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the film.” Various inert carrier gases may also be used to carry a solid or liquid source into the

20  deposition chamber in a vapor fonnj 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., whichis
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  candisrupt 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 in a
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It 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



WD 03/018866 PCT/ US02/ 27376 sheet. The provision of the volune insert
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provi deg ;g sRepiiaRks H8RAhe AR5 ahll Qiair of vent shield bodies spaced apart from said
injector shield bodies. The injector and vent shield bodies define an exhaust path inlet for
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 surWweos/uséé he i njector, and a full volune vent assechlusot/ar376

removi ng unused gaseous substances and reaction by-products fromthe
reaction chanber The full volunme vent assenbly enconpasses substantially
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through an injector shield and the predicted silicon dioxide deposition
rate acefreticado the domwingsowihiplnt of the present invention; FIGs. 5A and 5B
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i njector shield havi *Une Thser resent 1nventio 5B)
as co oteotide ﬂﬁtl@l’ln aca‘bfdan&; with die Iﬁhéeﬁt mvéitiam; 5A); 25 FIGs. 6A and 6B
are CFD sinulation plots and, respecti ve, pgdslgshovm ng .t he. reduct.i og}e in

i nt er medi at eF1Ehens catchewats Visy % %@F%%ct’éfﬁ g aevolyme gRsert jpsids

shigld VI TR Fig. 6B) as
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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. SA);

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



5 WD 03/018866 PCT/US02/ 27376 plugs disposed at the ends of a chem cal

di stribution channel according to one enbodi nent of the present invention;
FIG 9 iswaomspmssati c view of an inner injector chem cal fCotUSaaYiing 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

ent 11 . schematic view of an injector
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assenbly of FIG 14B accor di to two enpodi nents of the present invention.
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to g method @ 18RPAL SlgdsdddNchERaUCIiBE showiliand d@hidsestfuctudy Bf #detiguide
deposition on surfaces of a CVD system FIG 1 schematically illustrates a
sect i oressfmlzp aeoording heyoms ¢robodiment@fthepressatsverfioflyst em 25 10 with which
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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  areaction 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 /gomdwises 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
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dopant sitable exhaustcystam (setshows). fieichambryBepositias arqEmd yheisgin areactaiigd af
di bor an re | oyed t o _de it fi e reagent is typically supplied
with ant%?ﬁ‘éﬁlﬁegggai’:%%?emd’aegg%%c hae%m!?ﬁ {I?néaﬁé{% Undoped or doped gl ass fil ms

are 20 for nmegs ¥ suaateiiOmoved throuxly eeh réwdtidrochaaibent,, tHeyipeaad supstanyeptdaed
t hrough a se%arate port of the 1injectagr. As nmentioned above, protective
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102 havtypigally supptied with an inert carrier gas such as nitrogen. Undoped or doped glass films are
20  formed by reaction with oxygen and/or ozone, typically supplied through a separate port of the
injector.
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 edoROEA86.06 conpri ses a horizontal 7 WO 03/ 01883®6ETRSIZ/RISOR/ 27376
section 108 facing a substrate (not shown) and a vertical section 110
faci ng an exhaust slot (not shown). A plenum 112 is defined by the base
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302 sheet 106 forms a tapered passageway 124 for gas flow from the gas delivering device 114.

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 116 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
sectiong 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 wibe3wesses system The vent gui de menber is coupl ekccraushbrersbase 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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flows are 3 min h simulations. Increasing the injector 25 shield
fl ow caam ipjeetos shield dratfechasimgitheredechd vetimainsartsalf thegiresent inventiva (Fig £B) &
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SPEcCI eShield with reduced volume inserts shows a greater value near the metering tube by the injector
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 (SiO;). The mass fraction of intermediate species formed by the TEOS and



at the surface of the inproved injector shield having the volunme inserts of
the present invention (Fig. 6B) as conpared to a prior art injector shield
(Fig. 6A)wolm/oussse silicon oxi de deposition 30 nodel, gasecagsobetsieal
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fi rifer C%elliéiﬁfé! ngp%QOﬁgTB%&ﬁﬁ?lg}aggha%hégﬁlf clii}e’ct gaseous substances o a région where

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



solid part of the chem cal plug bl ocks chem cal flow out of the

di stribution channel 212. Inert gases such as nitrogen flow through the
openi ng uwoaB/014866 sol i d part of the plug 202 creating an PCANS02/pUIrge at
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, thus..reduci he deposition of reaction byproducts at the end pl ates
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100 and:pedt the fhjedteschbaficd] @lstributi®f ChatgheldAUSRE for 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.

11
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thus reducing the quantity of reaction byproducts deposits on the vent
shroud waWwb93/0T486¢6 vent gui de assenbly 300 can al so preveRCTrESar2i3on
byproduct particles or flakes fromfalling back onto wafers during
processing. The vent guide assenbly 300 is described in detail with

references t.0 Fl call 30 13 : . t i . shield
301 conprised gS?g%af}gespré%C ot %’?’?1% gb ﬁm‘}"é@t‘%@ Lt @@e%%%é&{bgl%g OFLEbES o 1 750
of the p&tﬁﬁ“@rﬂéct%ﬁh&ﬂd b@diesl II(IOIi') pOEItd3eDAB ARG BGEH/idjSEiar ?ﬂ&iﬂﬁcedl apargjendafme a t he

rotective shie 301 including a vent gui de asse . 3 comari s a pair
gf i ?j ?@F‘tfpf Qe ef wwapsds @%mﬁ@??gﬁé@ﬁgp@ﬁ@%r ) e&}{:g’d?ﬂ{gg&&ﬁ 9? Qﬁpé@é‘?a"gﬁﬁms Baped
apar . S : I air
019 ven ttR% ﬁﬁée({t(é}eslgl?eoéd 89&1%%%)0({& Qgha% t éa?@ &t S ATVRMLERE adR®F Rlproddél @ P

I es spaced apa rom the rnjector shield bodies to
def isne ohaiwal Siugedt gaseaisedubstarices entl rgadtide tysredinity aloag gho et path 8f tisannel

unused gaseous substances.and reactipon by-products along.the central path
of ¢ he CYERIASE Apb e ARRPSURIGEiSHER DY-BRPOBFIS Po48 P Byl Pt Sugo i, ho

vent shroud malbguls, FEarREdo FidsD 1086 BCWhdfe Figel Eshéwd oy drieOfide éfltHeo 13,
where Fig. 11 shows only one side of the protective shield for sinplicity,

t he vemntrotgetikeshadd forbimplR09, thacbntduileassenbly 3Qindwdersadiist sBdomemberiddd to a

i njector shiel d. bo 00. .and second id I e vent
st ol d Foygen G migier Al B 100 BErERCuehie THIE it iR
outyar dorytigo! Ml Ve louRRiRerh @ 1303 RAGAds upWedig ahe Raivardigito tthevdnt path (goti de
menber 305 forms an angle with respect to a vertical axis. The angle can

range fshownhiBhgext@hston ofthefirgy side membeic Bdosns apaels Wih zgspeqt éa verHsal The
g oo e i : : d
cowar i e TEE Gan fge 3R o 0 dPn Y Heptith fch AREMADRARENEHENCE,

menmber 36shd Q6% midbaA gD igvdupleiStor £s@r Ghieldbady 250 audi bxtandssupveardliyrandf r om
about 15 to 30 degrees. The first and second gui de m%érg rs 302 alnd. 04 are
conf i gurusyandly tpdheweahpaity ibs Ftgpsionof the seend;gyilegperpbrs ﬁ%&ﬂana{%% Withy | et

to llc;i r %%é)egfat%g% inrﬁngé)ﬁ@{ gaggﬁltgf%&ﬁ aBﬁlg LR 83 dfredsh e RAv $hd B&dohd from

cooler vent roud wa e exhaust path,” whereby deposits of reaction
bypr oduaémban 30hend/ 204 ars konfighredval fosm an eutverdtdly edrveRrsedtemadfl the ¢xhaustipogt and

second gui de nenbers 302 and 304 extend u rd 0 and outwardly in
par al | éplekfrydiggct ZpACHAR O REP ‘}‘Ftsrt@s‘g%&f’nt?roogt\i’\gé’?‘w%ﬁpatgﬂvgayf %%CQB%BP’ 45 1o

30 de -watﬁﬁqn.ftﬁe{ Sthalitipdh Wﬁ%ﬁg ggélb’sitg BPrdaBl b ypRs RREPn MBREntGhrduae base

frame 104 of e injector shield 100. In thi's case, the base frame
104 of walls areviedudedr Psdferably theofiyt ahdGeeont gnifie mamhway H12\and 384 petaabupyardlr dl y

at 2%” aarlgglo%t\%rtdpy irnepsall?;ﬁﬁetl artu? att g‘near}/g‘:fer %v%tﬁar!esp%&(:t%iaoyérti&? Exiz T glb(%{ilqeto 30
degrees.

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, iwoios/omsed erred that the second gui de nmenber 304 PC3/usazbidned 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 to - : o) [dlisne? wallt fégs from
t he ven@l&gw\rﬂ%ggp@%ﬁ%xggfﬁﬁrfi&g%@% a%%e &P%¥Q§H¥V§ggﬁ&§66 an(zjf1 prevent ed
f rom f ahlling gadlacko dret wafehim pwadess. i n process. Simlarly, the outwardly

bendi tion of the first gui mber 302 | 2 WD .03{ 018866
PCT) USta 5737an srie bl DS VIR g5 TRED: BPYOSR By SBADErEd and

flakes dhf QNS RN the WAR oA &xhalidt §ath dndldrdpdirAG a0 botthewwREsih | n
process. In an injector shield without the vent gui dé assenbly, powdery

deposi tpodess.t recangrast, thehprotedtiveashiéli aied ventoghide assamblysofothe tieserixinzenionpat h

and drop directly back onto the fers in roce I S

pr ot ectq%\'?ggsé’ﬁ&?sat"ﬁelﬁ Wﬁ?é)%qu%}gvs\g%sg%ﬁ aﬁldé?acﬁ Rggﬁrétsl%cﬁ{]thfoﬁl% rq%c%rﬁtelm}fect s
or chanpgheénttshfoudrexheskt Pame Omiss setdetasic 65thansthieaghdes Rediitps a@Ufpiagtitytofough
the center of the vent shroud exhaust path. This redirection of _the

exhaustpoyulsedeposith anetbe vers shioud tails, this missniaeis thepetitsofgpatend ayaiiabletRr oud

s, 1h TS ORACR . . . ! | £
A so. " (BESEn P Al AN b TG frofthec B Shch Bk g of it
power sdrep frbmakesent alls,aleyf 4ro tadgheinvkntrapratdsand pheynted droeafafjhtg baok dite t r ap

areas and prevented fromfalling back onto the wafers in process. Previous
exhaustthe vaferii RIPGELt s t he reaction by-products exiting the shield exhaust

path inlet IirQ\t/iQ%saE% g%sgﬁgui},'l\g GHERS M rdMEH l%}y-ﬁlo‘aﬁbtg ¥xifidl itﬂ%l%hieicf'elﬁ(hﬁﬁ)ﬁ fh vent

shroud wal | s suc owdery deposits formon the €ool walls. The vent
gui de askeidd a lafget velunreestelower nolecity agaidd the doglecvent tsheoudxhalsssuchdbais t o

t he center. of the exhaust path away fromthe cool er. ve shr oud. lls

wi t houtPORSERY depQEits 1o6m qfhthgéP@c‘iV‘\t{@: _'Eﬁ‘?e" L&‘Pdﬁa%sﬁﬁlrb&éggﬁt]?ﬁlp;%“&ﬁtr%%%?f‘ whi ch
may;she o GxIANRE Rtust odsfioNRE Eker DRl &hﬁﬁs@ﬁﬁtﬁ,a\@??ﬂﬁ’ﬁ tie ddfet veht&REJu hi gh
t enper at ure (about 22%-275C) such that by-products do not form powdery

deposi twallsrwithoat quictieeductibe irf velngityi. chheofenp gwide agsembdy sirifaces, ydueh may et her
away at a great el . beyond t he assgnbl i ded th. Thi s 20
conce nt‘?x&“t“g‘ﬂn? %§E? P‘Hﬁg g}ﬁ}-‘"@r 4o Y CI?I}thd'gé? tgﬁ?egﬁ%gf éa%% 3? $ zzg’\gf rom

'; gfh\éf%ﬁlﬁgﬂ{awpmhéé do RbEfOPRPBWdLKAlBodifR ohahd ghaésT R Ibimdtdnlofovidly space

Ing back onto'the wafers in process. In addition to
r educi rigpodis otatrafurtepamty abh greated beightdeyond the assembly guided@aths dhisrempvesshr oud

\ggls?lgrsﬁﬂ ({?H%Eé’l?li%c Irgarc 1tor(1a y-\{)?old%%gsttg th%ftra% rellreease &ﬁgr%%y ]}llal?evg orr]rrl lé%re]ntt s eou\ﬁe\{llzhlsgm 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 is required. 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 ewbadionsssé , the present invention provides a CVD P¢Itusor/d3ve 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 eaning mai ntenance is, r ired. .The D  system havi vent
assonbl R ATRGRT PRl aR Rt B TS Rty o 0
gener alinjeb iy 6T SMstahdBOTA 610 SisbmBIY 465§ Bovided Porfprdtbctitglthenfeontsmtface
assenbly 40 13 WO 03/018866 PCT/US02/ 27376 conprises an iﬂjector ?ody

402 hav0A@fahe imestors Fiicaticld assembhndQp camprisshe Pair afdniectsh shigld hpdies 50

i nj ecting., .gaseous t i [ '

or ot ec PTG IRRERYRSTHBE [T a02 GudPabldhpRRE T 1bBR 40D e it clibons
CONRI i $@bstance@fromahe injdctsit40n, Hidiaglait o oetit ebickitDdicp d$0 spasad dpagidy @ eadh afhe

R I NI R
spaced AR hr&ﬁc?éﬁ‘ fs@@nat-n a@;ls@d' Pée%ﬁé QibsBiab&! ghabediies ¥iRBrolitcts s @ean
1 nlet 412. A ‘(f’u vg

exhaust "pa ume vent shroud 414 i's provided for
r endvi regaction skamigas &hu vestshstugdrid ¢ sompdsas @geiriod expsppasis indets 412 definel &y

ti hamber, . Th t.. d 4 i i f t h
i ot s tha i st sy v shigh @iies 208 ARQARE.RE R et Cine T AT BBk 2o
408y, Th&sﬁ%@@j%ezﬁ?%ﬂ of bk 8jSctdrlrod§ 0 e NA pafr ol Perlt @Atk 420 MePréideddoghitheof the

i njector pair of vent paths 416 are provi ded above the

i nj ect dnjedtddt 42Fhdheerent pathh$16 pecamppsspebstansalty thenfullalengthtand width of tggt h
and width of t%e i njector body 402. FIGS. 14-16 schematically show t he
det ai | JRIGFIORD ystem having the full volume vent assenbly 400. FIG 14

shows a conpatiss 18 EcHehRtibally shy@thy AR BF 2 EVERsYhein OB gtie fall polumk vaitt 15
vent assenbly. The vent paths 416 enconpass substantially the full w dth

and | errgsemitdy 40HeFlGhjléshews deamyparigon ofithe ul] volpme a@ﬁtaﬁ%?ﬂb){r #0Q 92 B3I @F art

vent_ system where 4.he ven [ [ r grl%qy vent
shridud %ﬁsge%ﬁ{yc hﬁ}foverr]lgP gtggg%%%%ﬁaﬁ%ﬂv?ﬁk%ﬁﬁﬂ%tg% Irhglrl]la{} ﬂtﬁoapaqt e igﬁ}fhgct or.
The pr ghRefot ¥8dF BRI Ah#OE ih Sofitedstredthefprionjagtatent syshine whehothicesntp8haad vent
shield bodies 20 410 which have extensions, above the hei @%}of th

i nj ect clefinedbythe innsppnd optervent shepud-pradls whichdodiof womﬁﬁ%‘l%‘g %’Sr’rﬁ}gﬁ%‘éfs a

vent g%gian-&%renbl y 418 which includes a first guide nenber 420 provided
to the |njéctof shi el d body 408 and extendi ng upwardly above the hei ght of
t he The protective shield 406 is formed of injector shield bodies 408 and vent shield bodies

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 i nto the vent 25 path 416. Consequem®CIyusor/pms74 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.

Prefera e sec | de Hal j Cross
o vt oie\FEaRt AR IR RZG SR ReHBUR0E, el WMol 0
for anys2oewaadyabdep drivhSld42aM a hiieimveniicigiatdfofhG phesitalttapdread26 suffitientt he

wafer in process through the exhaust port_ inlet 412. The 30 injecior 402 is
pr ef er dBItAP @By ARwWEFY deposithar fakas felling ga‘%‘l%orf‘ KROTBFF ‘&albaﬁPF & G%ZJ&&‘ ‘{IJ‘P?; first

gui de nenb . i ar ea
426 is defi ﬁfrerﬁéﬁ% Iy %g%%ﬁ%gmﬁ’e gﬁ‘g%gg%%%géd&%{é’%le 9’3‘%1%\?\’2% cal8i B

vents pabimetdlifetwednahbsdcbhe guidd mendbet 422, thieraaiter guallad theevepepath 206 amthibe viemtst
ui de 4 ext ends, above th affl.e 424.in m, ni ight to form
g phys %fgquﬁgr SLYPRR dgh(?qgoatseq{ﬁlagg%tfa[lgﬁ%&ﬁ@ﬁ@%fz@%g}%ﬂ&e ?%ntg ?t%f | akes

falli ng‘”lgaaggretcgigg@;megﬂmal krof the vent path 416. Preferably the
second gui de nenber 422 1s machi ned such that a physical trap area 428 is

5 fornmed betThediVDpsterabavidg theifulk volsmseentassemblnd0Gbig edyaniggepusgn thapdiergent

path 416 and the vent. shield body 41Q., A r 0Si rf

falli nngBPf"eft}%fﬁcfﬁsé £y, P dopg AP Pﬁg‘alx‘/eé% f%gpﬁc %‘?@B‘éar‘!égfr%reg%?lv%g%?‘ﬁ t he
phyfy Calathsr 415 4de- the Recdad ey ghidemiivien @xtehas fawrhlly abroseovienhe éigs guidey 400
is advantageous in that there is no vertical access for powlery deposits

or fl aksembes. Furtherpthervident daterabsspately of therinichtor gwatablerpaybg ysedAd gredfedce t he
d t i . firs i
ronber T i Aty B o Rl s & bR On B AR SRR iy hind UGS

be usedsi@uiteabs the vehtohallsathgasby prinieizing tapsuscdptibility dfitle systamrtogsavitye run
time before any cl eani ng nai ntenan&;e .is required fromthe vent walls,
t her ebydriveRPAYVEeRY fake dEQps OB the M2{ery/INgH0g832 system to gravity driven

pougler or T ligtee ) LR ABHR: RGoAIRRA S haRBHETS vent AsdEhibly, HoRfipiingaRO! her

enbodi nent of une vent asse y, Incorporating an 1inert gas
pur ged ivemgagpurgkel vens guildé yssembhyetd wedicg [gles syyorqrowslenydésppsiteindhé exhaiist porte

haust, inlet 412. In_thi di mept, the int | vol f.
o et dnleei i BiSemaatinsal sieanSunl vanmepHesiasue R ok b e Ficiuar o
to al | o986 isgatenibPupwitll (PR hiRBebasHRW Qltali@tosd) peirsrafcdhadisla3 ahd

S
incorporated into the inner surfaces of the first and second gui de nenbers

420 andi322acaporatedpriotthe éingr sitfaseCoDihs\fsteandhgoondgguide miemibers 0 and 428nt
G R RTIVTNEEEN VTR T N R R
vent guide is advantageous in that the complete exhaust path from the injector 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 wolodisseant s and exanpl es of the invention have 28Thsen2present 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 limted thereby Lgﬁﬁg are not intended to be exhaustive
or tolimt the invention to the pr%cise forms disclosed, and obviously
many nmowhkd i slairéBis: enbodi ments, and variations are possible in light 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

hor ot 6 Tind ¢RI SuR(dRy 5 QahBlh B E IS ) 27376 LA VB At
i's ol ai med iasbasd havingh ahit Glamedosiiddedrdurfdthe gersmetiesof thobhsepn syst ens,

base: 5 por FReAOE-GHISE CERF PLmeUyt e PFIOHE] B H PR PO HEUE s heot
having @.Qar .agiﬂgta%hbstﬁa?&tg{l&gﬁvé@i%lrbgct?qnsﬁigﬁé %ﬁ‘%ﬂmu@%rﬁ vertical section

faci ng an exhauSt port; enum partially defined by the base and the
hori zont al anglemen partially defitdddryshobasehad thedrorigpatabahdstesteal sections gfthe

del i ve[éf{;lev%g for delivering an inert gas to the plenumat a flowrate
such t orgt ﬁﬁﬁ% di ffuses through the perforated sheet; and a vol ume

i nsgrt di sposged d\é‘li&é}z RetiBe fR!dRIVANEON i8N EAsab khdleslin bf 4 Ruwiree saéh thae gas
fl owi ng through the horizontal and vertical sections of the perforated

sheet . thé gas dififhees phrouglc theypsrfotates] sheetf ansl ai m 1 wherein the vol une insert is
a bent band cog

| ed h ha. d.dj it-hi n: : h th
the inter naIaYP'FInggjstS‘% d%ﬁf?gse&‘%ﬁfﬁ% necp lgﬁu%PPosf% gm\%ﬁl% dis %tlg%l%gﬂlg]gsayc Lhat

r gas Oow | s¥reauce

di st ri bdviiap tiebudthe Gafzdta\int Qeitidsl aidnz @fitial pesfoedtedshebs i ncreased
sufficiently to prevent incursion of external gases inside the shield and

to forma suitable boundary |ayer which substantially elimnates deposits
ani B1'a 5 T Bt EREHIUT i\ Shereld RELRRRERIS Bl Hhnd SOBIRLEE i g
the full beweghb dispotddevites ehe plaunt buchehdtehslinband vohsneof the plensmrfbagas f aci ng
the verti %%Lv 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

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



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 ngodswigse¢ wherein the second surface of the threeTheso213a6d 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
the horizontal section to the vertical section of the perforated sheet. 30
4. A ckfélﬁ’inggrl’ por deposition system conprising: an injector having a
front surfacerbREtiveyhesd bogdtigatedjserulsinpger ol proecingthedams surface b6 WO
03/ 018866 PCT/ USQ2/ 27376 chanber; and a protective shield positioned

adj acerthe imjectqrngaid prptectiye slpﬁlétcemprlﬁ@gteﬁ@ppa%ﬁpd%frfwﬁfé Sg‘PetS;t he injector,

sai d prot ect‘i,lyegzeiﬁ%eellngec&glggﬁ%ﬁgégg end plates and perforated sheets; wherein
the injector conprises: a chemcal injection port slot for injecting
gaseous subst ancescheniiel agédionporcis Somgjectiagesequsanbistamjes oitosaidl ugs

di sposed at the ends of the chem cal injection port slot to balance inert
pur ge gHecessipsrhaber?idhe ends of the chenical injection port slot relative
to a chemcal gas; Led; ' ' drh§18Chi on port

sl ot, wherein deg@g?t;d?girl\llggglsg%ghEﬁtihpgggg (gfftﬁé ggégﬁfggagg%?{o%uct s on the

per f or aiaémhcs heetpsirgr gassepplisddo tietdndsiof thk chehisgl infrgbien pert slgl redasiyede &i on

buil d-up on the end.p] ates. . The chem cal. vapor oshtion.syst.em of

ol ai m #hgisaLER BRSPS ity e SR Anist R Horh 8RSt A OBiB g i
di nBNSi £ HiklEEof R tHonWyPrddies iR @id parfdifted SastsfarowdiSedswitibit allowingt he ends
of the chem cal injection port slot, said opening conprises a first narrow
sect i orsubstantial depsHpnbiudd-upenttheend@jaksent the front surface of the
injector. 6. The chem cal vapor deposition systemof claim4 or 5 wherein
the protective shield conprises: 20 a base having a unit frane forned
around 4 he prfe diein@fal Pdpot lepdaaton; systepasticuimtedhabieahe geatorgdudis t he uni t
frame, said perforated sheet having a horizontal section facing a

substr anreyldqgmth an OPEMBG VAIYBIE I ém@%&qnﬁ’@hlﬁ}h resicibe IEE RUTER 895 fﬁ}‘m m

part.i al | ef I ned - i 1 ecdiquns of
thefS pesru Bra tggﬁ % I@étogfn%éﬂ g‘?‘%é‘g& ec?lpf\?g% Sig%e’\c/é?%:dgdpfe g{ﬁgc?éﬁlﬁ)&gésiaén%éan idr?grt gas
to t he gebtsiundalsesorid widersattionsadfdoenthia¢ front surface of the injector.

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

17



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 aWwoam@i18seé t i cal sections of the perforated sheet. P8A/UR02/T1386

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 nternal, vol the .17 WO 03/0 gas flow
is redPIgHm ﬁmaa QY 5 E5dHFesh a1 ‘?do} i&ﬁggnsoftﬁl ysigg\%ﬁ%ﬁ%glro Pglt))% tfééeggltsl on is

i ncr easpgtesdell kiGicRntly Yo prRverten@indion 8CektErhslpasds mswemaahleghmistoufmm de the
shield and to forma suitable boundary |ayer which SLiwstant

|
el i mi naniablgbpendarslager wineh ﬁ&ﬂt%ﬁlﬂﬁaﬁlf@’@é@ depasits o fs hosizerip Hg%%et

8. The r deposition systemof claim7 wherein the vol une
i nsert tﬁpg@f?r%Fgéﬁ ?end band extending the full length of the base, the
t hr ge- bend band has a first surface facing the vertical section of the

perforated sheet, a seconﬁ surface facing.the horizont sectian
perfor dt-ed sHisghemigalvapor depqsitiqn spsie qus%"ﬁg Y eée‘ﬁég &@W\?é‘ﬁeﬁds agw%e
wher ei nye h@% éﬁhflr]’%) the 'f%lfl Peﬁlgtggﬁf thdBast Nh& trlepchdang hao's fitd Surdbeifzans al

section o ate forms a passageway tapering fromwde to
nar r ow the veﬂnealg;aaldnl aftse perfomatedehagh o sd@ind\serfﬂcmg"ad@g |thfeh0rm00hgsqch@n of
hori zont al ectlo to the verti.cal. sec er.f or ted A

pr ot ect!hgRerderpEl§ %f’é?@fjrﬁltg}” Syrfage 6%Fén’=’t;ith§tgﬁ? ‘g‘ﬂ‘[ve’blﬂg g?/‘gf eﬁed ; Sglcoﬁlél 15 a

pai fy OfguiAbLEfRE tHEM Kdnd VARE hABthR BBt EOAMNRECIRR ﬁqmermatwhmt rmead spaced
apart to define a port there between for flow of gaseous substances from

t he i njmssagewantapaiing Hemwede t%mwaﬁbdg@%ﬂ@‘ﬁ%ﬁ@@t pans doliveigdgvics nj ect or
shield Odl%g?ﬂ%‘}eﬂﬁ%tsg%t%?lltgt Vel ca? cgogl ?({ﬁll pe%&gédogh ahl el d bodi es define

an exh aus unuse gaseous SUbst ances and
reacti on byproducts; and 20 a palr of vent gui de assenblies for directing

t he unused gaseous substances and reaction, byproducts fromthe exhaust
pat h i fl-et tAproteasive shisidassemplly dorp gasdrstyRKONSYSIEE, CUBREHRS'Y conpri ses: a

1B e SRR PPl B Bl et gl beP et ity
COU|O| edicfiae hpertubdt beticeh dortfladky o Bigrdeastsebutamegs fropwae tjgctand outwardly to
the vent patalhpalr 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 swiosBangsee and reaction byproducts toward the cemcarusot213ie 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.

Th [ ield nbl f 9 wherej | ' [ nmb
o an Tt erpsrtvestaEortp S GlRur dhettRsR iR o hobedaiC T

nenber ih&eRANpirdbEUE Mjedar $hidd bodihendwaid setbidglddmenberisdn sateghaf parsef and
second gurde nmenbers extend upwardly and outwardly substantially in

par al | ghe gend shieldhodanayidesaid i Qild\ﬁéﬁqqdﬂmdedﬂﬁ@bﬁéﬁmﬁ‘ﬁua‘ﬁbﬁ yq@ to 30 5
degrees, .11 .. T i i al LAl Lr i sing
a pai v S BEGA TR RS oF R SARERLY Srerkod o R b 0L R0 €
of tshe degrks.pat hs, wherein said side plate, second guide nenber, and vent
shield body forma recess to receive particle deposits, and 10 said first
gui de nmenber extends upwardly and outwardly to forma trap area to receive

particlg depﬁi%!ﬂrétectil\%'sﬁ%zkf%iﬁélﬂﬁ ficlﬁ%ns’llﬁifﬁftﬁier%%ﬁ'?ﬁbilng aQfairdfaid@pateslf@ror 11

wherein the injector shi urther conprises: 15 a base having a unit
frame foonnetingtiewedt shield pediesrtt the walls ofithelyastepatls, pberfeor stidsideplets, carri ed
by the unit frame, said perfarated.sheet having a horizontal .section

faci ng sﬁc%ﬁt%’t“fledf‘%‘?g%fnﬁp VR ?‘%@ézﬂodgg%m %Wc?sééﬁgﬁeﬁeléfﬁ p&éﬁgeu@etpof}gsr fll?d a pl enum
par{yi aldhy Glef HiGImbMbtn& s apaadly Rl JuewhrdBNodbrma A drap QFdai to dcefiRCL i Ons of

the perforated sheet; 20 a gas delivery device for delivering an inert gas
t o t he ppitebeidepmsitas fl ow rate such that the gas diffuses through the
perforated sheet; and a volune insert disposed within the plenumfor
controlling distribution of the gas flow through the horizontal and

verti caly. sectieqstetiivel MilPRERbBIEE50S10 0251 hBerelthihe piijoétocdhiole finttice! d
assenbly of claim 12 wherein the volune insert is a three-bend band
ext endicegwres:ful | | ength of the base, and the three-bend band has a first

surface Tacig . LG, Y ELL Bl I88IdRoly hBBRRLEPEAREGasheet, @ second
% e r-zonta %e per

surface faC|ang section of orated’ sheet, and a third
surface faciagriohftediseetalmiadty thg udie fiaae, savhperdoratet! lsbecs hevingla herizdmale of
the three bend band and the horizontal section of the perforated sheet
forns dection 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;
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.



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 owetedisheet . 19 WO 03/ 018866 PCT/ US02/ 27376 14. pATtalsem saé 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 ect o shi gkerRiesl vBoP@Pblition setetliAaRHkinghe i njector body and spaced
apart to define a port there between for flow of the gaseous substances
from t he i njaadnjsetor hedy Haying pfipnt surfaceefarmehvish @ pegdpesuesHag éeFcapart from

each of id injector, shiel bodi e i h of said vent shield
bodi es S&ﬁ%aqcﬁf’é@'ﬁ&rbag]ﬁflgkaﬁeg%rcﬁo SCC%?f%ft(ly\@ngéﬁgﬁseequdust path inlet; and a
fulls vol une vgiMld aseaBhl Hr petectiagths fight yinfsedf gesiazpo®r,sahsdhiold esembly

reacti on by- products fromthe reaction chanber, said vent assenbly
conpri FOBWIEE 3 pair of exhaust path inlets defined by the injector shield

and vent shield abé)aqllj ‘ﬁ%&itegtr%} %ggé%gﬁ pBﬁfi&heid%chént% %%itd}q,ogg, angast above

t he height of the “i'nje and a palr ot vent hs provi ded above
the injector and spacdmpas $o dgfinesigost thadeibatwoentftuefléw bof tHeegagtdus awizbtancelt h of
the injector body, 20 15, The chem cal vapor deposition systemof claim 14
wherei n sai d shi drdn&esBfBio% a%ur t her conprises: a vent gui de assenbly
including: a fir ' : t ehd a1d iafe@l ehibl@dy and
extclé)ndi ng 25 up\?ﬁ%ﬂggﬁ?ﬁEg&%ﬁiﬂf@éﬁﬁ@&fgﬁg'ﬁﬁl{kﬁ?ﬁ nj eJ(;é'gbor body; and a
second gui de nentiediespuléreid each ofwaid et skibliddiodies eay injeciorshidd bedieyui de
menber conprises c% curvedhse tion ggtendi ng upwardly and inwardly into the
vent path; wher ei P85 3 PhpUY PARIEL @4 gui de menbers define a curved

section of thgl volume vent assembly for removing unused gaseous substances and reaction by-
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,

20



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 oaomses of the injector shield extends upwardl ycahmom213ne 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 guide

menber and tvgﬁaeronl{ 1 firhP l lidé) e%nlsg,gr %ﬁhé %&to\{% EEﬁeﬁf@rﬂfs uﬁgagg?g%oJﬁgﬁ ea recess

for receiving particlé deposi erein € Seco r
ext endsheigghtvaf thie\injactor iorfoah dltsap acsadesveevelic inher will, tlsd figugdde mentber, asdich t hat
there is no direct access for any particle deposits to the substrate
througﬁh?ﬁ’éﬂ@(haust port inlet. 10 16. The chem cal vapor deposition system

of clatm 14 \gerdin ol ﬁgg?m%%gytﬁégec@kggggggﬁgﬁeg&mﬁe REPRAafl oRfiR IOV ded

wi t h pl enuns par I ned by pe eets that line the entrance
t 0 tshe volurhe valt assembinformandcdss fortreqpindng particlpplepesitstandt he pl enuns and

di ffuses through the perforated, sheets of t fir.st d second gui de
nenbers. 15 Vilﬁrelﬂt%ﬁgﬁul%%?lbge%?ﬁ%f ?“BW“B@%W&'&%& PLPRPVCRHS nj ect or

havi ng @sf HQ8H mebEa&eh (R tHeR 16 b dNBctIRERE Het ahY PakRICRPoLIRIO (i ubseAsSi Ng
chanber, said injector conprises: a chemcal injection port slot for

i nj ect ithpuglhdeorbasstpett detes i nto said processing chanber; and 20 injector
pl ugs di sposed at the ends of the chemical injection port slot to bal ance
inert purge gas flow supplied to the ends of the chem cal injection port

sl ofy r@l at it dhemecat iyt deposrn shsteny oTURihi1adr 116 wheecintiddiret mid setond
chem cal injection port slot; and a shield assenbly for protecting the

front sawideaqpembdrs areeprpyifedwith plesying parially defineddnmdyforatedhcetsitheflingghey paj

of injector shi.el i it i t i.nj
opart ey R Ay Aol PRl R BB o HEpLALGE LAY aBRCocRRAR]
t he i njteep&foratediifgety of thafifst ki @comd gwitié slethbbdy conprises a base having a

unit frame fornmed around the perineter of the base; a perforated sheet
carried by the unit frane, said perforated sheet 30 having a horizontal

secl ony 4 aci N9, GnRHRSHEAldposiBBE sftehf bohfRdingect | 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;
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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 edoeesss6 a gas delivery device for delivering anpcmarsn2/gasseto 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 stributi f th f | : t.h ' ' : ti
of “theper orat ed shagneni b EHEhelET ch et ) e BPERUAL e IuaPyy T

said injector shield heeli®s of theliRFfBidledshieét; vent shiel d and injector shield
bodi es define an exhaust path inlet for 10 coll ecting unused gaseQus
subst ances and react i Greasyiglivy degee B delivesiagan drertgasito His ReNUIE AV es for

directing the unused gr@t%\%ﬁ%&fth%lé@ﬁ%@@ 28 sestidu }Eﬁf/ééje%raw(p%&gﬂ;’gﬁé fromthe

exhaust path inlet to a erein ea nt gui de assenbly
conprising: a first guivdumeidset dspogededthiothehpderiun) for contralhngdidtribatign and

extending 15 upwardly and outwardly to the vent path; .and. a second gui de
menber coupl ed to the QfdhR 83s 0&1@%68@%28?{3&‘810\‘@1”%5 't QF'%ﬁd

outwardly to the vent pahby.ddgeein the first and second guide menmbers
configured to forman ™ outwardly curved section of the exhaust path inlet
to direct the unussdrofA@nyssedbedisudpetaiapes fooml said anyeétonshiglg bodiest s to t he

center of the vent . path..18 The chem cal vap deposi ti.on . .s) mof claim
17 wherein t"ﬁl_éer?}B S ef“i‘%‘é‘i}& a‘il(gmbecﬁ)é ﬁgllef:dg%ﬂﬁl séféﬁﬂ‘f eﬁ}?“fﬂ?é’“‘b%‘ieﬁ%d

di sposed W tdaiiBctinpainRb QNBARR i GhbstdiREs drdaeddtofibyplodueb i of the 25 plenum
for gas flowis reduced, and distribution of the gas flow to the hori zontal

section is increaseadr afivent glidnassgmbliesgpredizasting feumybeshgaseous sueHHIEES gases
inside th hi.el d.. tQ.f i.f ahl i
e 1he ool A o LA e SR SRR KB

posits” on ection o

perforated shgfRiasseiblyQomphisinghem cal vapor deposition systemof claim 18
wherein the volunme insert is a three-bend band extending the full_ |ength
of the base, the threet fifsherigumemhercoypler te thedpjestgr ghicld body and extending

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

22



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 edosl3eessss and a third surface facing the gas del i pemiusg2/eBvé ce,
wherein the second surface of the three bend band and the horizontal
section of the perforated sheet forns a passageway tapering fromwde to

narrow as the s flo fromt s..del i ver]j Vi e

nor | zorfeains DBt v ot ORPTEarasnR AHEhd FrBeE B ARPRIRIT 50 e
chem cajectiGithepRasrhred Sitees gl amhied swefadé facing thbgaedalivetieg dejies wherepl ug i s
provided with an eni ng varying in dinmensjon which rfe%teri cts the inert

0 j .
purge ¢he Sﬁcpwurﬁﬁqgﬁfﬂ’édhlt% benbbandpad die hoseoptabigetian of thr gerfPgirdsbest s ot

said o i j i r tJ j section
a] aconPPRREoRHE-] Sihelink Fioht IR Rl o BieighORoflthof BRIARMcINCAR
depasi tdedite alomigeie rizohal seclidn whihe ebimicslaectidn ofshe perfatetedshdrer is  an

integral part of the injector shield body and said second gui de nenber is
an integral part of the vent shield body, and said first and second gui de

member s, ext efl cﬂ%a%%o@ﬁ%oésﬁi@ﬂ%&%q}fﬂa%tﬁtv@fétréig(lt)ﬂé/in.e@to‘?%fu%l isel and at

an angl'e froma vertic etween about 10 to 3( egrees. 22. The
pr ot ectprveidshwizh dn apsenpvarym ic damensibn which restrictsahp imiest pggeagasdlow of si de

pl ates for ., connecting.the veni. shi.eld dies .to the wall.s of.the t

Dt ho. SHRBGhA tksnds OF s Briieal inggtiga Bogh o arid e PeRe P riiies ARl ¢
bodyy f QlBlich dnBGESSordOwide G&ita Bt GhefrstaRaghdesof tRdhjectai 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 ect havi.ng.a front suyrface for injegct] S Lnto a
proces gln g \L@Wg:rt?ﬁlg?c,ai)gaéoloﬂ Hﬂ?ﬂ Sggtnc??' Stgrgr(r% r%lﬁlgnelg g/ \%@ﬁ@ rghglfz1 E#Ri % ] eéﬁ%gtr)\é}ﬁg rt

sl ot f%ih@gﬁ@bémefmaag@u& ﬁﬁﬁ)&b&g}iﬁﬁl safll 2comd ghidpmenbesisng inbgabent and

i nj ector ugs d ed at the ends of the chenical |'gc$ect|88’ part slot to

I li spos _ ¢
30 bal aﬁé& yané phicld hogy apdsaid fissh and speand guids meabeas greterd upwardy7dd; cal

of Bho SRRboS4 MG PrlBek® alaf DRI Fgtn SRR P AR BBl opaom el ©

degrees.

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 wbe3sjongsect or and spaced 5 apart to define a port pchrarsezbsreveen 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 perf.orated oi{]elet' carried by the unit frane, said perforated
sheet having a HB¥FUBHRUISI®Rction facing a substrate, and a verti cal

section 10_Js§§?él@gss€1%ngﬂ3§?§ftecﬁﬁg the fPori b@fAbR OF @ inflcloy, sdRf $hivtd alyymbhe base
and the horizontal and vertical sections of the perforated sheet; a gas

del i veropmpeinge for delivering an inert gas to the plenumat a flow rate

such that the gas di f%ﬁ{%}%étol%%glﬁ%ggltep Sost?&(%r[earaﬁ}aﬁ%ltg?%ﬁéc @la %&cg? vol ure

i nsert disposed Vil B num T or ~control I but1o t he gas

f1 ow t hr oughphheo BefirezoptredherrtdttwentbrAdw D€ giseomssubbtahdes frqpethiednjatted sheet ;
a pair of vent shield bodies spaced apart fromsaid injector shield bodies,
wherein said ventWksigiseachhiniectosjshiglddody KPBPHSS0di es define an exhaust path

inlet for 20 CO"ectimsyﬂm§§aggi§ﬂ%%fmtmh@g%&e@psmebmeproducts:

and a full volunme vent assenb removi ng unused gaseous substances and
reaction by-products fameforited sheatdarmed hthatneit frage shid pertforated shesty

conprises: a pair of exhaust path jnlets_defined by the injector .shield and
vent shield bodi es, s%’valgéér?é’&e’?taip%?%‘“} farmee S&Eité%%iaﬁg aé’f‘l“}"& %% ove the
25 fei ght of the injechghe BREyhauddr@ Pair of vent paths provided above the
back surface of the injector and ‘enconpassing substanti all?/ the full
l ength and wi dth of t replemjnepartinlly Befthed byohotase Thé thethewizentel angpesrtical

deposition system of cl ati. m Zg wherein df]srﬂ[% t\/ol ume insert is a bent band
coupl ed to the base andoHS NPT H¥Re pl enum such that the internal

vol une of the 24 WO Q34Q3H8RGHY QGHENR AERVEHAG anBh&@ DX th dic Pafurh koavlow
reduced, and distribution of the gas flow to the horizontal section is
rate such that the gas diffuses through the perforated sheet; and
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 ewodeposssé s on the horizontal section of the perfraratser2Bheet. 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 hree-bend band has a first surface .faci t vertical. secti t he
per f or X TYILIESES &%W Sredieds ‘%&Eg'ﬁté%} #gfﬂ‘?%aés or fozt?)lﬁ 81'120@%108{3 ‘lai)brrllqtg)f t he

per f or ah&ehss S@tticieAtM tprefiint theatbidrerextfdl R@sds itsi@athe duikidvanito gorttew i ce,
wherein 10 the second surface of the three bend band and the horizontal

sect i orsutiible heunderflayestvdticssubstantiglbyr qlininatendepggidsel the Aeuroniyl seen b de to
narrow as etEe t?? efetows fromthe gas delivering device along the

hor i zorPaPEE3FY § k0 the vertical section of the perforated sheet. 26. The
chegi cal vapor deposition systemof claim23 wherein the injector plug is

15 provided with an opening varying in djmensiqn alqng the injection port
sl ot i ?5t he Terchemicahvapgr depesition syptens of ela%gﬂivﬁ@rqg% ‘f‘é‘é‘ge H‘S{E‘it 1%t narrow

sectio g@@%&fﬁ%@d‘a&( gﬁ]ﬁlggﬁgﬂlﬂ@nggjo?%%se, bR hitR Heh@BhndHAd PERt Qfifatbe

i nj ect vapor~ deposition system of claim23 wherein the
first anadngteortdicgliedton @lthapetienatdahest pr weontbshirface Facpigtha srizamtali al | y

defined by perforated eets that. |ing the. entran to the.full volunme
vent | dRghamR e batted StrghRnea tisl SREchRERETR: BRdeaPrRE S i M BeET he
perfor ghesh.shEfkPicObrf thaehrkt b&ld B 288 AR MbrigbhtdPscdRODSS the péforated 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.

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.
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