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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
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within the plenumreduces the volune of the plenumfor gas flow The
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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
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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
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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
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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
Cnanges BERATeRORG s i o ATAp L e e o) P P by REVGIHERT MY 12

i nj ect greehemiveionsl ot; FIG 11 is a schematic view of a part of a
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schemati ¢ vilas 1 bfs aGoRematatveens o Samani ofg pootecthvalshiehd having 4 vent guidehsgemblyent
assenbly of FIG 14B accor di to two enpodi nents of the present invention.
20 DETACEEBINSHIERF Hﬁﬁ“’]{\%‘ipﬁﬁﬁlﬂv 'Yhe present invention is directed
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

t he protecti i.el d assenbl.y of this i,nvention Leh: .S
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nmodul espresentiwaediens 11 positioned al ong the process path. Each processing
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processi ng nodul es 11 as shown in FIG 1, although it is to be
(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



6 WD 03/018866 PCT/ US02/ 27376 understood that the nunber of processing
nodul es 11 enpl oyed depends upon the constraints of a particular process.
Condui t s WoaB/osdseswn) general |y deliver the gaseous subst akcaaisov213he
injectors, which transport the gases through separate flow paths. The
substrate is transported along the process path by a conveyor. 5 The

entire proces h is.enclosed .W thi I S :

proces s@rﬁlﬁrsg‘}o% ﬂﬁ)ﬁghesrﬁl%ef %¢p§9ceﬂ§ \ﬁ\% g&%ﬁl e?}lp’%{‘@&;ﬁ 8%"%@;“? t(())gzl ?%s‘%gﬁ%&mnrgggq es 11
are SeDﬁf}éﬁi@ﬂalb?robéHsf Condis (18 shawnbéretullysddliatetheh@sgruecabsimgs nocthd es 11
fromthe rest of the processing path. Buffer nodules 27 may include a

pl ur al i mijectors, sichtransporh i sasesrthioneh sgpaete ApwaaihswHing subsirates idransPtad ver
an ine i etween the curtains. Deposition waste

pr oduct;{sl&ll%%%%%%% p%ﬁl}gegé%%%g%gﬁpgas are expelled fromthe reaction chanbers
t hr gugh exhaTistenvienproceshipath iaewclesed plithih 4 mudffle Son thebhespextaad procsyssigof ( not

shown) . The chanber depositiqn _area and substrate are retained at he
desi r edhf suhstratgn Atséhi%g&’c Lpihepeosessing ’@Pgﬁ%ﬁts"f'r CAEP agrﬁgé Eﬁ ng?ré?%d‘{l%s noved

t hrou - ' Ryt i nflés each
g h27§x?§1?h %S?ﬁét?ﬁ@ro@@ﬂ%%odlcﬂes 14 Rt R 8&t S SHRSERMERtH. BaAGEr m¥iT1Es

ot her an upper surface of the substrate to forma thin,
uni f or @7 myeinchude a phurhlity of cittenstengig frosagplensmibody Wiich isa1sal/D dshigercass

depend i n part upon, the type d al i of..fil mdesi.red, .one

appl | cafP Rt Raispedietiory ey ebie: Dberyieb b aReatt e Grasist as
TECR, S%dsaa?@ el FdnR B Wabtibn¢HarPGRNhrARH dxhad bt thvifcH araddlupa b e
reactant such as TMPI TMB, TEPo, TEB, phosphi ne and/or di borane are

enpl oy etiteble delpust systemi (net. shawe). hg gbambar depasjiisinassd gndsuppirate araspteinedat i ner t
carrier s.sych as nitrogen.. Ln e oped glass filns are 20 formed by
reacti otﬁgaﬁ‘ﬁ?gé%gl%‘hpeé“ﬁfo‘r‘mé’ gﬁ%&%%ﬁ@%&?‘l y supplied through a separate

port of the Adthke@isthte iHmov@Ithiougk eachbaicton ghaaibect Ii, e igbited sibsthoesrdaeten
enployed in the prior art to reduce the accumrul ation of depgsits on

var i ousWish pachcasheriandionwithvhy upner swrtaceod thecqubsigate by o hig, UaHomn Tayer or

X . > IS _ . . "
083 peffh TheGha5 baens’ b SRTV DR in P ARG IOBS M BRLERIE Me o
whi ch afiln Besiredy I onoagpbicati@tofitiie praetsimeysteml t0 Silicomhsrurcanpactes sheh ds el d
br of ect TH@S ofiat o fianegvih mapers o uarsirel s AL IErserearigmrhae i 5 o
6. AS SHOMN TREBoFT %Dﬁ}osgﬁiﬁe BRAbEGHbMERe bt &5318YedSB! RbEsidRAPnS OTRY leggt & base

102 having’a unit 3 rane 104 formed around the perineter of the base 102.
A per f oypicelly sippbed with so irestcafi(s gassucbas nitegeinyUndeped or dopedogless fidups ofe t he

baszeo 10 oi‘m;:rcpgy Iggcr:t{o%rv%lt}?gxfgtc‘g %ﬁd/%}) gzo%g,%ikgl?yssu%pﬁgc{ tlh%o%%h%l 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



7 WD 03/018866 PCT/US02/ 27376 section 108 facing a substrate (not shown)
and a vertical section 110 facing an exhaust slot (not shown). A plenum
112 i s deWwpradidsg6 t he base 102 and the vertical and hori zearaiSoyewsré ons 108
and 110 of the perforated sheet 106. A gas delivery device 114 is disposed
within the plenum 112 for delivering an inert gas at a flow rate such that

the gas _di.ff thro e rforated 5. . ' j 16 is
di spos SGOU @ﬁg?lﬂ%aﬁﬁﬁ%ﬁﬂ%qﬁi%ﬁ?%g%ng n Vre%ﬁ%lp%gh(\)/%?g)c%f%l\ég* Légﬁaé{spsggi(h? ow
t hr oughshbla).haplehant B2 igdefiveltyi thabaeaoR iafd theh@Bicanshdllidizohtal keetipes fasr at ed
sheet 106. The volune insert 116, in this exanple soneti rretzl_ Ctﬁl I ﬁ% a

UEHE PHARY™: he

" r educ eddvid 0 oithe nestorated shest Hios o sadakivemidevicrd 1 hnedisrased 1

gas i s a»e . . i i i i f the
por  or o 2oL Reribp AT s a bl ol s kFpas (Bl Brof P SPORRE 4

10 fd ovghaed06t Aevohmié inest Bl6 is disposed withd thé plehemjé? farcanieollinpedocifydd the

providing better protection of that horiz al, surface 108. Pref ly the
reduce_cgav“'&"ﬂ’r@fq élﬂfth%_nfaéa%{i WHigay SEEARS g@fﬂ‘da]f szlﬁe ?%Potrﬁtggﬁt_gfgi 2 of
the shield bagdy, Aer? 11 6 3R kifs BBATD e SHERInAS UWREFA AGduRhvniad inv&t Yis t he

volurme insert can be an integral part of the base 102. The solid bend band
r educedispgosed withinnthe plemuonr! 2o§uch Hleat dley gasyis peveated ifeonh flovardg dieestlyyout e base

102 and .ed 106. | nbodi nent . .the r.educed | ' t
126 o vehie wetinentd SiherabrarirRge | GaR thaR s ARG HERS vl Tl S o1
t he;asgow nddrehd MsrRnREsRBRANOS bEte peffbratell sE&s 106 prdilingacitagrartticd esel y

di sposed adjacent the vertical section 110 of the perforated sheet 106, a
second thatdiorigantab@irfage 108y t he hori zontal section 108 of the perforated

heet 106, apnd hj,r.d ign 122 faci | jexerd ' 4.
:srhgezo seco cfe?gacbh glrﬁ f @%8%%&{} Re’ 6?335 g&%ﬂ%ﬂgﬁ?ﬁ@ algﬁ)gédttﬁghqﬂ%% g(gzn al
sect i onhd Beclafboli} By By §udtableesbans sitdtas WRRlidgr Aerpativepe ted ohansmgeanesn te24 f or

gas flow fromthe gas delivering device 114. Preferably, theer#ﬁpered
passageaytesd perh phihs baseokZniTie sekd bendibend sdugesdhe iterpplypdume ohthe AAVIlYas

del jver | i ' ti : [ i ment,
2 th BRI b InPhaR o i HRHARR LR 367" 10 0nd Bpodch (i RRRRY,

t hr ee bendmbaiert 116Gisathredqrdendtiand setehdioglongitadieal Boaldng the fdhldngleofthelbasect i ons

118 and_120 of the bend band 116. trolljng th il 1
del 1 vor THg g pekl tend Teha [0S s6esiny | B gaE aFd plpngy et adigiighe CRoa”  9%°

hori zo %gi{l?rggl(é) o\fﬁ{etﬂe%tﬁteilcﬁﬁg lg@,sa stO&hdaR&ichlD0Thcihd@e Blgfii(ﬁftzﬁrs&@ioﬁ hegsr 106

is contr Prefera rotective injector shield 100 further
conpr i sthe parforated shaétdd6remdbe thigDectibod 22 ifacing ihegas dekeatingabvmgs! 1dubBteances

Fecate gt eridre Aok ilecivng A, EfG R biilopianse e 1B Y B o BB s ce
menber %%e@%%gﬂs b QagechQ PRSRRhy DL fehi8lbwoatn BB Gasutlonding deviae dhiy. and

outwardly to th _
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



8 WD 03/018866 PCT/US02/ 27376 vent passageway. The vent gui de nmenber can be
coupled to the base by any neans such as welding. Alternatively the vent
gui de nenwerosiosssae | ntegral part of the base of the shiel @drahy2/27376
Preferably the vent guide nenber bends outwardly at angl e between about 10
to 30 degrees with respect to a vertical axis. By providing a reduced

vqurrern ert within.,the ert
gas is T fBasé?ge@'c?P' i \%’FQ’ ¢ nne eg‘%{megaen% % é({uﬁﬁaﬁgrﬂ%%énst%?iy a#lgce o e&scr een
and pr ev@fingh ad¢shativéls Shedenogiidd @ember is beimegraigart oftieDasd6( thesidElddody 4A t o
4D show the vel ocity nagnitude distribution of ni tro%a (Oht é ggr%r‘% g}las

t hr ougHPrafesblysthe xent gpisdearanaher Bendsiontwasdly ghangls Rebweenaogut [0ip 4@ ¢ Ay

havi ng I

o mul e oct GEVEH R, b Pglg st Sgu‘*{eﬁéﬁﬁrt‘rﬁ*‘?ﬁ*ﬁ? Beckame ¢

pr owi de;&vﬂy,ltﬁerg&g@ﬁfettigemsmﬁorgaﬁfedtivew chanrdleto arnd tipriorizontahfycd dighe sawedni cal
section of the perfo t he shield exhaust port inlet, but is

d sheet
| ess ef@é‘d’tr?‘ﬁ?ét]i“ﬁ“’yﬁiaéﬁ ?}’t"?‘rﬁ’@ntoﬁégﬁﬁ“?e?ont al section of the perforated
sheet from hggid ¢§ 18 $0Ghd 28 tépzma rsﬁgmﬁévé%ﬂy%agrmud@&a%ueéﬂ a/fmtrrogehm)ou r

corners of the perforated sheet. In contrast, as shown in . 4Ato 4D,
t he i njprgogassthraigh dpriomagt rrechmesiuald)llm remparisentty anfinjeator pshekbhavmgIMt i on
provi des  a ter. 15 partion o gas fl.o |I| and, pr.ot ect i e

o zorfediced sE Rt ingrsnaiasariety i BRiocHBac D sl APBRY S Er 2 Tone
reagti ojp l})@ﬁﬁ’ inRitdr dhieR $Hovides 4 Yarg@goron Bf«‘%:é%ﬁﬁ egitihg aﬁ@p@&!&tmg the
preserving t | ow pattern better over trrre | Gs. 5A and 5B are plots

from Cﬁ@rtsqaﬂrsﬁcapn of ﬁlesmﬁmrargi sheet by heshield enbgustipptitinlsh buhis las efiestivhinect or
Shl el d f r%ggnghfg hgl% n?aef é%f: OH%?&IC p%l‘fglrg?ed S rﬁtcﬁn 8 avﬁé? ?%dg{l %gﬁoa&YﬁidoThe

(Fig. ar € ‘prror ar i nj ec

pr essung, dépetiallPut iheMourtdiites dfhile bajf@atedshedi Bi cﬁbn\tﬂakthasr shduadd FYGS. uireto
inserts shows a greater value near the netering tube by the injector and a
| over VHD.ike iniestor shielddaying sedusest yolyme gtsert%‘?frthfelérﬁﬁ’i‘él}nr’{ﬁnti%l ey %Sra PF¥¢ect i on
fromi o f g4t he
horlrrgzo:h algdsgf(; égo%o"g? )?ﬁhg% H%‘?at ggﬁe ﬁ%ﬂﬁﬁn%ﬁef&:nﬁﬁtetg% r anﬁh\r}géﬁe éhr?r eld
flows aherefré Ibdwriny the ﬂ&@éﬁbnsbmtbdudt dndd dmdiredl al@pvleh&erw;rfer:'smrfac%amihr eld
fl ow can pressurize the entr re reduced internal volume of the injector

shi el d WewyVirg Hiedlompaiest DEUFAAVEHEES of the prior art injector shield. FlGs.

6A and 6B shawg 4 d%b&‘e#;'ldwfréﬁfb{qj §iRR1akiBnd RbGHIIFRR SHeQuiBHiGRonkRad | on

species at the su ace of the inproved injector shi'eld having the vol une
i nser t sanaohjettoeshield fante Hamingthd mduce@WDglmﬁB}era@f tempeseatinyentwniFigod B hast

JE A TN Y RO X A .
g)gc IUZ géﬂ};%?»gh?%{/ﬁcéd {éélﬁr%@ niyeHé( krﬁﬁvs(a%r%ér vahR&icHBERS nictaflitabe Wf the ijesteredi at e
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
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the horizontal surface of the injector shield perforated sheet for the

prior artwonpecsses shield as conmpared to the injector shi ecd/usor/brvel une

inserts of the present invention. The | ower concentration (58% of

reacting chemcal s for the present injector shield correlates to a cl eaner
ed sheet, o exper.i nent obs rve

f
Pgagg\r/ac%&reﬂfé‘&}é? alta cﬁl?tg’é@ﬂtaﬁ:hﬁ%? lélllf aé:Fa%g"rgrlng S 8%}3‘1 & dprated 1 ee

of Si 0Znhearoshé ﬁnoﬂﬁaﬁje&thesmana%&ﬁpa@wﬂoeme injedtoR Bitldevithevalode ﬁ‘Eérts,oftlh:e
present invention provides a chem cal vapor deposition fV18t em conpri sing

an i nj agzessnt lamiltpnoff be lowes certvertraiionhedo) of ré%Q“@B cheraicalsder thapressnd I ¢ifgs
di s poseglé’iliﬁ ?.tgn% 3 glf terf" %Bﬁgﬁ Cs?l%:et kc? g)we%eﬂﬁaﬁl& abs@ved nlBARESIGNer t

purge d. em cal rnjection slots relative

to tshe [ghgeeity idBpEeic ’IfHe@ﬁesﬁnttlhﬁi'@@d sh&dﬂp&rﬁgatediehmswm frae afgid2udepdsitsp of
reaction products on the protective shield while still protecting the

end pl drcasthgfinjesiar aletl d of the ends of the injector. An injector having
i nj ector pl Saél' gmeggﬁlg{)& p‘ﬁ% thé" %Elﬁ'lh&%ﬂé&ﬁ éf @\tl@ésea{‘a‘?erﬁl@alﬂféﬁ%r deojsf-];lonFI G 7
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shows an expl o view of an 1'n ect or ing injector plugs or chem cal
pl ugs siste@0Comprighig am i@ettor Thd pratpaiveahicld fIde mapcoir 1adué¢smm@atoed>lmnber

204 havj end surfac 206 . and a.f t I f di
2 ong. g the 1 o e BhongAraatiter Fa ba S B e SRS Toa
I ncjoudgsge O@Q%b%flexﬁi‘cale ﬁesqjotpﬁ‘cﬁﬁt@\%eﬁ) thtOoth@r 1n§’&|tdrvﬂ6\h§lgh§1€6ﬁ1r&ﬂﬂcmgand

i nert gases forme V\Athl n the el ongated nenber 204 are a nunber of
t hi n dideposition ammibuildhipof edastion bypredustspn2heproteatiesahield while wiild protéséing Fh?ngat ed

Channerdpisesitina oy Bt e Eos e iEat A o Rafin gl Hpifd sttt o

gases iig dgﬁﬁl\,glggre}v@eﬁc@rwrpmg higp.fil mon the substrate positioned beneat h
the injector gfd 214, braze foils 216, alignnent Cgl ns 218 and

cﬂem ﬁal pl dﬂé}l ?elzovsaa@ exp e@qufynnmcm@ﬁ%a\mg métorapl@a@@zt ﬁnwélrﬂ%gs 204.
T 02.
€< Cg’rli) § o S ﬁ %:torAs Srﬁ{ehﬁqtalg oglgftac? Hl%ﬁlb%{ 2(5411ﬁa flr(f%]ﬁrg} ﬁl?%ac

di S]tsl’l nor e escri 1 on O 1 nj ect OI’ can
be founghdiafron? %aéhﬁweﬁ&ﬁﬁfhbe D8 edieiBidg Sldfig thM‘leng‘nh bﬁthemdmfgp&daﬂmnbdn eoeby in

its entirety by reference. In the prlor art, the chem %tgl B e of
fi nger Biechenggtsd meamhyr dedvwnabydes 3numbgs o %IB‘I‘gaéFd@’&?SLag‘EﬁZIP defiys éZ erﬁllcglg

bl ocks &B%@rﬁ?zseg ![Ahq% f%yrh c?&'lthﬂﬁhgélﬁﬁ ak é r@h@ u%ilb%r of ﬁlr istri s such

as nltrogen rou e openin er e so part o) e plug 202
creat i nfhaAels bNels PI grﬁloht exltehrd lmﬁdseroﬁwtdhmgﬂteﬂtpastagbs a0 (ahétmlnmfroﬁtlgas The
i nert gas purge preve

D SR e A S A G TS U O, 15, SR, ©
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



reacti on byproducts at the end plates of the protective shield adjacent to
the ends of the 10 WD 03/018866 PCT/ US02/ 27376 distribution channel .
However, WOgh/0183e6t gas purge fl ow which protects the shi @cCa/ysozemsse may
concentrate the chemcals that are injected a short distance away fromthe
ends of distribution channel 212, thus causing heavier build-up of

reacti op_byprad on the four corners of the perforated sheet of the 5
shi el d.d}ﬁtgggt%ﬁ%us%ﬁer%'ert gas flow at the ends of the distribution channels
212, the prasenéver, Wgine®Bas purge/flele s/hichjpestbets theahicidydlates mgg c@RBntaae theown i n

one enbodinent in FIG 10. The partial plu 220 | s generall rji sed of
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artial . hS: i i i i j S.
Pres. *etHEnaatr bR 3h bEfaliboctBRIRLQDn IR BE) blert Diine paMALd ek 12D,

8- 16, tsheldli Treadjusymeotfgas flewapthaiends of theahisiribwionehynmedsy 218whe presénginypyieon part

and wide i.n the | ower. t jacent t.o the front sur of. the.injector.
i | o devidpuisieeke pariahpiues 720 fhgoradn onermpodient i, FIE g6 sty pb

pr es_ent220'i§‘%’é§1@¥dll@'&oh@ﬁ§'&iot%thh'sHéett R&ind h@osdrdpeniaf o2 i TSI t@RosEnInd 2 1
opening of The partial plugs can be varied to provide inert purge gas at
t he ends tfpartiad piitgsiAiodavarkidan dimensisaie edigeisbe flow e purgegasckiGon 8-\shpwduct s

at both the en | at es.and .fqur..cqrners_ of e rforated. e
pr ot ect‘?‘\?é"%‘ﬂ?% a pggiiatglugan g%&%‘i &s & %%@e%@ga%'gﬁi tiégfi f%enn%mt%gg?%u%nhgow
Wi o preahee ety ol ialke @ijer piratafs widd inCidid®er part &djsdevietottie frontiarface dthe
perforated sheet. Too little purge floww !l allow nmore uniformbuild- up

on t he thernjester edVhitreene Bpecififoexamnle éx providedsier alleptiative preposs  thapgesent pe
resent. | 3 - Ji: - I | S

Pl ow " TREHEREL B4 5o R RUS TRE b8 ph EhinislbR By BGAREH P e el PHEDC R

excessiwagiedtd provide afert pRidgepap aiate cids ofthetchemivel siattateddcsdapesition of teectionj ect or

shield. Insertion of the plugs into t

arti al e ends of the injectqr
cheni cAtyPerdyctsiabbath §is cad B |a§§‘gqqr69@eqs8 thteé’a’lt}P’é‘Eﬁtdisg?FtS% eﬁ@tteé?ﬁ{’?lé‘“gﬁd' i nert
gas, pur t W i ¥y
o o af O Sfelifc yces] SMERAth, 57t E IBLANG 0Bt h BRI b i ol
end- pl adxesssivabaild-ap oadudpesioetéd sheetpToc &gk papgs flovawilballow mogaoi foem build-

enbodi nent, the protective shield of the present inyentjon provides.a vent
25 gui d¥® o thermsripr %ygs SUPY Jiof RfQledt dhe Qﬂ?l&ea@ pgaé??' a Svh’ﬁtprgsﬁptellnaglﬁﬁo f or
di r ect i fiQwdipHe 5htailoPHe PURnSHP 8T M3GAReAd floRact i on byproducts to the center
of the vent path, thus reducing the ~quantity of reaction byproducts

deposi ts on Theeingation sifipetchl Mg_SsintOTﬂne ivj@ﬁﬁorSggﬂrdeliraiglngyssg@obui&@p ofl so
P 4T R Y BEBIABA AL Pl RO g B 001,
detai | gt bf thefuigeape@®ntionl Glstibutibh chshndl aligws FdrGedilctish aie micteging BF et
protect gla\s{ ?)ursggl ﬂeolvg t}:fl?slrec(il?crirrrl)gr lllesasg b%roggétrbiilglip gr? Ehhe iEle:gtolr gé:r%grgt?ezl slslgelt %lf 9he
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



100 and vent shield 150 of the present invention. 11 WO 03/018866

PCT/ US02/ 27376 I n general, the protective shield 301 including a vent guide
assenbl y BO030w88p6 i ses a pair of injector shield bodi es PCO/Usos213r®©Nned

adj acent to an injector and spaced apart to define a port for flow of
reagents fromthe injector, and a pair of vent shield bodies 150 spaced

apart from the inactor shie i i I a A
vent gui de a%%%?{’/%}e rBtreggYed%lgFI&ggisﬁ%h&é%}éftﬁﬂn%gg%qg%zﬁebéggb(gﬁ%ﬂsltnggne%gs and
react i qaidyfijecdtshicd abdiegl Gohmsitiontd adjageat to aafinjedter arebspacesitapp td dedimel at hus

deposition of reaction by-products on the yvent shrou s is reduyced. In
part i curogfor Hew ef repgets omthpanegtpr,iagd g gair \éﬁnéslngs.%O%fs %dﬂ’écegﬁpv? ﬁﬂ‘é‘ si de
of the - i j f [ kChdty inldibe av L de AR ovi et

nct uadle BiEiir RIEREEe @hin® TR Gl ld R AERL UL HacR P P 00
and sa schaamd upusedegasenizesubSrces angIreattivo HyRmodens abhgdhel centtal pathyofiB®. The

first guide nenber 302 extends upwardl d outwardly to,the ven th (not
shown) ¥t B%’ttéﬂ‘ifbblﬁ %S?OSftWé‘ ‘%i“?@flo‘bg}'%éoad;fﬁﬁtﬁ’é‘rtﬂgﬁ?t %%IPHQ WahS gﬁ@%“é‘:%aj th
respect to qnéﬁ%ﬂ'ﬁdu‘ﬁﬁ'! reféH‘ihg to FA&. 31Gb Q3¢ Mhefedige 11 sREW A BAM onkSsid®oBthe _
degrees depending on speciTic applications. The second guide nmenber 304 is

coupl egrotectivesbield Sinsisipdichpdthe vot gaivls assermbiy30Qipakiden a/firghegnidonenaedof ¢ o

t he vent h. The, exiepsi an t he secpnd, gui angl e
w th 15opBERtLe g hERRY B R Ao b AParE A Bhuey b gl AR O
firgt ajydy9800NUe GirdtGRide R 302 @RteadupddiFragd GafWdrdlyrtedhd vent patin(ast
outwardl y curved section of the exhaust fort inlet to direct reaction

by- pr odhews).t Bhe ¢xsensiomtad theofirst gradempmben 303 formeamanals With sesedd to ygeticalshr oud

[ in.t i . i . th
vent " sifibud e AP LL B8} BBt 3t EREREL B RG] LBBLRABRATIERS R e
menber se38d anlde albexBemds caupsddioya Réntahitldbodvat §) ynd extpadsiijvedrdiyrahdat  an

angle with respect to a vertical, K axis from about 15 t% zg dggre s. .The
first guivadhenksvenbpathahhagxtensionof igsgeondgupdedpembrr 304 ymsaB apslg yithor ¢ he
i nj gct i€ / | SE 1o N EcohBeuldy ect or
shi lgl dq%%’ﬁgpffo%g%@? %n%%sopa%{/r\}gr% y%gﬁlg %etr?dg@g \élxgsr dTlgéwg{S%gﬁd gn"é’ I e%\l/l\,i th

r espectmémbdrh80Y end BGhire sonfiguwed tofoem se ootvehrdlyicieved 26ctimmndféhe @dvugi portal so

b hined to be an integral f the yent shield body. 150, T t
any epBlS 1085t rragiian by rdRTieL ) g CEREROIEGXharL Pk ) Bo coplef yBY™Y by

the s %‘Bﬁﬂﬂ WAllsdR g@%@ggst%%glhb%e%gg?ﬁ@ﬁs 8Prabiidn Bypr&hir&Son3@e vest shrsuaed

bet ween the secon er 3 the vent shi‘el d body 150, and a side
pl at e 304lstanerteducadn @odferably¢ha/famst andiseeind gbisldynentt®os 303 and 304 extendstpveardlyout er

wel zlos' a’% Cocl)lrt\gzilrﬂgll 1¥1 p%lrr]g/lleij %t%) gtl énsanogrle Mtgﬁgsspegtrtgrg \tferxl‘&caY %)r(llis hs'or}rrl %I(gut 15 to 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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30 outer walls are trapped in the recess 306 and prevented fromfalling
back onto the wafer in process. Simlarly, the outwardly bendi ng section
of the fiweto3guwsee nenber 302 can al so 12 WD 03/ 018866 PCPCUSGEZ/2B34 6
function as a physical trap that prevent any deposits and fl akes from vent
shroud inner walls from falling back onto the wafer in process. In an

I nj ect ' b |16siRIAE MRleX froRPWHEIY O IERRSE Walls fromt he
vent s Wg{}g%%gﬁ‘##%ﬁg%frhoﬁr%éﬁéeﬁtt\a,\l%ﬁeg %1? tﬁe exﬁgust pat?‘n and drop directly
back onflbing backaitetie wafer i ppoa@sess. | n contrast, the protective shield and
vent guide assenbly of the present invention djrects. or chanpels, the unused
gaseous subsIPé‘I‘?délsemé’ﬁdhﬁegiaE’ﬁ‘%‘H tg?ﬁ?@cﬁ% esasts?fph{ygﬂo‘fvﬂféryéﬁeﬁf’% fSthe YHY vent

shroud &xhausty falefron MeSwalRAHMRCEInARst PhthlQ d@(ﬁi"@i‘f’&:’ftlygﬁ&leﬁntb%@ﬁ@@rs; ine
quantity of powder deposits on the vent shroud wallS, thus mnimzjng the

quarst i tproaeks. mt eonitzabt, gheaprioteiotive shoeld fand entogiide Agsgmblyt dfethe dresegfuindentivgdsenbl y

forms physjcal, tr reas such that .if po rs o | ak 0 r t he
vent - wees Fphapn P SR ERSrER R v RIS o o B G bl RReneRE g
back onh® vedtBroidf xhaust Padl OTIES SedirEot Ofithe @xhaiLs badepubdudes ther ahstytdfe
reaction by-products exiting the shield exhaust path inlet into_a_larger

vol une rewdendamositeonybe ventshroud sialls, feusguigimpizingdhe qugntisef maenal ayaidable tRat
V\d i t . . i h
oresor yﬂ%ﬁ@%ﬁﬁ%ﬂ@%@%ﬁla&%ﬁ%k ol 2‘&%@3&%2@% shch ﬁg“t c %%P}SX’F ﬁ?ﬁég ©

pr esent rec e ex nter o

exhpustdrppirbmaneyert el tthey £ cdught vehd trapureascind wedviestedifiolrofallimpbabk petduct i on
in velocity, The vent guide assenbly surfaces, which may be extensions of
t he hotthewakrs WMogesames, are at a sufficiently high tenperature (about

225-275C) sf#gvhoﬁs}@ﬁlam ;&%@ frbcts ﬁilg réiRfiod W-g?o%wé %i¥ing ARQABIclBexPudt B&th

gui des. The formation o ery eposits occurs further away at a greater
hei ght ibleyand at lheseasyehimid 3t lgpwied eclogisy hgaifttitse cestow esnt Zbrandmedist sush dblat

ti by- ducts to t t wh f k f t h t
S oud ARG deponts rE o ROl BaiBal T EBeE Pisemmy T REER e B TPR, ner
thapy fabhiide tﬂ?@%%dv?\ﬁtt stdB tHBESIES off he dXhOELPSth alWay T tHeQdole vERAHAIUAY t he

total anount o er accumul ation on the closer vent shroud walls, the
accel erelisdvitlelud oiuch reductibie irex¢lacityt Theovent Brida@bsentbdy sunfacegovhieh meydenl y

bet t def| ts. falli f i f t O
Dh & Cveimriapsel s ot SRS 8¢ pla bR Se At RE Sheefrts Rt Sab2fTon "
processych ﬁla?ng}?—gﬂﬁgct? AR 26} R powdBS RpESRIN thé;gllggﬁ %elﬁ‘f)ﬂfﬁtf@ﬁ%f Podibdysyst em

wi th one or eposition chanbérs havi ng vol une vent assenbly

400 t o depesitseceurs further poaycita gtaatepheighti bewend the asseiy! yegwidedpiathy Thisgemarest i me

(ARG Sy T NN T T T e R
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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30 16. In general, the chem cal vapor deposition systemwth full volune
vent assenbly 400 13 WO 03/018866 PCT/ US02/ 27376 conprises an injector body
402 havi ngoa3sforssné surface 404 formed with one or nore porPCI/US0D27306

i njecting gaseous substances. A shield assenbly 406 is provided for
protecting the front surface 409 of the injector. The shield assenbly 406

conprises a pair _.of injec shi el.d bodi es Sitl 0 j he
i nj ect C?PHWG‘?&d?}?dnjgf)tgﬁl%@é@gﬁ?v’f’ga8r8fls'bsﬁgfla‘ée %Ogh&gnﬁ%gw%éneﬁ?gw Oqﬁ%gé 5%5 eous
5 substipRe@s %a"s&ﬁl‘s bistdndb L A ield @sbemBYAU40B iPRrovided forphdteaingehardradiudae4 10
spaced apart Tromeach of said injector shield bodies 408 to defi r}@éan

r

exhaust408atfithé ijestor4 {Ehe shiqldpssembly 4RO camnrisshp pal of Aigctos shigld\hodiss
i I d,. . i -
enct i AR HRERERARRERY BUSHNAANGE DB bR RELRR aBErRIOO Wbt O BRAs

i nl gt s siBAades Fomadhdinjectdia0R indatpair of hére kkiekirtibdics @ 0 spced apantfdire sachdd and
408. The exhaust path inlets 412 extend at &0 | east aggve t he hei ght dof t he
i nj ect sridgaiggtongeldbodigs 0B to Jefine apexhausynah et 20} BELvellgs xeqtshrou

i nj ectof 44%#%&%{% % ?ém(%\gilt}é] Egl%& Eg%sﬁm&né&bﬁﬁ%ﬁét@nl By-prldudidlilond BRIt h

and wi dth I'njec FI'GS. 14-16 schemat’i cally show the
det ai | semfion chMibay The weltatuioud 44 eomptisesaglairmd eylust patls sdetb 2 dgfnedbyG. 14

h Tpar i f the full vol |y 40 i 15
vent adsmger s oahyens shipl bottes AR ahis s *Tie tatedhath (e Rall ndii
andl e ﬁ%sba&ive&m&%h 81 in AL AP 02, TRipgirio$ vl pa®B 4 @l prévilldieabve e ar t

vent system where the vent "paths are defined by the inner and outer vent
shr oud injattos 484i dhedenhpathe 46 epemnpash substantipllythe fullgagthomd width phibsct or .
The pratecti ve);@'el d 406 is forned of injector shield bodies 408 and vent
shi el d B§8PEEIYY2410 whi ch have extensions above the hei ght of the

i nj ector 40%1&%. pA9¥8cHehafit{Ry show tHdRtaiR00i EVD sytemihaeing tHd0ll colopiciveies a
vent guide assenbly 418 which includes a first guide menber 420 provided

f
to the assgnatdy 400.sHiGe |14 showsa aoepassen ekthe il YRjump Xertdsse B4 ©OHePTEREht  of
the _ injector 2.A S j -l | t.at shield
bodV 41§Pg$ﬁ8n§gbéﬂﬁ’W%ﬁ?%gs%g%g@?ﬂﬁgg?%%ﬁ%%?g gmgthggg:éggégﬁ%ﬁggg?ending
upvar dliyjeaad bbayaozll Thisnisan icberasent th2privatatt vehtsysGom serpreethie|vent piibs fier st
and second gui de nmenbers 420 and 422 define a curved stretcgc f the
ex haustdeﬁeﬁg by thie anesandawerygnipbieadavalls ahechidongt encpmpazsdhe wid 13"&5‘1‘# 416.
Preferqgéy-%gg_second gui de nenber 422 extends upwardly and inwardly across
and ovef® PHe Tirst gui de nmenber 420 such that there is no vertical access
for any powdEigproepira shield 4@6is 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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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 pat wodi®O188h6 ough a baffle 424. The first gui de nenPer/usaD2B%¢ ends
above the baffle 424. A large physical trap area 426 is defined by the
inner 14 WD 03/018866 PCT/ US02/ 27376 wall of the vent path 416, the baffle

above (K Eiaps 0t g 47 AR o it 1ot e mBMb R TRE iy B0 RN B 06

suf f i ci40textens dboap thRbyffloiddes ¥ niheipusi haghato fdralkehysiailltiapgrdad2& suffiaemtt he
inner wall of the vent path 416. Preferably the secor]ﬂggtﬂi de rreg;ofr 422 is
machi ned tep Ry pedery depesits ok flakes fp/ling backfogn the ingerrvga BaEHRI 140 second

gui de menbe rPréi%l?a\%};etIB@ a&l&l@ %uM@Hen‘?){er iﬂqs MaBlinRfhBh thhba L chitp U428 ghi el d

body 410. Any po eposflts or akes falling off fromthe outer wall of
t he svenformeat tetwéeh@haseond geide etniber 429 thetopsir owll of itlgovehp gath #hé aitbe sgait em

having th ul I volunme vent assenbly 400..1s ant.agequs | at _there 1is
no vert ql{’%fLycdel s A, rpoﬁ’&ﬁﬂgws%ﬂé‘éﬁ%gﬂwgﬂ?gé% tl?egoﬁgq WaIB%ttctEe St 83 he
vafer f1i1@mel RReivEin thd Bhpaddi&apdfs.si nce the second vent guide nember
extends laterally across over the first guide nenber. Further, the w dest

| at eral georBterGVBfystéra havipg tredull solamieaphtassembly#0Qis edvanbargepesin thagthergy c h
| powder - t . Thi nh th t i
i ot eriagEerical # 2 PbAC Y9 THIERENS 8 Aesth Jai PRl ol okl P B g yER™ "

suseptjabis 4 teysifde thbResondt i kRidgmasthiiey ex@hdy iferpidyaeossOsvdr|thk Girdigajiz ont o
the wafers in process. 15 FIG 16 shows anot her enbodi nent of the full
vol une memberadyrhen the widess igserphgsomstraof therdjBieetog availablegady beped dofiqate 2

nbl I i j i nl et
a0 T SRS AR e AMESRIAC BRI ik BelhCafiClatHe Raflnnd ©) o
and vern r&fuired Gombibeivest w3, ihereby tnginiheiding phesudcdpoibiity oftheusystemgagravityw out

addi tional perforated sheets 430 and . 432 incorporated into the inner
sur f ace1ven pewderqrdlake draps oBIOGHE WIHATHIE BIRSASEr s 420 and 422 20 respecti vel y.

The, CVD systigpm PRl Jngﬁlei Hibo X RlHITBY tNER RRIRIPLY a¥ietBly, M obitRktingdRs

purdged vent guide 1s advantageous 1 n that the conplete e€xhaust path from
t he i njiaat gis pipgédtent tinde hssembly toabdure glassyt orgiomaledy depobits indhe gthaggdotto

bl ow. e oragot FEeebeRt peiohal B PRl e MR e phEE o7

the i nvigiaids@Ro Rk eendéPuipRa t@ﬁlﬁﬁ@ﬁ\hg@gisqm\ﬁ&ﬁa@&iﬁ@ﬁ)ﬁ efbratddlsHedts 430 4ia and
description, and although the invention has been illustrated by certain of

t he pret8@dnegpentdphteshe inner sunfases pbthsdirstomdtsecend gdomiembpersi 440 and 422
R B SRR SR Sy Al P Gt o

enbodi RRt Suid@RAdVATE@bLOMIhA N RREHEB kEhdubt fatlgftbm 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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of the above teaching. Al or sone of the above enbodi nents nay be conbi ned
for process 30 advantage. It is intended that the scope of the invention
enconpasswolB/gseeri c area as herein disclosed, and by treTalsaz/eB7@ppended
hereto and their equivalents. 15 WD 03/018866 CLAIMS What is clainmed is:
PCT/ US02/ 27376 1. A protective shield for gas distribution systens,
conprising: 5 a base having a unit é@ﬁﬁﬁsforned around the perineter of the
base; a perforated sheet carried by e unit frane, said perforated sheet
havi ng Wwhhak t@ddis: section facing a substrate, and a vertical section
faci ng an exhaust port; a plenumpartially defined by the base and the

hori zontal and vertical sections of the perforated sheet; 10 a gas

del i very deyvj I Liver| . W lenumat a flow rate
such £ thersidva el BE bRk heO8R, i, S0 0L Lol e

i nsert di spasede wavihg B uhit eraplecfbmied aoucitht pedihetegofithe basehut i on of the gas
flow ng through the horizontal and vertical sections, of the perf.orated
sheet. 15 2.apﬂa@rﬁ%§lkeem%e<§w @pdmg::frae}ea?adgl Eer&?fépgisheettﬁ@vx\l}g@ Z?’ﬁglert i's
a bent 513@6'611 ﬁ&ﬂg'a?s%ét@té, BRd a RasaiRRetidH S0A8 8 eXthduldi port:he pl enum such t hat
the internal vorunme of the plenumfor gas flowis reduced, and

di stri but i ors ménurhpamialy flefvedtty ththrbaseend tertogizontabaridoveriical sertipaseldhe
suffici eg%lg% ({gﬁg(event i ncursion of external gases inside the shield and
to for MO & boundary |ayer which substantially elininates deposits

on {he hori zonkaklis&§ dedBe & defiferingQnikdrt S4sab ek SibRGH at BflowheteBue tat i ve

shield of claim2 wherein the volune insert is a three-bend band extendi ng
t he f ulthe gendjffhsasfthiohgh theperforates shheteandbend band has a first surface facing

h i cal I f th f . r f [ h
hor 1 zont al - ovainn e pigosd Gfe S EfoT R Ehn-AEERRh R LTRR L8 20, | 0°

the gasfél@hh webigtothd BuiigehtalWhe feitidall Reics @Btk pesfordtecsheef. the three bend
band and the horizontal section of the perforated sheet forns a passageway
tapering fromw de to narrow as the gas flows fromthe gas delivering

devi(SC € ?t ag"ﬂ@ ﬁrott ?wg 8ﬁiiﬁﬁiocﬁ{c?4jlmsle\9ﬁ%r9i% tﬁ@v&lgﬁle \fﬁsref't!ig 2bert®ahd Supddd t_tortﬁe
perfordted sSheet. ) chem cal "vapor deposition system conprising: an
i nj ector bas¢iang daspbsednvitls teasiendno sudhrthache imderos sebmse sfitbe pnumdor gaso a
processing . o : L

%ow 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



16 WO 03/018866 PCT/ US02/27376 chanber; and a protective shield positioned
adj acent the injector for protecting the front surface of the injector,

sai d protwotaswessshii el d conpri sing end plates and perf orat edTalseebs76 wher ei n
the injector conprises: 5 a chemical injection port slot for injecting
gaseous substances into said processing chanber; and injector plugs

di sposeg1 at the,ends of the chemcal injection port slot to balance inert
purge gR8MREAT ed to the ends of the chemical injection port slot relative
to a chem calro@asveshidi besdtibriedtaddfacentdil @jsfortftieproteeting thle frank eefacenf por t

sl ot, wherein deposition 10 and buji]l dup_of reaction byproducts on the

per f or dhetestuetaid protectizel shield cpmpRsne cad plaigsgd perfpretcdihretf: deposition

bui | d-up on &ﬁé?eiﬁ%iﬂe%%o?%omgri ckhe chem cal vapor deposition system of
claim4 wherein the 1njector pfug is provided with an opening varying in
di mensi on whi ch raasietriicd &njédtienipotrstot forrigectimsgdsbaw sibstgngeplintesaido t he ends
of the chem cal injection port slot, said opening conprises a first narrow
sect i orPTa¥gsSIBE § » fi’de section adjacent the front surface of the
injector. 6. The iﬁJJ‘éth} ﬁﬁgs HﬁP@sredQ‘?@l@%h@é SMhS YRdnfitA1qhjebtiH porfsl8fto> Wher ei n
the protective shie conprises: 20 a base having a unit frane forned

ar ound Halmcearitpatgr gasfsuppledia the; ends pLthe cherisdl isjeetion pert slobreladivetha uni t

Substr Avemich g supalicd to 3 ity B8 e R nne 5L bR B
par {gi al dny wafhpettedtichspRasets athd hiefoised gerisare Addcstewithaakllseingi ons of

the perforated sheet; 25 a gas delivery device for delivering an inert gas
t o t he substantial depasitiondwildapeonghe lend plates. t he gas di ffuses through the
perforated sheet; and a volune insert disposed within the plenumfor
controlling distribution of the gas flow through the horizontal and
verticad, sectleuhsm@fal Vipor depdsitiontsgetemhfelaim30wHhereihithe ijemorgqahg sapor
deposition systemof claim®6 wherein the volune insert is a bept band
coupl edprevidediwith a8 @pering HAYPESBAIMFRsHINVRIRR reSIrchURE MREHPWBSEAS I | nt er nal

vol e s%{)pltierbeto :hze élleas Q)ﬂh%]c%gr%?cal injection port slot, said opening comprises a first narrow

section and a second wide section adjacent the 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
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PCT/ US02/ 27376 plenumfor gas flow is reduced, and distribution of the gas
flowto the horizontal section is increased sufficiently to prevent

i ncur si onwofo3exsses nal gases inside the shield and to for mpaT/s02/LBoé e
boundary | ayer which substantially elimnates deposits on the horizontal
section of the perforated sheet. 5 8 The chem cal vapor deposition system

of claim?7 ereig the volune 1nsert .i - adiag the
Fult | iR BF eohQon St tnd PR bubio fuk dhf o SR epetnaeeiol 89, |

t he verihére@ed SEFcicAlly 8 plehent priuta6bLektahsiglasesdnsde thiedhit dmice fémcang t he
hori zontal section o¥ t he perforated sheet, and a third,sur{ace f%éing t he
gas delsuitehle houmtlary lezer wikieh sibstanfialls elimingtes derosits ap thedorizartat P8R Bend band
and thqhgl éljfgrg{ghghe&ecti on of the perforated sheet forns a passageway
tapering fromw de to narrow as the gas flows fromthe gas delivering
devisce along the horizontal section to the vertical section of the
perforated sheet. 9. A protective shield assenply. for as _distribution
syst em8- conpHiesihggpical Kaper depasitipn ﬁyﬁF’_@(ﬁfﬁ}a“? i ‘gﬁ?fglﬁlég? %%alug’ﬁéilsteftdﬁ AHTEH acent
an inj eo%h%aﬁd‘&témgﬁte [dngth®f tRehdsBanS R berldah@ hREL WRR Qurfe fhdigw Of

gaseous substances omthe Injector, a pair of vent shield bodies spaced
apart fthowersiadldettignaxfitior pesfurated sixetiasscondiserfeterfasiag the hasironghsestion ahd

i njector shield bodies define an exhaust path.inlet f.or exhaustin nused
gaseoushs berralsdateidadhid Pufi Fimaric eas o grng bahi Bk MR B E e
assRMI dya§cd O thd tHrE&Chdnd Bahil 8nd/ihe $BHz SRAGEMFonIIE e sted Bhket foR@Stai ON
byproducts fromthe exhaust path inlet to a vent path, wherein each vent

gui de mswgawhy taponng fremsvide tef narew gaithe ganBewefrowdhp Besldiyeripgdsvigeect or
shi el d hody.and .ext endin r.dl [ e vent path; and 25
a seco ‘b%‘ihaﬁo%‘ﬁ%aiéec&?ﬁﬁ? g'%m\%aeggcta%sée%@g%? Péhﬁmﬁgﬂig%ﬁ%d&y%%hd ext eP\di ng

upwardly and outwardly to the vent path; wherein the first and second gui de

menbers are configured to forman outwardly curved section of the exhaust
path i fl.et t&pstecive shigld asprmtly fofaaseas distapision xeied, CORRASRSict i on bypr oduct s

. e SRR S TR O GletsRy 20
03/ 0188£6inPehoiiThett BtSEbn for flow of gaseous substances from the injector,

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 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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10. The protective shield assenbly of claim9 wherein said first guide
menber is an integral part of the injector shield body and said second
gui de nenwerosjosssae i ntegral part of the vent shield bodypcantsowaisde fir st
and second gui de nenbers extend upwardly and outwardly substantially in
parallel and at an angle froma vertical axis between about 10 to 30 5

degrees,, 11...The protective shijgl ssegnbﬂ of _clal onpri sing
a pai rslé)f si ¥ pﬁ?tg‘ftévse s?‘beha/aségrﬁh@cogicﬁémt he évf%lﬁltsafsahfﬁ%ﬁr%&(geo ?@éaﬁ%aﬁhe wal | s

of the iﬁ@gﬁal P@% Bthe WjE¢6t shidi@bedywardisafl ktend g eBabatisde imegibpart afhd vent
shield body forma recess to receive particle deposits, a ? 10 said first
gui de riberbent skigtddrody, andweaiddiirgt andcpeeandveuids Wembefﬁé?‘tﬁi“éuf’?’%ra %#¥a to receive
particl e . denpsi . o] i ! : 1 or 11
ther et REORR bty Bty RE O RL Y EndlhSis ARRGTRLY el pabil o 0P,
frame fdegreesl around the perineter 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

par tialyy delfﬂeg)%jtea}’vetslﬂfelcpgs%tgmﬁﬂ%ftcﬂ%nh@rﬂlﬁﬁ’é}tc%fn ﬁgiﬂg\éei{ahjdf@idemésﬂ fops of
the perforated sheet; 20 a gas-delivery device for delivering an inert gas
t o t he cphesuting dic \enf toeld baties suthh wallaof thelventgmshsdivhéngresnid sidoplgle, t he

f t ed sheet; d | [ di ithin th |
Gont ol ¥ B PBGT 01 G BHEB0Y FrBh FErRORE L R SBReLr "Aha
verfo CabidSEet {iMSmebef s B?ﬁ%%darﬁir&%ard%ao]tﬁm I'ﬁﬁﬁmé@lt@@éde% shield

assenbly of claim 12 wherein e volune insert is a three-bend band

ext endipagididdeposity. | engt h 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

sur f aceof aciTi grbxectdrshited hsehbRHIERNMOS 10 Vher @ihdreirhthe sgjectonshiecld firdee of
the three bend band and the horizontal section of the perforated sheet
fornms #0BPIrgesssageway tapering fromw de to narrow as the gas flows from

t he .gas del i ver | . i I rd  Abtes LBt O the vertical
secti on of tahvbé‘s%)g%?"gg Ll rrafle 0o lANNE BB EhY Bk 2 L 00V ET T 4
cheni cal vapgserféepedsicenransedstyetie vai fiames sadd perdorated jsbedt bavingdyotizwitalg a
front surface fornmed with a port for injecti ng lggaseous
section facing a substrate, and a vertical section facing an €xhaust 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.



substances, and a back surface for connecting to a vent assenbly; 5 a
shield assenbly for protecting the front surface of the injector, said

shi el d aswerbloysseconpri ses a pair of injector shield bodi esTass2izened

adj acent the injector body and spaced apart to define a port there between
for flow of the gaseous substances fromthe injector; and 10 a pair of
vent shield bodies spaced apart fromeach of said injector shield bodies,
wherein each of said vent shield bodies and injector shield bodies defines

an exhaust patRerhidhiSfapofdtPodtibhbystetdlcoirisp! assenbly for renmoving unused
gaseous substances and reaction by- products fromthe reaction chanber,

sai d vent aseenjsbipr bedwplravingsa fram surface formaed withawstt fpainiecting 825¢0%ef i ned by
the injector shiel nd _yent. shi el odi es, 16 .exhaust path inlets
ext endi! ﬂgpeﬁg§§@q§§6@gﬂFﬁ@ﬁﬁ%ﬁgﬁ%ﬂ%@’?h%ﬁaﬁﬁﬁgb’or body; and a pair of

vents pat hs pydvdldasiembBVRr ioecting et fednt sindace vt digpiajesiongsaidsshidd asseinblyl y t he
full length and wdth of the injector body. 20 15. The chem cal vapor
deposi t9oB8Wr§eSst em of claim 14 wherein said shield assenbly further

e t aui i ing: 3 - led t
comprises: o vent g 9, RSRENALN LLBEL B 0GB R GHA Al TRED B cOU) 0 1

the injector shie and extendin a
of the injector hpesdapad taddreenbrghecdetverchdor Soupl 8¢ gascaubeubstancesshi el d
body, said second. guide . nenber conprises a curved section extending
upwar dl y and i nwaFan e niestorf@d vent path; wherein said first and second

gui de nmenbers deu;/ﬁ‘hzrnﬂ' VeHf 484 $E&iEE YAc& agahSron’ Gad@dtaurttinRefof stibldet

extendi ng upwar dl inwardly into the vent path, and 1nner and outer
wal I's, 20 WO 03/ b6 swREFihlgs0Rs DsaBireenibiicidibediel end injestorgliaidbedieher of the
injector shield e hends %ﬁmardl .apgve the height of the injector to form
a trap area bet e XA PARNIPECARL i v st gui de menber, and

a full 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



the injector, wherein the vent shield body, the second gui de nenber and the
outer wall of the full 5 volunme vent assenbly forma recess for receiving
particl e wopasidss¢ and wherein the second gui de nmenber extremdsoupwas dly and
inwardly across over the first guide nmenber such that there is no direct

access for any particle deposits to the substrate through the exhaust port

inlet. 10 16.. The ch c & eQhe 15
wherein the W‘}er%‘f” d°s 3!8%%1%9851: %qﬂgﬁlﬁ%%o?s%h%%g&ggﬂod\%l gjé?d V\fh t# Slqeenums
parti a|Hngh@6ftheeﬁjeé1br mefbﬁ@raaﬁapdramee;vanttmnén wall, thefirsegtidamesben anthe f ul |
volume vent, and inert gas is supplied to the plenuns and diffuses through

t he perth‘?ﬂ%’tc&f sheets of the first and second guide nmembers. 15 17. A
cheni cal_VaRieRASIdt Qloi®obe The ORBRA SHilOmeRfbel MIPHE Blteh il Rg R dnont

surface for 1njecting gaseous stanceS 1nto a processing chanber, said

I Nj ect oroluierpent asssmbdy blmarmeedss fmjreazﬁ\iimglpqmﬁclb dspaitsfamd i nj ect i ng gaseous

subst ances into Sﬂ:’s‘% grr SI n chanb %sposed at
€ r

the ends of YifEeip fF B8 SEPW%“ yoandblﬁi’vﬁﬁﬂ%a(frﬁ%sr ge gas

flow suppl 4 &gk ﬁl@tnﬁé}%u@lﬁlﬁﬁt ﬂferetlgﬁo Qlredt deddss f&laﬁ??bﬂi@ldﬁb@bs@s' t6the sﬁ@bt@dté ve to
a chem cal”gas flow supplied to the mddle of e chemcal injection port

sl ot ; ahabugh gt exhaushpemidéty for protecting the front surface of the
injector, said shield assenbly conprising: 25 a pair of injector shield
bodi es positioned adjacent the injector and spaced apart to define a port

t hefoe bt weerhef emidaPvapet dgRsaRnsysef 3 4for a5 vilieeein Heefixstamd sewhﬂr ein
each injector shield body conprises a base having a unit frame forne

ar ound guhterpembcrrea@rprg'fldﬁhyltb@ée@ums@iﬂa@}ly éP%@e@d)Ysﬂ?é@Fat%theﬁdhﬁ)}mﬁlﬁl@ uni t
frame. Sfhfc S hRNR i ek ﬁ(i)nej?f%dsqgs J{&ﬂ@@ﬁhﬁ@%& S S

substraetn a vertical Section n exhau ort

PCT/ USQR¢ ﬁgrﬁ%ﬁteds]ﬁﬂewbﬂ’fh@ﬁfstalaiéeyom‘tﬁéuldeﬂlebr})eﬁshe base and the hori zont al
and vertical sections of the perforated sheet; a gas delivery device for
delivering an inert gas to the plenumat a flow rate such that the gas

dif { usegy t hrg Uﬂé}niﬁsgﬁe\/aBglr (iéﬁroﬂigﬁi sﬁ%?kémﬁqgng:
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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5 a volune insert disposed within the plenumfor controlling distribution
of the gas flow through the horizontal and vertical sections of the

per f or at edoeessse a pair of vent shield bodi es spaced aparcTiusozesas d
injector shield bodies, wherein said vent shield and injector shield
bodi es define an exhaust path inlet for 10 collecting unused gaseous

b d [ b d ) ' ' [ f
Girecting the unused GoebiPEtALY dsre o9 lbdse dhy HEMor PR AANGRIAL 70 '

exhaust path inlet to g@ctieRlofBRipRrfovdial ieét; each vent gui de assenbly
conprising: a first guide nenber coupled to the injector shield bo and
extending 15 upwar di & gasdebyarndedes o deli vsing @R ingspgas; o g??d’l%lm’éréé‘cﬂt&g‘ﬁui de

menber coupled to the rXt%@hgl’? LEhd ﬁggﬁiﬁfg%ﬁ?@ggﬁi&gﬁﬂ gl ¥n@nd

outwardly to the vent pat ere second gui de nenbers
confsigured to form an a wlimeimbty dsposeddvithie theqhermin foneomxdlbing disppdouhon nl et

to direct the unused 0 gasepus_ substances and reaction byproducts to the
center of the vent pﬁ%ﬁhe&%_ﬂo’f‘h@f%}%ﬁﬁl nzyggg?ncﬁg%gq?ﬁ?fg%ggg}g@gm of claim
17 wherein the vol une J.ASEhiq dhsetd bent band coupled to the base and

di sposed within the pl'enum such fthat the internal volune of the 25 plenum
for gas flow is raghicefd/entshieldbedies $patédoapantffranh eaid agedtbskield bodies,hor i zont al

section is increased sufficieptly to, prevent jincursign of external gases
"nsi de the SHIGHB saAdepuere dmebtnr Shiel b daps o syl gttt 1ot

subgt anti al | 4118dtin¥ Ul RSeHERR Sl sParess dldGeittiohd9piodlictsasidi on of the
perforated sheet. 30 19. The chem cal vapor deposition systemof claim18

wher ei n the vol ureepainafeient guideassernbléss-forsitechag theaiopeadBasepussELIIRACES | engt h
of the base, th?Qag ilgxrﬁ %rﬁ lgccés Pr?r?lqht? %alaﬁ%tfpla{hsih]fe? #{1:1 Gt Ip%‘%tr ﬁ?g%ﬁé%é@?@rﬁa

PCT/ US02/ 273 vertical “sectiron o e pe
second sur f agedd Rsdnmgly cb@phsingzontal section of the perforated sheet, and
a third surface facing the gas deli veri}r:?grtdevi ce, wherein second

surface of the three HHelifgt Sadmamben upled e Etﬁri{lJﬁFt"Eéléﬁlid&’ﬁdﬁ}aQ FECHERE or at ed
rom the gas delver | e gorLaMbardp B EnlUBaRE P 22, o T the
vertical section of thesepard giiddt membéraupled 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



20. The chem cal vapor deposition systemof claim17 wherein the injector
plug is provided with an opening varying in dinmension which restricts the
i nert purge gasssté ow supplied to the ends of the chem calpcrnysezbi3een port
slot, said opening conprises a first narrow 10 section and a second w de
section adjacent the front surface of the injector. 21. The chem cal vapor

deposi tian stemof claiml7 erei aid fli i -1 an
R L e
an i nt ege@dn d¥akd per@iratbd Shaee Aahd s hihied shrfoél facirgytie gas dtliverisg deviek, shemind gui de
menbers extend u§§ardly and 15 outwardly substantLaIIy in parallel and at
an anglthe sacond sur{ase of Hig|thesg bendseandead thethonzontgl segtiamor the pedemtedsheetth o
protective i i el S tJari si de
D1 at o P ERiskhuBS RARY A0 1R il ety BOTRTORL IR 2s Palerl T

pat is, dekReaiongsiad kbrivodal pcdbdeto 6 vericalndction afeherperferated shektvent shi el d
body forma recess to receive particle deposits, and said first guide
menber extends upwardly and outwardly to forma trap area to receive

particlg depﬁ%icthém]iéﬁvz%p%r GEI o sg%@ﬂﬂ%_rf cHERAT WHePln MESihRBdE PIIYis Si Ng: 25 an

injector having a tront surtace f I'njecting gaseous substances into a
pr oces girogidedcwathbe opersag darymigdn donersivmpylicesstrigtsahe medtaiurgmgasdlovon port

slot for injectin aseous substances into, sai,d rocessi.n nber.: and
i nj ect WP 4.‘1168 the a‘&ggiﬁwé‘?‘mﬂ?éﬁé‘?ﬁﬁﬁo%f’oq ﬁlgt’éﬁlgrﬁpsglpg Fﬂ?lggf‘?%&ﬁfﬁgtol}ﬁos ot to
30 Rl aRefor HHralsePoHORIdE8ction AW aS4iRhd RéhtlsArfhdeofaneimjeetort he chemi cal

injection port slot relative.to a chemcal gas flow supplied to the mddle
of the chem cal 23 WD 03/018866 PCT/ US02/27376 injection port slot; a

shi el d ‘dsse I'njector s S positioned

adj acendn ihigral pire6t OE idbclosPadedody adaatd dedortediiidemamper is ahheegrabetriveen f or
fl ow of gaseous substances fromthe injector, wherein each jnjector shield

body cofphe eméshiclddbody raadisad f&Sthlid_tse‘fqnér%b‘iqed’f‘%'_%?réi”ﬁﬁ%uﬁ‘ﬁ@_‘l et er of
t helSbaso%;twaralyps%i)gt%t?all@qn igﬁﬁél £t bR bR YiMidal bkRBRrwefafoR8bi g B8t ed

sheet
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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havi ng a horizontal section facing a substrate, and a vertical section 10
facing an exhaust port; a plenumpartially defined by the base and the
hori zont awoana@i18ses t i cal sections of the perforated sheet pcangas2mesi very
device for delivering an inert gas to the plenumat a flow rate such that
the gas diffuses through the perforated sheet; and 15 a volune insert

di sposed within the plenumfor controlling distribution of the gas flow
through the hOI’IZlB]ﬁPtg (ﬁgélf}tertlcal sections of the perforated sheet; a

pai r of vent, s‘?x'f@l@hﬁexl%ﬂl 35 proRGifg ttRIRdHt shfa of #heinjedioRCdaldt shidhd edsdmbbydi es,
wherein said vent shiel’'d and injector shield bodies define an exhaust path

i nl et faomprigdgeol | ecti ng unused gaseous substances and reaction byproducts;

and a full volune vent asse f ances and
reaction by-pr od fR& cffné]r%c Eg‘ll%’lggg ieg ﬁ&%&{%e&lﬁﬁgs ai %@ﬁie%?&zigg gl%%te
conpri ses: appaits dﬁfne%}hﬂtl&t‘:repﬁt\hednﬁbleﬂ@vdégaseeﬁk sbljosthh@mfrqnet’rteonjesﬂor,el d and

vent shield bodies, said exhaust @th i nlets extending at | east above the
25 height of the W}l‘ﬁr‘éléteé?hlﬁtfﬁﬁprsélﬁ body sPmPHFeSyent pat hs provi ded above the

back surface of the injggel Hﬁwﬁ%g d'womtz g@:ru'n@ﬂ& ¥f thB@adeyt! |

| ength and wi dth of the 1nject o 24. The chem cal vapor

deposi tion system of cd;aarfnrﬁé’d mwtmmdb}ethemhummenmpenfcsraadbhmt band
coupled to the base a osed h| n the pl e msuch t hat i nt ernal
vol ume of the 24 WO 037"(‘.’5 8‘@6’ ﬁt??r?%f‘ﬁ*f‘@aﬁlu {288 295 wlallt%’\%?%
redyced, and distributhghe Qﬁeiﬁh%st%’%t flow to the horizontal section is

i ncreased sufficiently to prevent ‘i ncursion of external gases inside the
shield and to forma asplemlabbaﬁblmddéwﬁ bydhebaspiand thehasigpaiat angl yeytical

el i m nates deposits on t he h rlzotiQ dS%CtIOﬂ of the perforated sheet. 5
25. The chemical vapor**H&PsS; f}}ecﬂ? ¢ cl ai m 24 wherein the vol une

insert is a three- be@gé@@@ﬂv&%ﬂ@ﬂ@éfb@d’éhﬁarfn@ahlh@ﬂ@sho@ﬁe plaeunbaseflovhe
t hree-bend band has a first surface facing the vertical section of the

perforated sheet, a see@muckihat thesas diffupes thioagh dia pesioraied 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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section of the perforated sheet, and a third surface facing the gas

del i vering device, wherein 10 the second surface of the three bend band and
the hori zwoteloissect i on of the perforated sheet forns a paesagemens7d apering
fromw de to narrow as the gas flows fromthe gas delivering device along
the horizontal section to the vertical section of the perforated sheet. 26.

The chem cal .vapor depositi.on system of aimg23 rein. t Lt ector plug
T o SR SO Y S o h Ay LB R R bR o P
port sligdredsBd bkvecRhA @S prévent lcubidsh &Ml Xvémd @asks ey the skielipindsesorn 4 1 1 st
narrow section and second wi de section adjacent, to_the front surf%pe of

the i njssitabde bowrmaryiagerotfueh sistapugbrclimipass daponitsysthedosroRplFH PP wher ei n
dor i ned e erPEFREEa "sheet s that Iine the entrance to the full votume
vents, and inert gas is supplied to the plenuns and diffuses through the
perfor aZt ed S’I‘qg(ac%lgm?cgl \Ear;)%r Ilépross}tiogggstgrg%% glczlain%’ %I4 %veherrrggal%rvso'lur%g 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 sheet, a second surface facing the horizontal

section of the perforated sheet, and a third surface facing the gas delivering device, wherein

10  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.

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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