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.RELATED APPLI CATIONS 5 This application clainms priority to Provisional
Application Serial No. 60/135,362 filed May 21, 1999, the enti razg NOV 2003

di scl osure of which is hereby incorporated by reference. FIELD THE

| NVENTI ON The present invention relates in general to. a chem cal vapor
deposi ti on% ‘Jﬁ‘dr atus and, nore partlicularly, to a pr Q’ﬁas shield
apparatus for use during cheni cal vapor deposition processi ng. BACKGROUND
OF THE | NVENTI ON Chenm cal PROTECIINESLGAS SHIELDRAPPARAEUS are used to forma
thin, uniform 15 layer or filmon a substrate such as a sem conductor
wafer. During CVD processing, the substrate is exposed to one or nore
cheni cal vapors such as si | ane, @m:ﬂmggPLl@"ﬂlgN gne and the |ike, and
gaseous supst ances oxXYy es.m d .inter ct with the

ot her gas£ and/ or ‘\‘té?Bé’%HT‘SYrFPé“%%a’ﬂ‘P%{?‘?it‘B&WB desi r ed
film The desi wdwmlw genmlmqumgcl@,tm%mmh%e}&m@bﬁfﬁs for
20 exanple 300 -550 C Pv1 t he substrate and chanber being heated to the
appropri ate teHbEWHFEFe for a sel ected process. In nmany applications

i ncl udi ng sem conduct or processimgﬁiﬂ@@mbﬁi stics such as purity
and thickness wuniformty nust neet ual 1ty standards. The substrate
is positioned in a Ehmmtm%nm@btqs@aammhw@ erpisgl vaporglepasitionhi gh qual ity
films. CVy sysh@g& I gaseous
substances directly tot rLgﬂﬁﬁggpboy?h%h%%%ﬁéggﬁ%ﬁgg)’{\r{fg‘tgjds‘%‘ﬂgystem
renoves waste pheodeatvaposdeosition pmesséing.ed gases and powders formed during
the reaction fromthe reaction chanber. The reaction chanber nust be
periodically cleaned to renove filns mhlch are dep05|ted on the exposed
surfaces of the chanber - 2 ifH F) N s of partlculate 30
cont ar nat i on W ClgRY BoEaVRRERAHRSD) sk sl W S forSUATGbRE 11 ™

t hi ckness uniformty.
15 layer or film on a substrate such as a semiconductor wafer. During CVD processing,

the substrate is exposed to one or more chemical vapors such as silane, phosphane,
diborane and the like, and gascous substances such as oxygen. The gases mix and
interact with the other gases and/or the surface of the substrate to produce the
desired film. The desired reactions generally occur at elevated temperatures, for

20 example 300 -550 °C, with the substrate and chamber being heated to the
appropriate temperature for a selected process. In many applications including
semiconductor processing, film characteristics such as purity and thickness
uniformity must meet high quality standards. The substrate is positioned in a clean,
isolated reaction chamber to obtain high quality films. CVD systems typically

25 employ injectors which deliver the gaseous substances directly to the surface of the
substrate. An exhaust system removes waste products such as unreacted gases and
powders formed during the reaction from the reaction chamber. The reaction
chamber must be periodically cleaned to remove films which are deposited on the
exposed surfaces of the chamber over time, eliminating sources of particulate

30 contamination which may become embedded in the film or degrade the film
thickness uniformity.

The injection ports are typically positioned less than one inch from the
surface of the substrate, for example 1/8 inch to 2 inch. With this limited clearance
between the injector and the substrate surface, the surfaces of the injector will

35 become coated with the material produced during fhc reactions. To reduce the
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2 amount of YBE¥Td™up in this area, sone CVD systems incl BGEUSHGIBAL | ve
shields which are positioned in front of the injectors and exhaust port.
An inert gas such as nitrogen is delivered through a perforated screen
carried by the shield to slowthe rate at which materials accunulate on
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are hereby incorporated by reference herein. descriptions provide
speci fi ¢ desi gnlcadpgperaonsf the sereenprprriected pgaipe theacaamdationfof denssitibn el ds. | n

particul ar, use&uimm.fmoibiwlsm@;&éﬂmbamtﬁ% e&ﬁ@ggéﬁ%{mcﬁh&gﬁawe use of

these inventive ideas. Several of the ideas D€ _ O inprove the
filmunifokni tyfurtherreducedies the ssrese bropmes poagddrgthdizpesitidngaiatenizly, regeignpat ent s

provide i mrov%@maw%\ggﬁa%@%gi&h’ggﬁkﬁi nprovenents are desired. For

exanpl e, the protective _ as described include inert gas |ines
t hat enter the shi elAnyhksnafipmatestivetshiglduediigirationehayvieibe¢rncisthmed indSr un down

the length of Fﬁﬁeﬂ?ﬁoglﬁﬁ!,‘ﬁ@ Ql?df%&egmetﬂgexﬁ%pgisc OJR{%&;?{@% ﬁrgc%gf ;Lgur ation

typically requires the fTnert gas’Tife to'r own | d, bend
and t hen run al oeaypérated by referénce herdint HEhe deserigtidra provide\spedifiadedigadethilss r om t he

assenbly. Eypi cal,l i.ne s a.series of. hal i r.e.usual ly,
but not Zg-gnec e@étar u y?glé@%ﬁ?ﬁg/mgcﬁé)g ?’cf sgﬁeg‘ﬁ'g Regiquier, ol}%lf’ﬁ@e gﬁfqél d
bet ween t he bertesomés dxivaded through the use of these inventive ideas. Several of the ideas

have been shown to improve the film uniformity.

While the protective shields described in these patents provide improved film
uniformity, additional improvements are desired. For example, the protective shields
20 as described include inert gas lines that enter the shield plenum near the end of the
shield and then run down the length of the shield to the other end. The CVD system
configuration typically requires the inert gas line to run down toward the shield,
bend and then run along its length, and then bend back upward and exit from the
assembly. Typically, the gas line has a series of holes which are usually, but not
25 necessarily, evenly spaced along the length of the shield between the bends of the
tube. The holes are not positioned in the bend area. While this design has proven to
be superior to earlier designs, the bends in the tube are nonzero in lengths, and the
first hole is placed where the tube becomes straight again. This results in low gas
flow at the ends of the shield, and increased undesirable buildup of material in this
30 region.
As mentioned above, high temperatures in the CVD reaction chamber create
thermal stresses in the perforated screen. Over time this causes the screen to buckle
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desi gns have addressed this problem For exanple, U 'S. Patent No.
5, 849, 088 desc%@’sbf@kprl’ﬁp’éﬁﬂ%@%hﬁvewmﬁaedth}smhlmswf@xm?&h& on and

contraction of pséaﬁ ;sfsmﬁ@gkasﬁ Ve%{;}’@éc{w éﬁ!uldﬁ.éédmd %oraex%in%hfah&am

advance, the assenb IS re conpl ex and ‘can be expensive to
manuf act ure. 5cowotiah ofgheperfotataddrogbwill. aWhide this ipa signifieanhaivamgey the ed

protective gase\%%ﬁ]lyqs re&%@é&%&%@emdcm% n| n N8 obw Itd up of materials at
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10 It is a object of th r esent ven ovi de ot ect.ive gas

shi el d appara?@f‘?’b‘r Fng“é‘R {;9 Slfr)t{‘?:lgﬁ'&ﬁn?“g‘ffg ¥ssing, and
in particul ar epandiewatiddentacgasofthé pirfbrastRondwyll irDd lefdy c@étBCdsianibly. he exposed
surfaces of a gas injector. It is a further object of the present invention

to provide a gas shield assenbly which provides substantially uniform

I nert gas flow al ong t heQBgRUrhAND QM'wpb@nﬂémeﬁ@x[ further object of
the present inventi on t ﬁ(,)\c\é.*]de a sinmplified, less costly gas shield
assenbl y ¥hich pernk % ORFESTAINEBHPR AP vide aprotestive gaeshield at ed fr ont

wal I . The foreqq;aﬁgmqmmem cﬂ&hﬁﬂt\&ﬂ& ﬁmhrpv&e;sir@narﬁ&ﬁpﬁﬁéuxﬁ\(@d by a
protective gas Shl el d conprisi ng a el d body having a back wth

f1 anges ext endPTYide AR $spranbly groawen&wﬂgxmedssarfaceseﬂygwmnct@r
perforated sheet sqpaqrﬁﬂ%éae&%@mfeg aivénumsg kla gwsh?e@a%séduﬁpges

wher eby the back wall and perforate eet form enum At ast” one
conduit is spawbﬂhpmmcm'gbsmnﬂWm@IMMS%fﬂD%ai@géhﬁ length bizbg shieddt endi ng

into sai gspl enum f qf ;SUBMoY bbjBct 3Ptk Bsint $Rendcd 15 Blotiall SRRLRSLEPY the
costly gas shield assembly which permits expansion and contraction of the
perforated front wall.
The foregoing and other objects of the invention are achieved by a protective
gas shield comprising a shield body having a back wall with flanges extending from
20 the sides and ends of said body with a perforated sheet supported spaced from said
back wall by said flanges whereby the back wall and perforated sheet form a
plemun. At least one conduit is spaced inwardly from the sides of said shield body
extending into said plenum for supplying an inert gas to said plenum whereby the
gas flows outwardly through said perforated sheet. A retainer engages each end of
25 said body and the edge of said perforated sheet to hold the perforated sheet on the
shield body, while permitting expansion and contraction of the perforated sheet.
It is another object of the present invention to provide a shield assembly with
removable and replaceable perforated front walls.
It is still another object of the present invention to provide a shield assembly
30 which has prolonged life and which can be efficiently and economically
manufactured and maintained.



gas flows outwardly through said perforated sheet. A retainer engages each
end of 25 said body and the edge of said perforated sheet to hoI d the
‘perforated sheet on the shield body, while pernmitting expan5|

contraction of the perforated sheet. It is another object of th esent

I nvention R‘? goﬂg de a shield assenbly with renovable and re Iaceabl e
perforated ? Walls. It is still another obj ect of th 8Ht4 i nventi on
to provide a shield assenmbly 30 which has prolonged |ife and which can be
efficiently and econonically manufactdred and nai nt ai ned. WO 00/ 71778
PCT/ US00/ 13754 4 BRI EF DESCRI PTI ON CF THE DRAW NGS Addi tional objects and
features of the invention WRIEERESERIFTION OF T] SAYIMNGSY rom the fol | owi ng
detail ed descripti onApri& ion with the
drawi ngs of which: 5 Figure @g@@g@%ﬁ%ﬁ@vﬁgmg%%@ ng nodul e or
chanber of a CveFraspsiremthefolloyingdstailed dpsstiption aotl ppriendedfclaimewhernasatin

i nvention. Fi guéﬁxjﬁcﬁ&ﬁtﬁﬁﬁﬁh%gsdhﬁ}%of the gas shield assenbly of the
present inventionh. Figure 3 1s & perspective view of the shield apparatus
of the predent 10 |lﬁmﬁ chhﬁnagmwamof@repewﬁpm:ﬂumehmmﬁdcme hal f of

t he back wal l Oéys{eﬂ éﬂm S e perforated gas delivery
tube. Figure 5 1's persp cl | %aﬁegéw %%\é%tgg?eporat ed sheet section.
Figure 6 shows the gugiro? stasectisinalotiew of the pasrshiekiyssembly dFiGiRkdeld ON OF
PREFERRED EI\/BO) Figure 1 schematically illustrates a processing nodul e
or chanber Ich is positioned along the path of a CVD processing

system such as t hat Figse3 isqerspectivblvisw dPaieahicld\pparsuSdihOfi8senhi ch i s
i ncor por at 3d herel by reference in its entirety. 20 The processing nodul e
11 incl udes an Il’lj 38 %Tor 12 such as that shown in Patent Nos. 5,683,516 or

6, 022, 414 for i nj ectFiguge £ Bafespictive KigRIT Sndiial fif iRbablowAPHIhSsHEd ances
apparatus showing the perforated gas delivery tube.
Figure 5 is a perspective view of one perforated sheet section.
Figure 6 shows the perforated sheet retaining cap.
15
DESCRIPTION OF PREFERRED EMBODIMENT
Figure 1 schematically illustrates a processing module or chamber 11 which
is positioned along the path of a CVD processing system such as that described in
U.S. Patent No. 5,849,088 which is incorporated herein by reference in its entirety.

20 The processing module 11 includes an injector 12 such as that shown in Patent Nos.
3,683,516 or 6,022,414 for injecting chemical reagents or other gaseous substances
into a reaction chamber or process area 13 directly below the injector 12. Wafers 14
to be processed are moved through the reaction chamber by a conveyor belt 17. The
chamber may be heated by a heater 18 placed adjacent the reaction chamber.

25 As the wafer or substrate 14 is moved past the injector, the injected gases
react with each other and with the upper surface of the substrate to form a thin
uniform layer or film on the surface of the substrate. The waste products including
reaction by-products and unreacted gases are exhausted through exhaust vents 21
which are coupled to an exhaust system.

30 As shown in Figure 1, a protective shield assembly 22 is positioned in front
of the exposed surface of the injector 12 and the inlets to the exhaust passage or
exhaust vents 21. The shield separates the injector and exhaust passageways from
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protective shi M@W§“’l‘ %P??eﬁﬁgﬂ'ﬁ’ﬁ IBrBrﬁY"““%d é‘“@‘k%sed
surface of the redd}iesbpproductodid e continhdntd h thd' QR GIUR inRaRsade Or

exhaust vents 21. The shiel d separates the |nt1hect or and exhaust passageways

from 18 NOV 20@3SSogs™iys- 7ihe shicldcasserbiigisoinbyhitsthe preumplation of suchbsturr i ng
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by- products an ot her contam nants on the surface of the injector and
passageways. THEedesls aresxpalled fomthepreesss MngtOthawumwmuon of such by-

products and cont amAg%Oﬁﬂ;cg ?’EME @x‘é@?.@fshﬁ é?ﬁtﬁ*ﬁ'zﬁ:%l st of the

by 5 products are expelle rocess nt o e ex aust
system As shomllﬁémmmmwnpﬁﬂmmﬁ@ﬁmegﬁmﬂbf@rQ%MDSMMI udes a

back wal l | or 12
and wraps arou\reﬁ(y&%ea%eg?gr& ges gﬂe% o %@#@){s?@h}_&ggﬁmﬂ I'MH thls ncl udes
a slot 28 whi chnlﬁilmmf@eheﬂwOmenGMothemcetsmmebﬂoﬁhcsweIMMto t he
processi ngy cha e 0, ' nl et port
S dependgont ugg'ﬁd gﬁﬁéﬁﬂ%ﬁm%@?ﬁﬁqectg‘? @'Lg%}tm%glru%@}%ﬁe'{sback wal |
of the shield penq)fﬂmbdénhvaﬂafhhddhmkgnm@ﬁledmmﬂhngbaﬂa&ﬂeﬂhil&whndef| ne a
passage 31. Th | de and bagk |l rovi,de th end
and si de flangggﬁrgfpa“&g dll’ ge%‘f eegg%sﬁg&w\g‘%wg ?583 dSﬂgH‘ESﬁ top of
the flanges 2@ydsS& mgesaﬂ an&’B&f Arpah‘bxyzedfslli&t msi)ﬁuimdoﬁhxpeifmcma?gbsthm
parts, one par t he two
parts cooper at 2%’%3“?13? hﬁﬁ‘é@ E’F ?ml”ﬁéhcgﬁ ‘ﬁf%‘f"%’aﬁ °§':'LP%°‘§‘UP° Bt 38
accon}mdaiifs thmwmh ﬁﬁgums ABﬁt&I&JtB‘DGldHetv\&)ﬁaﬁéh%pexd&gﬁfdehﬁdasﬁhﬁrmﬂﬁ parts
are pl ace over t are retajne 9 as shown in
Figure 6. The & 'Bék tﬁ%ggw@m Elf“ﬁftl%ﬁm[;?é ‘Fﬁ@‘%‘ﬂ&

descnbed. The two parts are placed over the flanges, and are retained by endcaps

41, as shown in Figure 6. The endcaps have the same configuration as the ends of
the back wall flanges, and include flanges 42 which engage the back wall and clamp

20 the edges of the perforated sheets to the back wall flanges. The endcaps are retained
by screws 43 which mount support 44 to the shield assembly as shown in Figure 1.
Clamps 46 resiliently clamp the edges of the perforated sheet slot to the inlet port
flanges 29. Differences in thermat expansion of the perforated sheet and the back
wall are accommodated by sliding movement of the perforated sheet with respect to

25 the back wail. The space between the back wall and the perforated sheet forms a
plenum. Inert gas delivered into the plenum flows through the perforations in the
perforated sheets to inhibit deposit of reaction by-products onto the perforated sheet.

Referring to Figure 4, the inert gas is delivered by conduits or pipes 47

located at each edge of the back wall. The pipes have a stretch 48 which extends

30 iengthwise along and secured to the back wall as for example by welding. The
stretch 48 is between bends 49 with the ends of the conduits extending upwardly to
receive the inert gas from a gas supply. The stretch 48 is perforated 51 to permit the
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t owar ds the en of the pI enumto inhibit deposits of by-products near the
ends of the shlné‘\ the pesippR phth %ﬁm@@m@r@%ﬁﬂ@enmwnésmmmbmm ong
the curved portph@valyo 5 prevent the perforated sheet from buckling. The
support nenbers éextend between the ends of the shield body. A plurality of

holes or #ots 55 afbe shigldassembly elsa inclidppdicld bagies 56 mipportedoutwardiyof i ner t
gas 2l ong the Mol Mg lpthined Bl 6 BEstHAE S szgﬁétﬁuear?gﬁmommadof the
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The shiel d ass®badips/56and shicldassembly %}ﬂoep@atb Esﬁsenmt@rthwhm war dI y
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As s apparent from the foregoing, the present invention provides a simple,

relatively inexpensive shield. The shield can accommodate changing temperature
conditions without severe buckling or breaking of the perforated sheet. The shield
assembly can be casily disassembled for cleaning and/or replacement of the

20 perforated sheets. The inert gas flows evenly along the length and ends of the shield
assembly.

The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the precise forms disclosed,

25 and obviously many modifications and vanations are possible in light of the above
teaching. The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby enable others
skilled in the art to best use the invention, and various embodiments with various
modifications as are suited to the particular use are contemplated. It is intended that

30 the scope of the invention be defined by the claims appended hereto and their
equivalents.
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cl ai rr?}rfmiy 1 B NOv 2003 1. A protective i8as shield _ag_‘parat us (_:on'?ri sing a
shi el d bodypetforated ghegt ieank supppited spaqed frem|shic packiwall byrsaid Slapgss iapd spitkay least osai d
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From aai o "t Mg ohapls eXhdiy b BRHGLAFEcaN Sk dRRRRLHARGR 6 TRRETE
sai d bhigkd bedy for awpplyie dnoneat gagl tostamigtienimorwhiereyy theghefiows outwdrdly feorf ssidat ed sheet
nmeans ekﬂ&{eﬁgﬁe@g oy perforated sheets which mate to formsaid perforated
sheet ljmaans; t"feast two conduits extendi ng into said plenum and each
spaced i nwarodogp éngaging eash sndief seild bedy ahd tlehided of shidgpprférated shegptoyioldghean i nert

gas t F’pegfﬁ%{%d RS IRSNE Bay \Qﬁ‘ile%%ﬁni‘&ln%‘@%pa?&i&‘{‘@{ddc'o){tmfc&&mﬁﬁ‘é ShreoRdalREAL ed

sheet ;

2. A protective gas shield apparatus comprising

a shield body having a back wall; !

a plurality of flanges positioned on said back wall ﬂroximate the side and end edges of said back
wéll, said flanges extending outwardly away from one sidés of said back wall;

at least one support member affixed to said back wéll, said at least one support member having a
plurality of holes;

a perforated sheet means supported spaced from said back wall by said flanges and said at least one
support member, said back wall and perforated sheet forming a plenum;

at least two conduits extending into said plenum and each spaced inwardly from one side of said
shield body for supplying an inert gas to said plenum whei'eby the gas flows outwardly from said
perforated sheet, each of said conduits having a stretch exiending along said back wall adjacent the edge
of said back wall, and a bend adjacent the ends of said baék wall, and each of said conduits including
perforations along the stretch and at the bends to provide substantially uniform flow of gas into said
plenum and ends; and

an endcap engaging each end of said body and the edge of said perforated sheet to hold the

perforated sheet on the shield body, while permitting expansion and contraction of the perforated sheet.



an endcap engagi ng each end of said body and the edge of said perforated
sheet to hold the perforated sheet on the shield body, while permtting
expansi on and contraction of the perforated sheet. 2. A protective gas

shi el d apparatus conprising a shield Qody having a back wall; g gl ity
of flanges positioned on said back wall" proxi mate the side and énd edges of
said back wall, said flanges extending outwardly away from one side of
said back wall; at |east one support nenber affixed to said back wall, said
at | east one support nenber having a pIuraIity of holes; a perforated sheet
means updg d spaced fro sagp bac t é’ aid.flan es and said at
least bne A CYTHRPES s BEFR TRErfopH ek el T FEPT U SI B PEIH ng 2
pl enum ata le@ish chambegondui ts extending into said pl enum and each spaced

inwardly fromone side qof said shield bod r .suppl yi an inert gas to
sai d pIendﬁFﬁhEPEH@CFWE%§a§aFW§ﬁ§“8§F%EWHF ‘WP&W$§@B@“°B§WF6rated sheet ,

each of sadd oﬁﬁBﬂ:LHxhﬁlsMMtsz@' eahatsﬁ@tga&s%hesaﬂlrmnai Qafb&EdAMd back wal |
adj acent the edge .of said and a _be d adj acent the ends of said

back wal |, onaﬁam@ae&tﬂafprgta?twegmddref ?ﬁ&’t kra. nifid %Pfﬁ'Pé?tH’?}FFé“’aﬂ‘tﬁﬁ jeldp e
stret c&,@rpj,s,agneurggjag@p% &R PFRYd ifRctsdbst antial 'y uniform flow of gas into
said plenum and ends; and an endcap engagi ng each end of said body and the
edge of said perforated sheet to hold the perforated sheet on the shield
body wn |ﬂ16&?§téﬂ1%félﬁﬁt PUPERA = RBnRNS LER Rl AGhIl erbsette théugh 84id Rhaladnahret . 8
I CVD processing system for perform ng chem cal vapor
dep05|t|on on substrate conprising: a reaction chanber; one or nore

| nj ectors FiRisylith 8FLLAG FASERUR AUBShERGES] PbRoRAlg: BRAGIF ORI NaTDgE . One
or nore exhaust vents for exhausting gases fromsaid reaction chanber; and
one orpasisieeedpiapens said enecr mogeexhaust witse| ds of claim 1 or 2, said one or nore
protective gas shields being positioned adjacent said one or nore
injectors. 4. The system of claim 3 wherein a conveyor belt nobves said
substrate through said reaction chanber. 5. The system of claim 3 wherein
the one or nore second protective gas shields of claim1 or 2 are
positioned adj acent said one or nore exhaust vents.





