n:?g ody conpri ses a base having a
unit frame formed around the perineter of the base; a perforated sheet
carried by the unit franme, said perforated sheet 30 having a horizontal
sdéti di-f ach Plgm&c%lt)@ﬁt’fr@ﬂ?ésm%éyséemé‘rftlplésdllg ‘secti on

an injector having a front surface for injecting gaseous substances into a processing
chamber, said injector comprises:
a chemical injection port slot for injecting gaseous substances into said
processing chamber; and
20 injector plugs disposed at the ends of the chemical injection port slot to
balance inert purge gas flow supplied to the ends of the chemical injection port slot
relative to a chemical gas flow supplied to the middle of the chemical injection port slot; and
a shield assembly for protecting the front surface of the injector, said shield assembly
comprising:
25 a pair of injector shield bodies positioned adjacent the injector and spaced
apart to define a port there between for flow of gaseous substances from the injector,
wherein each injector shield body comprises
a base having a unit frame formed around the perimeter of the base;
a perforated sheet carried by the unit frame, said perforated sheet
30 having a horizontal section facing a substrate, and a vertical section

facing an exhaust port;

21



facing an exhaust port; 21 WO 03/018866 PCT/US02/ 27376 a plenumpartially
defined by the base and the horizontal and vertical sections of the
per f or at edOB@EBp6 a gas del i very device for delivering anpPcmars2/gassto the
plenumat a flow rate such that the gas diffuses through the perforated
sheet; and 5 a volune insert disposed within the plenumfor controlling

di stribution of the agden pavtinhy defijied biydhbase 286 the hasizantpbimd veaticalect | ons
of the perforated sheet; a.pair vent shield bodi es spaced apart from
sai d injector shiel dsﬁgtﬁnégf%e&?é‘ggﬁt%fgglg?td vent shield and injector shield
bodi es define an exhausk dekdty devied for deliveligalih@t gastg thplsun gos ows

subst ances and reaction byproducts; and a pair of ventﬁ(gui de assenblies for

directing the unused raEsBehthatiip gandidiases thioyeh thearerionated phestidets from t he
exhaust path inlet t 81 AbEiSe 8 gﬁ;ﬁﬁloﬁ
co?rpri sing: a first %u@é%ﬁ%nﬁgg?ﬁg%%ggﬁé@h?g{%t %ﬁﬁ;&)or sﬁ%e? body and
extendi ng 15 upwar dlof tlenghsdlotwniraligh theohdrivented and patibal sacttbna o§theond gui de
menber coupled to the vent dshi el d body and extending upwardly and
outwardly to the ventPeHataied &% ein the first and second gui de nmenbers
configured to far N BhYies g&{ja?%ﬁcﬁ,grg@ afinther sribawsticpat h inl et
to direct the u%&gggﬁvfo gaseousles%%sta ces andalr érzliJctif)n byp_rolgu’cts to the
center of twiereiesdid vpat shield 8nd Miwetar lskieldcaldiasalebine de polsiusi path myeitferm of cl ai m

17 wherein the volune jnsert is.a bent, band.coupled to, the base and
di'¥posed vwcf’ﬁ?‘iﬁmﬁﬂ&“iﬂde%‘?ﬁ?ﬂ”éﬁﬁ tﬁrﬁsstal%dﬁéa‘i%lr?flé’r-‘/ﬁ%%“%‘féi of ch 25 pl enum

for gas flow is grpdugednt angk sshbliddubi Aifeclhg titAuBiagd fdsevastsabétheeebor i zont al
section is increased sufficiently to prevent incursion of external gases

i nsi de t he agfieactombyprodudtoframghe exiapsitpiath ivkay trla v gntipathe wherpiz each vent
subst ant i al lﬁi eléem' ates deposits on the horizontal section of the
perforat ed SHEEPS Y YPHHBE cheni cal vapor deposition systemof claim 18

wher ei n the vol ume i nsfgt giide @embbr @aplkane tHedndcwx biseld budytahé ettehding engt h

of the base, the three-bend band has a first surface
15 upwardly and outwardly to the vent path; and

a second guide member coupled to the vent shield body and extending

upwardly and outwardly to the vent path;

wherein the first and second guide members configured to form an

outwardly curved section of the exhaust path inlet to direct the unused
20 gaseous substances and reaction byproducts to the center of the vent

path.

18.  The chemical vapor deposition system of claim 17 wherein the volume insert is a bent
band coupled to the base and disposed within the plenum such that the internal volume of the
25  plenum for gas flow is reduced, and distribution of the gas flow to the horizontal section is
increased sufficiently to prevent incursion of external gases inside the shield and to form a
suitable boundary layer which substantially eliminates deposits on the horizontal section of

the perforated sheet.

30 19.  The chemical vapor deposition system of claim 18 wherein the volume insert is a

three-bend band extending the full length of the base, the three-bend band has a first surface
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22 WD 03/018866 PCT/ US02/27376 facing the vertical section of the
perforated sheet, a second surface facing the horizontal section of the
per f or at estogBwEBe6 and a third surface facing the gas del i pemiusg2/eisveé ce,
wherein the second surface of the three bend band and the horizontal
section of the perforated sheet fonns a passageway tapering fromw de to
nar r oviacisg thieverjees] fections of the petferated sheaicd sepend sHyfase dasing e apdaytilne

hori zqnt al ctiop to.the v [ ' - .. 20. The
hen S gh i BfskRd ikt S50 b MLy P phehe ICARRRGRE Bovice, Mhn £
provi dietsevbidsuaface BEihciBre¥ 8end tgdiand dietesiizonial ydetioh of thstpeifotated dheeti ner t
purge gas flow supplied to the ends of the chem cal injection port slot,
sai d dpras anpseagepel sapsting fiopsvidg e pewev @s thedes @ﬁwé%@%ﬁ’é’egé‘%ﬂ?il € section
adj.acent. . t Ly d LW&al vapor

de osi%te %18%12@?% {Eﬁ;emio&% Bé{agige%u%mvﬁg?’ %]{Hrclglgstg%onf c?ﬁrﬂsl%3 ggiﬁ?lﬁgﬁrr@hegne%er is an
integral part of the injector shield body and said second gui de nenber is

an integral part  of the vent,K shield hody, and said first and second gui de
menberd- extlbgghempical vanpr é?@sﬁ@néﬁﬁt%r"g Fi}@d@s‘%ﬁ?m q’fﬂq"h’r lel and at

an an . I; ' Flowe2. The
pr ot eg’tk &&%gdgﬂ?}gﬁﬁsgidégﬁgﬁﬂgﬁ . gﬁ%%g%ﬁ?%ﬁeﬁ%&%gﬁp%%ﬂs@ﬁgégg a(} r of side
pl at esufpdied te trenawds bfithetchemicehinjestiompokt blotiseisl apeningeomatibes agirst rpsrayent
pat hs, wherein said side plat 20 second quid nber. and vent shield
body Feftinand @sgend; wide sg Wéﬁ%‘&‘?rgiﬂ%‘? %Olﬁe%g%?et ‘gf,tﬁgﬁléie“%rai d first guide
menber extends upwardly and outwardly to forma trap area to receive

particle deposits. 23. A chem cal vapor deposition system conprising: 25 an
i nj ect2dr haherhemical vapor depdsifion sygem;ofjckaimi lfgvpaeiasaid Heivmidaiaesberifo a

pr ocessi. ha .sai.d injector i : ] 1.n] ' port

Sl ot - PormPRPCRR mobh g euts e Boe mEE Rl eS0T paC BRMLERls AR B PO

i Nj ectyPfhenlcdBshidldRasamdabid iie @adecoll dubd rababirs aktehdjpetddbnamior t sl ot to
30 bal ance inert purge gas flow supplied to the ends of the che]g; C%I

i rjSecoubrergkyrsubstentinllyria parellokand gt an argledrem a yaticsl gty bebpssniakaut 1 R ni ddi e
of th%egr%gsm cal 23 WD 03/018866 PCT/ US02/27376 injection port slot;

22.  The protective shield assembly of claim 17 further comprising a pair of side plates for
connecting the vent shield bodies to the walls of the vent paths, wherein said side plate,

20  second guide member, and vent shield body form a recess to receive particle deposits, and
said first guide member extends upwardly and outwardly to form a trap area to receive

particle deposits.

23. A chemical vapor deposition system comprising:
25 an injector having a front surface for injecting gaseous substances into a processing
chamber, said injector comprises:
a chemical injection port slot for injecting gaseous substances into said
processing chamber; and
injector plugs disposed at the ends of the chemical injection port slot to
30 balance inert purge gas flow supplied to the ends of the chemical injection port

slot relative to a chemical gas flow supplied to the middle of the chemical
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a shield assenbly for protecting the front surface of the injector, said
shield assenbly conprising: a pair of injector shield bodies positioned
adj acent wbe3sjomsect or and spaced 5 apart to define a port pcharse2/psreveen for
fl ow of gaseous substances fromthe injector, wherein each injector shield
body conprises a base having a unit franme forned around the perineter of
the base; a penfjestangeresielet carried by the unit frame, said perforated

ection 16 sk RaemRSdRelEs b PR o bR T HIOERF o BOR AR e

and t RgmPAsihgontal and verti cal sections of the perfor ated sheet; a gas
delivery device for dellverlngi an inert gas to the plenumat a flow rate

such that the gaspam affijsetr shie 699@116@ R%Sl‘fﬂé}efl@fi@p@r& t]gw&qctoraﬁ spased ol ure
t di | h
I ¥ Svrt hr Ioﬁgﬁar? ﬂ el CI)lrela O%{lt%f:‘l% e CaI Bkggebﬁﬁbg%ﬁ%eﬁ'ﬁgﬁ {1@AnjeQbr,t he gas

ctirons perforated sheet;
a pair of vent si¥leedia eb@)ﬂimbstosﬁaeldd)oapaompﬁsasm said injector shield bodies,

wherein said vent shield and inj ecgr Shl eld bod s define ﬁﬂ ﬁxhaust pat h
inlet for 20 coll ectdbige havireduyhiaygdowpdar © RAPEL et I8R5 pr oduct s:

and a full volune vent,aesenbl h%eﬁamémﬁen&twgmgga%@mmt;mces and

reacti on by- products rom-t reacti on ‘chanber, said vent assenb

conprises: a pair of haxingustoripathl sentiat Sicubgfai substraty anthe verticekseotionshi el d and
vent shield bodies, said ex ust ath inlets extending at |east above the
250hei ght of the inj 64188 ah g‘a pair of vent paths provided above the

back surface of the iy ﬁi@rﬁﬁﬁ’ﬁatﬁﬁ]@y dﬁi&@'ﬂ?&ﬁ@b&g afd Bt Rizbatal dhd eetidall |
| ength and width of the Injector bod 30 24. The chem cal vapor

deposition system of scd:‘tmnmﬁﬂle\mefpmt Ethltret, vol une insert is a bent band
Vol e of the. 24 Wo 08 OTRGER TPty (amgaiey Sl TRHERES e Mdlueh A HBRCT 1
reduced, and distri bybjeQiciPthat the geagiffuke@whiongh ﬂ& pepforaeétrbt; aadt i on i s
15 a volume insert disposed within the plenum for controlling distribution
of the gas flow through the horizontal and vertical sections of the
perforated sheet;
a pair of vent shield bodies spaced apart from said injector shield bodies,
wherein said vent shield and injector shield bodies define an exhaust path inlet for
20 collecting unused gaseous substances and reaction byproducts; and
a full volume vent assembly for removing unused gaseous substances and
reaction by-products from the reaction chamber, said vent assembly comprises:
a pair of exhaust path inlets defined by the injector shield and vent
shield bodies, said exhaust path inlets extending at least above the
25 height of the injector body; and
a pair of vent paths provided above the back surface of the injector and

encompassing substantially the full length and width of the injector
body.

30 24.  The chemical vapor deposition system of claim 23 wherein the volume insert is a bent

band coupled to the base and disposed within the plenum such that the internal volume of the
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i ncreased sufficiently to prevent incursion of external gases inside the
shield and to forma suitable boundary |ayer which substantially

el i m nat ewodapusshe s on the horizontal section of the perfroratSed2sheet. 5
25. The chem cal vapor deposition system of claim 24 wherein the vol une
insert is a three-bend band extending the full length of the base, the

t hr eeploamd fhaged fleers isaeduiced tand distilowionfaf ¢hagastiloa ipdhe hedronsd seqton 1df t he

perforated sheet., second, surface facing the.hoti .al i of the
bor f oPaTsgee-LTEatiently, & O PivsbRef BerR ehefS RRleBE g B KR )i o
wher ekitabf BduBda§Iae whithi s@sﬁmﬁian;yreﬁnﬁﬁut@sedépemb dehe hangortileedtivn afont al
section of the pérforated sheet orns a passageway tapering fromwde to

nar r othegerforatedghset | ons from the gas delivering device along the

hori zontal section to the vertical section of the perforated sheet. 26. The
cheni cal vapor deposition systemof claim 23 wherein the injector plug is
15 proyi deghmthdinidsl vaperddpesiviad ¥yshdn ofcldiniRasihereiathengirheinser &ct i on port
slot in the direction of gas flow_ _said openin cqtl)gprd' ses a first narrow
sect i ticeabendswad sytoniline ﬂ&%’%ﬂi@%ﬁ%@lf@é@ﬁ% ﬂteoth{eﬁ%eﬂ #d Taagea BESESUErace e

| nJ eChO o B Velj{iggl s%E‘tgdH cﬁ;%e %@ﬁ%ﬁteggﬂ&i'aﬁéeg&cﬁ E0TRingGh&hdhiZontaher ei n the
first andé second gur de ers are provided wth plenuns partially

def i nesttiby optcfpeifatset sheeotusd 4 thatd duifhes fabing thagasaletivering ddvécef whereio| une

vent, and inert_gas_.is supplied to e _pl.en and diffuses rough the
pe? f ofhsrseeprghiwiace of the flaeq bonglbagd nd g@&ﬁ&Z&lﬁ?ﬁﬂéOﬁﬁfﬁh@fl& g paggatcl’sRed
forms a passageway tapering from wide to narrow as the gas flows from the gas delivering

device along the horizontal section to the vertical section of the perforated sheet.

26. The chemical vapor deposition system of claim 23 wherein the injector plug is
15 provided with an opening varying in dimension along the injection port slot in the direction
of gas flow, said opening comprises a first narrow section and second wide section adjacent

to the front surface of the injector.

27.  The chemical vapor deposition system of claim 23 wherein the first and second guide
20 members are provided with plenums partially defined by perforated sheets that line the
entrance to the full volume vent, and inert gas is supplied to the plenums and diffuses through

the perforated sheets of the first and second guide members.

25



