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The field of the present invention relates in general to semiconductor
processing. More particularly, the field of the invention relates to
systems and methods for chemical vapor deposition (CVD) and thermal
processing, such as epitaxial deposition. 2. Background A variety of
semiconductor processes enquire uniform thermal processing at high
temperature An example of ouch a process is called chemical vapor
deposition (CVD) in which a layer of a material from the vapor phase a
deposited onto a semiconductor substrate having been placed on a susceptor
within s reactor. The susceptor is then heated either by induction or high
intensity light radiation to high temperatures, 'typically between about
g00 to 1250C. Gases era than passed through the reactor and the deposition
process occurs by chemical reaction, within the gas phase, but closely
adjacent to the surface of the substrate. The reaction results in the
deposition of the deed product onto the substrate. (hue form of this type
of processing is called epitaxy in which a single crystal layer of
substance is deposited onto a substrate that is also single- crystal in
nature. As as example silicon epitaxy is ono of the first soaps performed
in the fabrication of an integrated circuit devices and is this process a
layer of doped single crystal silicon is deposited onto a silicon wafer m
ardor to have et layer of known sad closely regulated resistivity ram which
transistors sad other devices may be formed. Epitaxy offers a convenient
method for controlling the t111011, concentration and profile 4f the doping
layer. An important parameter that must be controlled during as epitaxial
deposition is the temperature uniformity of the substrate. Non-uniforruides
in   16 J U L 2003 tempera~a of the snbstrat~e can feed to a process of
plastic deformation callad slip. in which the ~Ys~ relieves built-up by
nllowtn$ pordoaa of its ' structnra to move relative to other raglans. Sllp
actors in a crysoel over ceraain , ~y~pG ~fIH~CS 8~ ~p~ CCrDaln Cty~~C
~ITCCtiOnB, C~1~91t1S 5 one pa~rtian of tha material to bo displaced
rellativt to another'. A common cause of slip in a aystai is a tentpaattacc
~ad~ ~B ~ ~'o~ but it caa also be the result of the manucr is which the
aubetratc is suppor~d. the mGCh~nism by which the substrate is bested, snd
the timo-tempexsture protila of the . . epitexiel process. Slip-ralnted
defect ere most oftea foturd at the edgy of a 1 a subshaee and appear as
sort lines. ~cat~ in, n sn6ahate may atlas as a result of a non uniform
thermal envlroameut within the CVD tractor. Hecarue there are gasiee Sawing
' within a CVD reactor, heat transfer merbanumms invalv9o ca~nduction end
coavcctlaza as wall as radiation. I~owevtr, radiative heat transfer may
well ba I S the most uaiaportant whh rc~ard to 'trnnPa~atiure unifor~mity A
subetxate adjacent to a heated ausc~' wla old ~d=~ see a variety of drermal
gi~adients in both axis! sn~d iadied direcdons. These thermal gradients
hnvic a large a~act because redistiva heat transfer between two objocts is
s flmction of the two t~ce. e~ tampar~u~e tekon to the fourth power. 20 la
mmny CVD ~ ePitsxiel deposition rystems) higlf iabcnsitY lope such as
tu~agetm-l~gcn lamps are usod to sclectivdy heat a wafer within s cold wall
fee. Sinoc the Lamps have very low tams! raass, the we~tt' can be haatad
rapidly. However. it is roots d~~t to carol the teampersturc of the
sranicandttct~or substrate using only !ow thermal ma.9s lamp hue. Some 35
rca~etora use a 1at'Be tmay ~cnn carbide coated graphite susceptor to
tmnpo~ttare tmifonmity of the subat<atE dvrL>ag processing. The substrate
to be grocaaeed is placed either oa or sdjac~raat to the suscicptor) and
bncauae of the ausccptor's high thermal con~cdvhy) it can conduct heat
laterally to maintain ttanpetat~ uniformity and even out non-Los 



30 across the substrate. '!~e suscep~co= is typically wider rhea the
substrate which Mows it to compensate for radiative heat loss at the edge
of the substrate. 2   16 J U L 2003 Alternatively, the susceptar may be
heated by 1tF induction. Thin xncthod takes scivantr~ge of the fact shot on
oscillating electric eurrcat paying through a co~nduotor pieced adjacent to
the susceptor pradeica em oscillating ma~natic field around the coaductor)
which iu turn induces an oscillating cuaeat in the suaccptor pelf. Siaco
the susceptor has en alecfirical trais~nca) the oacillatiiag elt:ctricot
currant causes the susceptar to heat up. It ahottld 6e noted that tb~
cu~re~t induced its the sttxceptor faha offnon-liaearly with a &oaa the
conductor. The rrletioa~hip i~ that the ma~tio fl~ac varies as tba invarea
square of flue distance. 1 D A typ~lcal conflgta:atioa of the coil pucotlle
is shown iu Sgure 1,. The diseases betvueen any one particular coil
aegtatnt and the ruaoeptor m~sy be adjusted with etando~s (not shown in
figure 1). The coil in figure 1 is pro5~led to compenssta far the radiotive
host lost that error at the alga ofthe suscep2or when the suaocptor is at
processing tamperatwn) and thus) coil 15 segtutat 120 is closer to the
susceptor than coil ~ro~motrt 1?.~. It should 6e anted that the coil
con5gtuation ehnwn in f glue 1 is optimal when the reectar is st proceasina
ternpaatuxe" but msY not be not optimal during transiwt periods when the
reactor is beiag hated or cooled. U.S. l'acent No. 6,001,17d discloses s
uyatai producing app~ota and xa method that ntilizGS a high firqueucy
inducdoa coil. UK P~ettt Applic~on 2 120 ~~9A discloses s suppori~for an
induction hcehng coil in au epittudal growing apparattas that allows the
distatua between the iadt~ction coil and the substrate e~pport to be
adjus#ed by rntably aoNatfmg a plurality of bolts secured to t~espeMiva
tuans of the indu~ion coil. 25 What ~ dcsItbd is an improved apptucstua and
tncthod for CVD mndlor epitaxial pmca~iug of s saoticoadttctor ~tubc~ate.
Preferably, ouch s system and method would provide n unLform subshate
processing temp~tre Such itrst teuipe~cemuc gradiaats in the substrate) end
the tesultitig problems with defects such as aystelloc slip. are reduced or
a ~lno~i~tcd. 3o S~ rj Aspects of the present invention pmvlda a CVD
reactaor far cpitaxial proer~sing) the reactor con~tgtrred m reduce thc>maJ
gredim~e in the ~tbstra~   16 J U l 2003 onto which c~pit~ layat; ate baing
drposi~cd. lLeducing thcnmal gradiants iu a wafer diminishes slip. One type
of apitaxial reactor cornptiscs an RF itrduction coil poatiotud ttdjaceat
to a silicon carbide coated grgphitc suacepmr. An alternating current
tluottgh the coo ac~ata pmdtuxe ao orciilating 5 ma,gnrdc field emend each
ecgineat, which in hint induces a current in the , suscaptor. Electrical
energy nssodated with the irudttced current is tomwerted into thermal
e~rgy) thorobY heating the ausceptor. The soil is supported by a pumbar of
support:lode, end tha dlfferoat aegmetsts of the o031 away be get at
dI8'es~ant heighfs) that vuyfng the distance separating coil.segaz~te fima
the 10- suaceptor. Caavratlonel saethods of add~rcasing tcmpcratuore
uniformity in a ausceptor comprise adjttsde~ tha coil ark gttch that they
are eloscr to the susceptor st tlsc s~uceptor's lava and outer edges then
st tbc. center in order to compensate for the greater amount of heat leas
firm the edges. ilttthctatan, the aueceptor hss to be routed daring heating
and processing to a I S temnpcrature grad~errts caused by the coil. , A
problrm with convandonel methods of sdd~siag tempararare uniformity is that
coiUsusceptos saparatioa pmo5le is eondgured to provide optimum tamparaure
tmiforaaity in the suaceptor ut fhe procasstng terrrpaamare. This prnRl.e
is hot optimal for the tran~deatt portions Of the pmceas, for example, the
boat ruxap-up and ceol dawn, where tha clesely spaced coil eegnaeata at the
suaccptor'a edg~ea cane tIa= edges to o~rheat dtuing raomping. Since the
cail/susceptor srperation profile is not easily ro-conHgurod, especially
durtug pmcg) sppaiacttu and methods for improving t~ap~ea~e ua~idormii~r in
the su'crptor dtuing tha vrss'ient portions of the process are needed)
acavmiag the 25 coll/susceptor srperndon proEla is fixcd.According to ono
aspect of the praa~t lavendon there is porovidrd a tiiarmai p:oceasia,g
systara for processing a semicoaductnr stibetrate, comptiait>$: a
p~ro~asaing chaaaba; a gas source for providing gases to the proceesiag
chamber to form a 30 desired deposit on the substrate; an inducwr
positioned within the chamber; 



4   16 J U L 2003 a susceptos positiat~sd wlthiu the cl~uba ad)acent to the
inductor for supporting the snbatrate) wherein the inductor provides
elxh~omegoctic rn~ergy to the sueceptor, _ an elevatiotsal liR n~ani~a for
varying tho distance of separation 5 betw~sea the inductor and the
snssccptor during heat ramp-up and cool-down of the aubatrste; gnd a top
thdmal ahioId for insulating the top surface ogthe s~wceptar inn the
Fegione where subtemtas ant absrat. A.ccardirsg to another aspect otthe
pm~nt invention there is pa~ovided a 14 nnethnd of pa~ocosaing a
armiconductor euliatrate) coraprisirsg the steps of. posldonlng the
suhxtrate adjacout to a ausceptor; . inductively ooespling anergy from as
inductor tn the ausceptor to heat tho sus~captoar; il'f~CCt;ag t1 gB6 tIltO
thQ C 15 varynag the distance of sepnratlon betwiean the inductor and the
suacoplor during heat ramp-up and cool-down of t3~e substra~o; tho~nally
shielding the top surface of the ausceptor in the regions where substtatos
are abtmt; nod depoaitlng a layrx of material on the substrate. 2p An
expect of t8o perseat invention provfdes n meelsauisea for raising and
lowering the suscopt~or while it is rotating within tbo rmctos: 8ecaiase
the magnetic fields fall o~non linearly with distance from each coil
segmcut, raising the ausceptm de-couples the coils at the edge (which are
closer to the susceptor) to a degree than tha coil= at tho conber (which
arc further 25 aany from the su:ceptor). As ti cw~equer~, the over~ueating
of the susceptor cdgG that arould have occuaed during ramp-up may be
mitigated. Without this emotion of the ruscoptor) the edge of the sasceptor
may bo ~l~ed to a trmpav much as ~4C higher than the caster. In one
embodimait of t'be psrsrat laventiara, an algorithm is used to deterunuoQ
tho do~red distance 3 Q between the coil.and the auacapt~er to mabntaia
uniformity at diffaont temperattlreti. The susceptor is moved closer to the
coil with each iuccctncat in temperature ding the brna~ient ramp-up period
according to tho algorithm. In 5   16 J U l 2003 addition, tho susceptor
may be moved away from tbue coil rhndng a trensieat cool-down period in
some embodima~t~. An additiotxa! advantago gnovidcd by the ~rnation of the
suscaptor it that the reactor is more convenient to service, s'Ence it is
easier for asa~teaance pcceomiel to remove tbs suscepior from the 5 reactor
by fiat raising it Another aspect of the prestnt invention provides foW
ulator shieldu that may be placed oa tap of tlLC aueceptor to compeaaada
for those regions of ihe'usceptar not thermally insulated by aubsbrates.
Heat loge darn the susceptar occurs predom~bnaactly by radiation, and is
proportional to the 1 a diffcrcace batvvaan (T,); awd (Td""4. 'fhe
aubstrstes tLemselves teed to provide irisnlation at tba susceptor poeJteb
which support the attbat~, and shielding the rogions improves the
temperatare umforrnity of the ~uscGptor. Another aspect of the preemt
invcntioa provides for additional heat. 



15 shielding in. the viaiaity of the suscc~ptor cdgos, both around sand
ut~dwncuth the tdgea. Tb~csa shields avay be rrfemcd to ss the iana~ sad
outer suscepmr edge radiation s~hieldc attd the bottom inner and ottoar
cirnumnfiumace radiation shields, neepeedvely, Since fhcetc shields reduce
heat loos from the edge) the coil segaaentt heating the ed8ec azay be
spaced futtbcr away from the ettscaptor than 20 tloty w~auld have been
othezvvise, thus providing a more ttniforra scper~inn praliie. Auothrx
aapaat of the present invention provide for a thicker muaceptor tlyan a
vacd in co~nvervtianel reactors. Tb~e thie~et su'caprtor allows for
terapxratatre variatiorns at the bottom of the su~rxp~tor) coaxed by diss~
coil ~5 segmez<ts) to even out as the heat is aortdttcted through the
su~eptor to flue top . surface oa which the substrates Sara supported.
Coav~entional susceptar thickt~sea are is a range such as 0.5 to 0.9
itrch~es (12.i to 22.8 mm), and embodiments of the lmserrt itweutEoa
provide for a susceptor thicl~ is the range 0.5 to 1.5 inches (ix.9 to 38.1
aua). Iis ono aspecs of the pxseat 3~ invention, the gusceptnr thic4ovess
was inaeascd from 0.9 to 1.2 in~es (22.86 to 30.48 mni).   16 JUL 2003
Tlzeso and other fc$hues end advantages of the p~reesent iavetuion will
becoznc more apparent to those skilled in_the art from the following
detailed description in coq~unetiaa with the sppmded draw&~t irmvhi~ch:
Figure 1 ix a dde cross-section of a, rcactar aceo~ to an cxeu~plary
embodiment of the present invention; Figure 2 ie a plea view of an inductor
cola positioned beneath a susccpdor nccro~ndiag to one sepcct of the
present inventirm; Figure 3 is a gixph of coil stud or support height as a
tbaction of 10 position along the exemplary fnduadon coil of acne 2; Figurt
4A is a crass-sectional dreWirlB tb~owing the distance of sepaxatian
between an iaductar and a suscaptor) wtuse the separation pmafilc is
appmprlate for steady stets., high temperature portlopa of a process;
Figures 4H i9 8 crobs-sectaaaal drawing shoaling the dtstencC of 1 S
separation bctWCea an inductor and $ susceptor) Where the StpnnatlOa
profile is appmptieta far the transient, heat ramp-up as~ud cool-dawn
prntione of a process; Figur~ts 5 is a side crop-aertioa of an Glevational
lift mechanism that may be used in an aspext of the present iuvsntion;
Figure 6 is $ aids cxoss~ectionel vlGw illus4ratiag exemplary optical 2Q
pyrametars that may bo used to regulevte the distance of saparatia~ betwocn
the inductor and tine susceptor. Figure 7 is a plan view of the anangam~mt
of 150 mm on m exemplary sueceptar; the drawing shoara tho verietp of sl
atrvtronme~ $ subttratr may axperlmce) as Well as exemplary heat shielding
that may be ~5 des~acd to fit between e; Figures $A, 8H, and 8C era
axamplaty beet shields which may be ptaccd nn the ausacptar to improve tho
heat uniformity of the suseeptor; Figure 9A ilh~tttatea two exemplary heat
shields ttsat may be used at the odge of the aus~ceptor in exemplary
embodimcntx of the present irrvcattion; 3Q Figure 9H in a graph of tberanal
pmfiic of the euetepnor in s radial dimtion, s~howitrg the benefit
ar"lricv,ed With~the use of the exemplary heat shislda of ftguxc 4A; 7  



16 (IUZ 2003 Figtuc 10A is a echeangtic drawing depicting txtaperature
uniformity izt the rvxial direction of a thin suet=ccptor; F'~g<ue 1 OH is
s scheauatic drawing depittiug temperatuoAe imifc~mity itt the axisi
diroctiou of a thicJc anscepto~. 5 The following describes exemplary
embodiments of the ptz,~rnr inve~ioa Deacriptioas of spodfic dcapts are
provided ee examples. Various modificsizona to the prefaiod embodiment w111
be tardily apparent m those alcilled in the axt, and tl>e generic
prioCiplaa dctiaed rein may be applied to la atlter embodiments and
applications without departing fmm the scope ofthc invention. 'Thai, the
prasettt invention is not intended to be lunirod to the embodiment shown)
but is to be accorded the widest scope eortsistent with the principles and
featttrei disclosed herein. Fig~rc 1 is a side cross-section of a CVD
reactor, geamx~lly indi~cd at 15 100, accorc~,g to an exemplary embodiment
of the presort invention. The c~oomplary reaotlaar of Sgttre 1 is adapted
far epit~dol deposition of silicon with s high dcgrce of uniformity aced
reduced oonta~natioa Of coarse, a aride variety of other processor
m~ay.also be carried otit using aspects of the preset iaventioa. Ztcfcrrirg
to figtnn 1, a ball jar enclosure 101 is sealed to a base plaxo 20 102 with
scaling mecbsniem 103. A ha~orrtat ausoepuor 104 supporting au6strates 105
rotates about the center eotia 106 of the reactor. 'Fhe ~3ceptor 104 is
heated by inductor 107. which may be an induction coil. Induction coil 1 Q7
is separated fiom the iusceptbr 10~4'by a coil covet 10B) which) with the
ball jar enclostne 101. ~ B~ ruction volume for the re~uctor. A 25 cooling
medium tmay be pumped through the coil to prrveat the coil 5coru ova~rting,
t3asct ate iattodnced through an inlet tuba 109 locamod along tlxa cetrter
axis 106 of the razor. The gas mirctur~e may comprise =tactivc gases,
dopoaitiott arias, carrier gases) inert gases, depart gasp:, and outer
typos of -pees. Of coarse, in other embodiments. gas may be i~oduced
through tubes 30 or.showerheada which pass through the top or fides of the
bell jar. Bases entering the encloatae from the bottom follow a pathway
roughly Indicated by arrows 110, Which signify comrection ctureata.
Exemplary dimensions Ht, lJt,   16 JUl 2003 and Dl in ~g~nre 1 arc about
38) 32) and 33 inches (965.2, 812.8 and 838.Z mat), respectively. The
exemplary react4~t is 5gure l~l~ canono!!td by coaGmller 11$. ContmIler 118
has canoectiona to the bnttonai. of the x~tactor to regulate gas flow 5 1
a9. Connoctioa 124 may be usal to drive the elovatianai IiR mecbaai~n and
provide, rotation to the 9uacaptor. Cormecdons 126 and 128 tuay bo used to
read ' iafarmntioa fiom tecxpastwre leasing d~,wic~, such as optical
pyrometers) fxa~zn the oarrter and outer edge of the s~r~sptor)
rr~pcct3vely. A.ltesaatively, , tamtxxature sensing easy be dono through
connections 134) 136, andlor 135; 1 Q these conn~tions may alto be ustd to
ltljoct gores and ac~ju~rt gns flow. Tea gas rxhsust may be cagylated
through connection 128 to majn~a(n, among other thing) the dcedrod prasarue
is the rQactar. The coat<ollcr may also be uaad to regulate the flaw ofthe
cooling ntodittm throug4 tba coil. ' It is lcnawn in the art to ccntfigwre
diffarant act of the iaduetion 15 coil at di~'arent di:tapccs of separation
from tbo euscoptor to aompeneate for the giratar ataount of heat loss tbrnt
occurx at the edges of the susccptor. It should be noted that any given
coil coafigu~re~ian is typically caon8gured for the steadystate, biglt
totnpaa4ue porbioa of a pxpcoee, and this configuration is not aCCGA38li1y
optinau0l for the nansiaat poxtions of a process such as t'he heat ramp_ 20
up or cool-down. In anme embodiments the height of the individual coil
aog~mcnts in a caattor may be automaltcally ac~jtvted daring processing
using support aituds to be discussed ahartly, but in an acempiuy
embodiaaeat a sirnplar approach involves taoviog the stlsccptor losGesd. Of
course, the mounting plate supporting the swda could be moved up and down
as well. 25 'fbesc embodimmta of the present inv~tion lunre is coannon t'he
abiilty to sect the disbence of sep~tlon between the ir<ditctar and the
auaceptor receiving aaa~gy tlu~cBmm. Thus the pa~cnt invaatioa p~tovides an
apparatus and mead fat aptimsis~g tomp~nttue uaifocxiitieo in Goth the
transient and steady-state portianr of a process. 3a Figunr 2 is a plea
virw of a susc~eptor with a coil beneath the ct~aceptor. Far sax of
illushation the coil heiow the susccptor and the pos'stion of the wafers on
top of the susccptor are shown simultaneously in 8guro 2, although it 9   ?
6 JUL 2003 



will be readily understood that the susceptor physically aGperatres tlu
coil from the wafers, and that the susccptor is riot actually trsnapaxat It
should be noted that the coil could be abov0. or aura within the susceptar.
The exemplary susccptor i~ this figure is d~3~d to simultenouualy process
esgbteea 1 SO mm 5 subst~s. The coil stakes about 10 toms in going from its
iaucrmoat turn 2I0 to ifs outcrtnost turn 212. The width of the coil
dcnotaod by numeral 214 and the 1 U toms of the coil arc such that lt~e
coil male about four passes under each of the 150 mm substrates. Tin coil ~
sttppocted by about 54 adjuobsble studs located et periodic 1 a iatctvals
along the con's largtb. Bavaml of tbesc stud on the outor~nost tom of the
coil era denoted by lacstiacrs Z16, Z18) 22Q, and Z22 in fig~ae 2. Tho
supports may be a~juated to vary tho distance of separation betvvecn the
segtnmt of the coil held up by tbat pnrticuler a~tud end the suaceptor. The
multiple number of adjustable coi! xupports means that distinct 1 ~
scgmerts of the coil a~sy be tneintsiaed by di~er~at heights, sad thereforo
coil oon$gurstloa~: such is theft abawn in figure 1 are pas5dble. . An
axe~lary soil support hea~ht or "stud 6aig11t" corifigsaadou is sbowm in
$gv~re 3. Stud hcigbt r~ers to the diatancx bchslcen, far txample. coil
segment 42Z arad mauuting pinto 420 its figure 4A, with the acttul support
20 dcpiated in fig~ao 4A ~ stud 424. The heip~ts ofthe outenmaat a~tpports
(stud numbers 1-s 4 in 5gnre 3) are set to a mud height of about 1.5 inches
(38.lmrn). Thuae studs enppartiaa coil se~onmts adjaocut to the middle of
the suscaptar (stud mmnberra 15 30) are ed~ueted to about 1.1 to 1 ~ inebes
(27.94 to 30.4Bcam). Thcsa heights are is refaerice to a mounting plate 4Z0
iu figure 4A) 25 and thus cod seganents auppottcd by studs 1 to 10 w111 be
cloaa to the susccgtor. 'The heights supporting the inuermnst studs 35-50
aro tnisal to values bighar tbeun thoaa of 1s-30, brtt not quite es high as
1-10 beeeusa this region of ttse susceptar, although au edge, pielcs up
aotne heat firm coil a~ogments on the other side of support stem, 408 in
figmo 4A. Ring to figure 3 D 4A, this means that coil segtnettt 404 is
closer to the suaoeptor than segarmt 418, but not as clogs is 414. 'fhe
coils are adjusted tn obfgin a temperature profile within a tSC spread
across the susccptor at deposition tcmpcmtttns as 10   1 6 J U l 2003 by an
optical pyrometer loolaag through the bell jax window. The fatal coil
pro$lo ie olttained by measurtag the cgitaxisl film rGSiativity uniformity
and adjusding tho coil pxotle to obtain a rasisdvlty tmifortvuy across the
endr~ substrate area within typically a variettion of :k~% ar lr~s. Tl~e
dopeut 5 gases a:e very seasftive to clmages In subedrate tcuapcrattac ttud
thus grovidr an dccsllent mesas of fine tuning the coil for apti>ntun
temperature tmiforruity. Figures 4A and 4B illt~nrate one sspeGt of the
pinvatiion) in which tcmpcrattn~e w~ffonmity is improved during t portions
of a procetis by chranging the dis~nct of separation brtweeea tire
ia~duelor sad the euscrptar 10 of an tptte~xial CVD reactor. In fi~urc 4A)
a suseaptoa~ 4l0 is shown in a poddon closely apaeed to an lndttctor) is
this cage an induction coil) as it mgt 6e dudtrg the hlgis-taanpneture)
steady-sbtbe portion of as opitmdel proaese. In this position, the distance
of separation betoveea edgy of the eubceptor 412 and eoi! segment 414 is
s~ooallcr than that of the middle of susacptor 416 and coi! ! S segtaeat 41
B. ?he pa~tioa of the suaceptor is figure 4A a far the sttady~stete
process. Frfor to this atrttstion, hovvcver, is the transient I~t ramp-up.
Yn this aspoct of the unvention, the stuusceptor rosy be posidatred as
ahrowu in figtttc 48, Raising the tuaceptot for a ttesuitat poxdon of a
process da-couples coil 20 se~nae~ts 434 and 43Z locarad ad3acent to the
edges of the aaaceptor mom so then cofl segi~ts 434 and 436 Located near
the taiddla. Ae the ausceptar is moved away from tho coil, the power
coupled to the suscaptor is reduced. The coil sagtx~ts closest to the
:uscrptor couple the mort c~a~r auto tho auec~tor, and the drop-off'
greases non Ih~orly with distance. Thus, as the su:;ceptor is 25 movod
awalr) the d~rp-off In power t~n~ is lavrgest for the closer (edge) coils.
The result is that the small dit~encts un positions among thr diffa~cnt
coils have lens impact as the susceptor is moved away, Whw tb~ swcxpt~oar
is close) the dice is dis~ncaa s~m~aag the coil segmm~ very by a relatively
large amount in tams of percentage and the diffct^snca in powrrr coupled is
30 sigui~cant. At lmgcr diaomccs) the power transtrr tiom the coil
sc~tuents is mono eimil~ar. 11' 



16 J U l 2003 'Ihc fact that edge scgiuents coupk energy into tha su9ccptor
at a diffemnt rate than. middle segments do, with chanqea in
iaductorlsasoeptor sapnration distance, comes about because xnagnedc $ux
lines ~uroundiag the . coil xparats fall off non linesrEy with distanct.
Sinac edge ~ 5 closes to the s~usceptor, magn'c flux linrx intercepted by
flu susceptor arc denser, end thus moving the susceptar away as a greatrr
elect with regard to the gettetatiaa of heat within tha suacrptor. Movlag
the suscaptor relative to an inductor for it~nsia~t portions of the
process, when the inductor is con$gurcd for the stady-estate portion,
improves trmpcmture tmiformity. 10 Tiles tesmpeerature of the auscmpt~ mt;y
be mceaured by optical pyrometers or other temperatsue measuring
instruments. Monitoring ttmpcratures of the suacrptar is important for
detamoaa~ing whoa to ad,~ust the position of the s~captor. For repetitive)
predictable processes, howwer) it may be possible to ad~uat tbo distance
for set periods of tint, according to cereain 15 rocipea) rather theses
measuring tba ttmpe at ceah step of the transiGat period. An cxemplnry
process for the ttensimt portion of as epittudsl process may involve the
following: ~mrnng with the susceptor at a separation diatancc 438 shown, in
figurt 4B; vYaidng for the rotating suacap~tor to inch an 20 equilibrated
temperature of 70QC; gradually reducing the distance in fmc incraaamts,
such as by only about O.Z tttches (S.OB mm), since rapdd changes can cause
pmbleros with thr susceptor's silicon carbide coathag andlor the ItF g~ator
cou~rol system; wutiug for flue susceptor to roach Ana equilibrated
temperature of 800C; rcducinR the distsuco again by about 0.2 inches 25
(5.08>run); waiting for tile suscsptor to reach an aquitibrated
h.enpetattue of 1050C; and they reducing the distsncc by a further 0.2
inchat (5.08 mm). At thin poiaL the mtgtitsg suaceptor is Lacatad ~at the
closely spaced position shown is figaxe 4A. A crcas-section of tile
mcchrniem usod to raise ~d lower the euscept~ 30 is shown in figure S,
where susceptor 501 is shown 1n relatiauship to the RF coil aesecnbly 545.
The sutceptor 501 is supported by a pedestal 510, which rcsb in 11   1 6 J
U L 2003 pedestal cup 312 sad is raised or lowered by suseeptor lift plate
525. The petiestat ecip may canaprise stainless akel. Lift plate 525 is
driven up. sad down by lesd screw SxO. Rotary motion &oai s motor (not
shown) is transmitted to tire Lead screw through a rot~y fecdthrough Q30.
The ali~amrnt of the e~usooptor lift plats is raaintaincd by the use of
linaar besrlng(s) 5~~, The linear bearings slay also he referred to its
lift guilt beating(s). A second rotary feedtbrottg~ 550 is usxd to provide
rotation to tha ac~sccptor (what the dritvc for, tha rotation niachsnisru
is not Own) through a gees oa mtntiaa sleeve 540. 10 Figure 6 ills an uspat
of tha praaat invention In which the susceptor lift is controlled by a
controller which monftors tanpnature variations across the auscaptar. 1n an
exemplary embodiment) a tramient neat ramp would begin with the auecrptor
in its upper most position. 'fhc susccptor is then lawec~ed until the cents
tempaatute, as mcasuured by optics! pyrometer 510, 15 ino~es to
aubat~tially match the tennpaature at the susccptar's outer edge, as
measured by optical pyrometer 620. Figure 7 illu~tes aoabodimr~m of the
present invention that t>_so beet shielding to improve teazperature
tmiformity. The accmplary susceptor of figure 7 supports elghtom 150 mm
snbatrates. Of course, substrates could be 20 arranged is a single row)
slang as annulus around the uniddlc of the suscCptos, but thi: pattern does
not allow for the larger number of subatratee to be simultauxousiy
procestsed with the double mw ptnxem of figure 7) which achieva a higbrer
throughput. 1a figtsxe ?, khere are two sitbah~ates within the outer
annulus for every, ono substrate is the inner ormolus. This emhodinunt 25
may of course be usal along, in combination with the movable susceptor, or
with other aspects of tlxe pmscnt invention. Althottgb this technique
increases the throughput of tire reactor, it may lead to a now tempe~ue non
uaifomnity in that tha substrattr will see a greater varlaty of thermal
eavironrncnis in directions parallel to the plant of the 30 susccptor. For
rxemplc, substrate 946 providrs some insulation t~Ot substrate 7x0 elonE
di:~on 723; at least mare iasularion than the lack of a Substrate provides
along directions 711 and 744. ~t should be noted that even along 13 



16 J U L Z003 dirociia~ 7z2 and Q44, both of which lead to pockets between
$ub~ea) tlxe thermal a~vironnaent is not the same. The pocket is the 744
dirrxtioa i9 , and thus provides greatrr insulation far substrate n0 than
the larger pocket along direxdoa 722. Faccatplary embodimeais of the
present iavendoa provide 5 incrr~rd tonal ttalformlty in directl.ons
parallel to the top suaceptor ~rFace using thermal shields. The thermal
shields may hgvc a vaticty of shapes) awing in part to the fact that bray
may reef in the areas 6etw~a rise su6st<ata pockrctc on the top auriaco of
true stisccptar. Alternatively, the tlzeratal shields can also , be
registered to frt into ~aaascl~Ing packets on the auaceptor. The varladon
in the 10 shape arftlle shialda will be dependent on substrate diametor sad
the number of pockets in ~ susceptor. The purpose of thu shiolda ie to
provide far each anbstr~ s situation such that each edge of the substrata
is exposed to auhsUy the none thcmnal ' esrvironmcnt; that the thermal
cavirot~at is substao~aUy thre same for all the 15 substrates being
processed; and that the th~l envimnmart is fadapendent of position on tho
suscaptor. A ropresenfiadivc selection of shields is shown in 5guro 7 ins
shields 750. 752, and 95d, and are reproduced in fi~ 8A, BH) and 8C as
shields 8x0, 820, and 830, respectively. The shields may be silicomi
carbide ar silicon carbide coated g~aphitr, and m,ay r~ang~ fi~ana ~a6out
0.02 to 20 0.0b ouches (1.524 nom) in thiclaxess. A general role of thumb
is tl~t the abdeld tbicks~esa should be substantially the same as;he
thicla~a of the substrate. Tempcratvorc uniformity in lateral directions)
parallel to the top surface of the ausceptar, may also be influenced by
shiolds positioned at the edges of tho sus~xp~cor) such ~ shield 910 shown
is 8gtua 9A. There may be multiple x5 shields ntthe adgc of flu' suaeeptor)
ox shield 410 may be split into two vcrticaa. portions 920 end 930 m
thermally insulate the Inner es wall sa surer edges of suscrpmr 940,
pmvidiag en in~aed degroc of ie~uletion than othcswlse would have boon
pmvld,cd with s single shield having am equivalent thiclmeaa of 920 and 930
combined. The shield mstexiahr mdy comprise silicon carbide" or 30 silic~nn
carbide cowed ~rephite. Tempcrat~n~e uniformity of the suucepwr in vesdcal
dinrctions, paral~l to the axis of the susccp~r, may be itnprovcd as well
mceording to finthcr aspects 14   16 J U L 2003 of the present invention.
This may ba lone with tht~ use of susteptor edge radiation shields (bottom
radial ri.rcumference), shown us rcfamce nvnaeral 950 in $guro 9A. The
result of adding these ahield9 on tha tatnpaat~tro profile in a radial
diracdon (parallel to the top ~ufaco of the ausceptor) is shown as 5 curvo
960 in figure 9B. Additionally, tcmporaturo uniformity in the axial
dizxction (nea~mel to the suaceptor) tidy E1C ltllprOVCd by laCidaBillg
L~1C thiCl~Ods of ih! slltCepiOt) a1 shown in $gures 10A sad 10H.
Tempexdt<ue non unifortmftfea in tin; axial direction are shown as curves
10l 0 in figure 10A; these non-tmifot~oc~ties pro 10 duo to the discrete
nature of the inductor coil segmems and the sections of the susceptor they
heat. Hy tha time the heat lots betas lranafcaed thwugh t'he susccptox
thiclmesa 100 from lower surlhce 1030 to upper surface 1040, the
ternpaature uniformity may have 6ecn somawhst evened out. Hy incraaatng the
susceptor thic~neta forma 1020 in figure 10 A (which map be about 0.9
inches I5 t22.$6 mm)) to that depicted by numeral 1 Q60 in figint I OH
(wbicL may be about 1.2 iacha (30.48 nun)) tha su~captor tennptrafiue
unffornaity emootbs out further to curve 1070 shown in 5gure 10H. This
reducra temperature non-ucdfarmitiea is direetions parallel to the
susceptor tap surface from pmSle 1080 in figure 10A to profile 1090 iu
figutn 20 10B. Canvenaoual suscoptor thie.lonesaoa sore in the sense 0.5 to
0.9 inches (12.7 to 22.Bti .mm), and etabodimends of the prcaettt invention
provide for a susceptor thicla>css in the range 0.5 to 1.5 iachta (12.7 to
38.1 mm). In one aspect of the prasaat invention, the susccptor thicknsgs
was increa~od from 0.9 to 1.2 inches (22.86 to 30.48 atm). - . 25 The
design of the tbiclraoss of the suaceptar is dlso ldfluencad by the
fraqueacy at wlrieh the RF gaaorator is opexab~d: as frequumcy of opacatioQ
is de~ca'od, tho paretration dopth of anargy into the suscopt~or is d) and
thus,, the thiclaasas of the s~ceptor aanst 6e in~sed. Furtheranore, the
design a motivated by the foal that it is more soot effective to operate
the RF gena~ator 30 at taw fi~equencies) whose law fiequencies refar to ~5
to 30 KHz, as opposed to older syaterns operating at 180 and wen 35Q to 450
I~Hx. The ~a~echaaical 



15   ~ s a a ~ zoos stability of the system is improved a9 well) since the
sugccptor may only be supported at its central ragions. of anursc, tbc
various embodimenn of the present invention mny be used alonr and in
combination. In othac weeds) in some situations it may be 5 apprapriste to
use a thicker ansceptor in conjunction withtlze bafvvmg thermal shialds. In
othar situations, vwyja~g the aeparatiott distance between the inductor
arrdd the suxcaptar, along with shielding amund the suseeptar's outar edge)
using a thinner ausceptar, tuight provide the best tlurmal uxuifatmity. It
will be apprxlated by those aldlled is the art that user of coma espactt of
the 10 ptr~at invention, such as austcptor rd~c sbfeJding, may elleviame
the degree to which other aspects of the invesltlon ere practiced) such sa
a relttive tnovrment ofthe ausceptar is an axial direction reletiva to the
inductor. While this iaverstion has been dcsoribed and illustrated with
reference to particstlnr embodiments, it will be seedily apparent to these
aldltcd in the art That 15 the scope of else present invontian is not
limited to the disclosed cmbodimaats but, on the contrary, is iuteudGd to
cover numerous other modi~catiaps and equivalent atrsugcmente whirl: are
included within the scope of the followIn,~ claims. I6   16 JUl 20p3 1. A
thermal processing syste~aa for proccss~ing a srmicondnctor substrate, 5
the system comp~ri3ing: w h& ahsmber: a gas source for providing gaso9 to
tho practssiag chamber tn form a deairad deposit on the substrate; an
inductor positioned within the cbam'ber; 14 a susoeptor positiotud within
the ahatn6a edjecant to the induc~o~r fior supporting the sttbatrate,
wbaein the iadtietos pr~a~Vidd cloctromagi~otic energy to the ausceptor; sa
elevaGional lift mechanism for varying the distance ttf separation bctwcen
the indurcor and the sttsceptor during heat rannp-up and cool-down of 15
tho substrata; and s top thermal shield for it~uhstittg the top se~face of
the ausctptor in the xcgfons where ~ are abxnt. 2 'lka thermal pmcassing of
clean 1, wherein the inductor is as 20 induction soil. 3. The thortml
processing eysttm of claim 1, fiuthar comprising a caroller coitneeted to
t6ve clcv~rtional lift mechmsism and configured to instrura the elevational
lift mechanf nm to iu a larger distance of separation 25 bat~een the
lttductor and the su9oeptcr during the heat camp-urp and cool-down than,
durinng the atsad~y-state pmses~ag period. 30 4. The thcratal psoccssing
system of clsitu 3, wherein the controller is tanfrgured to incrementally
decrease the distance of aepatation by 



i~   16 JUl 2003 prod~erini~ud amotmta during the heat ramp-up is rcaponea
to flu temperafiur of the subs~ate atcadiag predetermined thr~bvolds. The
thata~al pmce~ing system of claim 1, wherein tlx easceptor is 5 silicon
carbide coated graphite. 6. The tbGrmet processing system of claim 5,
wherein the susceptar has a thick less than about 1.5 inches (3 $.1 mm). t
0 7. The thermal proooxsiug ayata of claim b, wheardn the suaceptor has a
thiclcneas of brtweam 0.9 and 1.5 inches (?2.86 and Q8.1 mm). B. The thamnl
p~oe~ing system. of claim I fut~x comprising a raecbaniatt~ for rotating
flue susceptar. 1~ 9. Tho ihemsal p~c~ssiag system of claim, t, R~thar
coarp~ina s thmm~l shield at the outer edge of tl~ ~ceptor. 10. T6e theimal
proce~fng system of claim 1) fmrther cemprisieeg as ions thermal wield at
the iucer odge of the 3uscoptor. 20 11. The thennel pencesafng system of
claim 1; feather comprising as imuer and an outer thanul sl~ld for
thermally shielding tlu edges of the buecrptor. 12. Tha tba~mal pmcesximg
system of claim 1. feather comluieiag a the~mel 25 shield tbe~t is split
into inner and outer vertical portiosu for tbIly shielding tht edges of the
sttaceptor. 13. The th~et pmcessing syatam of clsua 1, ~th~r comprising a
thennai shield at the bottom of the outer portion of the susceptor. 30 18
16 JUL 2003 1~. The thesmsl proodsing sygkem of claim 13) wherein tbre
bottom thcmnsl :Meld comprises a botaomn radial shield for thcraaally
shiclding the bottem ~.gsa a! the susceptor. 5 I5. The thernnal proceseit~g
syetsra of chum l, fiuilur cuunprising ~ tl~mal Shield et the bottom of
tl5e innrr postiom of the auacepior. 16. The thcrmsl processing syatear of
claim 1, wherein the substrate sapport is tbc auaoeptar. la 17. The thermal
procesang system of cleim~ 1, whereto tI~ top thaaral meld comprises a
shield ring in spaces between subsiretc pockets. I~ 18. Tha thermal
prrace~rg nyatem of claim 1, w~u the top thermal sbuield co~npri~d a shield
rcgistarcd to fit into matcbix~ pockats on the 



suaceptor. 20 19. A method of praecseing a aemicaniductor substrate) the
method comprising the steps of; positioning the substrate adjacent to a
suaceptor, inductively coupling energy tfiom an Laductor to the suaaeptar
to heat the suaceptar; . 25 injecting a gas into t6c cl~mbar; vmyhrg the
distance of sepemtion batw~era the iadttctar rod the riuccptor during heat
rsrnp-up and cooldawn ofthc substrate; ihe~mally sbuelding the tap since of
the susccptor in the regions whcrr substrates are abxnt; sad 30 depoudng a
layer of aoits~ial on the su~ba~orm. ~ 1. The method of clainn 20, wherein
the inductoz is an induction coil) 19   16 J U l 2003 22. The method of
clsiin 20, fiuthcr comprising tlu; ecep of mesa the susceptor. 5 23. T'6a
rnCthad of claim 20) wherein the step of varying comprises meinocaidag s
lgrgar distaaca of separation batwacn the indoctar sad the suaaeptor during
heat rang-up and cool-down pcxioda tbaa du~ag the strca~dy_ stsbc pmceas3ng
Pttiod. 10 24. The method of claim Z0, wherat~a the step of veryiug
comprises incrementally daoreasing the diatsnca of eoparstfon by
prodot~iaad entottnts dm~ the heat tempup in response to the temperaAtm of
tbc substrate axceadix~g prrdetecmlaed thresholds. 1 s zs. The method of
claim 2D) ft~th,er coraprLdn~ the step of tlustmally shielding the edges of
the susceptor. ~ . 26. T'lse method of claim 25, whaxia tht step of ally
shielding the edges of the sutceptor comprises thermally ahidding the edges
of the suscepmr 20 using en lunar and ea outer shield. 27. T'~ method of
claim 25, arharein the step of ih~tally shielding the edges of the
etuceptor coro~risca tiuxmally shielding t'kve edges of the suscaptor using
s shield that is split into inner and outrr vertical pord~ons. . 25 28. The
method of claim 20) wherein the step of thcraraUy shielding tote top smfaca
of the susceptor comprises using a shield ttstmg is spe~ces bctvvean 30
sub~c packets. 20   16 JUL 2003 29. The method of c~wm 20, wherrin the step
of thermally shielding tlu top sur~ce oftha su9ceptor cotnptixa using a
shield registered to fii iota matching pockets on tho aascap~or. , 



5 30. ' The method of cl~cn Z0, wherein the msceptor is silicon carbide
coated gtc. 31. The method of claim 20, fluther cod the abcp of ve~qriag
the dirtance of scpaeation betv~roau the inttuctor and the stuceptor after
poma~ing 10 mrda. 32. The method of c3aim 20, whorcin the step that varies
the dismncc of scparstton betwasa the inductor and the susccptor ua
accomplished by mcrving the susceptnr. 15 33. The method o claim 20,
wherein. the step that varies the dist:nacc of aeparatiod betv~en the
iaducOor and tho auaeeptar is rccomglisized by adjtvsting the height of
coil scuds. ZO 34. The ruetbod of claim 20, whc~teiu the slap that varies
the distance of sap~tian balvveon the inductor and the susceptor is
accomplished by moving a mounting place to which the inductor is atbachod.
35. The twethnd of claim 20) ~rth~ cainpris;ag the r~tep of adjusting tl4e
?5 distance of separation between the inductor and the sueeeptot during
grocessi~. 36. the method of claim 2Q, ~etlxar comp~~ng the step of
thermally shielding the edges of the susceptor usigg a bottom radial
ahicld. 37. The rocthod of claim 2Q, wluxein the auscGptoor h~ a thicla~ss
of 30 between 0.9 and l.s inches. . zoa .Aa9.A.A.Af.A,;
.AF.A.AYL.AY.f.AYf.Al.AL.AY.AY;@.A.A(.AN.A,.Af.Af.A1YZ]`cfi|`vyHB E S d o x
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