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METHOD AND WPRSESZBTUS FOR | SOLATI NG A SUSCEPTOR HE%TRE%E/E NT
5

FROM'A CHEM CAL VAPOR DEPOCSI Tl ON ENVI RONVENT Field
X The Invention This application relates generally
to a heated sem conduct or waf er processing susceptor which
utilizes backsi de gas to facilitate heat transfer to the wafer
in a chem cal vapor deposition 10 ("CVD"). reaction chanber, and
nore particularly to an apparatus and met hod for isolating and
protecting the susceptor heater element from t he CVD
envi ronnent . Background O The Invention '
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AND APPARAT SUSC
TING ELEMENT FROM A CHEMICAL VAPOR DEPOSITION
ENVIRONMENT -

5 Eield Of The invention
This application relates generaily to a heated
semiconductor wafer processing susceptor which utilizes backside gas
to facilitate heat transfer to the wafer in a chemical vapor deposition
10 ("CVD") reaction chamber, and more particularly to an apparatus and
method for isolating and protecting the susceptor heater element from
the CVD environment. |
Sen_\i_conductor wafers are subie;':t to a variety of
15 processing steps'-i:n:the_ course of the manufacture of semiconductor
| devices. The procéssirig steps are.uéually carried out in a sealed
vacuum chamber of a wafer processing system. One such group of
pl:ocessing steps is ;efertgd to collectively as chemical vapor
deposition or CVD. CVvD encompasses deposition of material layers
20 | onto a wafer by a reaction_ of \)arious chemicals which are usually in a
gaseous or vapor state. However, CVD processes might also involve
chemical etching of the wafer. Various of the chemical gases and

vapors used in CVD process are corrosive to some of the metal parts



Sem conductor wafers are subject to a variety of 15 processi ng
steps in_ the course of the manufacture of sem conduct or ' N

devi ces. WOIE3M8cossing steps are usual |y carried out in RCEEAT¥YD!
vacuum chanber of a wafer processing system One such group of i
processing steps is referred to col | ectiv&l-y as chemnical vapor

deposition or CVD. CVD enconpasses deposition of material |ayers 20

onto a waf er Bnhdevicesiutilized inaheceaction chasntenwi alwafes processingi n a
gaseous or vapor state. However, CVD processes m-ght al so involve

chemical et chigygtem. tAccor8ingiy, iYas necessiryttociselrgiand p@ess saé parts
vapors used in CVD process are corrosive to sone of the netal parts
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ces fram the chemical gases. .
-2- and gﬁ‘él gevfces uet?lelz'gg Pns?%e reacti on chanber of a wafer

processing oares CVB ool bl phiok HRSERR: L whfal G4 ©
5 to deposition 'otétchii:jg._ CV:D_'is' tyhically performed ina (;old wall
reactor, where the w;fers to be coated or etched are héated to a
reaction temperature on a wafer-supp’orting'- SUS'ceptor while other
surfaces of the reactor are maintained at sﬁi:;reaction temperatures to
‘prevent the deposition of films thereon. For tungsten chemical vapor
10 deposition, for example, the wafer is heated while the reactor walls
are cooled, often to around ambient room férﬁpe’ratﬁre. Aiternativel_y,
for titanium nitride chemical vapor deposition, the walls may be
heated above ambient room temperature, but tb'; temperature below
that of the wafer being coated. |
15 - Heating s’ubstfatés in'a 6h'emica_l. vapor deposition
environment within a reactor is often difficult Secat:se'th'e' heating
_elements used to heat the wafer must be isolated from the corrosive
chemical vapors and gases utilized in the CVD process. One possible:
:QOIUtion involves the use of infrared (IR) radiation to héat' the wafer
20 which is directed onto the wafer from out;éidé the reaction chamber
| “thrbu'gh IR windows formed in the reactor. HoWg\rer. temperature
uniformity is oﬁen-difficult to ‘achieve with IR radiation, because the IR
windows become lcoated with material Iave}s by the CVD process

leading to inconsistent heating of the wafer. ;AltethatiVely. resistive or



CVYD processes generally involve heating the wafer prior to
deposi ti on JVO&6/ASBAHg. CVD is typically performed in a col d \Ngﬂrmss’s’l“”l
reactor, where the wafers to be coated or.etched are heated to a
réactlon tenperature on a vvaf er-supporti.ng 'sugcept or whil e ot her
surfaces of the reactor arehaintained at sub-reacti‘on tenperatures to

prevent the deposifgs@itanée-typdhehtersstupiéd to thBONbfiT-AiBIOrtiA s(Aikebtorl 0
deposition, for exanple, the wafer is heated whiie the reactor walls

are cool ed, often ‘E{g i the Caﬁéﬁapor ep@l&é‘d*ﬂ&ft@{ ‘ﬂéﬁnpeﬁﬁﬁ'é ’lﬁﬁfg‘fﬁh% and

for titaniummnitri osition

heat ed above anbi ent omtenperature, but to a tenperature beI ow

that of the wafer %@PH@ Ycoated. 15 -Heati ng substrates
in a chem cal vapor dep03| tion environnent within a reactor is
often difficult becauseGeneraliyaresigtance-type heatees apemauntsdJwithimawatese
waf er nmust be isolated fromthe corrosive chem cal vapors and

gases uti Bi zed i n suppdruiDgsUsCeptor Siracurestoba susceptor backpiand-at piaten and
i nvol ves the use of infrared (IR) radiation to heat the wafer 20 -
which is directed gpératé t6¢ heat @he susteptdrshattkpiste BRACsimultaMaaliBR heat the
wafer to the desired o_peratjng temperature. l-:lowe_ver. since
resistance-type _hea_ting elements must heat the susceptor backplane
-while heating the wafer, the thermal response time may be slower
10 _ than is desired to achieve maximum throughput of the wafers.
Therefore, to improve the thermal response time, a gaseous medium,
such as helium, is pumped between the susceptor backplane surface
and the wafer Supported on the backplane which enhances the
transfer of_'heat between the susceptor backpiane and wafer.
15 _ A typical semic_on_ductor wafer-_suppor_tiﬁg susceptor
| provided within a reaction chamber has fixed to its bottom a susceptor
_drive support frame. Rotatably mounted within_the_ dfive _suppc(t
frame is a hollow susceptor drive shaft which is utilized to rotate the
susceptor, when desired, during CVD processing. The holiow
20 susceptor drive shaft is rigidly connected to the bottom of the
~susceptor. A hollow space within the drivg shaft communicates with
~ the interior of the susceptor inside the reaction chamber. Penetrations
| and openings are made in thg susceptor and susceptor backplane so

- that a vacuum hold of the wafer may be accomplished. Ordinarily, the



through IR wi ndows fornmed in the reactor, However, tenperature 4

uni form LS, often difficult with IR radiation,, the IR

Wi ndows @l&% oated wit g g by the CVD pro?e"??ﬁég,ﬁﬁl

| eadi ng to inconsistent Ne&LT vt er. Alternatively, resistive or *
. WD 96/ 15287 -\ - -4 - ' - PCT/ US95/ 14231

- 3- . resistance-type heaters coupled to the wafer-supporting

suscept or vacuum prassiseninside thenbollowhdrive shaft afal withinethet enper at ur e

uniformty and L stability. Generally,

r esi stance- t ypgudaaitF inteFidr IDHHINiNGd Bt B Fres8hRS sufficiently lower BWEPOT ti Ng
susceptor structure to a susceptor backpl ane or platen and

Chfer to the: it HE Rk ARhBePRF deleicy EYachlng WithiniFa' {NC
While hoati ny FHESSRIPE AiER SRKEIERAS pAGRUNE Shiink SHilioly s Haihe Adsinst
5  the heated susceptor backplane during 'btoééssi'ng. However, the .
| penetratioﬁs’ in the susceptor and susceptor béckpiéné. as well as the
interface' be_tweeh the dri\}é'sriaft' ahd suscéptdr; ;Srovide paths for
 corrosive chemicals 10 enter the interior of the susceptor and come
into contact with the heating elements. As a result, the heating
10 eleménts may be damaged, 'especial;iv Wh'éﬁe\ier a wafer is not held .to
the susceptor backplane under vacuum to block the backplane
penetrations and op'é'nings,' - |
' Furthermiore, pénetratidn’é through the shst:eptof and
" backplane must also be made to provide a 'passjage for the heating gas
15 to reach the Eécksidé of the wafer. 'Ag'a!ih_, the susceptor heating
elements are somewhat isolated from the corrosive chemical vapofs as
" long as the p;éﬁ'ét'ratibhs are covered by a wafer, but.when t.he' wéfgr
| is not pr'eséri;t::'the're is a direct path for corrosive gases from the
'%e'_act'idh chamber to the heating elements through the heating gas
20 " penetrations.
" Aécbrdihglv. there IS a need for a susceptor 6r similar
| wéfer-s'upporti'ﬁg device for use in a CvD environment which provides
"adequate isolation and protection of the heating elements from the

corrosive chemical vapors both during processing of a wafer and upon
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10 than is desired to achi eve maxi rrumrtr-i‘-lr\W e wafers.
Therefore, WO ve the thernal response tfi ne, na»,_g%%‘@ FEN TR TiV§95/14231
such as helium is punped between the susce ne_syrface

and the wafer supported on the' backpl ane whi gh enhances the

transfer of heat between the susceptor backplane and wafer. 15

A typical sem Porr]r@mﬁ) h@rw fB?POTﬁéH%gus?&Eﬁfé?té)heed for such a dBUiR% Whith

within a reactio |xedt0|t ottom a susceptor

1 ams ?Sﬁ"&% T 22@@&%&*?%?Qaﬁrg‘éﬁ‘f@?%ﬁf%‘shv%ﬁﬁﬂbi 1515340 hesvina g
T
usceptor drive SHBrWaier 33 Wall 35 SURRKIAG BREKSRISAING ARB o T8 water for

susceptor. A hollow space within the drive shaft communicates with
the interior of tmoreeif@@pnbheamra@éferhe reaction chanber. Penetrations
and openings are nmade in the susceptor and susceptor backpl ane so

that a vBcuum hol Symimdrge0fdherinvantipe acconplished. O dinarily, the

To address’ the needs within the prior art, the present

invention provides a susceptbrlheater assémblv which utilizes two
separate vacuum environments to effectively isolate resistive heating
elements from corrosive chemical vabors utilized in CVD processing.
10 o in accordance with the principies of the present
invention, a susceptor located inside a CVD reaction chamber includes
-a body which has formed therein a heater housing for supporting. and
containing one or .r'nore resistive heating elements. The heating
element is fixed to a susceptor backpiane mounted tn the body which
15 heats and supports a wafer._during CVD processing. The heater
housing formed within the 'susceptor_ body is evacuated to create a
first vacuum environment. The first or outer vacuum environment is
| maintained at a pressure of approximately 1 Torr to 100 Torr, and
preferably around 25 Torr. The pressure within the first vacuum
20 environment is also preferably maintained s'lightly above the process
pressure within the reaction chamber. As a resuit, any leakage
between the reaction chamber and the first vacuum environment in
the heater housing will be out of the heater hou’#ing and into the

reaction chamber rather than into the heater housing. The first
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-4- ' vacuum’ pressure i i nside the hol | ow drive shaft and within ¢
t he susceptor interior is maintained at a pr @D$14231

suff|C|en#? ﬁomer t han S that of the reaction chanber to

devel op a vacuun1mnth|n t he. ' susceptor which operates as a .
vacuum chuck to hol d a wafer agai nst 5.6- t he heated susceptor '
backpl ane during processing. However, the . penetrations in the

suscept or and matuop envbanmdmnsa,sealedvﬁbmmﬂ\ﬂ)reacnon chambernoer f ace
between the drive shaft and susceptor, provide paths for

corrosive chemgraygnt Iédiﬁ?é iin @eRordirtie WittPfhd BBjeEHVES RiftheaARTeRAGR.
into contact with the heating elenents. As a result, the heating 1

el ements may be danmaged, é&pgé@élhxa ﬁ; tqﬁ@"ﬁé gb%fﬁaﬂineﬂﬁ':&' thfned

t he susceptor backpl ane un acuum ane
penetrations a Fur therrm

d
penetrations t R’ryoo "\%ﬂ"esngﬁ'(?ﬁtr{ﬂ”sg?ﬂjw'th two h'gh teﬁ?ﬁ?ﬂf’ﬁﬁe’“ﬁ%ﬂtseg’%o be

made to provide a passage for the heating gas . _to reach the
backsi 8e of thdhgaseals pegyent tnmeoggswepﬂaﬁesm vaaors of the reaction

chamber from entenng the heater housmg and damaging the resnstwe
heating elements and mainitain a sealed environment which withstands
the high temperatures of CVD processing. The _firét seal is maintained
between the susceptor body and the backplane structure rigidly
10 ‘mounted to the top of the susceptor body. The first seal is preferably
a silver 'compi‘es’sion seal Whic_:ﬁ exténds 'arihula.rly around thé
susceptor body and backplane interface to prevent leakage of the
reaction chamber envir'onmeht' into the fleéter housing enviroﬁment at
that interface.
15 | A composite metal second seal is utilized between the
| bottom of the susceptor bddv and its interface with a drive shaft
 which rotates the susceptor and pr.m?ide:s'.’a-va'cuum of the heater
' housing. The second seal has a core with a unique diamond-shaped
" cross-section which is preferably stainless ste_é!. ‘A ductile metaliic
20 | coating, preferably silver, surrounds the core and is deformed to
accommodate surface imperfections between the susceptor body and
drive shaft. The composite metal seal is dihension'ed and formed to |
~ withstand a large number of therma’i cycies without affecting the

integrity of the seal.



el enents are sonmewhat isolated fromthe corrosive chem cal vapors as
long as theweeas?stti ons are covered by a[rﬁ@g eheeTOis Mign| t e GRAPRI/14231
is not present, there is a direct path for cordresidegy gases from#the
réaction chanber to the heatl ng el ements threugh.the. heatjng gas 20

penﬁratlons U S. Patent -No. 5267607 describes a
sputterin
chamber to Zﬁﬁﬁ%ﬁ@dé‘f‘%mﬂg%ﬂ%@%ﬁdeéﬁﬂfiéﬁWur p phetple st

under si de of unti.n

heat lift tube whlcﬁ extends r{Rrougthapgr?u?\tgst\p-x lLr} he Sgéégt%gw ed

to a substantlally cl osed space between the wafer and the to side of the
waf er-nmounting and backplane -and connects to a movable wafer suppo The lift

tube provides gas, such as helium, between the wafer and backplane
5 for efficient thermal conductivity between the resistive heating

elements, the susceptor backpiane, and the wafer. The lift tube is
vertically movable to lift a wafer on the backplane and brgak the
vacuum clamping hold and extends generally concentrically inside the
susceptor drive shaft. A second or inner vacuum environment is

10 ' maintained around a portion of the lift tube proximéte the backpiane.

| Specifi-callv. the lift tube which carries the backside

heating gas extend's through the center of the susceptor body and
backplane. The lift tube_ is surrounded along part of its length by a
sheath which define.s an inner vacuum space. The lift tube is also

15 coupled to a vacuum system which evacuates the inside of the lift
tube and _the inner vacuum space of the sheath to define the second
vacuum environment. The vacuum space of the sheath is coupled to
the back of the wafer through an opening in the suscgptor backpiane.
The second vacuum environment through which the backside heating

20 ' gas traveis is maintained at a pressure of approximately 1 Torr to 100
Torr which is dependent upon the processing pressm_'e within the
reaction chamber. Preferably, the pressure in the secpnd vacuum
environment is maintained at about 10 Torr. The pressure in the

second vacuum environment is generally lower than process pressure
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section. The gas is exhausted at the centre of the closed space to prevent .
it affecting the vacuum environment. The apparatus is for carrying out a
PVD proce%9 615287 There is.a need for a susceptor or FCHUSISN4R3E er -
supporting device for use in a CVD environnment which provides adequate i
“isolation and protection of the heating . elgpents fromthe corrosive

-chem cal vapors both during processing of a wafer and-upon

removal of the Vﬁélﬁfamé'di'%i@hlhsttfeuféaléﬁbnacﬁhﬁﬁﬂelf 5 In%lﬁﬂnﬁ‘ ad%é whi ch

i sol ates the heatl ng el ements while providing sat actory I'ng of

the wafer as wehlodiuehRs twena,a'f*@r%ﬁfod&&s@er#gpg%gpkﬁlﬁggfqﬁgﬁ[ Jer

nore efficient ' ranf
' processing. ‘When no wafer is present. the second vacuum

envuronment' and the backside gas delwery system are maintained at
5 ~ the proeessihé pressure of the reaction chamber.
| To : p'r'event the ehtry_e'f corroeive'chemical'vapors into
the heater housing through the second 'va'c'uu'rzh environment and
backside gas delivery system, the second vacuum environment is
isolated from the first vacuum environment by several seals. An upper

10 o seal is min"ta':'ined.betweeh-the ihne_r face of the susceptor 'backplahe
and the sheath which surrounds the lift tube. The upper seal is
preferably a nickel COmpreeéfon seal which is formed of 100% nickel
and is configu‘ted to withstand high CVD proeeSSing temeeratures
without compromising th_e se:'al.' A lower Seai is utilized between the

15 | sheath and the lift tube.” The lower sea'l.ﬁef the second vacuum
environment is preferablv a dynamic seal through which the lift tube
mev thove as it ttavels vertically to lift the wafer away from the

et backplane Alternatlvely. the upper seal mlght be elummated by
. welding the sheath to the backplane.

20 : " Therefore, during CVD?iprocesSin'g, three vacuum
envirenmente' exist within .the CVD reaction c’h_éinb'er‘. .The first
va'cu_tlm environment within the heater heusin'g surrounding the
resistive heeting elements is isolated from 'b'bt:h the reaction chamber

environment and the backside gas delivery second vacuum




To address the needs within the prior art, the present

i nventi on prW0i98#s282 susceptor/ heater assenbly which utilizesPCRAIS95/14231
separ at e scaled environnents to effectively isolate resistive heating

el ements from corrosive chem cal vapors utiliged in CVD processing. 10

In accordance with the principles of the present I nvention, a

suscept or | ocated ré#ggbﬁﬁnéht%eﬁﬁﬁ ferﬁaﬁgﬁqm%%ﬁtaF b¥4R8 heater hogsing. the

body which has fo erein a using for supporting an

cont ai ni ng one or e resjsiive ti I s The. ' .

el enment is fixed ngés‘é’ﬁg‘&ﬁﬁ?‘o?“%ﬁﬁﬁip@‘%ﬁ‘?ﬂfﬁﬁ@@%& ﬁgﬁg&hgﬁmi 'E'Hhe'iS
heats and supports a wafer during CVD processing. The heater

“housi ng formed wi thaR hAProaess prensure withia hpastion ehambenie psevent the
first vacuum environnent. The first or outer vacuum environnent is

mai nt ai ned at a prheakagecobtouppivexchamical vapors\intpahe] heaten pogsing. nyéher] a1l

Torr to 100 Torr) and - preferably around 3.32KN/ nferr] (25 Torr)
The pressgre w t hiviafepds eirgf prrsssd, tfe pressure amithinotheesécorsd #B6oum
preferably maintained slightly above the process : pressure -

Tt on® oot SRR s el 34 e B Ualoe pressur o iRl T
vacuum holddown of the wafer. When there is no wafer present,
there is direct communication between the reaction chamber
environment and the second or seéond or backside gas vacuum

10 environment. However, this is not harmfui because the second
vacuum environment is séaled from the heater housing first vacuum
environment,. and therefore, no corrosive chemical vapors can pass
through the backside gas delivery system into the heater hou_sing and
into contact with the fesisti\)e heating eleménts. As a rgsult, the

15 | various seals and muiltiple .vacuum environments provid:e constant
isolation of the heater housing environmént and résistive heating
elements from the chemical vapors preseht in the reaction chamber
environment. Thus, the heating elements are protected while the
backside gas is delivefed to the backside of the wafer to facilitate a

20 more efficient heat transfe"r' between the heating elements and the
wafer. | |

| | These and other obj_ectives and advantéges of the present

inventidn will become more readily apparent in the following Detailed



t he heater housing will be out of the heater housing and into the
reaction chanber rather than into the heater housing. The first.
REPL ACENMQI68SR87 T _ WD 96/ 15287 PCT/US95/14231
PCT/ US95/ 14231 : - 6-
vacuum environnment is sealed fromthe C\/D1 action chanber to
prevent |eakage in accordance with the Obj cfives of the invention.

Mor e speci fi cal i envi ronnent.
SonF o Che! hadbscriad ot She SASUHE BeT TR R pbR Wt the drawings ; °
The seal s prevent the corrosive gases and vapors of the reaction
chanber from er®®®@thg the heater housing and danagi ng the resistive
heati ng el enent S and mai ntain a: seal ed environnent which withstands

: 2SOl A gLrawnasThe first seal is. maintained
bet ween t he susceptor body . and the backplane structure rigidly 10
nmounted to the tOIO of theFlGJStﬁ)hﬂrelenaTMh\hldei CVD Imogulerfor & walfer

5 o processlng dewce embodylng the prxnc:ples of the present mventlon,
FIG 2 isa cross-sectnonal view of a CVD reactor of the
module of FIG. 1;
FlG 3isa cross-sect:onal vuew ef the lower part of the
reactor of FIG 2 |Ilustrat|ng the susceptor rotation and wafer hftmg
10 sections and various vacuum and gas connectsons, |
FIG 3A is a cross-sectlonal view taken a!ong line 3A-3A
of FIG.3; |
FiG. 4 isa ctoss-sectlonal view of a susceptor used in the
CVD reactor shown in FIGS. 1 and 2 and mcorporatmg the prmclples
18 of the present invention; . .
FIG. 4A is an enlarged cross¥sectional view of an
.enci'rcled.. portion 4A ofl FIG. 4 sthving a sealing etructure:
" FIG. 5 is an enilarged cross-sectlonal view of portions of
'. .FIG 4 showsng addmonal sealing structures of the present invention;
20 - | _ FIG. 5A is an enlarged cross-sectional view ef a portion
of FIG. 4 showing the sheath welided to the backplane;
FIG. 6is a ctoss-s‘ectional view of another one of the

sealing structures utilized in the suscebtor of FIG 4;



a‘silver conpression seal which extends andtiiS:SHEET BASBEEN tjhe
suscept or boWP 9&AS8Backpl ane i nterface to [prevBHLACERKage [of (PEA/USIS/4231
reaction chanber environnent into the heater housing envitTonnent at

that interface. 15 A cqnposite metal second seal is
utilized between the bottom of fhe susceptor body and its
interface with a drive shaft e tor and
provi des a vacuum of .the heaﬁl&7nsacross-¥@éﬁ€l&é g“?éﬁénsgﬁ%ﬁggﬁal has a
core with a unique d| anpnd- s Ccross-sectjon which is

preferably stainl &8 996@?’“ fQ"cﬁnéF?‘F@ Strugryrecot the invention. ¢ 41 i ng,
preferably silver, surrounds the core and is deforned to :
accomopdat e surf adeglangdries 0 _Qfrihe-invemtionscept or body and
drive shaft. The conposite netal seal I s di nensioned and formed to

wi thstand a | arge nunber of FiBriilustsatessa CVOhadduld fl@ctorng wafer processing
integrity of the seal.

5 cluster tool. Module 10 is the same as that shown in U.S. Patent No.

5,273,588 issued on December 28, 1993 and assigned to the
assignee of the present invention, the entir_e'disclosure of which is
hereby i_ncbrporated by reference in its entirety. The module 10
includes a frame 11 on a wheeled base 12, which has depending

10 therefrom a set of adjustable feet 13 for leveling the module 10 and
anchoring the module 10 to a floor. The modqle 10 includes a cabinet
14 fixed to the frame 11 that contains flow controllers with
connections for inlet li_nes'for supplying reactant gases to a chemical
vapor deposition (CVD) reactor 15, aiso fixed to the frame 11. The

15 . cabinet 14 has associated with it other parts of the reactor support
system that are not shqw_n, inclué_ling fluid conduits, valves, pumps,
_co_ntrols. and associated hardware for the operation of the reactor 15
in_clud_ing _the supplies _and connections to supplies of the various
reactant gases, inert gases, purging and cleaning gases, and co_oling

20 | fluids for the reactor 15.

The reactant gases for the main CVD process to be

performed with the reactor 15 are gases used for a blanket tungsten
depoﬁi;ion process _ontp silicon semiconductor wafers and are supplied

through lines 16, shown as four in number, connected between the

This Sheet Has Been Relplace




Backsi de heating gas is del.ivered" t'ﬁrough a hol | ow waf er lift
t ube whi s through "openings within the susceptor

and backﬁpgﬁéﬁéﬂ‘g connects'to a novabl e wafer support. Thei;ﬁ(’wgm"231
tube provi des gas, such as helium between the wafer and backplane 5

for efficient thermal conductivity betweenqphe resistive heating
el ements, the susceptor backplane, and the wafer. The lift tube is

vertically ”DVa@aBrﬁc?i 14 bhdahedleactein her SERCing é)rf%a%g e,

vacuum cl anpi ng hol d and ext ends generally concentrically insi

i i ned ar ouAIRGED, ﬁ%ﬁﬁ@ﬁ{%é‘”ﬂ‘%ﬂﬁ@@% UL ARCESERIE (Bl he.

Specifically, the lift tube which carries, the backsi heat i ng
gas extends t hr SERFFOf & RAWLXEr. AlsQ H’é%’ﬁs‘@éﬁt"%ﬁ"%%"&’ﬁd“"ms and for many
backpl ane. The lift tube is surrounded al ong part:of its length by a

ugh Riscx

sheath whi ch defothesfilms thatcean hewappliadathsough s CMD progess. s supplied
coupl ed to a vacuum system whi ch evacuates the inside of the lift

tube ansl t he i nnitroughconencsthedines wenavleetuhettogaiesum aishn'geacand
addition, reactant gas for the plasma cleamng of the chamber 15,
such as nifrog'eh trifluoride (NF,) gas, is supplied through a gas inlet
_line 17 connected between the cabinet 14 and the reactor 15. The
module 10 also inciudes one.or more vacduh p'umps.18. and usually
10 one high volume low vacuum pump and one low volume high vacuum
bumﬁ, for eVa't:uatfng the reactor 18, f'o'r'mair'l_téi'ning a vacuum within
the reactor 15 at the f_equired’ Operating pressure levels, and for
exhausting unused reactant gas, reaction byproducts, cleaning gases
and inert gases ﬂoWing thrdug’h the feactor. A résidual gas analyzer
15 port 19 is p'rcvidéd for monitoring the C6nstitﬁénts df the gas.
| The reactor 15 includes a susceptor rotating and wafer
| _eleVating’ mechanism 20 d'ebending'froﬁ\'thé bottom of the reactor 15.
'l_'h'e rﬁairi‘ evacuation of the reactor 15 is accdmplfshEd through a
- vacuum outlet line 21 connected between the reactor 15 and the
20 vacuum pump or pump assembly 1_8'wh'ilé-'ohé or more auxiliary
vacuum outlet::lines 22a, 22b are :b'rbvided.' connected between the |
mechanism 20 and the pump assémbly 18. A combined upper
electrade electrical terminal and cooling 'ﬂ'u'i.d ‘manifold connector 23

and a combined lower electrode electrical terminal and cleaning gas



vdacuum envi ronnent. The vacuum space of the sheath is coupled to

t he back of WO6/15887er t hr ough an opening in the susceptor badkGR/E$RS/14231
The second vacuum envi ronnment through which the backside heating 20
gas travels is maintained at_a pressure of .approximately 1 Torr to 100
Torr which is dependent upor t he processing pfessuré*within the

i ronment 15 e ATRPRER 3F bl E8hHrEd Bablird 368 Magt {and the

second vacuum environment i s generally | ower than process pressure
WO 96/ 15287 ~ support systems in the vicinity of cabinet 14. - PCT/ US95/ 14231

mai nt ai ned wi.thin the reaction chanber to maintain a vacuum
hol d down of the waf er-ont o ReferringteiGr 2babe B\ aedotarntd has sealed within
processing. Wien no wafer is present, the second vacuum

e bomes: g p ESSLr Al AR RS S oRITEES ) e
5 reactor 15 is mounted through rubber vibration absorbing pads 29 to
the frame 11 and from the bottom of which the mechanism 20 is
supported. The housing 26 is preferablv_rnade of aluminum with a
highly polished interior, and is provided with "independ_ent temperature
e_ontrol. both for heating and cooling of the reactor walls, to produce
10 what is sometimes generically referred te as a coid wall reactor, as
distinguished from an oven type reactor in which the susceptor is
heated by radiant heat from a heated reactor wall. The housing 26 is
preferably fluid cooled, by a suitable fiuid such as ethylene Qlycol or
water. In addition, resistance heating elements (not shown) are also
15_ o prqvided_ in the housing 26 so that the housing may be heated, or,
alternatively or in addition, rod type heating ele'mems may be provided
in the chamber at various locations. One or more of the heating or
cdoling features may be employed in the same structure, depending on
ite intended applications. The heating and cooling of the reactor wall
20 may b.e zone controlled, an_d may have both the heating and cdoling
active simuitaneously for more responsive temperature regulation and
uniformity. |
The housing 26 has, at the top thereof, a chamber cover

27, preferably also of aluminum, enclosing the reaction chamber 25



To prevent the entry of corrosive chem cal vapors into t he

heat er %&,géywough t he second vacuum environnent and PCTIUS95/14231
backsi de i very system the second vacuum environment

i solated fromthe first vacuum environnment by several seals. An upper 10
seal is maintained between the inner face ¢f -the susceptor backplane
and the sheath whi.ch surrounds the |lift tube. The upper seal is

preferably a hi oliehineOTiG €09aPR7Si8Pnatimaticdily §64Iae hgainstORY WwipCsLthe
and is configured to withstand high CVD processing tenperatures

wi t hout corrpronra*.gg.[gtge Eq{@ba dis' G185 P@;&S@Cg@d ?&\umﬁ{htwaﬂv 15

sheat h and t he ovver sea

cruiTonTe 1 R S8 Bl of ATRE eShohoh Y SOl il Bt 28 o

backpl ane.. Al ter lrlngt't1| vel ct he u g%r}s geral tan%htasbr%nglnl néhr;art;ggr g
\(Ij\ﬁlr ?Inggc,{/r[])epfgggsm ?13 t hr ggeﬁgcuum o8¢ ° envi rgonment S exrg[ e:‘Mo[ ﬁl n
the CVIBreacti osutrbunded byTae aninuiar mixing chamben/wallwnhlehwnavrbeafarmed hi n
the heater housing surroundlng t he
integrally of the aluminum chamber cover 27 or of a separate material
such as a machinable ceramic'or"separaie"aiuminum or other metal
piece and Seéuréd to the underside of the chamber cover 27. The
mixing chamber wall 31 is capable of bei’ﬁé'aetively cooled, where the
10  process, for example a tungsten deposition process, so requires, by
cooling fluid 'SUpaliéd to flow through an annular passage 32 formed in
the 'v_vall 31 to maintain it at'a'temper’atur:e'lower than the reaction
‘temperature that is independent of that of the housing 26 and that of
‘the chamber cover 27. Like the housing 26, the mixing chamber wall
15 31 is also provided with resistance heating elements (not shown) to
heat the wall and the mixing chamber 30 where the process so
requ_ires. such as for titanium nitride deposition. This annular wall 31
'_ma'y' be made of a thermally 'nor'iconducti\)_e 'rr_iateri'al or of a conductive
| "n"-laterial thermally insulated from the aluminum material of the cover
20 27 to provide greater flexibility in the control of its temperature. The
" upper portion of the mixing chamber 30 is closed by a removable
cover or top plate 33, preferably of stainless steel, which is sealably

‘connected to the chamber cover 27 by bolts (not shown). Th

‘chamber housing 26, chamber cover 27 and top plate 33 form a




resistive heating elements is isolated fromboth the reacti on_chanber
PCTIIW

envi ronnent Y¥R864¥87 packsi de gas delivery second vacuum 14231
96/ 15287 S _ PCT/ US95114231
- 9- envi ronnent extendi nd throughsghie-center of the heater

housi ng. The pressure wi thin.t he_? I'rst vacuum environnent is

el LAl ned bl gher  spaled vessel shiBRirld G MAREAVALRRE A il hilitablig dieget ! on

chanber to prevent : corrosive chem ca

into the heater housing. Wien a 5 . waf.er is . bein rqcessed, the
pressure within thé‘ag\é@%&reﬁe[ﬁﬂﬁv.&' during °DefaHﬂ.0i?f§m?eﬁP9%@e ﬁgmer than the
reaction chanber pressure to_insure a __vacuum hol ddown of the
waf er. Wien there is no waf efhgrkemtem of the gas mixing gbpmbes 30 jselosed by a
comruni cati on between the reaction chanber envi ronnent and the
second or second ocirbalakshdeverasad 85 connéred to the béwom afrthetmixiogever ,
this is not harnful because the second ' vacuum envi ronnent is

seal ed frogn the heghamba?WwalhB1%i The stdWetflead 35 may be made of aluminum or
of a machinable céramic material and has a highly polished iower
surface to retard the absorption of radiant heat from the hfgher
reactipn temperature from the area of a wafer being processed within
the chamber 25. The showerhead 35 may have a uniform pattern of
10 holes therethrough (not shown), preferably arranged in a matrix or an
array in plural concentric circles about the center thereof, which lies
on a vertical axis 37 through the reactor 15. Alternatively, the
showerhead 35 may be formed of a porous metal or cétamic plate.
A plurality of gas inlet ports {not shown) are provided in
15 ) the top plate 33 to which the gas lines 16 are connected. A rotary
wafer supporting susceptor 40 is provided within the reaction
chamber 25. The susceptor 40 lies on the axis 37 directly beneath
the showerhead 35 and is in axial alignment therewith. A cleaning
- gas entry port 41 is mounted to the chamber cover 27 and is
20 connected to the cleaning gas input line 17. The RF upper electrode
terminai and cooling water connector 23 is also_.mounted to the |
chamber cover 27. The lower electrode RF terminal and cleaning gas
connector 24 are mounted to the side wall of the housing 26. A

- single vacuum outlet port 42 is provided in the bottom of the chamber



environment, and therefore, no corrosive chem cal vapors can pass
through tyg opyiézesi de gas deli very systeminto the heater

into cont*(;gt wth the re cal.iign §l enents. As a res &5&(]&%115
vari ous seals and nultipl QH\easrtﬁﬁFn
I sol ation of the heater housi rB&"‘e"rR/ 6 -and resistive heating

el ements fromthe chem cal—waporsS present in the reaction chanber

envi ronment . Thawsing26 lhe avhich thlecvamuusm autieplimec21 dsl connketddto the
backside gas is delivered to the backside of the wafer to facilitate a 20

more ef fici entpligpt 18] WHitlelopepdtescdt 4 bﬁrﬁtﬂﬁ%'rﬂﬂa of ¢rgm 40GUE00 Iters

waf er . These and ot her objectives and advant ages
of the presentj - cent in
O ol e, Present por seqand to achiBVEiHEARHEs, brdBRar FRASuFPSL binaBkr"

PCT/U895/14231

vi roriment s provide constant

nd 100 Torr, reactor cleanmg pressures of from 0.1 to 100 m Torr,
5 and wafer transfer pressures of 10™* Torr within the chamber 25. A
| gate port 43 is provided in the forward wall of the housing 26 for
connection 'tb a transport module or wafer hahdliné inbdule of a
cluster tool, to and from which wafers are loaded and unloaded from
chamber 25 for processing. The gate 43 is approximately in horizontal
10 | alignment with an upwardly facing wafer supboning'top surface 44 of
thé susceptor 40 wheréﬂpo‘ﬁ.é wafer is supported for 'pronessing with
its upwardly facing side disposed horizontally parallel to and in vertical
alignment With the showerhead 35. A plurality of ports 45 are
provided in horizontat alignment with the wafer support surface 44 or
15 the housing 26 on oppaosite sides of the reaction chamber 25 for
inserting diagnostic or other instrumentation.
Fixed to the bottom of the housing 26 and aligned with
_the're'actor axis 37 is a susceptor drive support frame 47. Rotatably
n'io'unted within the drive 'sUpport frame 47 is a holiow and circular in
20 cross-section _suscéptdr drive shaft 50. The drive shaft 50 is mounted
to rotate on its axis, which is on the reactor axis 37, extends through
"a hole 51 in the bottom of the reactor housing 26, and is rigidly
connected to the bottom of the susceptor 40. At the hole 51, ihe

shaft 50 is rotatably supported on a main bearing 52 having its inner

Thﬁlsiiile't 'i{i‘i"Bmeln i{ﬁillard




FI'G 7 is a cross-sectional view of an alternative enbodi nent

for a sealinyOJ6AHure of the invention. Det ai | ed 6N B
O The Invention FIG 1l.illustrates a CVD nodule 10
for a wafer processing 5 cluster toolyy Module 10 is the same as

t hat- shown in U S. Patent No. L 5,273,588 issued on Decenber 28,

1993 and assi gned tr%cb*}»%rrour]dm% the 90@% htt E@nﬂc?étﬁ@{)egggﬁ%gfd gﬁioclﬁer

The nodul e 10 - I nc ranme a wheel

'he modul e 10 ang g8 fixed @ iﬂ%ﬁ%ﬁﬁ ﬂﬁ‘m%%?@rﬁ‘ fipediyals & ooul e

10 i ncl udes a cabi net |xed to the frame 11 that contains:
flow control | ers wifggondary bea”"&ﬁﬁm‘é‘?ﬂ’?%ﬁ ft9r thenoxyer eng of the feamp 44.ng

reactant gases to a cheni cal vapor deposition (CVD) reactor 15,
al so fixed to the flightly surropnds and supports ¢heilawer endhatthe; doveahaft &0t h
it other parts of the reactor support 15 ° systemthat are not shown,

i ncluding 6l ui d corgSlegured toathecsupgortifame 47 immediatedy belove therbkaring 52

associ ated hardware for the operation of the reactor 15

i ncluding the suppligs tx@ﬂﬂycﬁfi%d}ﬁgﬁhb%hﬁﬁ’@d i$5a ?érréﬁ@idYé“sEQl‘Jm. The
ferrofiuidic seat 54 has fluid circulated thrqugh itata temperature of
less than 70°C. to prevent the ferrofluid within it from decomposing
and losing its magnetic properties due to heat from the shaft 50.

10 Above the secon__darv bearing 53 within the frame 47 and also
surroundi_ng the shaft 56 is an'electrical slip ring connector §5. The
slip ring 55 proyides electrical connection with the rotating shaft 50 to
supply electrical energy to the rotating susceptor an_d receives sensed
temperature signals therefrom. Fixed tb the shaft 50 between the seal

15 54 and the siip ring 55 is a drive pulley 56 which is drivably
connected through a drive belt 57 with the output of a susceptor
rotation drive motor 58.

At the lower end of the rotating and elevating mechanism
- 20, fixed to the bottom of the frame 47, is a wafer lift mechanism 60,

20 illustrated in more detail in FIG. 3. The lift mechanism 60 inciudes an
outer fluid-tight shell 61 with a hollow interior enclosing- the lower end
of a hollow and vertical lift tube 62. The tube 62 extends vertically

from the lift mechanism 60 upwardly through the frame 47 and

through the hollow interior of the drive shaft 50, along the axis 37 of



react ant gases, inert gases, purgi ng and cl eani ng gases, and cooling

fluids f Jggact or 20 The reactant gases for
t he main @Bgﬁ?ocess to be perforned with the rEﬁW@%"fﬁ?lare
" gases used for a bl anket tungsten deposition process onto
silicon sem conductor wafers and are supphged t hrough [ines 16

shown as four in nunber, connected between the

THI S SHEET HAStBEEéhctor, ¥&Y 96tol thiBéhamber 25, termlhatln in the int f th
PCT/ US95/ 14231 9 i ggoro the

I T L3 2! 38R ATk AP Heed S kS, g pupe 53 BURRHL

for a sealing s nvent

O The I nvention ust.fates a _CVD nodul e
10 for a wafer TF%EQ@&'W& shagt 50 and s"ﬂﬁl?f‘@ﬁvt%'ﬂeml\%&lﬂtémi%°ifs the same
as that shown in U.'S. Patent ' 5,273,588 issued on Decenber

28, 1993 and a@RPENImately; pige ‘millimeters to r3ise gméower @rwafgrcen the iwafent i on,

the entire disclosure of which is
5 support surface 44 of the susceptor 40 in the reaction chamber 285.

The lower end of the tube 62 is fixed to a hub piece 63 and rotatably
eupported in e ferrofluidi_c eeal 64, the otxte:r' surface of which is fixed
in a sleeve 65 which is vertically slidable in the shell 61. The lower
end of the sleeve 65 is linked to a vertlcal actuator 66 extending
10 through a hole 67 in the bottom of the shell 61 of a linear action
pneumatlc lift 663. Another ferroﬂuidic.seal 68 is provided near the
upper portien of the ihtetior of the shell 61 surtotxnding the tube 62 on
the axis 37 adjacent the'bottom of the frar_ri'e_ 47 of the rotating and
elevating mechanism 20. As with the ferrofiuidic seal 54, the seals
15 " 84 and 68 are supplied with fluid that is maintained at a temperature
‘of 70° C. or less. |
An inlet port 70 at th.e bottom of_the shell 61 of the lift
"__lr_h'e:ehanism 60 'communfcates with ihlet channel 71 at the base of the
| _hub piece 63, Whit:h_ communicates through the 'heilow interior thereof
20 with an axial bore 72 of the tube 62, extending the length thereof, to
'commehieate With the susceptot backblahe as discussed below.
| A vacuum outlet port 74 is provided in the shell 61 and
| connects.with an elongated hollow tube 73 to'apply vacuum in a

hollow space 75 within the drive shaft 50 at the upper end thereof



héreby incorporated by reference in its entirety. The nodule 10

i ncl udes a fWOR6/15287 on a wheel ed base 12, which has dependi ndPCTIUBE95/14231
therefroma set of adjustable feet 13 for Ieveling the nodule 10 and
anchoring the nodule 10 to & floor. The nodul,e 10 includes a cabi net

14 fixed to the frane 11 that contains flowé n'trollers W th

vapor  deposi 1 on (uHGNABES a0 B8 A A MRt d T KT B2 o ol Sace

cabi net 14 has associated with it other parts of_ the react or support
system that are noto 8XIRAds theclength otithe; drive,aafti 50 apg) 3isa comymypicates
controls, and associated hardware for the operation of the reactor 15

i ncludi ng the suppvitbsheridtermrefctieosusceptou gl withiro the ireaction chamber 25
react ant gases, inert gases, purging and cleanlng gases, and cooling 20
fluids for the reagtilustkdted in FIG. 4. The reactant gases for
the main CVD process to be performed with the reactor 15 are

gases useg for a blanket tungy ¢leyum provrded irf 84 fritkligF o?&ﬁﬁ%g@?f

silicon sem conductor wafers and are su I nes 16

shown as four in Q:lf'gg es’ a?icr)g'tne ét?n?mbeet%v\e’r%%r}né#tewh:ch surrounds and protects the

heating elements of the susceptor as discussed in greater detail
hereinbelow. This vacuum pressure is communicated between the
vacuum port 74 and the space 75 at the top of the drive shaft 50
10 through an annuiar column or space 79 that surrounds the tube 62
and lies within the tube 73.
| Vacuum pump 18 Is connected to port 74 through line
- 22a and is connected to port 70 through line 22b to create first and
second vacuum environments as will be described. Appropriate
15 valving mechanisms 90a and 90b in lines 22a, 22b, respectively,
control the vacuum pressures at ports 74 and 70. Furthermore,
‘gauges 91a, 91b are used to measure the vacuum pressures in lines
22a, 22b. Gauges 91a, 91b are coupled_to flow controllers 92a,. 92b,
respectively, for controlling helium fiow from a helium supply 94
20 which supplies helium to both borts 70, _74 through lines 96b and
96a, _respe'ctiirely.. A vacuum exists at ports 70, 74 the same time
that hélium gas is being introduced into the ports. |
| Referring now to FIG. 4, susceptor 40 includes a

susceptor body 100 w_hich is connected to a generally planer



WD 96/ 15287 PCT/ US95/ 14231+

- 12- - : cabinet 14 and the reactor 15. These ¢ Lnclude, for
exanpl e, WO 96/15287 tungsten hexafluoride (WF[err]), hygfgﬁfﬂ#gfl érr] ),
and silane (SiHerr]). The reactor is, however, also useful f
for titaniumnitride filns and for many. 20 - other films that can
be applied through a CVD process. Also supplied 5 t hrough one of
the lines 16 ngysdeptbrBaékmlafe SLOD sash FsOAith ddtews 103. Preferadfidi tion,
reactant gas for the plasma cl eaning of the chanber 15, such

it tri ' il et
ine 17 sonnect S ELiNEnty Sud bioiEarg plactiPBioud ] Beiindn i d ©
dul e 10 al i ncl udes_one - _ .18 d, I 10
one. hi g vl urBUSSRIEBAERTBOR i SRENY SHEVEITIE SHEGH 118 Bafisians To
punp, for evacuating the reactor 15, for maintainkng a.vacuum within
the reactor 15bedy (10O a0¢ are secessed-inte papkelangr LO2c AN annylar Nigkel

exhausting unused reactant gas, reaction byproducts, cleaning gases
5 cap 105 surrounds backpiane 102 and covers screws 103 to present

a fiat backplane surface 104. The'susc'eptar body 100 is preferabiy
formed of a nicke'tiébﬁp'ef alloy such as Monel 400 available from
Pinnacle Manufacturing of Phoenix, Arizoné. Susceptor backplane
102 is nickel. The :bac'kp'lane 102 includes a v;fafer supporting surface
10 - 104 which supports a wafer 106 thereon. The bottom portion of
body 100 inciudes a collar portion with a geneially horizontally
extending annula_r flange 110. Flange 110 sits on tbp of a shouider
‘surface 112 formed at 'thé' top of the drive shaft 50 and screws 113
extend through flange 110 and into drive shaft 50 proximate the
185 ~ shoulder surface 112 to secure the 'sus'ce.pt.br body 100 to shaft 50 so
that the "sugcepto'r rotates when shaft 50 rotates. A sieeve 114
surrounds shaft 50 brdxirn’ate susceptor 40 and i§ mounted to the
floor of housing 26.
| in the bottom surface of susceptor backplane 102, an
20 ' annular recess 118 is formed to receive a circular resistive heating
element 120. Heating element 120 is held within recess 118
preferably in intimate surface-to-surface contact with the susceptor
backplane 102. Heating element 120 is held against backplane. 102

by a ceramic backing plate 122 which is secured to the bottom



and inert gases flow ng through the reactor. A residual gas analyzer 15
port 19 is WO9/I387 for nonitoring the constituents of the gaBCT/US95/14231
The reactor 15 includes a susceptor rotating and wafer _

el evating nechani sm 20 depending fromthe botfomdf the reactor 15.

The main evacuation of the reactor 15 i.s'._acé_t?r;pTis’-:he'd t hrough a
vacuumoutl et |ine 21 connected between the rea r 15 and the 20 .
vacuum punp or purﬁﬁ’.’é‘?e%sﬁcE%‘a\%ﬁiWGH@%F%?%Réeﬁfw Pﬁﬂﬁth"w")' Heating
vacuumoutl et lines 22a, 22b are provi ded, connected between the

mechani sm 20 and teélememti 20 iscelecirically gonneaieddo apgoppropriate control line
el ectrode electrical termnal and cooling fluid-manifold connector 23
and a conbi ned | owk26 avisichrextends eadiallg dhwaedly toathenoenter afnihegsysteptor 40

WO 96/ 15287 ' PCT/ US95/ 14231
- 13 - arid thért dewridarily pRr8ifel GORAYABEErIEE YRRN3T I8 ddtifdctwith
and the support systens in the vicinity of cabinet 14.

5 control circuitry {not shown] for controlling the temperature of the

heating element 120 and the backplane 102 so that a wafer 106
supported on the backplane may be heated according to process
_parameters. Line 126 is connected to heating element 120 through
two spring loaded connectors 127 {(one of which is shown) which sits

10 within a recess in the ceramic backing plate 122. A thermal sensor
such as a thermocouple 128 is connected to the heating element 120
through ceramic backing plate 122. ‘Thermocouple 128 is attached to
an associated sensor line 130 which extends downwardly through the
center of thé susceptor 40 parallel axis 37 to appropriate heater

15 : control circuitry and provides feedback to the control circuitry .such
that the temperature of the heating element 120 may be thereby |
adjusted through line 126 for proper heating of the wafer 1086. Lines
126 and 130 make electrical connection through slip ring 55 (See FIG.
_2} to the power supplies and co_ntrdl circuits.

20 ' A hub 132 made of ceramic macor encircles the center of
susceptor 40 inside the sus.c.:ept'or_body_wo and includes a radial
portion 134 which rests on a bottom surface of susceptor body 100
inside of the susceptor body. The top of hub 132 abuts against the

bottom surface of the 'ceramic backing plate 122 inside of a sleeve



Referring to FIG 2, the CVD reactor 15 has sealed within it a -
reaction_chamber 25 enclosed in a housing 26 by which the

reactor YO ISMTnt ed t hr oudh TUDbET—vi on absor bi ng r?éﬂgus?glfgl
the frane 11 and fromthe b 'f"én HSFT tAS 8BEN le mechani sm 20 s
supported. The housing 26 i re F) madfy of aluminumwith a

hi ghly polished interior, and Is pro th i ndependent tenperature

control , both f of 38%RReRRIN frofY e Ban im sRetdce6t fie Uitdrfic bbIBRGBIRE 1O

what is sorretlrres gen |ca y referre reac

neat od by 1 adi erf?ﬁegliﬁ’% PRbHT REERGH P2l i, aiuls SoBRE LpRsve leeve

preferably fluid ol ed 2& a syitable fluid such as ethylene glycol or
water. In additi '@Ehsﬁ pods H&W q5ive) shathoO caaeentrisally therewith and15
provided in the hous 26 so that the housing may be heated, or,

al ternatively orsurto ng ilifhtuber 62; yHleene 138 glighs heater amq'tihanmcnup]ed
in the chanber at various |ocations. One or nore of the heating or
cool i ng§f eat ur edingsy126, ¢80/ withctherceriter aRis=3 P igfielsuscepemcndi ng on

Its int ended appl ications. The heating and cooling of the reactor wall
The susceptor body 100 forms a heater housing volume
140 therein which generally surrounds the heating cdmponents of
susceptor 40 including heating element 120 and electrical connector
127 and line 126, as well as thermocouple 128 and line 130. Volume
10 ' 140 is in communication with spacé 75‘ fbi-fned by drive shaft S0 and
thus is vacuumed when space 75 is Vaé_UUmed' such as by vacuum
‘outlet line' 22a and pump assembly 18. In accordance with the
principles of the present invention, heéater housing volume 140 within
sdst:eptor body 1 00 is sealed to be fluid and air tight to protect the
15 " heating components, and particularly the heéting element 120, from
the corrosive chemical vapors within charnber 25.
‘More specifically, sUscepior body 100 is sealed td the
 backplane 102 and shaft 50 with sealing structures. A top annular
o seal 142 is positioned within an annular channel 143 formed at the
20 in_terface between the sus'ceptor. body 100 and the backplane 102'
generally around the periphery of backplane 102 as illustrated in FIG.
4A in greater detail. Seal 142 is preferably a Sii-v-er"compression seal
' made of 100% silver having a generally ret:ta'nguiar transverse cross-

section. The width W of seal 142 is pref‘e'ra'biv'3l'16 inch in the

A
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20 may be zone controlled, and may hayey t he heating and cooling
active sinulwai9essesyy for nore responsive tefiperattag ul at PCI/USHSI14231
uniformty. = The houst »5&4%538 ~yhe top

t hereof, a chanber cover _ 27, preferab APso %/ al uni num

encl osing the reaction chanber, 25 \/\025%;_‘ 15287 N -

PCT/ US95/ 14231 ) . . L 1%

within. The cover Smbpdiment sRRWAIN thefigueas. ywhile the thickpgss J; is; preferably
housi ng 26, or spacers 8la if enployed, and nay be pneunati call

hel d thereto or mal/Weinehctasrthatlembadinentd Thﬁediametsj.qfcsaahs1&%will be

cl anps. The cover 27 has a reactant gas m Xi ng chanber 30 5

surrounded by an adepdrifentiuporgtiesiziest thial $usddiptbr 4Qyarke the ipiEcement of the
integrally of the al um num chanber cover 27 or of a separate nmateri al

such as a machi nabdiarfi AWF i SuSERRbA bR dP! @%@g BackpIBRé 1@%2'.« suitable

pi ece and secured to the underside of the'c cover 27.

5 seal 142 for the embodiment in the Figures is manufactured by
Pinnac_:le‘ Manufacturing in Phoenix, Afizona._ As may be appreciated,
the_ dime_nsions of the annular seal 142 may be varied depending upon
the construction of the susceptor.
| The interface of backplane 102 at channel 143 includes a

10 sharply angléd annular ridge 146 which extends vertic_auy dﬁwnward
and presses into the soft metallic seal 142 When ba_ckplarie 102is
secured to the susceptor body 100 (See FIG. 4Al. The susceptor
body 100 includes a similar angled ridg"e 148, opposit_e ridge 146,
which extends vertically upward into seal 142. The ridges 146, 148

15 and seal 142 insure that a gas-tight seal is made at the interface
between the susceptor backpiane 102 _and body 100 to isolate volume
140 from the reaction chamber 25 and prevent entry of corrasive
reactant gases into volume 140 through the interface.

The heater housin_g.volunie 140 is further sealed by a
20 bottom -annular éeal, 150 around thé interface between thg susceptor
- bddy 100 and shaft 50. One useful seal for both annular seal 150 is a
composite metal seal formed in accordance with U.S. Patent
Application Serial No. 08/241,192 filed May 11, 1994 entitled

THERMAL CYCLE RESISTANT SEAL FOR USE IN SEMI-CONDUCTOR

- This Sheet Has Been Replaced
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m xi ng chanmber wall 31 is oapabke of being actively cooled, where the 10

process, _for exanple a tungs;ten deposition process, so re%’ﬁ%i 8%
cool i ng 1 +ough an annul ar passage 1

ed_To T owtt
the wall 31 to nmfﬂ"!i?ﬁ”ﬁc""h"eSEENe erature |ower than the reaction
tenperature that ijs md‘gﬁ'&ﬁf nt “off that . okhghe housing 26 and that of
- the chanber cover 27. Like The housing 26, the m xi ng chanber wall 15 -

31 is also progAmFth RPROCESSING AFPARATUSIoWnBHESY MdtanbisSRe¥Erch© |

heat the wall and the m xing chamber 30 where the process so

requires, such ] nuI A wal | 31
may be made of czérlpﬁg#trléJf @B ﬁl‘%& 8??(}8"6'%%%@?"%}@5%" ﬁﬁ???/e

mat eri al thermal%fy I nsul at edF}é t he- al um num nateri al of the cover 20
27 to provide JiefBETING PPYL 1D t? W?HQ’%thﬁeaﬁﬂng'SWr%r§ i$he
upper portion of the m Xi ng chanber 30.is.closed by a renovable

cover or top plshosvizenlasgederSaatlyl &0 iscisculne i the &Im ofta dngiandseal abl y
connected to the chanber cover 27 by bolts (not shown). The

chanbe$ housi ngné’lﬁdesfaaﬂbﬂrmwuc cofe 52 ann apdatieIdetallicncoating 154 on

the core 152. ‘ Preferably the ngxd metallu; core 152 is stainless steel,
and the ductile metallic "coatiﬂé 154 is silver. “As is seen in FIG. 6, the
cross-section of the seal 150 is generallv dlamond -shaped. Thls
dlamond-shaped seal cross-sectxon has upper and Iower blunt tips 156
10 " and 158, respectively. The clamping force.generated by screws 113,
praférébly' stainless steel screws, of the flange 110, or upper gland,
" and the shaft 50, or lower giand, on the seal 150 preferably develops
a contact stress in the ductile coating 154 sufficient to plasticly
" deform the ductile coating 154 to accommodate surface imperfections
15 on the susceptor and shaft Séaling surfaces 160-and 162,
respectively, but insufficient to cause uitimate failure of the ductile
coating 154. |
" In the preferred form of the seal 150 of the present
"invention, the core 152 has the following dimensions prior 1o being
20 coated by coating 152: The seal core cross-section has a dimension
parallel the seal Iohgitudinal axis of SVMmétrV'Of aboutl .105 inch to
about .107 inch. Further, the seal core has an inner diameter of about
' 2.845 in., and an outer diameter of about 2.865 in., and therefore the

seal core cross-section has a dimension transverse the seal
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WD 96/ 15287 HIS
seal ed vesswi096/18283si ng an i nt er nal rr%“
vacuum pressure | evel during operati éda-g
The bottom of the gas m xing chanber 30 is a ci rcuI ar
shower head 35 connected to the bottom of -th&™m xi ng chanber

5
wal | 31. The shower hea na ¢ f
machi nabl e cer anil@" Wﬁ‘t‘%f‘?g?"ﬁ?]ﬂbﬁg@%&%ﬂ?éﬁ%%% ‘IP (F} lMeasurmg frof'thd
surface to retard the absorption of radiant heat fromthe h|
reaction tenper atradiallyipnetmest.edge f the plwat tips; the ﬁFE@ %r"ﬁ%cﬂ"“
t he chanber 25. The showerhead 35 may have a uniform pattern of 10
hol es t her et hr oudtas( a diarsetesrgf, atpowf 2743 in.aandrmedsuning framthe redially
array in plural concentric circles about the center thereof, which lies

on a vertical axigutéfmbbt edgé dfltberisiant tipsithe d&ale:mataruss-;ectlm has a
shower head 35 may be fornmed of a porous netal or ceramc plate.

A plural gty of gmahﬁkc‘a} oPQBBﬁ 01967 IROhus 'thePligherdatl idwer Blunt tips t he

top plate 33 to the gas Ines 16 are connected. A rotary
- 156, 158 of the seal core cross-section have a dimension transverse

" PCT/ U595/ 14231
Hi nt ai ne(?q{"%m

d‘tASI EEE Q

the s_eal Io‘ngitudinal axis of about .012 in. The seal qore cross-section
includes four angled seal cross-section faces 164, 166, 168 and 170
each of which forms an angle of about 50° with respect to the seal
10 | longitudinal axis of symmletry. The metallic ductile coating 154
applied fo_core 152 preferably has a thickness of about .003 to about
.005 in.
The stainless steel utitized in core 152 is preferably 17-4
stainless steel heat trea_ted'to condition H-1100. The above-
15 mentioned dimensional limits apply prior to silver plating of the séal '
150. The silver plating is to be applied per QQ-S-365 (fully annealed}
to a thickness.of. as specified abové, about .003 inch to about .005
-i;j‘ch_ and uniform within .001 in. After plating, the seal 150 is to be
baked to 375°F. for three hours to remove hydrog_en embrittlement
20 - from the piating. A_f_ter plating, the dimension of the seal c;oss—éection
| parallel the seal longitudinai axis of symmetry should be within about
111 inch to about .17 inch. |
The seal 150 thus fabricated maintains a leak tight seal

after repeated thermal cycling. The sea_l 150 has succes_s_fully _

Sheet Has Been Replaced
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waf er supporting suscept Q_.r,__,élo...i.-s--—pr‘p"\'/:_if__;déd Wi thin the reaction

chanmber 25. ‘The susceptor..40-ljes dgn“the axis 37 directly beneath

the showNMWEI25 and [ig,d ducexi@s paki gnent therewith. A SR
s ShEBY HAS Bk

gas entry port 41 is fount aemiaged he chanber cover 27 and is 20

connected to the cleaning gas—input—+ne 14 The RF upper el ectrode

termnal and cooling water connector 23 is al so nounted to the

chanber cover 2 I e : " ' : AN

connector 24 ar épﬁ@&ﬁ?eag"ﬁt?‘got _ efir:bggﬁv\tg{’:? t‘@?%ﬂ?%‘%ﬁ%."ﬁ’éﬁg‘g’ gg\"g%sf

S35 yacuum ol gheP fie d8al T58'tRYlISM I comstrdSled 6t 8 rigid Fastalieare, 40a1

housi ng :26 to whi ch the vacuumoutlet line 21 is connected to the

punp 18, whi ch BpeHslwith a dugtiia,coating thatwill plastichy dsform teer s

per second to achieve the wafer processing pressures at between 1

and 100 Torr, raccommagdatarthesurfacesimperfedtidnsothal dxisbonhersebting, faces

5 ° of the gland, such as the surfaces 1 60, 162 of the susceptor body
100 and shaft 50. The dimensions of the core material and ductile
coating must be Iarge'enough to énsﬁre tﬁat the totél seal thickness,
controls the separation distance between the sealing faces .. of the
gland. Furthermore the seal clamping elements (typically screws or

10 ' bolts) must provide sufficient elasticity at -ihé operating temperatureé.
to accommodate any therh;léllv induced dimensional Chahges and
maintain sufficient contact pressure at'the sealil:lg faces 6f fhe gland
at all times. |

The material of the ciamping elements, ﬁlands and seal

15  core ére selected to provide the correct COmbinatiods 6f éoefficient 'of
thermal expansidn to minimiz'e thé change in the gland seal face
separation distance thrt'_mgho'ut the operating temperature range. The'
susceptor drive shaft 50 is preferably fabri’cated of 17-4 PH stainless
steel, and the susceptor body 100 is preferat;iy fabricated of Monel

20 400, a copper and nickel based alloy as already discussed. The
clamp'in_g element material and 'desig'ri are selected to allow the
elements to maintain c!amping'of the gland éeél faces throughout the

operating témp'erathré range. Seal 150 is discussed in greater detail in

U.S. Patent A’pplidétidri Serial No. 081241;152 referenced above.
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5° and wafer transfer pressur
25. A WO 96/1528fat e port 43 is prow orward waPCTESY/as1
housi ng 26 for connectlon to: modul e or wafer .
handl i ng nmodul e of a e cluster :toohy: ~ghd frgm which wafers
are | oaded and unl oaded from -for processing. The

gate 43 is approximately in ?(H’IZ' aémrpf]'%(t;% sle ?uéwrg%rge.%hh‘ﬁgn

upwar dly facing wafer suppor

susceptor 40 wherey IS su ort fqr e Si

its upwardly faci nﬁﬁg?fégema% ‘I’ﬁ%ppi%’n #Yy"%éj\ aft goaﬁoFl"ienHG'é‘?Qﬂ%I
al i gnnment with the showerhead 35. A pluralit orts 45 are

provi ded i n hori zofeal type UNNEHBOWQFN N eH 33?3% mmrﬂelmrfm:ceomomm%

the housing 26 on opposite sides of the reacti on chanber 25 for

i nserting di agnost Divisionodh€olumbia, Bmnhalarolina. Referring to Fig. 7, the seal 200
Fixed to the bottom of the housing 26 and aligned with t he

reactor axgs 37 isiipigdés 8Ripgal Glle%p? gpmz Wﬁﬁms%llea%&haiﬂdcmls welded
nmounted within the drive support frame 47 Is a o low and circular in

Cross-section S“SCgﬁé&h\/\/ﬂrtb\‘?Srtﬁt?hEPE%ﬂlyeacfﬂ'& é{g@%t AR ik rm%ldﬁgtg gyer

to rotate on its a IcCh™1's © exte

Torr within the chanber

204 of inconel 600 surrounds spring 202. Intermediate layer 204 has
qppc.:sing angled ends 205, 206 and does not extend entirely around
the spring 202. On the ﬁutside of seal 200, a. layer of nickel 208

10 surrounds spring 2_02 and intermedia'te. iayer 204. Nickel layer 208
has.tapered ends 209, 210 and the nickel layer 208 is wound around
spring 202 énd intermediate layer 204 such that ends 209, 210
overiap at 211. At the top and bottom surfaces of tﬁe seal are ridges
212, 214 which are preferably formed with a point. The ridges embed

15 into.the respective surfaces of the interface between body 100 and
shaft 50. Ridge 214 is shown embedded into surfacé 216. Seal 200
operates preferably arou.nd 4500C maximum and is compressed with a
seatihg load of approximately .1 150 pounds/inch. The interface
surfaces are preferably machined to a groove finish qf less than or

20 equal to approximately 32 micro inches rms, while ;he hardness at the
interfa_ce should preferably be 'greatér than or equal to approximately
150 HV on the Vickers Hardhess Scale.

The He‘l_icoflex'seal 200 has a generally circular cross-

section having a preferable cross-sectionat dimension of .109 inches.
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a hole 51 in the bottomof the. reactGF hhousmg 26, and is rigidly

connected to the bot from
shaft 50 WO 9645287 abl

WD 96/ 15287
PCT/ US95/ 14231

race surroundi ng the shaft "50 |

_the susceptor 40. At the hole 51, the
3 a main. bearing 52 havi ngqm@wm&

namé"‘s SEEN

. . -28 - -17-
~ght contact therewith and its outer

iy s TELOERAL 0D AN AR et vt
tightly surrounds a&?,sug or t tn wer eng f af t._ 50. 5
Secured to the s ft sﬁﬂ‘é‘grﬁ?@'\f b‘g‘ﬁ afﬁ 699

and tightly surrounding the shaft 50 is _a ferrof|uidic seal 54. The
ferrofluidic sesliamateref the,panvier sepki 5@ am2@Q dar the ambodigens shoyvr ini
| ess than 70[err]C. to prevent the ferrofluid within it. from deconposi ng

and | osing its rthegRiguresyis@pproximsately 2t 75 inches: however, thafringsdiameter
Above the secondary bearing 53 within the frame 47 and al so

5

10

15

and cross-sectional dlmensmns of the seal will generally be dependent

upon the susceptor dimensions.

Seal.?. 142 and .1 50/2‘0'0 prdvidé é héater Housing volume
140 around the heating eiemenf 1zb wh.ic'h is generalily gas-tight to
protect the heatiﬁg element. Volume 140 communicates with vacuum
spécé 75 and is thus evacuated to the preséuté maintained with the
dﬁve shaft 50 and sbace 75. Pref'erably,'-volume' 140 is maintained at
a pressure which is the same as or slightly highe'r'than'the pressure
maintained within reaction Ehamber 25 l'n that way, any léakage

between volume 140 and chamber 25 will be out of the susceptor 40

and volume 140 rather than into volume 140 This insures that the

corrosive reactant chemical gases and vépors which are utilized in the

| CVD_ processes within c'hamber 25 do not ;e'nter volume 140 and

K - corrode or otherwise da'ma'ge hea‘tin'g-' element 120. The susceptor

. "i:odv 100 and seals 142, 150/200 form a'first vacuum environment

20

within volume 140 which is ma'intain'ed ata preSsure in the range of 1
Torr to 100 Torr depending on the process pressure within the
chamber 25. The preferred intérnal pressure of volume 140 is
approximately 25 Torr. The seails 142 and 180/200 are high

temperature metal seais whlch are able to withstand the elevated

Sheet Has Been Rerilaced

TN




surroundi ng the shaft 50 is an
slip ring 55WPr96/15282s el ectri
supply electrical energy tot
tenperature signals therefrom. Fi

54 and the slip ring 55 is a drive pu

rical slip ring connector 55. The

ion with the rotating PERATSOS/HI3L o

Ry ceptor and receives sensed

BegssPaft 50 between the seal 15
56 ich'is drivably

connect ed t hrough drive belt .57 Wt tput of .a susceptor. .
fotation drive mot JpMBgratures ""ﬁze‘% Evo'srees sing ﬂf“’t?fé%ﬁ?‘&fe‘f”"é’ﬁ'ana} aftRe
rotating and el evati ng nechani sm 20, fixed to the bottom of
the frame 47, is aSE¥eEl orimeretharmal syels. 20 illustrated in nore
detail in FIG 3. The lift mechani sm 60 includes an ' outer
fluid-tight shell 61 with a Mheénwoalumer140 isswatugimed, hieliutroiscalserintroduced
of a hollow and vertical |ift tube 62. The tube 62 extends vertically

fromthe |ift mechimiosthedfirstprudiny enbirongienthcRéferrig 4gatito FIG. 3, a supply
t hrough the hollow interior of the drive shaft 50, along the axis 37 of

\é\gr?glség/zﬁ 231 of helium 94 is coupled to vacuum line 223 by line 96a. An
appropriate vaive device 90a determines the internai vacuum pressure
in line 22a and the- pressure at port 74, which, in. turn, séts the
pressure in apace 75, and ultimately, in valume 140 (see FIG. 4).
Gauge 91a measures the inte_mal pressure of volume 140. In one

10 | embodi_ment of the invemion. Gauge 91a is preferably a capacitance
manometer, and a suitable manometer for the present invention is the
MKS model #122A-00100DB available from MKS instruments in
Andover, Massachusetts.
| After a suitable preasure_has been produced in volume
15 | 140, a helium flow control device 92a, such as MKS model 1159B- |
00100RV-S mass flow controllar available from MKS Instruments of
‘Andover, Massachusetts, introduces helium into space 75 and volume
- 140. A control line_97a couples gauge 96a to mass flow controiler
92a to control the introduction of helium. The helium surrounds and
20 protects the heating elemeat 120 in susceptor 40. In accordance with
the priaciples of the preaent invention, tﬁe volume 140 is initially
'evacuated to around 0.1 milliTorr and then the helium is introduced |

raising the presshre to between 1 and 100 Torr and preferably around

25 Torr. Control line 97a communicates the initial internal pressure of
g LomITa=s

heet Has Been Re‘laced :

T .



- 18 - the reactor, and into the chanmber 25, termnating in
~the interior of the susceptor 40" as nmay be seen in FIGS. 4 and
5. The tWOI6452870t at es vvrth the drive shaft FETARSH2BYes
axially therein a distance of - - _approximately nine mllineters
to raise and lower a wafer on the wafer z§° support surface 44 of
the susceptor 40 in the reaction chanber : The | ower end of

ool e o uy PG ZENB NP eBAB e 38 ARl fow.of pem o °UPPO <

in a sleeve 65 whi ch IB vertically slidable in the shell 61. The | ower
end of the sl ecdehigreithe desired end Rre8SUMRca| actuator 66 extending 10

through-a hole 67 in the bottomof ‘the shell .61 of a |inear action
pneumatic lift 66a. Anoth&s discussad hereinahnve, dor asmpre efficidntibaat t he
upper . portron of the interior of the shell 61 surrounding the tube 62 on

- the axis 37 adj mansfer; aehduksidergas is providedro4hediadkof Weifer 106 wihich
el evating nmechanism 20. As with the ferrofluidic seal 54, the seals 15

64 andgh8 are SH&?& oplsuftade 104 61 HRbubdeptor HatkpRhe?i 02. (GERGaRY LT ©

of 70[ err] C. or less.
thermal response and heatmg of the wafer 106 is |mproved when a
gaseo.ue heat transfer medium is provided between the heated
| susceptor backplane .102 and the backside of wofer 106. However,
as disoUSseo 'above, in order to provide e oassagewov for backside
10 heating gas. a penetration or opening must be made through the
soscep'tor and particolorlv th.rough the eusoeotor backplane 102.
| Geoerallv, such a penetretioo would provide an openiog into volume
140 which houses heating element 120.' When a wafer is not present
‘over the opening in .susceptor backplar'\e.102. there is a direct path
15 from the reaction chamber 25 to volume 140 and the heating elemenf
' 120, therebv allowing corrosive vapors to reach heating element 120.
In ecoordance with the prinoioles of the present
" _invention, a _seoon'd or inner vacuum environment is created within
| ':-;eoscep'to_r 40 such that backside heating gas may be presented to the
_ 20 wafer 106 without exposing volume 140 end h_eatino,e'l'ement 120 to
| corrosive c’hernica.l vapors. The inner vacuum environment is created
around hollovrr Iift tube 62 and is isolated from the first vacuum
| environment in volume 140. Referrmg t0 Frgs. 4 and 5 Irft tube 62 is

hollow along almost its entrre length and extends vertlcally through



An inlet port 70 at the bottom of the shell 61 of the lift
mechani sm 6v@esnsest cates with inlet channel 71 at the base oPCHHES14231
hub pi ece 63, which conmuni cates through the hollow interior thereof 20
with an axial bore 72 of the tube 62, extendi the !l ength thereof, to
communicate with the susceptor backpl ane as dP3cussed bel ow.
A vacuumoutlet port 74 is (ﬁ{ovi ded ig t he sh

(o)

connects with an etRMGENERT $oPysnRPLRnLE0MINEN §blf59$lsji\?3€g9m Lift tube 62 is

hol | ow space 75 within the drive shaft 50 at the upper end thereof
WO 96/ 15287 preferably stainless steei and the top end thereof includes 9ss0jjidi 1231

-19- - surrounding the tube 62, as illustrated in FIG 3A. The
hol | ow space stainless Sieextig 6.t ip 1 FGo¢dnmdctsite alwafer diftiiy asSemnbly
al so communi cat es ' with the interior of the susceptor 40 within

the reaction chambgrg@hich preferably iAiudes Epprakitdately three radial I8gs 180 _
The vacuum provided in the interior of the susceptor ' Creates a

First vacuyum envir itk HiNsCTa2 Yt 'thE WhustHbrEoPWHILR rbdtPagainst the backside

of wafer 106. (See Fig. 4). Lift tube 62 moves vertically within drive
shaft 50 and through an aperture or opening 184 formed within
bac_kblane 102. As mentioned above, lift tube 62 is moved upwardly
and downwardly appropriately 9'mm to raise and lower wafer 106.

10 The tip 176 includes a reduced-diameter portion which moves within a |
stop structure 185 positioned coaxially with opening 184. Stop
structure 185 includes a cooperating reduced-diameter section which
limits the upward fnovement of tip 176 and tube 62 as may be seen in
FIG. 5.

15 To facilitate a second vacuum environment, lift tube 62 is
surrounded by an eiongated stainless steel sheath 186 which extends
along and covers a portion of tube 62. The top end of sheath 186

inciudes a flange 188 which, in one embodiment of the invention, is

fixed to back_plane 102 with sc_irews 189. Like tube 62 and coaxial

20 therewith, the sheath 186 extends through the center of the
susceptor 40 and heating element 120 and abuts agéinst backplane
102 proximate openin§ 184. As best seen in FIG. 5, sheath 186
defines a vacuum space 190 between the sheath 186 and outer wall

191 of lift tube 62. A series of apertures 192 are formed in the lift



heati ng el enents of the susceptor as discussed in greater detail
her ei nbel ow.: Thi s vacuum pressure i s conmuni cated between the

vacuum poWP%ﬂéﬁd the space 75 at the top of the drive shgf"tm@g’“%‘
t hrough an annul ar col um or space 79 that surrounds the tube 62

and lies within the tube 73. . -32- Vacuum punp 18 is
connected to port 74 through line 22a and is connected to port
70 through line t&Bb 62) Theadfartirest 192 dre within the poﬁWGﬂtﬁWBQrﬁovered
environments as will be described. Appropriate val vi ng

h 90 0 | I trol
he vacuum pr Zs?&d‘éﬁe Snédln 186 3nee deterchiy B ?#9‘9 rbdially around tupg o' °
9la, 91b t ' lin 22a,
22 Gauges 91a. E?a‘i‘-fse?réﬁsﬁr@i R b G Broviee, € cgbhecuon t the bore **°

respectively, for controllln heliumflow froma heliumsupply 94 20

whi ch supplies msnaﬁatlamsgmplmttgbmﬁz wtuems)eyﬂcumssbxgwmas via
96a, respectively. A vacuumexists at ports 70, 74 the sane tine

t hat hebi um gas lines 22bgnd rnam'aﬁceﬂfhisnhotwheemmaes.vacuum space 190.
‘Referring now to FIG 4, susceptor 40 includes a
Apertures 192 also provide openmgs for introducmg a backsade
| heating gas, such as helium, into space 190_ for delivery to the wafer
106 through opening 184. Backside heai_irjg gas introduced .by supply
94 and line 96b moves through space 190 and through opening 184
10 to contact the backside of wafer 106 for efficient thermal conduction
between backplane 102 and the wafer. The backside heating gas is
distributed around wafer 106 by rédi_él channels 193 and an annular
" channel 195 connecting the ends of channels 193 which are formed in
the top surface 104 of backplane 102. Radial channeis 193 receive
15 the lags 180 of the wafer lifting assembly.
In accordance with the principles of.the présent
" invention, spéce 190 forms a second 'va:‘:uum environment within the
- susceptor to isolate heating element 120 from corrosive chemical
" vapors. Referring to FIG. 5, in one embodiment of the invention, at
20 the top end of sheath 186 an annular upper seal 194 is placed at the
interface between backplane 102 and a sheath flange 188. Upper
seal 194 is preferably a nickel compression s_eél made of 100% nickel

and available from State Seal in Phoenix, Arizona. The seal 194

extends around the sheath flange backplane interface within a channel



suscept or body 100 which is connected to a generally pl aner

96/ 15287 WO 96/15287 PCT/R@G?’E@Q@%

- 20- ~ suscept or backpl ane 102 such as with screws 103.
Preferably, around twent'y .such SHf£Vs are pl aced around the
peri pherﬁ OL tEeI s $uscept or backpl ﬁe 102 to fi rmy and evenly

- secure the backp bod I e ed J

backpl ane 102. Anaﬁ%tﬁ?%eﬂh'ﬁﬁgﬁth glangx 18, gﬁ?l q@ iﬂﬁ%gr&iﬁéﬁkpl ane
102 and covers screws 103 to present | at backpl ane ?urface
104. The susceptor'ﬂtﬁfﬁcelmp’f'g‘aﬁ?mﬂa"‘ such that corrgsiyechamical vapors
ni ckel - copper al | oy such as Monet 400 avail able from ' Pi nnacl e

Manuf act uri ng of Riforeaiction/chiarnber 25ucannat@ntenviojumeac 40 at the interfac@? i s
ni ckel . The backpl ane 102 includes a wafer supporting surface 10

body 100 e s TR SHHETS4IE cotrasRe Soenh te o beepene 102
ext endi nggannul ar {d aRgfad. Sbal 9 96rtherford [sdiftes thB Vhiurhes 120! i
|  vacuum space 190 to maintain ihe integrity of the first and second
vacuum environments.
In an alternative embodiment of __the. invention, as shown
in Fig. BA, the_ﬂange 188 of sheath 186 is welded to backplane 102
10 proxlmate opening 184 to seal volume 140 from volume 190 and the
enwronment of chamber 25. The weiding eliminates the necessity of
both screws 189 and seal 194 as illustrated in Fig. 5A.
As illustrated and discussed, the sheath 186 defining the
second vacuum environment surrounds the lift tube 62 which is also
15 surrounded by the space 75 of shaft 50 which makes up a portion of
fhe first vacuum environment. (See Fig. 5)_. To maintain the integrity
of the s__econd.v_acuum environment and to isolate it from the first
environment along lift tube 62, the _sh_eath_j 86 is sealed to the tube.
_Specificaily,_at the bottom end of sheath 186 there is a cylindrical
20 flange portion 196 which has an. annular channel 198 formed therein.
Channel 198 faces and abuts against the outer wall 191 of tube 62.
A lower annular seal 198 is placed withi_ri channel 198 to seal vacuum
~environment space 190 from space 75 Which communicates with

volume 140 forming the heater housing environment or first vacuum



surface 112 fornmed at the rive shaft 50 and screws 113
extend t hrough flange 110 HH@SHEETOH,%B%&;J haft 50 proxi mate the

shoul der WR6f15287 112 to secur REPhecEpuscepl or body 100 to HEHYS 9§’6‘7§b
that the susceptor rotates rotates. A sleeve 114
surrounds shaft 50 proxi mate susceptor 40, gad I's mounted to the

fl oor of housing 26. In the bottom surface of
suscept or backpl anpn2Qu :

receive a circul gpﬁPégl?esntt \%h% ?“99 'S pm%m’ 5993551:%%%5\%{_@%”9%&9
element 120 is held wt eces 11 rably in.i.nti pate
surface-to-sur f RV %‘Bﬁ'ﬁ'tde{"t ? ﬁ f"m? gaéésb‘t‘&r"ugh Ve'thom coﬁé&ﬂ'ﬁﬂg tg{a
Heati ng el enent 120 is held agai nst backplane: ceramc
backi ng plate 1sealfarmed at the intetface hetwees: tnerrvva" 191 of lift tube 62 and

- 22 -

" the cyhndncal flange pomon 196 of sheath 186 That is, lift tube 62
5§ ‘slides up a’n'd down wi'th' respet:t to seal 19_9 and outer r wall 191
moves adjacent seal 199 without deleterious effects on the integrity
of the second vacuum environment. A sui.tabl'e.s.eal for such a purpose
'is the VITON™ seai available from State Seal of Phoenix, Arizona.
The VITON™ seal 199 is circular in cross-section and preferably has a
10 | c'r"oss-s.ect”i'tmé'l-":d.iri'i'ehsion of .070 ih;:h_e-s. The diameter of the
annular seal 'is':p'r:eferablv- .239 inches, éltﬁough the dimensions of the
seal may vary as discussed above.
' Thén 'vacuum spéce 1 90 is formed between flange 188
'~ and seal 194 atthe upper gnd of sheath 186 ah'd.fla'nge portion 196
15 andseal 199 at the lower end of sheath 186. Apertures 192 for the
" evacuation of space 190 and the introduction of a backside heating
gas are lacated in tube 62 between seals 194, 200. Space 190 is
pfeferably“ maintained at a vacuum pressure of approximately 1 Torr to
1._60 Torr, depending on the process pressure within chamber.zs. The
20 o 'prefen.'ed pressure is 10 Tb.rr. During CVD processing, the pressure in
" the inner space 190 is generally maintained less than the process |
'préss’ureIWithih the reaction chamber 25 when a wafer 106 is present
on surface 104 of the susceptor backplane 102. The lower pressure

 within space 190 maintains a vacuum holddown of the wafer 106
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136 depending fromthe bottom surface of tt}g L.c _backing plate

122. The bowswiststhub 132, in turn, abut$ dG&HEST ya RLastic &:ngl‘”l
138 whi ch extends inside drive shaft 50 ¢ Cerﬂﬁl"‘l@eﬂﬂsy fMerewi th and
surrounding |ift tube 62. Sleeve 138 aligns § t her nocoupl e 5
lines 126, 130 with the center axis 37 of thHe®Sdsceptor.

The susceptor body 100 forns .a heater housing v ne

therein whi ch geneMtgnthe Wafgrgevers:tha-apen| 9£$r%<ﬂ%?@’lﬂ°‘* 193, 195
susceptor 40 including heating el enent 120 and el ectrical connector

127 and |ine 126, Mithisithesuscrptorbacknlana®2nd |ine 130. Volune 10
140 is in conmunication with space 75 fornmed by drive shaft 50 and

thus is vacuuned when space Vohes thacwafeeds vacbuasheld, thediftrtube 62 is at its
outlet Iine 22a and punp assenbly 18. In accordance with the

principles of the phRashyehitefposition, W tHe ifttessaenbdlgl 178 isl fBsitionédrwithin
susceptor body 100 Is sealed to be fluid and air tight to protect the 15

'he corr oS ve. chemcbBNAGRCI {8 fofmelSwif bekslaRE™102." Hineh'he

More specifically, p?’gggs%?rtlgo %ag%%nlggmbfetgg? {ﬁg nhotdpréeaz is raised which raises

tip 184 and the lift-pin assembly 178 such that lift pins 182 press
against the backside of _wafer 106 and break the' vacuum seal so that
- the wafer can be removed from the process chamber (See Figs. 4 and
10 ' 5).
| The second vacuum environment inside tube 62 a'_nd
space 190 is created and maintained vérv similarly _to the way in
which the first vacuum environment is created and maintained.
Referring again to FIG. 3, the vacuum line 22b connects with port 70
15 and is control_lgd by the valving mechanisni 90b. The pressure gauge
| 91b, such as a capacitanca'manometer simi|af to gauge 91a,
measures the pressure a port 70 and within the second vacuum
en'vir.o'n'ment. The inner bore of lift tube 62 and space 190 (see Fig.
" B) i§ evacuated to around 6.1 milliTorr. A control line 97b connects
20 gauge 90b to a mass flow controller 92b similar to mass flow
controller 92a already described. When the desired pressure in tube
62 is achieved as measured by gauge 90b, the mass flow controller is
operated, via line 22b, to inject helium into port 70 which raises the

pressure to a pressure of from 1 to 100 Torr, and preferably around

This Sheet Has Been Reﬂlaced

- [T




backpl ane 102 and shaft 50 with sealing structures. A top annul ar

seal 142 is positioned within-an an e G annel 143 formed at the 20

i nt er f acVQWEREN t he susceptor—ody VeERFEANY the backpl anePGHYSIS14231

- general |y around t he perl phg‘;ﬁséﬁi gcﬁpl ane2102 as illustrated in FIG
4A in greater detail . Seal profelaklay a silver conpression seal

made of 100% silver having a_generally rect angul ar transverse cross-

section. The vi g kol Olrngtliiutd fr @.@f%@hﬂq@t&é mﬁéqlgb{aﬁ mﬁ@gss T

- 23 - ment s ures

Is preferably enbod ...The

di ameter of seA93{Dst e pa:ﬂgl&e on&ajijerGIdggc@)F)%ﬁ r?ﬂ% tEet"'ﬁf t he
susceptor 40 and the placenment of the - channel_ 143 in susceptor
body 100 and bawafaran&/henoa wafsy1Qfiscnot present on sudace 104, itbe space

enbodi nent in the Figures.is manufactured by . - Pi nnacl e

Manuf act'uri ng i190Pmimdirect’comamanicatiomayity the ypaetionchamber 25.
5 Howaever, because space 190 is isolated from the first vacuum
" environment in volume 140 surrounding the heéting element 120,
'there is no damage to the heating element bv the éorrosive cheniical
vapors in the reaction chamber 25.
Therefore, the brésent invention provides complete

10 isblation of any heating eiements and other devices witliin susceptbr
40 and voiume 140 to prevent corrosion of those elemeﬁts. The first
and second vacuum environments 140, 190'along with the four seals
associated therewith effectively provide isolation of the heating
element environment from the reaction chamber environment.

15 - Simuitaneously, the béckside heating gas is introduced through a
second vacuum environment to provide efficient thermal transfer of
heat from backplane 102 to wafer 106. Seals 142, 150, 194 and
260 are able to withstand the high_ tem’beratdies' associated with CVD

’ pfocessin. | |
While'the'pl"esant' ihvention h’é’s been illustrated by
the description of the embodiments thereof, and while the
embodiments have been 'déséribed in considerable detail, it is not the

intention of applicant to restrict or in any way limit the scope of the

5 " appended claims to such detail. Additional advantages and




the di nensions of the annular seal 142 pa§ vareo—d endln% Rﬁ
t he construow©©6/15287t he susceptor. RIS SHEET HAS BEEN. ETUSPEMRIL o

of backpl ane 102 at channel 143 incl udgs. a 'REFBACED S sharply angl ed
ahnul ar ridge 146 which extends vertically dogﬁma and presses
into the soft netallic seal 142 when backpl an& ‘102 i's secured

to the susceptor bod 00 . t . 00
i ncludes a simlar 'Hﬁﬂ\ 5&t'ﬁﬁ§§gﬁl%d4§ﬁ?8yé34ﬁggg s%iﬂ)ed in the art. TR&%?C
extends vertically upward intq 142 e ridges 146,

and seal 142 insur éhPHHYeﬁt'Bj‘éé" ﬂﬁs}lﬁoagsélaspg%ﬁe"%’t "’f‘ﬁ@dltﬁtm §B%°'f'°

bet ween the suscept or backpl ane 102 and body 100 to isol ate vol une

140 from the react idgtaisarepeesergativg anpavatus and metbpde @dodugirative examples
reactant gases into volume 140 through the interface. :

The heater housi ng siwmant@escritied.t hecosdinglyy depanturé® may be madetfromm
annul ar seal 150 around the interface between the susceptor

body 100 agd shaft gibn GB@ifeSWitHouf 8@paftiife WA tRB'YYINE of S8bpé Bt dpplidant’s

conposite netal seal fornmed in accordance with international. Patent

Appl i cat i gn W5/ 3133%.,3{1“@},9% concept.

This Sheet Has Been RTlaced

||I||I|| AR




THERVAL CYCLE RESI STANT SEAL EFOR-YSE _IIN SEM - CONDUCTOR

- 24- WAFER-PROCESS NG ,
Corporatm"ﬂﬁaﬁzs‘mm ch i kTH@ Qe ed ehtirely herein by PETAISSHE31

Referring nowto FIG -6\ an app+opri ate sealing el enent or seal 150 is
shown enl arged. Seal 150~7S circular in thg formof a ring and 5
includes a rigi'd netallic core 152 and a ductile netallic coating 154 on

Lhe core 152 Fyeferabl y ASpbasidls T} SHieindyroghh b Swile? ks TS| |

and the ductile metallic coa 'S SI I'sS seen in

(i anond shaped 20 F%E?ecr@ %@ﬁ%ﬁ%@@sﬁkb%ﬁ“ﬁ???%&@#?ﬁﬁﬂwﬂé"af)fgeafgw 10

and 158, respectlvel The . cl a force generated by screws 113,
pref erably staﬁ'ﬂ‘@ﬁ@ [thg(g@,sen WW#FWQ@SM or upper gl and,

a susceptor assembly compnsmg a susceptor body with a
5 sealed space therein for containing the heating element and a surface
coupled to the heating element fbr éupp'orting. énd heafing a wafer, the
sealed space being evacuatable at a first pressure to create a first
vacuum environment around the heating element, and the susceptor
body operabie to effectively isolate the first vacuum environment and
10 heating element from the CVD environment; |

a heating gas delivery épace extending through said
susceptor body and first vacuum environment and communicating
with an opening in said surface to deliver heating gas between a wafer
and the heated surface and facilitate efficient thermal conduction

_ 15 between the surface and the wafer, the delivery space being sealed
from said first vacuum environment to effectively prevent corrosive
vapors from entering the first vacdum environment through the gas
: _deli'verv space;

whereby' backside heating gas may be supplied to a wafer

for efficient heating while thé heating element is' protected from

corrosive chemical vapors in the CVD environment.

T

-
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and the shaft 50, or lower gland, on th
a contact sW@6ASR$Y t he ductile coating
deformthe ductile coating 154 to acco
oh the susceptor and shaft sealing surfaces_Kg.an

respectively, but insuffici ent to cause ultl mat e fai'l ure ‘of the ductile
-coating 154. 2.  The apparatus'd? ibin A Airkhéceompriginy aldus seal

150 of the present I nvention, the core 152 has the foll ow ng

di mensi ons prior t core
Cross-secti 8n has %‘W%E’ng’“e"dmg ﬁ?@&ﬁéjé%acf@ ng£§é§ o‘r%?ﬁ?al naI
axis of symetry of about Q.267cm (105 ng% 8 271
(107 inch) Furtherthergto apd|a sealing,assemp F°‘H?%iﬁ9taepom°'hﬁgﬁﬁe tube a
L(2.645 in), and an outer dianeter of about 7.277cn(2.865 in), and

0] ably devel o
?PéﬁﬁN o pl REHU¥ 1éz1
e i

erfections 15

therefore the gas deliverysspdacectsr sealrthbestubecpomiorhaad £asi dalivery §pace
transverse the seal
- 25 - 5 from the first vacuum environment.

3. The apparatus of claim 2, the sealing assembly including

an elongated sheath surrounding the tube to define the gas delivery
space therebetween the sheath sealed from said first vacuum

envuronment

4. The apparatus of claim 3 further comprising an annular
seal positioned between an end of the sheath and the susceptor body

surface proximate the opening to seal an end of the sheath.

5. The apparatus of claim 4 further comprising a second

annuiar seal positioned between the other end of the sheath and the

||II|II| IIIIII i ) | Il

6. | The apparatus of claim 2 wherem the tube is coupled to a

tube-;

wafer 'lifting device proximate the susceptor body surface, the tube |
being movable to move the lifting device and lift a wafer on the

surface.

- This Sheet Has Been Replaced




longi tudinal axis of symetry of about 0.279cm (1 10 in) Measuring fromthe:
radi al Iy i nnernost edge of the: bl unt tips, the seal core cross-section

has a diwowseaszsef about L(2. 743 inay—\and measuring from t hPCTASYSI43

out er nost edge of the b e\iﬁh‘e seal core cross-section has a 5

di aneter of abou 7. O%me{az‘i‘ig%go n) _Thus, the upper and |ower blunt tips
156, 158 of the seal =€t on h&Pe a di nension transverse

t he seal |ongitudinal t
cross-section 7 The 3%@&&“6@*

of about O, OSlcn& 01 2 in The seal core

mafigvBereia & e $e59nd anvwilarseakces

164, 166, 168 and 170 '+ each of which forms an angle of about
50[err] with réspedynamiciseakwdiich alows movehmnlglofmuuerm.lbeamm respegtmet ry.
The netallic ductile coating 154 : applied to core 152
preferably has tRefdtbckness of about 0. 076mm (003)to about
0.127mm (. 005 i n) The stainless steel utilized
in core 152 is preferably 174 stainless steel heat treated to
condition H1 100. The above- _ ment i oned" di nensi-onal | i mts apply
prior t03|lve pl ati ng The silver plating
Is to be appli d per QQ ﬂsfaf?%/%ﬁ!?éﬁ\ %doyherem%ge annular %8 éf hi ckness
of, as specified above about 003 inch)to about 0.2127mm 005

nickel seai O

9. The apparatus of claim 1 wherein the heating gas delivery

space is evacuatable at a second pressure to create a second vacuum

environment in said delivery space.

10. | The apparatus of claim 9 whe;ein_ the pressure of the
se_c_ond_vacuum environment is IeSs_.than t_he process pressure to
vacuum hold to the Susceptor surface a wafer. positioned over said
surface openmg, the second vacuum envuronment |solated from the
5 ﬂrst vacuum environment and the CVD environment when a wafer is

so pos:tioned.

.1' 1_. The apparatus of claim 1 further comprising a support
coupled to the susceptor bodv, the. suscebtor body inc!uding a body
member and a planar member coupled to the body member and having
said wafer heating surface thereon, a first susceptor seal sealing the
5 interface between the planar member and body member and a second

susceptor seal sealing the interface between the support and the

‘This Sheet Has Been Reﬂlaced
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inch)and uniformw thin 0.025mm (001 in | ating, the seal 150 is to

be WO 96/15R8%ed to 190.5[err] C ( 715:&@,4 ree HROSEFYSISH4Rnpye
hydrogen enbrittlement 20 from @.b\ er plating, the

di mensi on of the seal cross:section D | the seal

| ongi tudi nal axis of symetry should be withim about 111

I nch)to about 0.297c 17 1| Th | 150
thus)fabrl cated nd? Vaé"}?é“‘&eﬂ' ééﬁ seajs facilitating isolation of the, first v ?éﬂéﬁ? ed

thermal cycling. The seal 150 has successfully

- 26 - envitpnementfrom thg G\ eneironMmentgh two thermal cycles with
no signs of | eakage. The seal 150 therefore is constructed of
arigidnetallic core material with a ductile coating that
will plasticly deformto acconmodat e the surface

i nper fections thatqgxist on fﬁ@aﬁ?ﬁl‘étﬁg dta@1afm 11 Wherein the fifst!sicabtdid,
such as the surfaces 160, 162 of the susceptor body

~ seal is a silver seal.

13, _ _The apparatus of claim 11 wherein the second susceptor

seal is a composite metal seal.

14. The apparatus of claim 11 wherein the support has a
hollow space thérein which is coupled to the sealed space of the body
such that vacuuming the support space creates said first vacuum

environment in the sealed space.

18. The apparatus of claim 1 wherei_n the pressure in the first
vacuum environment is greater tha_n said process pressure such that
leaks in the susceptor assembly are effectively directed out of the first

vacuum environment and into the CVD environment.

R
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100 and shaft 50. The di mensions of the core material and ductile

coating nust be |arge enou h__ -ersur® that the total seal thickness,
cont r ol SWOEN8BIar at | qTOT SLaR6RS len the sealing facePCEUSPHI4231
gland. Furthernore thg §‘é°‘a ing € enents (typically screws or 10

bolts) nust provide suffick Cltyaxat the operating tenperatures
to accommodate any thernally I nduced di nensi onal changes and

mai ntain suffiggent -cont AGuseepdT fo? éﬁcfehﬁyswéﬁng? afﬁﬁf’efr mtnirhs ©vend

at all tinmes. he mat eri the cl anpi ng

el enments, gla ?(ﬂ'ﬂﬂ . de the o
correct conbi m 0 lsta%%%%?fle&nge{y 's?’%tﬁ‘&ls%é:ﬁl&%@&ér na @;dpanm on to

m nimze the change_ in_the %sea face separation di stance
Throughout | ¢ he BRSSPI TG i, ENR Shrphfipce ogmerising: P2 3,00 1]

drive shaft 50 is- preferabl fabricated of 17 4 PH stainless

steel, and the susceptora DEG}E'WODO“Q_WMQ!)M hody sounted o e sunRart 20
400, a copper and ni ckel based alloy as al ready discussed. The

cl anpbng el eneghaftrandréoritaimivg dies ihgatingeelemeati ed to al | ow the

el enments to maintain clanping of the gland seal faces throughout the
- a planar member mounted on the susceptor body and
coupied to the heating;element;'the 'blanar member having a surface
for supporting and heéting a wafer;
the interfat;e between the susceptor body and the
10 support shaft and the interface between the susceptor body and
planar member eaéh béihg sealed to create a generally vacuum-tight
" first space within the susce_ptor body which surrounds the heating
element and effectively protec;s the heatihg'élement from exposure to -
the CVD environment;
15 - a gas delivery tube extending through the susceptor body
. and first space to deliver backside heating gas to a wafer placed on
said planar member surface;
a sheath surroundihg épbrti'on of said tube and creating a
second space between the tube and sheath; one end of the sheath
20 coupled to an openfng in the planar member to dir_ect the backside
heating gas from the tube to_lthe wafer, the sheath seaied. to the
pianar member at the end coupled to the opening and séaled to the

tube at the other'end such that the second space is effectively

isolated from the first space so that backside heating gas may be
R — _
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operating tenperature range. Seal -150 is | reater detail in

IB-%SHEaf;g(seégé

| nt er nat i onaWO96A8MAt Appl i cati on WO 95/ aboWET/USIS/14231
- 27 - : Anot her appr@ﬁmmg seal "structure for
seal ing the i nterface between sy y* 100 and shaft 50

is the Helicoflex G0 seal type HNV 30/:Rart” No.© H 303183 from

Hel i cof | Corrponeateiiﬁl red_ to ) the, yater %‘fbéﬂlfﬁle%o@k%hﬁt hggf'E% %P#rbﬂé‘

Referring to Fig. sprr
i 202 whi ch h th
forma general |y ufh Z\eﬁgsrﬁitem?\éewiﬁp t5¢ BBAEGR plemen spmains bRotSEted figf

of I nconel 600 surrounds sprlng 202. Internedi ate | ayer, 204 has
opposi ng angl ed en dae £YrosHesC RRNIGR! MAPOSS %%h@rﬂVQrE"Y'EQ'V“aﬁbund
the spring 202. On the outside of seal 200, a layer of nickel 208 10

surrounds spring 202 and internedi ate |ayer 204. N ckel _|ayer 208
has tapered ends 209, 210 and the nickel |ayer 208 is wound aroun

NN Yo

i f\ii\‘i‘f‘”“ .



spring 202 and i nternmediate | ayer. 204 such that ends 209, 210
overl ap x At trHe—+-op anre—bottgm surfaces of the seal e ridges

212, 214 e prfafSeﬂS!ﬁﬁHd‘\ﬁ(ﬂEﬁ?éc with a point. The ridf&I YU 15
into the respectlve su_rfaéﬁé\cé_’? -thelinterface between body 100 and o
shaft 50. Ridge 214 Ys—showrenbetded i nto44uw face 216. Seal 200

operates preferably around 450[err] C maxi mum and is conpressed with a
seating | oad of hproxi matlHe/sesceptar v6[ctaim 1§/whaidin the siesve iscdperdbie

i nterface surfaces are preferably machined to a groove finish |
of less than or yo3tfectively iSoiaed tﬁ@sé’é&ﬂd’ébﬁ@é #/om Gathth ?3%3@“ nd
I nches)rns, while the hardness at the I nterface ?(f

preferably be g éﬁét@vtg Jiﬁ/}o‘?{mmhehoa Wé%&%bﬂ?;h&iéfy Fovers the. 8ppgg{\592'gg|v on

t he Vi ckers Hardness

200 has a gener circular cross- section having a
pref erabl e cros?’gé’é '?‘HHRF"EH%W on of 0.277am (109 i nches)
REPLACEMENT SHEET

18. The suscéptor of claim 16 wherein the CVD environment
is at'a process pressure and further comprising a vacuum systém
coupled to the second space to evacuate the second space to a
pressure less than said process pressure for vacuum holding a wafer |

5 over th'e planar member opening;

19, The suséeptor of claim 16 Wherein the tube extends
in.éide the sheath- and is movable with respect to the sheath, the
susceptor further comprising a wafer liftiné assembly coupled to the
tube aﬁd positioned proximate the planar member opening to lift a

5 wafer away from the planar member and opening when the tube is

moved inside said sheath.

e
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-+ 28 - The ni ckel of seal 200 H?ﬁm/\,fs t-o—whitst and re eat ed

t her mal cycWD96/15287 which is ableft %t%susxﬂé’ﬂ&?’?’
cycling. The ring di anet er - of t A&FDseaI i150 or 200 for
the enbodi ment shown in - the Fi gq‘r§s I's-a tely 6.99cm
(2.75 inches) however the ri:ng dianmeter -.and cross-sectional

di mensions of the .el will RW&&?'&&Q&:Q&%‘E@@S@ or mc&:&n% dszir&f)%g%t he

suscept or di nensi eal s
provi de a heater housing vol und..t he eatlngﬁflene nt

120 which is generSHRRP ésWFr‘?jhta hepting element °°“‘8P8ttgc'thet AEa P ipat a
el ement. Vol une 140 communi cates with vacuum 10 space 75 and is
thus evacuated to waterpprshe suriagerand acackside gas system for delivering \9@35 haf t
50 and space 75. Preferably, volune 140 is nmintained at :

pressure which i s hétwvemmnthesvafer aht gurfacehtay peomoteithermaltrassfer drom the
mai ntai ned wthin reaction chanber 25. In that way, any |eakage

i eerund $75 ¢ auER BAERA S Werbe U O heusr s it
a first space in the susceptor for housing the heating
element, the first space being sealed from the CVD reaction space to
effectively prevent corrosive chemical vapors in the CVD reaction
space from affecting the heating elements:

10 : a second space inside of the first space and surrounding
the backside gas system, the second space coupied to an opening in
the surface to direct gas to a wafer on the surface for efficient heat
transfer between the heating element and the wafer, the second space
being sealed from the first space to effectively prevent corrosive

15 chemical vapors from entering the first space through the second
space and affecting the heating elements;

whereby backside heating gas may be supplied to a wafer

. for efficient heating while the 'heating element is protected from

'eorrosive- chemical vapors in the CVD environment.

* [4 L M $ *

e

et Has Been Reﬁaced

T



corrosive reactant chem cal gases and vapors which are utilized in the
CvD proces 6%?/ h| n chanbe__-;. >—do1not enter volunme 140 and

corrode of 0¥k TARge 1A hg el ement 120. The susceBFHP”s’“”l

body 100 and seals M : Q[cﬁﬁb fonma first vacuum environnent 20

[ Tled at -agressure in the range of 133
Torr to 100 Torr)depend| ng on the

N/rr[err] to 13.3 Krr[err](l

process pressur2lawithin tThke susceptor of clgint20owhebeinTthe SEcindy d t er nal
pressure of volune 140 is approxi mately 3.32 KN/ m e 25
Torr) The seal seffdgtivaig sbaiwﬂanﬁbatms@ ftrsts bare tal
seals which are able to wthstand the el evat l(:jace and the'EY léEﬁOHg
REPLACEMENT SH - 29

t -esr‘r:gevrvgte ﬂrae‘sNaJ?r iy plaged °"8v[5“8r ey ﬂﬁe'éfﬂg are thus |
functl onal after several or nore thermal cycles.

VWhen volune 140 is vacuurred heliumis al so introduced

L
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ainto FIG 3, a suppl 5
PCT/US9S/

pressure

imto the first vacuum environnent. Referri
of helium OWOS6/8b| ed to vacuum | ine 22aftyiglg]
appropriate val ve device 90a deternines t ein
ih line 22a and the pressure at port 74, el 11
pressure in space 75, and ultimately, in vol une 140~ |G 4).

Gauge 9la measuresgbhe Internaﬂnem@&saf gfidiendy tmn%o wikh 2PRéatirld element,
enbodi ment of the .invention, Gauge 9l1la is preferably~a capacitance

RIS S04, S R, Ao B it

Andover,” Massachusett. . . . . SUI ta pressure
has been produced Y‘ﬂ‘@o? fiegrively, isolating tﬂﬁd?ea&_mﬂeFéﬂ?ﬁ'?tl devi ce

92a, such as MKS nodel 11 59B- . 00100RV- S nass flow controller
avai | abl e from MKSenvkenmeshcomarising: Andover, Massachusetts,

I ntroduces heliuminto space 75 and vol une - 140. A control line -
97a coupl & gauge 96a to nasplacimgvacwateradd arsurface of a susceptar, tthecont r ol

the introduction of helium The helium surrounds and 20 protects

the heating el emengudddbton havieraspacé thetdin ¥6F Holidi a Wdsting element
coupled to the sufface to heat the surface and the wafer;
| sealing the ;usceptor space with respect to the CVD
- reaction space to effectively isolate the heating element from the CVD
10 environment;
| directing backside heating gas into a space extendin§
through the susceptor space and through an opening in the susceptor
surface such that the gas contacts a wafer on said surface and
facilitates efficient heat transfer between the wafer.and the heated
15 surface; and
. sealing the gas directing space with respect to the
susceptor space to prevent exposuré of the heating element to the gas
' directing space and to further effectively isolate fhe heating. element
from the. CVD environment;
20 whereby the wafer if efficiently heated while the heating

element is protected from corrosive chemical vapors existing in the

CVD environment.
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the principles of the present
evacuated t-o around 0.013. N.pje
i nt r oduceM0O96/15287 - caISLAg
pref erably around

i nventi-en, the volume 140 is initially
erTl(ked \ni [ 1iTorr)and then the heliumis
pressure to between 1 aRQT/USYS/IAZIY ) and
. - Ferr] (25 Torr) Control line 97a
comuni cates the iniitialy i pressur.eg®t WO 96/ 15287

PCT/ US95/ 14231 ' tenperatures utilized in CVD processing and

are thus functiggal afterThe method of cWQdeﬁhéﬁ%ﬁgﬁrMﬁﬂ%e@(@& ?F-
When vol une 140 is vacuuned, heliumis also introduced - into the

first vacuum _enmheggwgg&af&%rr rzha%mgga%]yiﬁpﬁgeé%g &gﬁ&&anmg%na

of helium94 is co to vacuum |1 ne

appropriate val i C det ermi nes the jnternal -vacuum pressuye
in line 22a andg@eﬂgﬁérq,??s%?%ctmg pBdte %&m\%ﬂtbﬁ?\ei.ﬂlspgpmr §%ﬂ‘% ?ﬂé tFue
pressure in spage 75, and ultimately, in volunme 140 (see FIG 4).
Gauge 9la measur¥D (@ACtOR $NAGR. pressure of vol ume 140. In one

24, " The method of claim 23 further comprising the step of
evacuating the gas directing space to a pressure lower than the
process pressure to create a vacuum hold of the wafer over the

surface opening.

- 25. " The method'df claim 20 'fdrthér comprising the step of
_maintaining the susceptor space at pressure greater than the process
pressure such tﬁat Iéaks in the sealed- susceptor are effectively

directed out of the susceptor space rather than into it.

- |
TR




10 enbodi mrent of the invention, Gauge 9l1la is preferably a

capaci t ancewo 96/15287 manoneter, and a suitabl e manoneter fRET/USHS/IAIsent
i-nvention is the MKS nodel #122A-00100DB avail abl e from MKS

[ hstruments in Andover , I\/assachusggt,s

After a suitable pressure has. been produced in volune 15 140, a

88%68?3& 's"“rfaii”i{ oZ8ont v of | e, Fiehfiof e \iaind 23llvnbiein the sysceptor includes s
Al , Ma 7

1a0. A control 11 néuoartdl BREV 668 o Bladl gt Bafifg e Rirede dpreon and
92a to control the |%roduct|on of heljum The helium surrounds and 20

protects the heati fYrBEEIRRINGES @ 935 dg Y%Mt'b‘lbe@?‘tef‘ﬁ'%UUPHSHO‘@'WSHHCW‘W

the principles of the present invention, the volune 140 is initially
evacuated to aroundagiyland susgeptor spacettordeliver thackside beating gas dodhe
raising the pressure to between 1 and 100 Torr and preferably around

25 Torr. @ntrol | |vnefe97ﬂ1e:m‘mbddmﬂmrtdmnpmlhgal i nternal pressure of

surroundmg the gas delivery tube with an elongated
sheath. the gas directing space bemg_ formed between the sheath and
the tube; |

sealing an interface between one end of the sheath and

10 the tube; and | |
seaiing _an intefface between the other end of the sheath
| aﬁd the planar member whereby to seal the gas directing space from

the susceptor .bedv and effectively iso.late the heating element from

the CVD environment.

27. The method of claim 26, the sealing steps including
positioning an annular seal structure arou_nd the tube end at an
~ interface between the sheath and one of the tube and the planar

_ member.

28. The method of claim 27 further comprising compressing a

nickel seal at the interface between the sheath and the pianar

) G

member.
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WO 96/ 15287 : PCT/ US95/ 14231

- 30- R space 75 to flow controller 92a to control the flow of

hel i um t WO 96/15287 achieve the desired end pressure. PCT/US95/14231

As di scussed herei nabove, for a nore efficient heat ' transfer, a
backside gas is provided to the back of wgher 106 which 5 rests -

on surface 104 of the susceptor backplane I02. Generally,

t hermal respon and heat Yl ; LiS, i%ﬂﬁ A

gaseous heat t??ﬁsf er miﬂt}gn"%féh%&?\i%ﬁg é?@ede‘ﬁert e ﬁ}ég@@m%ns‘%p of
suscept or backpl ane 102 and_the backside of wafer, 106. wever

25 di Scussed ARSPHONRG & QEparle 260 Athicture, 28 The dosatacs BetwiRes dbe tybe
heating gas, a penetration-or opening rnust be nade through the :
susceptor and 9 sheathrtoyaliaw sngyemaat of shesube withitpthershaath.
CGeneral ly, such a penetration would provide an opening into volune

140 whi ch houses heating el enent .120. When a wafer is not present

over the opening in susceptor backplane 102, there is a direct path 15

fromthe reactigg chanbeThebmiethodlot Blaifft@7onferdlA thedids deetyatbe is

movable with resp:e'ct to the _Susceptor bbdy, and is coupied to a wafer
lifting mechanism, the methad further comprising lifting the tube to lift

the wafer away from the surface.

31. The method of claim 22 wherefn ihe Sus&éptor includes a
susceptor body, a lsupport fixed to the bottom of the body, and a
plaﬁar member fixed.to the tdb of the body 'anlc.I' having .said surface,
the .s.usc.éptor space .defined-by said body, supp;:ft -Iénd planar member
5 - and the step of sealing the sUsceptor Space- combrisingz
sealing an interface between the susceptor body and
support; and o

éealing an interface between the susceptor body and the

p———— L

32. The method of claim 31 wherein the step of sealing the -

interface betinieen the susceptdr bédv and planar member includgs

compressing a silver seal at the interface.
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120, thereby all ow ng—corrosive vapo@‘f‘o reach heating el ement 120.

In accor dan¥0 $W/158% he present . PEHUSIYIAR! o
second or inner vacuumJﬂtl g m ‘ eated within suscept or
40 such that backside Lgas rray e presgyted to the 20 waf er

106 wi t hout exposing vol une 140 and heating el epent:i120 to

corrosive chem cal ggpors. ThFhé Athod SS¥UsIBIre 134 Wfﬁmtﬂessﬁ(ﬁ&f SS’ahng the
around hollow lift tube 62 and is isolated fromthe first vacuum

ol | ow ol ong al mostNartadH pRFERS sHe s\Scap; oinl 30d yupbirt italifed ., °

WD 96/ 15287 PCT/ US95/ 14231
-31 - tGRMBEasSing armetal seat Baving avigid mesal 9%"%%%‘!‘@ dyetilg; ¢
tube 62 is " preferably stainless steel and the top end thereof
includes a solid coating at thesinterfieces steel tip 176° Tip 176 connects to a
wafer lifting assenbly 178 which preferably includes

approximately three radial |egs 180

This Sheet Has Been RTila




5 with lift piLns 182 at the ends thereof which rest against the
backsi de of wafer 106. (See Fig. 4). Lift tube 62 noves

verti cal IVW‘RW dHMH]“”"I"I"I aft 50 and through afCAHSP¥ 4231 of
opening 184 forned w lllllllllmbackpl ane 102. As nentioned above,
lift tube 62 is noved Upwa - &2- downwar dl y appropriately 9mm
to raise and | ower wafer 106 10 The tip 176 includes a

r educed- di anet er 334).rt i on whA dhethodoef depositing a layer of materidi@n §t ruct ure
185 positioned coaxially with opening 184. Stop , structure 185
includes a COopersﬁm:aanﬂﬂdt&aﬁafbrab’?hﬁénﬁ&]t\)éiibr"lﬁxﬁﬂltlon (CVD) inclubling t S

the upward novenent of tip 176 and tube 62 as nmay be see

FIG 5. 15 : t um envi ronnment,
lift tube 62 is U@ Step of heatin oung"ﬁ’gb% ‘rhg ﬁ*s?a%@%?ﬁ'ﬁwéaﬁﬁm ess steel
sheath 186 whi ch extends i cov rs a portion of tube 62.
The top end of sheath 186 pacmgawafe; HBQQJ a‘hﬁﬁs 1RFOGnthe,, in one
enbodi ment of the i-nvention, fi xed to backplane 102 with
screws 189, Li ke SUSEePwy nmna@asmqe thegein for housing acheating elementcat h 186
ext ends through the center of the susceptor 40 and heating

el emrent 120 and a:laulpiedagamssubiacbnbdmat the surface and the wafer;

sealing the susceptor space with respect to the CVD
reaction space to effectively isolate the heating element from the CVD
environment; |
10 directing backside heating gas into a space extending
through the susceptor space and through an opening in the susceptor
surface such that the gas contacts a wafer on said surface and
facilitates efficient heat transfer between the wafer and the heated
surface: and |
15 | sealing the gas directing space with respect to the
susceptor space to prevent exposure Qf the heating element to the
CVD reaction space and to further effectively isolate the heating
. element from the CVD.environment:
introducing CVD reéctant gases in the proximity of the
20 wafer to react and deposit a material layer on the heated wafer;
| whereby a mateﬁal layer is deposited on a heated wafer
while the heating element is profected from corrosive effects of the

CVD reactant gases cont_ribqtfingito the material layer.
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102 proxi mate opening 184.  As best .IFen Iin FIG 5, sheath 186

defines a Maﬂlﬁz%acelﬂlnlm' mﬂemm mlsheath 186 and out er REFUSS/14231

191 of lift tube 62. A res 192 are fornmed in the |ift

WD 96/ 15287 53 - PCT/ US95/ 14231
- 32- t ube 627 The™ Apertures” 192 are within the portion of tube
62 covered 35. by tiThesheehdd b&&:fﬁndsarmrﬂmfeémbkm%fmm of

radially around tube - . 62. The apertures 192 and tube 62 provide

o ovacunt od by pEiecif® water quer the a8 cRerivy 16 caver e 'Ry okl ")
For it ?idﬁifﬁgmﬁﬁgﬁﬁgﬁ%s arecting space, 5 bt fnd SaBhAGeYBGRIT RS

space 190 for deliy ‘Zoy to the wafer 106 t hrough opening 184.
Backsi de heating &e€DirRBFERRSRACBY suppl y 4 94 and line 96b noves
t hrough space 190 and through opening 184 10 to contact the backside

of wafer 106 for efficient t'hermal conducti on |
- 36. ~ The method of clalm 35 further comprislng the step of
evaéuétmg the gas dlrectmg space to a pressure Iower than the
process pressure to create a vacuum hold of tha.wafe_r over the

~ surface opening.

37. The method of claim 34 further comprising the step of
mamtammg the susceptor space at a pressure greater than the process
pressure such that leaks in the sealed susceptor are e_\_‘fectwely

directed out of the susceptor space rather than into it.

—
—_——
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bet ween backpl ane 102 and the wafer. The backsi de heating gas is

di stributed around wafer—i66—by—+adi-al—channel s 193 and an annul ar
channel 1W%® 8528ct i ng of channel s 193 which are fRETEYSH431
the top surface 104 of ﬂﬂﬁf m d| al channels 193 receive 15
‘the | egs 180 of the wa Iy.54- I n

.accordance with the principles of the present I nvention, space
190 forms a 56009? vacuum ?H&'rh@fﬁ&"bf \Wdif 34t\bﬁere|n the suscepﬁl‘siﬁemd@s do0
i sol ate heating element 120 from corrosive chemcal @ - vapors.

Ref t Fl h
top end of Sheafﬁ“%%d@h%@%ﬁ“ﬁgﬂ%ﬁér Hlerhbi hAViEB aceﬁéqe ffbreon and "¢
i nterf bet back 102 h h fl

oar | 104 i S br ot Brdber, InGhiHes.e 098 HRIMeRe Ta e%?ﬂ&ﬂaaé%swé@@%%mmr

and available from State Seal in Phoenix, Arizona.: The seal 194
ext ends around t hedylansk susceptoe spack o delivenbackside haatimongas taiheel

5 wafer, the method further compnsxng
surroundmg the gas delivery tube with an elongated

sheath, the gas dlrectmg space bemg formed between the sheath and

the tube, | |

| sealing an interface between qne“ end of. the-sheath and
10 | the tube, and
| o . seahng an unterface between the other end of the sheath
and .'t'he 'plenar member wherebv to seal the gas dlrectmg space from
the sbsceptet body end. .effe'cti\'rﬂel'y iselete the:' heating element from

the CVD environment.

' This Sheet Has Been Reﬂlaced
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-34- environment. The seal 199 is preferably a dynam c seal
whi ch al | oW O 96/15287 novenent of the lift tube 62 ther ACIVURIHIM231

wi t hout conprom sing the ' seal forned at the interface between
the wall 191 of lift tube 62 and . the cylindrical flange
portion 196 of sheath 186. That is, lift tibe 62 5 ~ slides up and
down with respect to seal 199 and outer vval0”191 noves
adj acent seal JPQ wi fniout dereterrous erfreLrs o the Tregrity
of the second -vactiun] eV romTET 2 Sturt3blre

is the VITONJerr] Yeehl} avail able from Stdt4 Seal of Phoenix, Arizora.

The VITON err] seal 199 is circular in crqogs-section and preferabl as a
10 cross-sectipnal dinension of (4.378cm (070 inches). The |dijanmeter
of the ' bnhul ar seal is prefgrgbly 0.607cm (239 inches)i,
al t hough the di nensi png of the seal may’vary as discugsgd
above. h The vacuymlspace 190 is fornmed bet

fl ange 188 “and s 194 at tlhq upper end of sheath 184 gnd
flange portion 196 15 and seal 199 at the | ower end of shedatjh. 186.
Apertures 192 for the EVATTIAL] e 190 and the
I ntroduction of a ba¢Hki :r-‘—:-—;-:m

_— ]

e
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»
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gas are |located in tube 62 between seals 194, 200. Space 190 is
pref er abl ywowensagmed at a vacuum pressure of approxi mat el y PCGHUSSBMEBL 1 (1

Torr to :
chanber 25. The 20
During CVD processing,

100 Torr),

the pressure in "2/5 =

dependi ng .on the process pressure within
preferred pressure is 1.33 KN'nferr] (10 Torr)

general ly mai ntained | ess than the process

reacti on chanber 25 when £wafer 106 is present'

within the
surface 104

of the susceptor backpl an

w T ace 190 is
-l|[. 5 ,IT'

102. The | ower pressiffie

wi t hi n. space

190 maintains a vacuum hgfgidown of the wafer 104.
- 35 - XWe cov he a@pgpi 184 and channel s
193, 195 ' ' e Qysid backpi’an® 102.
Wien the wafer is C et = i S
| owest vertical,ﬁg | Y 2 osi tioned wthin
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TR AEE \
= . 45
43 — =
- I
ﬂf” TR
i 1“
1' l-l ; 145
BFR W O
29 L4 I
I2
/4 " 6&
4 |
ST g6 <
[ AN ;.-'.e:-.';-_’-. §
N SR TR 0N
N l N
Al
47 ~— j
o
S0 |‘|
-7 -
I =3
Y77 N
W \
;\ FIG.Z
I
1|
radl =
&0 : - leq
70 <t 42b

éé




5 channel s 193, 195 forned w t hi n} Bgaslspkegad 8een Yen .
processi ng woo6his281 conpleted, the lift tyube Ogepacgmi sed V\hpghnﬁgsf'%‘&l

tip 176 and the lift-pin assenbly 178 such-that.lifi pinst182 press
agai nst the backside of wafer 106 and break the vacuum seal so that
the wafer can be renoved fromthe process ¥anber (See Figs. 4 and 10

5). The secgnd wacuul vironnment inside tube 62
and . space 190 is created %g‘ i ntalned very sinilarly to the
way in ‘ ich the first engqonnment is crea and
mai nt ai ned. ferring. n pe F uum|! i ge b
connects with port |70 15%& 7q paNt Ie_gjgg‘_[ al yin ‘Z;
mechani sm 90b. The|pr ¢ssure gagige f 1b, sugh as a qap tance
manoneter simlar o gauge 9l a, i sures the presqurq a port
70 and within the 4ec¢nd vacuum | ronment. The ilnnqr bore of
lift tube 62 and spgacg¢ 190 (see Fig. ' 5) i sdacuatled [t o around
0.013 NNnferr] (0.4 mijlliTorr) A contol e connefts 20 gauge
90b to a nmass flow si R}l a s f
controller 92a alrg j t es // e
§ - AN
N ' N
\:f//// ',i / l l /// ’\\
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62 i s achieved as neasured by gauge 90b, the mass flow controller is
‘oper ated, viwod6/152822b, to inject heliuminto port 70 whi ch rECHESISHNS]
pressure to a pressure of from 133 NNnferr] to 100 Torr) and preferably
atound

REPLACEMENT SHEET
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, 10 I sol ation of any heating el enents and-et-her—deviCé Ubes/14231

suscept or wo 96/15287 40 and vol ume 140 t of pugseEd’ T #5681 pn of those

el ements. The first ' and second| vac RE-AFRA ronnents 140, 190 -
;along with the four seals J8 assogiatedTnerew th effectively
provi de isolation of t heatl "7 element environment fromthe
reacti on chanber envir . AEB.Sinultaneously, t he backsi de

2 second vacuum envi ronnent

heating gas is iﬂﬁ odugecd= -
. heat from backpl ane

to provide effici

102 to wafer 106 al Sczldy, 0 an 200 are able to
wi t hstand t he f}‘@b | 4fth cvD
processing. | 2 ,l e the present i ntion has
been illustrated . p n of t enb er eof
and while the 29~ p22n descliyped i aby &
detail, it is notf ifnt enti oh of 'appliaﬁores rcr or 11
any way limt th Cohe7b appended c siygh L2
Addi ti onal adva s/a l 1
N
\‘ R LN 4 o5 2
NN
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- 87 - CLA MB: 1. A wafer processing susceptor (40) including a
surface (104) to support a wafer (106), ating elenent (120) coupled
ta the surface (104) to hgat a Wa.fe-rdé‘ %*ﬁ the surface (104) and a
backsi de gas syst.em f.qr. €}, |‘ver4‘ng G < between the waf er (106) and surface
(104) to pronote t_gegnﬂahv'tf' NSt er fromthet heating el ement (120) to the
wafer in a reaction space (25) conprising a first space (140) in the
susceptor for hoasuong phessueatnside ehemellow ddvg shaftaodmwithinptiee (190)

i nside of the first space (140) and surrounding the backside gas system

the second spacegusd@pftordntiriords traaintdiné@d@niangreskfe suffidiontiy usiveeehid 04) to
direct gas to a wafer (106) on the surface for efficient heat transfer
bet ween the heat}0oehRERRActidn éRambRP o (de% eV 8'vaduliRwithin the
susceptor which operates as a vacuum chuck to hold a wafer against
5 the heated suéceptor backplane during processing. However, the
penetrations in the susceptor and susceptor backplane, as well as the
interface between the drive shaft and susceptor, provide paths for
corrosive chemicals to enter the interior of the susceptor and come
into contact with the heating elements. As a result, the heating
10 elements may be damaged, especially whenever a wafer is not held to
the susceptor backplane under vacuum to block the backplane
penetrations and openings.
Furthermore, penetrations through the susceptor and
backplane must also be made to provide a passage for the heating gas
15 to reach the backside of the wafer. Again, the susceptor heating
elements are somewhat isolated from the corrosive chemical vapors as
long as the penetrations are covered by a wafer, but when t-r;e wafer
is not present, there is a direct path for corrosive gases from the
reaction chamber to the heating elements through the heating gas
20 penetrations.
U.S. Patent No. 5267607 describes a sputtering
appératus having a heating susceptor in a vacuum chamber to
support a wafer. A heater is secured to the underside of

the wafer-mounting section of the susceptor and heat
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characterised in that the susceptor (40) is for use in a CVD..reaction
space (25); in that the first space (140) is sealed in use fromthe-CVD
reaction space (25) to effectively prevent corrosive chenical vapors in
the CVD reaction space fromaffecting the heating elenent (120) and in
that the second space (190) is sealed in 4sefromthe first space (140)
to effectively prevent corrosive chemcal vapors from entering the first
space (140) through the second space (190) and affecting the heating

el ements, whereby backside heating gas nmay be s lied to a wafer_ for

ef fici ent. heat?ﬁﬁnsﬁhrl@a@héiheﬁﬂPHbléﬂeﬁ%htal§UBFEF€EPEH1Yr6H$E%¥?0%?%%3

chem cal va ors in the D enyi ron
38 - P etween the wag m% the topside of the wafer-mounting

section. The gas is exhausted at the centre of the closed
space to prevent it affecting the wvacuum environment. The
apparatus is for carrying out a PVD process.

There is a need for a susceptor or similar wafer-
supporting device for use in a CVD environment which
provides adequate isdlation and protection of the heating
elements from the lcorrosive chemical wvapors both during

processing of a wafer and upon
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2. A susceptor as clainmed in Claim1l wherein the second space (190) is
in use effectively sealed fromboth the first space (140) and the CVD
reaction space (25) when a wafer (106) is placed over the surface opening
(184). 3. A susceptor as clained in either daiml or daim?2

i ncludi ng a susceptor body (100) with the-fafst space (140) therein,
wherein the first space (140) is evacuatable at a first pressure to create
a first vacuum eempbrehotthe savafend Thene iséatthegaciead:far $Ud0a, demick wWihdch
susceptor body (100) is operable to effectively isolate the first vacuum
envi ronment  angsoigwkithe KAty klefetts Wwhileproeiding satisfaceonehéating of- A
susceptor as claimed in Caim3 further conprising a gas delivery tube

(62) extending iwd Qudree §e&emé ﬁ%: iAg| batkside RBAGARG (gHROb e WRlfky fdr JasS
thereto and a sealing gsse v G‘Sl guﬁrrogndel ng a |goort|on of tﬁg ﬁjrbe

(62) and - more efficient heat transfer
5 ' ma f The Invention

To address the needs within the prior art, the present
invention provides a susceptor/heater assembly which utilizes twe

Seeale a
separate vaecuunT environments to effectively isolate resistive heating

elements from corrosive chemical vapors utilized in CVD processing.
.10 | In accordance with the brfnciples of thé present
inventidn. a susceptor located inside a CVD reaction chamber includes
a body which has formed therein a heater housing for supporting and
containing one or more resistive heating elements. The heating
 element is fixed to a susceptor béckplane mounted to the body which
15 heats and supports a wafer during CVD processing. The heater
housing formed within the susceptor body is evacuated to create a
first vacuum environment. The first or outer vacuum environment IS
133 NIm?2 o 133 N/ ?
lmamtalned ata pressu;:lc‘): approxlmately[_@ Torr to 100 Torr) and
preferably around1(25 Torp. The pressure within the first vacuum
20 environment is also preferably maintained slightly above the process
pressure within the reaction chamber. As a fesult, any leakage
between the reactioﬁ chamber and tﬁe first vacuum environment in

the heater housing will be out of the heater housing and into the

reaction chamber rather than into the heater housing. The first
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gas delivery space (190) to seal the tube portion and gas delivery space
fromthe first vacuum environnent (140). 5. A susceptor as clained
in. CQaim4, the sealing assenbly including an el ongated sheath (186) -
surrounding the tube (62) to define the second, gas delivery, space (190)
t her ebet ween, the sheath (186) sealed in usé-fromsaid first vacuum

envi ronnent (140). 6. A susceptor as claimed jn Caim5 further
conprising an annul ar sedi2qkssiph g 98ads dsdv a?!ﬁ’”@ﬁda gplieyewafer

- 39- sheath (186) and the susceptor body surface R.r oxi mate the opening
(184) to seal arifetipewhigh expendsthreggh. openings within the susceptor body

and backplane and connects to a movable wafer suppbrt. The lift
tube provides gas, such as helium, between _thé wafel_' and backplané
5 for efficient thermal conductivity between the resistive heating
elements, the susceptor backplane, and the wafer. The lift tube is
vertically movable to lift a wafer on the backpléne and break the
vacuum clamping hold and extends generally concentricaily inside the
suséeptor drive shaft. A second or inner vacuum environment is
10 . maintained around a portion of the Ii_ft tube proximate the backpiane.
Specifically, ;the l'ift tube which carries the backside
heating gas extends through the center of the susceptor body and
backpfane. The lift tube is surroqnded along part of its length by a
sheath which defines an inner vacuum space. The lift tube is also
15 coupled to a vacuum system which evacuates the inside of the lift
tube and the inner vacuum space of the sheath to define the second
vacuum environment. The vacuum space of the sheath is coupled to
the back of tﬁe wafer thrqugh an opening in the susceptor backplahe.
The second vacuum environment through which the backside heating
138 NIwm2 o 13-3 el
20 gas travels is maintained at a pressure of approximatelyp Torr to 100
Torr)which is dependent upon the processing pressure within the
reaction chamber. Preferably, the pressure in the second vacuum
1133 kN lm 2

environment is maintained at aboutlQO Torﬁ The pressure in the

second vacuum environment is generally lower than process pressure
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7. A susceptor as clained in daim6 wherein the annular seal (194) is

a ni ckel seal. 8. A susceptor as clained in either daim6 or Claim?7
further conprising a second annul ar seal (199) positioned between the ..

ot her end of the sheath (186) and the tube (62). 9. A susceptor as
claimed in Caim8 wherein the second anrmMB8ar seal (199) is a dynam c seal
whi ch all ows novenent of the tube (62) with respect thereto. 10. A
suscept or as clouwsingi26 towvhick thé v@cauns odtieo e 2hds ebnnbbted tdehd 62) i s
coupled to'a wafer lifting device (178) proximte the susceptor body

surface, the tuyhamp6f8, whtiheparitad'ae 4 fumditg ki@ bf FlomaatReooaiarg |1 ft a
wafer (106) on the surface (104). 133 Nlm™ o 13.3

per second to achieve the wafer processing pressures at between/{ feN | na
o013 P 13.3Nwm?*

and 100 Tor), reactor cleaning press:rzs} ofz-frorriL@J to 100 m Torp)
5 and wafer transfer pressures ofcﬁ (;: Torr):vithin the chamber 25. A
gate port 43 is provided in the forward wall of the housing 26 for
connection to a transport module or wafer handling module of a
cluster toot, to and from which Wa_fers are loaded'and unioaded from -
-chamber 25 for processing. The gate 43 is 'ap_prmiimately in horizontai
10 "alignment with an upwardly facing wafer supporting top surface 44 of
the susceptor 40 whereupon a wafer is supported for processing with
its upWardly facing side disposed borizontaﬂy parallel to and in vertical
alignment with the showerhead 35. A plurality of ports 45 are
provided in horizontal alignment with the wafer support surface 44 or
15 the housing 26 on opposite sides of the reaction chamber 25 for
inserting diagnostic or other instrumentation.
Fixed to the bottom of the housing 26 and aligned with
the reactor axis 37 is a susceptor drive support frame 47. Rotatably
mounted within the drive support frame 47 is a hollow and circular in
20 ' cross-_settion susceptor drive shaft 50. The drive shaft 50 is mounted
to rotate on its axis, which is on the reactor axis 37, extends through
a hole 51 in the bottom of the reactor housing 26, and is rigidly

connected to the bottom of the susceptor 40. At the hole 51, the

shaft 50 is rotatably supported on a main bearing 52 having its inner
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11. A susceptor as claimed in any one of Clains 3 to 10 wherein the
second, gas delivery, space (190) is evacuatable at a second pressure to
cr.eate a second vacuum environnent. 12. A susceptor as clained in.
Claim 11 wherein the CVD reaction space is at a process pressure in use
and the pressure of the second vacuum envigmonnent in use is less than the
process pressure to vacuum hold to the susceptor surface (104) a

o oo b HSREHEARG 3 B baem A Hiberhe RIS pRE(LT
envi ronnent 122. The bottom of hub 132, in turn, abuts against a plastic sleeve
138 which extends inside drive shaft 50 concentrically therewith and
surrounding lift tube 62. Sleeve 138 aligns hé:ater and thermocouple
5 lines 126, 130 with the center axis 37 of the susceptor.

The susceptor body 100 forms a héater housing volume
140 therein which generally surrounds the heating components of
susceptor 40 includ.ing heating element 120 and electrical connector
127 and line 126, as well as thermocoupie 128 and line 130. Volume

10 140 is in communication with space 75 formed by drive shaft 50 and
thus is vacuumed when space 75 is vacuumed such as by vacuum
outlet line 22a and pump assembly 18. In accordance with the
principles of the present invention, heater housing volume 14Q within
susceptor body 100 is sealed to be fluid and air tight to protect the

15 heating components, and particularly the heating element 120, from
the corrosive chemical vapors within chamber 25.

More specifically, susceptor body 100 is sealed to the
backplane 1_02 and shaft 50 with sealing structures. A top annuiar
seal 142 is positioned within'an annuiar channel 143 formed at the

20 interface between the susceptof body 100 and the backplane 102
generally around the periphery of backblarie 102 as illustrated in FIG.
4A in greater detail. Seal 142 is preferably a silver compression seal
made of 100% silver having a generally rectangular transverse cross-

O gicm
section. The width W of seal 142 is preferablv @H 6) inch in the
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when a wafer (106) is so positioned. 13. A susceptor as clainmed in any
one of Clains 3 to 12 further conprising a support (50) coupled to the
susceptor body (100), the susceptor body including a body nenber and a

pl anar nenber (102) coupled to the body nenber and having the wafer
support surface (104) thereon, a first susegpt or seal (142) sealing the

I nt'erface between the planar nenber (102) "and body nenber and a second

susceptof seal (ehalodiffihl stRfifh i thd Fgdrab e WREEHPINEETLdd'? 1 WoRIkbiO0)

and the body. m_anbeyfn, _ aciliYatrng 1so rst vacuum
o o AR of W R hren, . e isPaRePEP A 122 BhL |0
A susceptor as %le%iegggnti Bpghttﬂgrsiz% gif rt?u:aL %u‘ééego"’}% 1a?'1d the placement of the
channel 143 in susceptor body 100 and backpl;ne 102. A suitable
5 seal 142 for the embodiment in the Figures is manufactured by
Pinnacle Manufacturing in Phoenix, Arizona. As may be appreciated,
the dimensions of the annular seal 142 may be varied depending upon
the construction of the susceptor.
The interface of backplane 102 at channel 143 includes a
10 sharply angled annular ridge 146 which extends vertically downward
and presses into the soft metallic seal 142 when backplane .102 is
secured to the susceptor body 1Q0 (See FIG. 4A}. The susceptor
body 100 includes a similar angled ridge 148, opposite ridge 146,
which extends vertically upward into seal 142. The ridges 146, 148
15 and seal 142 insure that a gas-tight seal is made at the interface
betwéen the susceptor backplane 102 and body 100 to isolate volume
140 from the reaction chamber 25 and prevent entry of corrosive
reactant gases into volume 140 through the interface.
The heater housing volume 140 is further sealed by a
20 bottom annular seal 150 around the interface between the susceptor
body 100 and shaft 0. One ﬁseful seal for both annular seal 150 is a
lnterina ronod

composite metal seal formed in accordance with 5. Patent
Woas [315g5

i Application Seriat-No 08722 1 192-filed-May-1+-1984 entitled
THERMAL CYCLE RESISTANT SEAL FOR USE {N SEMI-CONDUCTOR -
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wher ei n the second susceptor seal (150) is a conposite netal - seal. 16.
A susceptor as clainmed in Caim 15 wherein the conposite seal (150)

has a rigid netal core (152) and a ductile coating (154).
- 41 - 17. A susceptor as clained in any one of Clains 13 to 16 wherein

the support has a hollow space (75) thereigywhich is coupled to the first
seal ed space (140) of the body such that vacuum ng the support space (75)

SH 5 o b AR PRGSO AARATU it by B9l et 140)
Corporation and which is incbrporated entirely herein by reference.
Referring now to FIG. 6, an appropriate sealing element or seal 150 is
shown enlarged. Seal 150 is circular in the for;n of a ring and
5' includes a rigid metallic core 152 and a ductile metallic coating 154 on
the core 152. Preferably the rigid metallic core 152 is stainiess steel,
and fhé ductile metallic coating 154 is silver. As is seen in FIG. 6, the
cross-section of the seél 150 is generaily diamond-shaped. This
diamond-shaped seal cross-section has upper and lower biunf tips 156
10 and 158, respectively. The clamping force generated by screws 113,
preferably stainless steel screws, of the flange 110, or upper gland, -
and the shaft 50, or iower gland, on the seal 150 preferably develops
a contact stress in the ductile coating 154 sufficfent to plasticly
deform the ductile coating 154 to accommodate surface imperfections
15 on the susceptor and shaft sealing surfaces 160 and 162,
respectively, bdt insufficient to cause ultimate failure of the ductile
coating 154.
In the preferred form of thé seal 150 of the present
ihvention. the core 152 has the following dimensions pl_'ior to being
20 éoated by coating 152: The seal core cross-section has a dimension
parallél the seal longitudinal axis of symmetry of aboui);(fOCSTncrbto
0-23 ewr
aboutL(1 07 inch) Further, the seal core has an inner diameter of about
G FBom 3297 tam

L(2.645 in) and an outer diameter of about’_(g.865 in), and therefore the

" seal core cross-section has a dimension transverse the seal
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el enent (120), a wafer (106) within a reaction space (25) evacuated to a
process pressure conprising placing a wafer (106) on a surface (104) of a
susceptor (40), the susceptor (40) having a space (140) therein for .

housing a heating elenent (120) coupled to the surface (104) to heat the
surface (104) and the wafer (106) and diregs ng backsi de heating gas into
a space (190) extending through the suscept or ospP@E® <(440) and t hrough an

openi ng (184) 'ﬂoﬁ&ﬁudﬁiﬁ%ﬁ&t@fsﬂr'li'rﬁé’lﬁyeo(‘%tg‘ﬁb'h afela Bﬁnﬁﬁ%‘r@rﬁ%ﬁs a
wafer (106) on sard surface (104) and facilitates €fficient heat transfer

? ﬁ;}f/veg Eet Pga:(,:\?r on spgq}m?%?gpgdgg%gz% wﬁ&fﬁgﬁ'héﬁégala%l nt ﬁ;ﬁeéﬁgp hod
react i on space 5% AR T %f%algﬁ) P aRETE el sl ¢, om

the CVD environnent, and sealing the gas directing space 190) with
respect to the QUSEHPESY egg&@é t Ezﬂj)""i ypp i sipal core cross-section has a
5 diameter of abou (2 767 u;), Thus, the upper and lower biunt tips

156, 158 of the seal core cross-section have a dimension transverse
G- 03!l Chn
the seal longitudinal axis of about(012 in. The seal core cross-section

includes four angled seal cross-section faces 164, 166, 168 and 170 -
each of which forms an angle of about 50° with respect to the seal
10 longitudinal axis of symmetry. The metallic ductile coating 154
0076 vwarn

applied to core 152 preferably has a thickness of about .003)to about

0" 127 bam

L(.OOS irp

The stainless steel utilized in core 152 is preferably 17-4

stainless steel heat treated to condition H-1100. The above- |

15 mentioned dimensional limits apply prior to silver plating of the seal

150. The silver piating is to be applied per QQ-S-365 (fully annealed)
O 676 ham 0 (23 wann

to a thickness of, as speclf'ed above, about}_( 003 mch)to aboutL( 005
. 025 tmm
lnc%and uniform within K001 il After plating, the seal 150 is to be
Y 1@|e-8%
baked tc?E375°9 for three hours to remove hydrogen embrittlement

20 from the plating. After piating, the dimension of the seal cross-section
parallel the seal longitudinal axis of symmetry should be within about

0-382 ewmn 0297 Camn
LU 11 inch)to about}, £1 17 inch)

The seal 150 thus fabricated maintains a leak tight seal

after repeated thermal cycling. The seal 150 has successfully

\
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ex;posure of the heating element (120) to the gas directing space (190) and
to further effectively isolate the heating elenent (120) fromthe CVD
envi ronnment, whereby the wafer (106) is efficiently heated while the

heating el ement (120) _ -.42 - is
protected fromcorrosive chem cal vapors. ggisting in the CVD environnent.
19. A nethod as clainmed in Caim18 further conprising the step of

pl aci ng a waf elgpaysredt A5 $OPCAERrdUPNtWE thifhhi cl6legONRP hd8igHesH# N and
seal the gas directing space (190) fromboth the susceptor space (140) and
the CVD reacti gdhkage@CPhé 28it 150 therefore is constructed of a rigid metallic core
material with a ductile coating that will plasticly deform to.
accommodate the surface imperfections thét exist on the sealing faces
5 . of the gland, such as the surfaces 160, 162 of the susceptor body
100 and shaft 50. The dimensions of the core material and ductile
coating must be large enough to ensure that the total seal thickness,
cantrols the separation distance between the sealing faces of the
gland. Furthermore the seal clamping elements (typically screws or
10 boits) must provide sufficient elasticity at the operating temperatures
to accommodate any thermally induced dimensional changes and
maintain sufficient contact pressure at the sealing faces of the gland
at all times.
The material of the clamping elements, glands and seal
15 core are selected to provide the correct combinations of coefficient of
thermal expansion to minimize the change in the gland seal face
separatioh distance throughout the operating temperature range. The
susceptor drive shaft §0 is preferably fabricated of 17-4 PH stainless
steel, and the susceptor body 100 is preferablv fabricated of Monet
20 400, a copper and nickel based allov'as already discusse_d. The
clamping element material and design are selected to allow the
elements to maintain clamping of the gland seal faces throughout the
operating temperature range. Seal 150 is discussed in greater detail in

lniernalhonal Weas /31585
4:S. Patent Application Seriet-No—087241,192 referenced above.
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20. A nmethod as clainmed in Caim19 further conprising the step of
evacuating the gas directing space (190) to a pressure |ower-than the
pr.ocess pressure to create a vacuum hold of the wafer (106) over the
surface opening (184).. 21. A nmethod as clainmed in any one of C ains

18 to 20 further conprising the step of m '.pt_ai ning the susceptor space
(140) at pressure greater than the processna%ressure such that leaks in the

seal ed susceptor are ef fechiuthyr afhioibed Bl RCHIE BYSERHAG naPace (140)

rather than into it. n any one
0 2L el AR SR TR B B B
del ivery tube (6s23aletéégnl~(ljl{l\r}g2:§g/rl’artgklo H-303183 from Helicoflex Components
Division of Columbia, South Carolina. Referring to Fig. 7, the seal 200
5 includes a spiral alloy spring 202 which is coiled with tﬁe coils welded
together to form a generally unitary structure. An intermediate layer
204 of Inconel 600 surrounds spring 202. Intermediate layer 204 has
opposing angled ends 205, 206 and does not extéhd entirely around
the spring 202. On the outside of seal 200, a layer of nickel 208
10 surrounds spring 202 and intermediate la\)er 204. Nickel layer 208
has tapered ends 209, 210 and the nickel layer 208 is Qvound around
spring 202 and intermediate layer 204 such that ends 209, 210
overiap at 211. At the top and bottom surfaces of the seal are ridges.
212, 214 which are preferably formed with a point. The ridges embed |
15 into the respective surfaces of the interface between body 100 and
shaft 50. Ridge 214 is shown embedded into surface 216. Seal 200
operates preferably around 4500C maximum and is compressed with a
20:5% 102 kgl wm
seating load of approximately[_@ 150 pounds/inch). The interface
surfaces are preferably machined to a groove finish of less than or |
20 equal to approximatelsgglzfr;;cro inches)rms, while the hardness at the
ihterface sﬁould preferably be greater than or equal to approximately
150 HV on the Vfckers Hardness Scale.
- The Helicoflex seal 200 has a generally circular cross-

0:-23F Cwn
- section havmg a preferable cross-sectional dimension of (1 09 mches)
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t he susceptor body (100) and susceptor space (140) to deliver backside
heating gas to the wafer, the nethod further conpr|5|ng surroundi ng the
gas delivery tube (62) -43- with an
el ongated sheath (186), the gas directing space (190) being forned

bet ween the sheath (186) and the tube (62hg sealing an interface between
one end of the sheath (186) and the tube ?gz and sealing an interface

between the ot the ﬁmepaf 568 e@@%ﬁuhv&slﬁ% @&ﬂf{% PéSREd TRBHAL) c{g&g@.

whereby to seal the gas directing space (190) fromthe suscept or
(100) o 1 ect 44, SRl ool BRI 3Bl TP 4 S0
diameter of the annular seal 150 or 200 for the embodiment shown in
the Figures is approxlmatel\;(;;scx:;hes) however, the ring diameter
5 and cross-sectional dimensions of the seal will generally be dependent
upon the susceptor dimensions.
Seals 142 and 150/200 provide a heater housing voiume
140 around the heatirlg element 120 which is generally gas-tight to -
pratect the heating element. Volume 140 communicates with vacuum
10 space 75 and is.thus evacuated to the pressure maintained with the
drive shaft 50 and space 75. Preferably, volume 140 is maintained at
a pressure which is the same as or slightly higher than the pressure
meintained within reaction chamber 25. in that way, any leakage
between volume 140 and chamber 25 will be out of the susceptor 40
15 and volume 140 rather than into volume 140. This insures that the
corrosive reactant chehical gases and vapors which are utilized in the
CVD processes within chamber 25 do not enter volume 140 and
corrode ar otherwise damage heating element 120. The susceptor
body 100 and seals 142, 150/200 form a first vacuum envuronrlnaersu:’\I l? bo
20 within volume 140 which is maintained at a pressure in the range ofL(1_ :,;,?Mz
Torr to 100 Torr)depending on the process pressure within the
chamber 25. The preferred internal pressure of volume 140 is
332 eNIwm?

approximately£25 Ton). The seals 142 and 150/200 are high

temperature metal seals which are able to withstand the elevated

REPLACEMENT SHEET

14 JAN 1997




delivery tube (62) is novable with respect to the susceptor . body (100),
and is coupled to a wafer |ifting nmechanism (178), the nethod further
conprising lifting the tube (62) to lift the wafer (106) away fromthe
surface (104). 24. A nmethod as clainmed in any of Clains 18 to 23
wherein the susceptor includes a susceptarzgody (100), a support (50)
fixed to the bottom of the body, and a planar nenber (102) fixed to the

top of the body aimpéraring salizdsia' CoDeprdcb@ding 4Me a6/ IAH FONCHBREICaftdr0)
defined by said body (100), support (50) and planar nmenber (102) and the

step of sealing sdiRafys Atk RhefRECEySIREPT i Ses sealing an interface between -'
t he susceptor body (100) and support (50) and sealing an interface between

the susceptor body (100) athdrGoRiil'30 WR/MRUuMIE Pretium i€ so intrdBIdEY! ©F

depositing a layer of material on
into the first vacuum environment. Referring égain to FIG. 3, a supply

5 | of helium 94 is coupled to vacuum line 22a by line 96a. An
appropriate valve device 90a determines the internal vacuum pressure
in line 22a and the pressure at port 74, which, in turn, sets the
pressure in space 75, and ultimately, in volume 140 (see FIG. 4).
Gauge 91a measures the internal pressure of volume 140. In one

10 embodiment of the invention, Gauge 913 is preferably a capacitance
manometer, and a suitable manometer for the present invention is the
MKS model #122A-00100DB available from MKS Instruments in
Andover, Massachusetts. |

After a suitable pressure has been produced in volume

15 140, a helium flow control device 92a, such as MKS model 1159B-
00100RV-S mass flow controller available from MKS lnstrumeh_ts of
Andover, Massaéhusetts,_ introduces helium into space 75 and volume
140. A control line 97a couples gauge 96a to-mass flow controller
925 to control the introduction of helium. The helium surrounds and

20 protects the heating e!ement 120 in susceptor 40. In accordance with
the principles of the présent invention, the volume 140 is initially

©-013 Nim? .
evacuated to around L((_).l miIIiTorr) and then the helium is introduced
133 NImZ cmd 123 kNIm?
raising the pressure to between &1 and 100 Torr)and preferably around
3-32kNIm?
L(ZS Ton), Control line 97a communicates the initial internal pressure of
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seni conductor wafer by chenical vapor deposition (CVD), the
met hod conprising heating the wafer by a nethod as clainmed ;in any one of
Cainms 18 to 24 and introducing CVD reactant gases in the proximty-of the

wafer to react and deposit a material |ayer. on the heated wafer. - MO
96/ 15287 PCT/ US95/ 14231 - 34 - REPLACED 17.
The susceptor of claim 16 wherein the sleeve is operable to

effectivel y i soletwiranineerste cOhel sepbhd89fis preferabiyt Aaynansic saaheehiehdallows

t he CVD environnent when a wafer conpletely covers the opening in
movement of the lift t_ube 62 therethrough without compromising the
seal formed at the interface between the wall 191 of lift tube 62 and
the cylindrical flange portion 196 of sheath 186. That is, lift tube 62

5 slides up-ahd down with respect to seal 199 and outer wail 191

moves adjacent seal 199 without deleterious ef_fects on the integrity
of the second vacuum envirénment. A _suitable seal for such a purpose
is the VITON™ seal available from State Seal of Phaoenix, Arizona.
The VITON™ seal 199 is circular in cross-section and preferably has a

O 13B Cvmn
10 cross-sectional dimension 0%070 inches) The diameter of the
O 6063 cw -
annular seal is preferabI\KZ?.Q incheé, although the dimensions of the

seal may vary as discussed above.

The vacuum space 190 is formed between flange 188
and seal 194 at the upper end of sheath 186 and flange portion 196
15 and seal 199 at the lower end of sheath 186. Apertures 192 for the
evacuation of space 190 and the introduction of a backside heating
gas are located in tube 62 between seals 194, 200. Space 190 is
: ' 33 NI w? o 13-3
preferably maintained at a vacuum pressure of approximately‘_@ Torr to
100 Torr, depending on the process pressure within chamber 25. The
[-33 KN {ws 2
20 preferred pressure ismo Torl} During CVD processing, the pressure in
the inner space 190 is generally maintained less than the process
preésur'e within the reaction chamber 25 when a wafer 106 is present

on surface 104 of the susceptor backplane 102. The lower pressure

within space 190 maintains a vacuum holddown of the wafer 106
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t he pl anar nenber. 18. The susceptor of claim16

wherein the CVD environnent Is at a process pressure and further
conprising a vacuum system coupled to the second space to
evacuate the second space to a pressure | ess thdn said process
pressure for vacuum holding a wafer 5 - 35 -over the planar nenber

openi ng. 19. The susceptor of claim 16 wherein the

t ube extends when the wafedeovers gtecapeniagd! 84 armahamnels t183,e598ct to

t he sheath, the ‘susceptor further conprising a wafer lifting
assenbly coupl edwithih e susceptor badkpten@n@d2nosi ti oned proxi mate the pl anar
menber opening to lift a b5 waf er away fromthe planar nenber and

gg/egggg7when the t ubepic_sr/ When the WP G5 VBELEM AdI thETAH Bube 62 is atiBS
lowest vertical position, and the lift-assembly 178 is positioned within
5 channels 193, 195 formed within backplane 102. When the

processing has been completed, the lift tube 62 is raised which raises
tip ]lggand the lift-pin assembly 178 such that lift pins 182 press
against the backside of wafer 106 and break the vacuum seal so that -
the wafer can be removed from the process chamber (See Figs. 4 and

10 5).

The second vacuum environment inside tube 62 and

space 190 is created and maintajried very similarly to the way in
-which the first vacuum environment is created and maintained.
Referring again to FIG. 3, the vacuum line 22b connects with port 70

15 and is controlled by the valvfng mechanism 80b. The pressure gauge
91b, such as a capacitance manometer similar to gauge 91a,
measures the pressure a port 70 and within the secoﬁd vacuum
envu'onment. The inner bore of lift tube 62 and space 190 (see Fig.

o-013 Nlw?

5) is evacuated to aroun?’(O 1 milliT orr) A control line 97b connects

20 gauge 90b to a mass flow controller 92b similar to mass flow
controller 92a already described. When the desired pressure in tube
62 is achieved as measured by gauge 90b, the mass flow controiler is
operated, via line 22b, to inject helium into port 70 which raises the

_ 132N |mZ b 133 kN2
pressure to a pressure of fro_m[é to 100 Tor) and preferably around
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20. A wafer processing susceptor including a surface to

support a wafer, a heating elenent coupled to the surface to heat a

waf er on the surface and a backside gas systemfor delivering gas

bet ween the wafer and surface to pronote thermal transfer fromthe 5
heating elenent to the wafer in a CVD reacgan space conpri sing:

a first space jaaztpgs pHiseeptor for housing the heating el enent

the first spaczgtbeirag. s¢hb telilrPtral/BR RYBuGRaRE tbe B2 46td Space 190 and
effectively prietrent cOrrosive chem cal vapors in the CVD reaction

space from aff e%phg%fx.ttﬂﬁ BHeksIdWo £ LWATEP D6 £ gefficient heat transfer to tha second

space i nside of I TSt space and surroundi he backsi de

19
gas system the secon ace cQu to an o | ' _
surface to di re&aféé's%gﬂ M?Phﬁ%'ﬁ@@ﬁ@ggg* pg‘réde}ﬁ‘fecﬂgﬁ’f tﬂ%éc‘f:tagg
transfer between the heating el ement and the wafer, .1he secon pace
bei ng seal ed frd9Q Seinfqiraqt GHRAMINICALGH ¥dih Jlae yeartiqn gha ‘ve 15
chem cal vapors fromentering the first space through the second
space d&nd af f ecHawgevére biegausegpate &4 is isolated from the first vacuum

environment in volume 140 surrounding the heating element 120,
there is no damaée to the heating element by the corrosive chemical
vapors in the reaction chamber 25.

Therefore, the present invention provides compiete

10 isolation of any heating elements and other devices within susceptok
40 and volume 140 to prevent corrosion of those elements. The first
and second vacuum environments 140, 190 along with the four seals
associated therewith effectively provide isolation of the heating
element environment from the reaction chamber environment.

15 Simultaneously, the balckside heating gas is intraduced thrbugh a
second vacuum environment to provide efficient thermai transfer of
heat from baékplane 102 to wafer 106. Seals 142, 150. 194 and
200 are able to withstand the high temperatures associa;ed with CvD
proce;sing.

While the present invention has been illustratéd by

reof, and while the

the description of the embodiments
embodiments have been described in considerable detalil, it is not the
- intention of applican} ,ta{strict or in any way limit the scope of the

5 appended claims“to such detail. Additional advantages and
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mﬁereby backsi de heating gas may be supplied to a wafer for
efficient heating while the heating elenent is protected from
cqQrrosive chem cal vapors in the CVD environnent. WO 96/ 15287

PCT/ US95/ 14231 - 46- ' 21. -
The susceptor of claim20 wherein the seconghspace is : effectively
sealed fromboth the first space and the CVD reactions a
waf er is placedravers:t he surface openi ng. WO 96/ 1JSIIIJ“| m'lrmlﬂlmﬂ"l
PCT/ US95/ 14231 22. A nethod for effiéiehtlly Heating,
with a heating el enent, a wafer within a CV/D reacti on space
evacuated to a process pressure while effectively isolating the

heati ng el enent .f r om Rhwaf¥p processing susceptor (40) including a surface
(104) to support a wafer (106), a heatihg element (120)
coupled to the surface -(104) to heat a wafer (106) on the
surface (104) and a backside gas system for delivering gas
between the wafer (106) and surface (104) to promote thermal
transfer from the heating element (120) to the wafer in a
réaction space (25) comprising a first space (140) in the
susceptor for housing the heating element (120), a second
space (190) inside of the first space (140) and surrounding
the backside gas system, the second space (190) coupled to
an opening (184) in the surface (104) to direct gés to a
wafér (106) on the surface for efficient heat transfer
between the heating .element (120) and the wafer (106),
characterised in that the susceptor (40) is for use in a CVD
reaction space (25); in that the first space (140) is sealed
in use from the CVD reaction space (25) to effectively
prevent corrosive chemical vapors in the CVD reaction space
from affecting the heating element (120) and in that the
second space (190) is sealed in use from the first space
(140) to effectively prevent corrosive chemical vapors from
entering the flirst space (140) '-through the second space
(190) and affecting the heating elements, whereby backside
heating gas may be supplied to a wafer for efficient heating
while the heating element -is protecteé from corrosive

chemical vapors in the CVD environment.
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envi ronnent conpri si ng: 5 pl aci ng a wafer on a

surface of a susceptor, the suscept or héVTﬁ§‘§“§ﬁace—thefe%ﬂ
fqQr housing a heating el ement coupled to

the surface and the wafer; Hm %Hﬁt or
space with respect to the CVD % action spa&e

i solate the heating elenent fromthe CVD : enV|ronnent

directing backside hea E#*%?%§E§#rgé)éi§¥ﬁg§ %%t Y erein thetégééﬁﬁ

t he susceptor space an an opening i the susceptor

surface such t cé'¥i§%@51%PEhaﬁE§ éff@&éivgﬂxséégléHrEEGG the first

facilitates efficient heat transfer between the wafer and t eat e
surface; and gpace (140) and the cvD SeahbBgohheriae d(mctwﬁgnsela%ﬂfh

respect to the susceptor space to prevent exposure of the

heating el enenfidd) tiwe glasced over the slirfade ngpapbnge skt o further

effectively isolate the heating el enent fromthe CVD

envi ronnent; 20 whereby the wafer if efficiently

heated while the heat i ng
A susceptor as claimed in either Claim 1 or Claim 2

including a susceptor body (100) with the first space (140)
therein, wherein the first space (140)lis evacuatable at a
first pressure to create a first vacuum environment around
the heating element (120), and the susceptor body (100) is
operable to effectively isolate the first vacuum environment

and heating element (120) from the CVD environment.

4. A susceptor és claimeéd in Claim 3 further comprising
a gas delivery tube (62) extending into the second, gas
- delivery, space (190) to deliver gas thereto and a sealing
assembly (186) surrounding a portion of the tube (62) and
gés delivery space (196) to seal the tube portion and gas

delivery space from the first vacuum environment (140).

5. _A susceptor as claimed in Ciaim 4, the sealing
assembly including an elongated sheath (186) surrounding the
tube (62) to define the second, gas delivery, space (190)
therebetween, the sheath (186) sealed in use from said first

vacuum environment (140).

6. A susceptor as claimed in Claim 5 further comprising

an annular seal (194) positioned between an endA of the
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efeneht_is pr ot ect ed fron1corrosive.chenical vapors egrgfrﬁﬁ“Tﬁ‘rhe—~—-_
pCTI USos) 1aza1 oo ] iy M.
L p .

The met hod of claim 22 further conprising the step of

waf er over the surface opening to cover thegpening and seal the
gas directing space fromboth the susceptor space and the CvD
reaction Spacesheath (186) %hd the suséBp tgﬁtwwé fsd%fﬂd@2§&$*ﬂﬁ§€é the
conprising the step of evacuating the gas directing space t
pressure | oweropbaingh€184) to seBNOGEBSE&nAr 8FSkhe rs@leart@lat(QS@)vacuum hol d
of the wafer over the surface opening. The

met hod of claim 20 further conprising the step of

7. A susceptor as claimed in Claim 6 wherein the annular

seal (194) is a nickel seal.

8. A susceptor as claimed in either Claim 6 or Claim 7
further comprising a second annular seal (199) pdsitioned

between the other end of the sheath (186) and the tube (62).

9. A susceptor as claimed in Claim 8 wherein the second
annular seal (199) is a dynamic seal which allows movement

of the tube (62) with respect thereto.

10. " A susceptor as claimed in any one of Claims 4 to 9
wherein the tube (62) is coupled to a wafer lifting device
(178) proximate the susceptor body surface, the tube (62)
being movable to move the lifting device and lift a wafer

(106) on the surface (104).

11. A susceptor as claimed in any one of Claims 3 to 10
wherein the second, gas delivery, space (190) is evacuatable

at a second pressure to create a second vacuum environment.

12. A susceptor as claimed in Claim 11 wherein the CVD
reaction space is at a process pressure in use and the
pressure of the second vacuum environment in use is less

than the process pressure to vacuum hold to the susceptor
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néintaining t he susceptor space at pressure greater than the process
pressure such that |eaks in the seal ed susceptor are effectively :
di,rected out of the susceptor space rather than into it. WO 96/ 15287

2’?’/ HS9S! 1%21”“ hod of claim 22 wherein t susceptorll“ Hlmmuum“mn”"l
H

susceptor body and a planar nenber having t e surface thereon tand

further inclu <§§s(q%tgveelw5!ge,e§i §PI S&Q SH%Q 5§ gﬁgeptorface

body and susceptor Space I Ver S|de eat I'ng gas

waf er, the net {ng theda corgHd %eﬂ.@bnd vacuum env:.rorhmen be r?d‘”rétirh.nﬂé@

the gas delivery tube mnth ‘an el ongat ed sheat
directing spac-hei tige f eirBE RAWREDN driieiSdhigmddt a88d the cvn em;ﬂeortm
sealing an interface between one end of the sheath and 10 t he tube;
and when a wafer (106) is so positioned. *

13. A susceptor as claimed in any one of Claims 3 to 12

further comprising a support (50) coupled to the susceptor
body (100), the susceptor body including a body member and
a planar member (102) céupled to the body member and having
the wafer support surface (104) thereon, a first susceptor
seal (142) sealing the interface between the planar member
(102) and body member and a second susceptor seal (150, 200)
sealing the interface between the support (50) and the body
member, the seals facilitating isolation of the first vacuum

environment from the CVD environment.

14. A susceptor as claimed in Claim 13 wherein the first

susceptor seal (142) is a silver seal.

15. A susceptor as claimed in either Claim 13 or Claim 14
wherein the second susceptor seal (150) is a composite metal

seal.

16. A susceptor as claimed in Claim 15 wherein the
composite seal (150) has a rigid metal core (152) and a

ductile coating (154).
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séalihg an interface between the other end of the sheath and
t he planar nenber whereby to seal the gas directi-ng space from

e e oy e efrec vl elste e v, VRN

seal i ng steps including posi ti opjng an annul ar* séal "sttucture
around the tube end at an i nterface between the sheath and one

of the tube andthe plandfsceptor as c1d in any one of Claiths 13 ﬁo'E%e
met hod of claim 27 further conprising conpressing-a ni ckel™ sea

at the interfagpebetiteenet Bappbeat Haand REELH Hsdce (75) thereiERRAIch is
WD 96/ 15287 - PCT/ US95/ 14231
- 50- coupled to the first sealed space (140) of the body such

that vacuuming the support space (75): creates in use said

first vacuum environment in the sealed space (140).

18. A method for efficiently heating, with a heating
element (120), a wafer (106) within a reaction space (25)
evacuated to a procéss pressure comprising placing a wafer
(106) on a surface (104) of a susceptor (40), the susceptor
(40) having a space (140) therein for housing a heating
element (120) coupled to the surface (104) to heat the
surface (104) and the wafer (106) and directing backside
heating gas into a spéce' (190) extending through the
susceptor space (140) and through an opening (184) in the
susceptor surface (104) such that the gas contacts a wafer
(106) on said surface (104) and facilitates efficient heat
transfér between the wafer (106) and the heated surface
(104), chafacterised-in that the reaction space (25) is a
CVD reaction space and in that method includes sealing the
susceptor space (140) with respect to the CVD reaction space
(25) to effectively isolate the heating element (25) from
the CVD environment, and Sealing the gas directing space
(190) with respect to the susceptor space.(140) to prevent
exposure of the heating element (120) to the gas directing
space (190) and to further effectively isolate the heating
element (120) from the CVD environment, whereby the wafer

(106) is efficiently heated while the heating element (120)
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29. The met hod of claim 27 further conprising th
positioning a dynam c seal structure at the interface between the tube

and sheath to all ow novenent of the tube within the shetﬂ l”ﬂ

30. The nethod of claim27 wherein the gas deliv I lﬂa'"u"l’””m
novable with respect to the susceptor boqy,4 and is coupled

lifting mechanism the nethod further conprising lifting the tube to lift

t he waf er amﬂylérﬁ%gﬁé€%§&rf?5ﬁ coTrgﬁﬁve chemBdal vapors i JE %ﬁ%dxﬁfthe

claim 22 wherein e susceptor inc suscept or
support fixed d¢wptderPedbhrene!f the body, and a pl anar nenber
fixed to the top of the body and having said surface, t he

susceptor space defined by said body, support and planar nmenber 5
and the step of sealing the susceptor space conpri sing:
sealing an intlface heneebodt he susdempdrimodyaimdls further cangardingnd

sealing an interface between the susceptor body and the
the step of placing a wafer over the surface opening (184)

to cover the opening and seal the gas directing space (190)
from both the susceptor space (140) and the CVD reaction

space (25).

20. A method as claimed in Claim 19 further comprising
the step of evacuating the gas directing space (190) to a
pressure lower than the process pressure to create a vacuum

hold of the wafer (106) over the surface opening (184).

21. A method as claimed in any one of Claims 18 to 20
further comprising the step of maintaining the susceptor
épace {(140) at pressure greater than the process pressure
such that leaks in the sealed susceptor are effectively
directed out of the susceptor space (140) rather than into

it.

22. A method as claimed in any one of Claims 18 to 21
wherein the susceptor. includes a susceptor bod? (1Q0) and a
planar member (102) having the surface (104) thereon and
further includes é gas-delivery tube (62)'extending through
the susceptor body (100) and susceptor space (140) to

deliver backside heating gas to the wafer, the method

further comprising surrounding the gas delivg tube_(62)
CEMcNTSHEET{



pl'anar menber . 32. The nethod of claim31 wherein the

step of sealing the I nterface between the susceptor body and -
pl,anar nmenber incl udes conpressing a silver s
Aterface. VIO 96/ 15267 TR0 A
PCT/ US95/ 14231 33. The cl-ai m 34 wher®ei r# t
step of sealing the i nterface bet en the susceptor body and
support includ th LorftfIBRIES t se haying W] ns%g[
core and a ducti an ero cozflite %Qg‘fﬁt @égr%t'er?he geld’ dfréégigg ce
96/ 15287 (190) being formed between the sheath (1eéﬂj¥ﬁ§9§ﬁé4%ﬁbe
34. A net hod of depositing a |ayer of material on

(62), sealing an interface between one end of the sheath

(186) and the tube (62), and sealing :an interface between
the other end of the sheath (186) and the planar wmember
(102) whereby to seal the gas directing space (190) from the
susceptor body (100) and effectively isolate the heating

element (120) from the CVD environment.

23. A method as claimed in Claim 22 wherein the gas
delivery tube (62):is movable.with respect to the susceptor
body (100), and is coupled to a wafer lifting mechanism
(178), the method further comprising lifting the tube (62)

to lift the wafer (106) away from the surface (104).

24. " A method as claimed in any of Claims 18 to 23 wherein
the susceptor includes a susceptor body (100), a support
(50) fixed to the bottom of the body, and a planar member
(102) fixed to the top of the body and having said surface
(104), the susceptor space (140) defined by said body (100),
support (50) and planar member (102) and the step of sealing
the susceptor space comprises sealing an interface between

the susceptor body (100) and support (50) and sealing an

interface between the susceptor body (100) and the planar

member (102).

25. A method of depositihg a layer of material on a

semiconductor wafer by chemical vapor deposition (CVD), the

|

REPLACEMENT Mg ; |

T4 JAN 1997

t



sem conductor wafer by chemical vapor deposition (CVD) including

the step of heating the wafer, the nethod conprising—

placing a wafer on a surface of a susceptor, the 5

susceptor having a space therein for housing a heat|'ngimuﬂr,m"m"l'”“m
coupled to the surface to heat the surface apd_the wafigr, ¢ Ty e IR I
seal ing the susceptor space with respect to the CVD . -

reaction Space gyl Qiiptdlah g® Ui ddI o RE AL A ShFMENheLAORN LUC cFUmeq

envi ronnent ; di rect1 ng backsi de heating gas
into a space exXherRghN®ne of Claims 18 tolBEOHHA LHErs866EAOLVBPRERRRAGL

t hrough an opening i'n the susceptor surface such that the
gas contacts agagbker ion tIRd broNieins, adffl the wafer to reactfaadl Hepbeit a
efficient heat transfer between the wafer and the heated

surface; and #Material layer on the heated swxflamg t he gas directing space

wWth respect to the susceptor space to prevent exposure
of the heating elenment to the CVD reaction space and to
further effectively isolate the heating el enent fromthe

CVD envi ronment ;
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ihtroducing CVD reactant gases in the_proxinity'of t he

wafer to react and
wher eby a materi al

CVD reactant gases

deposit a materi al

| ayer is deposited on a heated wafer
while the heating elenent is protected fromcorrosive effects of the

contributin /%9 t he n@

AR

&
NS
S

e

rial |ayer.

20

| ayér on the heated wafer;

WD 96/ 15287

PCT/ US95/ 14231 y// 32. The~fet hod of claim 34 further
~conprising the step YPf{aNN \ | agLbng a wafer over the surface opening to
cover the opegb g adéﬁx&b\ZSSQQE;aP%%ggqggg directing space fromboth the

suscept or spafgf 8277 CvDxeacti on space. - 36
The method of/” m )ur. er/lc ri in% t he step of evacuati ng
t he gas direéé;n t han t he process
pressure to/cre N K\ e_wafer over the :
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surface opening. . 37 .. . %he nethod of claim34 further™™® et

conprising the step of I ng the susceptor space at ‘a
pressure greater than t pressure such that |leaks in the
seal ed susopobeiszer e ef directed out of thecprIsGRLS
space rather than into it|. R7Mp cg 96/ 15287 . _
PCT/ US95/ 14231 ; The nethod of claim 34 wherein
t he susceptor includes 55¢ 97077/ = € st3cept or body and a pl anar
menber having the surfaceTnereon and further includes a
gas delivery tube extendi nFl8&hddaghcusisesectionapviaw of an alternative  body
and susceptor space to deliver backside heating gas to the 5

waf er, the net hoemhaoditnent fonprsesling: structure of the invention.

surroundi ng the gas delivery tube with an el ongat ed

sheath, the gas Qetsi s n f THe figy fpetween -thre sheath and

FIG. 1 illustrates a CVD module 10 for a wafer processing

5 cluster tool. Module 10 is the same as that shown in U.S. Patent No.
5,273,588 issued on December 28,5‘1 993 and assigned to the |
assignee of the present invention. The module 10
includes a frame 11 on a wheeled base '1 2, which has depending
therefrom a set of adjustable feet 13 for leveling the module 10 and

10 anchoring the module 10 to a floor. The module '10 includes a cabinet
14 fixed to the frame 11 that contains flow controllers with
connections for inlet lines for supplying reactant gases to a chemical
vapor depaosition (CVD) reactor 15, also fixed to the frame 11. The

" cabinet 14 has associated with it other parts of the reactor support

15 system that are not shown, including fluid conduits, valves, pumps,
controls, and associated hardware for the operation of the reactor 15
including the supplies and connections to supplies of the various
reactant gases, inert gasés, purging and cleaning gases, and cooling
fluids for the reactor 15.

20 The reactant gases for the main CVD process to be
performed with the reactor 15 are gasés used for a blanket tungsten
deposition process onto silicon semiconductor wafers and are supplied

through lines 16, shown as four in number, connected between the
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