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[0002] Typical wafer holders are described in U.S. Patents 4,821,674 and
5,427,620. These wafer holders are typically used to support a single substrate wafer during
various wafer processes during the manufacture of integrated circuits. Such process
applications may include silicon application processes such as chemical vapor deposition
(“CVD”) and physical vapor deposition (“PVD”), thermal process applications used for
treatment of semiconductor wafer substrates such as rapid thermal processing (“RTP”) and

high temperature etch processing, and the like.

[0003] To save process time, substrate wafers must be loaded at an elevated
temperature, and when the wafers are placed on a flat, smooth, unbroken surface, the heat-
related convection currents affect the ability of the substrate wafer to settle uniformly. Thus,
as shown in the aforementioned patents, a series of intersecting channels is typically
machined or otherwise applied to the wafer contact surface of the holder, the intent of which

is to provide a free flow of gases between the substrate and holder to avoid undesired
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surface area differences between the two faces of the same holder, such as those that may

exist when only one face is machined, can lead to large differences in stress, which in turn

cause the part to distort or warp.

[0006] To alleviate this problem, the above-cited patent suggests that similar
machining detail should be added to both faces of the wafer holder in order to avoid the
differences in stress and thus ensure that the part remains flat after coating. Unfortunately,

adding machining detail to both sides of the wafer holder can significantly increase its
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[0006] To alleviate this problem the above-cited
pat ent suggests that simlar machining detail should
woeoaddsd4t o both faces of the wafer hol der i nPOTAS2004024787
avoid the differences in stress and thus ensure that
the part remains flat after coating. Unfortunately,
addi ng machining detail to both sides of the wafer
hol der can significantly increase itsnmanufacturing
cost. Another solution cited in the above patent is to
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There is also a need to minimze the total contact

ar ea fer ol der. and, s trate waf.er

o GOttt & M § el biRnE R GoRb S A R elge e water
Hohi%f( and ﬁl&ﬁﬁaté)ﬁvafébiein\ll(bﬁ!ﬂ%rto al?almﬁrhh A for ﬁnﬁérmuZerxaﬁ},e across the
I Kl to.the cCKsli de .of the s strat

BRI L1 HERT 7 281 2t PUGHedOY TSQREs PrfEe Harkoeh opfhe subsirae

veat@nNNg bidet ® miniginé tod abhtyct Bie@the WhthBdt ofERIISClE Iib'iihtehﬁkﬁlally high,
rids forned at _the channe] intersections are ke

mpeang that the grds fopprd ab fhechuwgl ipfpsHoat e kepti Salalér Ea?sthe tops of

thaRt TRAvidYal tdhR é‘r%n f&thed tyhdt dRAMMisdehad YRR sifpBbrt tf&e the wafer
waf er substrate. gﬁﬁroblenrmrth smal | %ﬁlds Is th
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1%@@6ﬁﬁwﬁﬁﬁﬁ@éﬁmHPGb@@$ﬁkhe addi ti onal drawback of
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the 'substrate beneath the coating 1s exposed to
rejected, since once the coating is breached, the substrate beneath the coating is exposed to

the process environment. The higher occurrence of pinholes through the surface coating on
parts machined with a high number of channels is due to coating thickness variations along
with cleaning issues, which are more problematic at the base of the machining detail.
(Pinhole formation occurs over a period of time during use of the holder. This is generally a

surface ‘erosion problem, which can be affected by cleanliness.)

[0009] One final drawback to wafer holders machined with a high number of

intersecting channels is that it is often desired to machine a concave-shaped profile into the
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t he process environnent. The hi gher occurrence of

pi nhol es through the surface coating on parts machi ned
wei20d5/0a3334 gh nunber of channels is due to coat PAT/US2004/024787
t hi ckness variations along with cl eaning issues, which

are nore problematic at the base of the machining

detail. (Pinhole formation occurs over a period of

time during use of the holder. This is generally a

surface erosion problem which can be affected by
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processes which require a higher |evel of tenperature
uniformty. The presence of a high anmount of surface
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such a profile, which further adds to the cost of the

part IOIﬁ?m%Xe %f :_EI%R %e& W%w#gs%rlt qg\;eg ion ﬂﬁs a number of

waf e rodescr rese I nvention
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res 1ess®co
cmaczalwe rsurfgre prakies gespécidlys foe rlaﬂge shbumratepwaﬂt eianmecav e'his, in turn,

p%é’l\rg at%ﬁp gvec{r}?ﬁrt-to-paﬁsg eﬁ:sﬁe%lc}rf)r g\lﬁ %%ol r%{) P%ggestto{eratng m%{negrit easier

t@ aidinthio -ddaedsicneinsingbledaing thinufftuad, snd Ppswdad dmpgeed wafer holder
erant, making it easier to naintain di nensiona

1% R3S dur i ng manuf acture, and provides i npr oved

waf er hol der performance. [0011] Broadly defined, the

pr es §M11] nv Badadyndedioed rtok plgseht)in@%oaamdmg ® anev:aﬁ&t is a wafer

hol] der .for. hol din uct r sub trat wafers i.n a
tafie R o S ERES S B B aieriat g5t etz dystem,
idaliind a\hbralgr ody bpvisgli fopaaifadd; £ tifaildr afafen@dceds in @eegssurfiace of the
the to urface of the hol der bod e wafer rece
UG AP Sl rosgts Rt i PASeta, S gy g e che g plusality
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Q er eacC egl nni.n ad] cent the. outer
PEEMEITR? }ge pfet W@e%?%?xt?r@w%ég%r dndierainatinggn dh ategoraep of the

wasrreRal ing in the interior area of the wafer recess.
[0012] In features of this aspect, the wafer hol der

furt ?(%1 25 ncl,[ri'I ge%%ureas 8% ‘Eh?su Iasapect the wafer holder further includes a circular
groove extending around the outer perimeter of the wafer recess; substantially all of the slots
extend radially from the circular groove toward the interior area of the wafer recess; the
holder body is formed from at least one of the following: graphite, silicon, silicon nitride,
silicon carbide, quartz or aluminum oxide; a surface coating may be applied to at least the top
surface of the holder body; the surface coating is formed from at least one of the following:
silicon carbide, silicon nitride, pyrolytic graphite, pyrolytic carbon, diamond, aluminum
nitride, aluminum oxide, silicon dioxide or tantalum carbide; the wafer recess may
encompass a concave surface; the concave surface of the wafer recess is adapted to aid in gas

flow beneath a substrate wafer disposed in the wafer recess; the concave surface of the wafer
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groove extendi ng around the outer perineter of the

waf er recess; substantially all of the slots extend
woadisaisas4f rom the circul ar groove toward the PATAIS2A/024787
area of the wafer recess; the holder body is forned
fromat |east one of the follow ng: graphite, silicon,
silicon nitride, silicon carbide, quartz or alum num

oxi de; a surface coating nmay be applied to at | east

the top surface of the holder body; the surface
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proper Ioading and unloading operations each of the
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wafer recess is a first wafer recess, the plurality of

ig|thy igteriar agear of thg sepand "afGraseesst sl ot's, and t he waf er
hol der
[0015] The present invention according to another aspect is a wafer holder for

holding semiconductor substrate wafers in a chemical vapor deposition system, including: a
holder body having a top surface; a circular wafer recess in the top surface of the holder
body, the wafer recess having an outer perimeter and an interior area; and a plurality of non-
intersecting slots arranged in the top surface of the holder body, each beginning adjacent the
outer perimeter of the wafer recess and extending toward and terminating in the interior area

of the wafer recess.



further includes a second circular wafer recess in the

top surface of the hol der body adjacent the first
woioasiza34 waf er recess, -the wafer recess havi RgTAIS2004/024787

outer perineter and an interior area, and a second

plurality of slots arranged in the top surface of the

hol der body, each begi nni ng adj acent the outer

perimeter of the second wafer recess and extendi ng
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[0018]  In other features of this aspect, the wafer holder is a susceptor; the wafer
holder further includes a circumferential ledge for supporting the edges of a wafer; the
plurality of slots are disposed at least partly in the circumferential ledge; and the wafer recess
is a first wafer recess, the plurality of slots is a first plurality of slots, and the wafer holder
further includes a second circular wafer recess in the top surface of the holder body adjacent
the first circular wafer recess, the wafer recess having an outer perimeter and an interior area,

and a second plurality of slots arranged in the top surface of the holder body, each beginning
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[0017] In other features of this aspect, the

di mrensions of the slots are selected to m nimze
waegatoiss4ef fects on the thernmal profile or baeksiuseo4/024787

mar ki ngs of a substrate wafer disposed in the wafer

recess; the dinensions of the slots are selected to

provi de effective gas fl ow beneath substrate wafers

for the purpose of aiding in proper |oading and

unl oadi ng operations; each of the plurality of slots

ddgachttheo@mer Qe btert of.theaddConl. vAD& rbdess dnld ck@Rdh iowdRtand terminating
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.hol der is.a suscgeptor; the wafer hol der 1purther

PYREFeRy 8° iendpe iprrraRases of ilpergen oaly andppomet mpntleeto limit the
seslges tiRfinan@f er; the plurality of slots are disposed
at least partly in the circunferential |edge; and the
wafer recess is a first wafer recess, the plurality of

slots is a fi mw'w%ﬂﬁhé&é#%ingg%ﬁﬂ?gwafer

hol der further 1T nclu ‘er recess

in tlﬂfoto?p %urface of the hol der body adjacent the

fi r s ¢y Fusthepdeagyres, sebedimentscangnadvantages eof ghéh aueseng invention

vl bedbinRS apPREHtTRILthe #1Rwall deRliBh HVri i C -
| urali t)r/)pof sl ot sear rgﬁtgged iln t%gn?tgogla‘ggﬁggeé%cgfo t?lﬁgrawmgs’
Ier body, each begi nni ngadj acent the outer

per | et erriph) A BR 5LGODUr YBERL RFER S APHogY! ondli ng

toward and termnating . Interior area’of the
second wafigrlh esids crgspeactipndt yiewhefthapsasirtofafer holder of Fig. 1A,

appl {a;;@fpglg)ﬂgtl}ﬁeqﬁ_ltgqe present invention wll becone
apparent fromthe detailed description provided

her ei naf t18g.. 10 i askdskassbetiond eiest afate piltatart weferdeldi beEig. 1B,
des%ﬁo%'vﬁ{ﬁ aa‘%?%%‘?ﬁbﬁéd?he%oanpl es, while indicating
0

the preferred e Fment of 't he invention, are
i nt ended Hipr2 ipablodséiggram off h carsentidnaDihemivhlyvapoitdepbetidiQdystem;

i ntended :0,l.i M.t _the scope.of the inventjon. BRIEF . .
DESCRI PTG 74 ew@tﬁw Th‘#ﬁ‘?t"ﬂt‘rﬁ- A dsolation, in
enmbowcordarcs withrit efvact agfedinadtstdfehdpreseiihvenitent i on
wi |l bec pparent fr the fqllow. ng detail ed
descri pt ﬁ;lg‘?]s4%15)?1{0%?6&%ﬁggewi‘%]?cﬁéerﬁ}mg\%i Higs, wherein:
Fig. 4B is a partial side cross-sectional view of the wafer holder of Fig. 4A,
taken along line 4B-4B;

Fig. 4C is a partial side crossjsectional view of the wafer holder of Fig. 4B,
shown with a wafer positioned thereon;

Fig. 5 is a top view of a multiplexed wafer holder, where two wafer recesses
are arranged side by side in a single holder body, in accordance with an alternative
embodiment of the present invention;

Fig. 6A is a perspective view of a prior art stepped-type wafer holder; and

Fig. 6B is a partial side cross-sectional view of the wafer holder of Fig. 6A,
taken along line 6B-6B.



Fig. lAis atop viewof a typical prior art wafer
holder; Fig. IBis a side cross-sectional view of the
wonrbwsro1za3t waf er hol der of Fig. | A taken al ongCriuseo4/024787
IB- IB;, Fig. 1Cis a side cross-sectional view of the
prior art wafer holder of Fig. 1B, shown with a wafer
positioned thereon; Fig. 2 is a block diagramof a
conventional chenical vapor deposition system Fig. 3

is a perspective view of the wafer holder of Fig. 2,
shown in isolation, in accordance with the preferred
enbodi nents of the present invention, F| . 4A is atop
vi ew GEEALERPESCRA DN OF E PREF __" FMBOD]
partial side cross-sectional view of the wafer hol der

of Fi@o2fA rakeRg alodn® theN@awiBpdBn Fhith 14E n'uﬁleﬁls represent like
partial side cross-sectional view of the wafer hol de

ermpongnts thepughops e seyard viewaethe prefarsi @mb?@@emthefté@ nresent invention

t Vv pafgr
s Dlnal omrka i, s gl et

exegiplgY B nabireland ibisdyp, wayrintgedsd telhmi éhevwwhtl@m 1‘fs application, or uses.

al ternative enbodi nent of the present invention; Fig.

6A i gog2mer Sﬁﬁ%‘iﬁéﬁﬁed\@n@d@{dﬁﬁenﬁ a7 &Heq{res‘@ﬁttlnv%ﬁlﬁ&p@ﬁl'l;eyd%'?cnbed with

waf er” hol'der; and Fig. Is a partial sid

wfaese decan e&hallwmﬁrf@mwow echogical vaner d@pos@fonF(“gVIBA system 10,

P

DR D R P Bl sy B SRS Sl the present

aveiongany find apblicsion.i Kewevemeit abosild epymsisestyiod |that ghe wafer holder of
t. r

&%%ﬁng%@gﬁﬁ ﬁg}ﬂ Bg ngél Slggl @i?% \?élﬁét%/ éfr"] %gﬁr p%o@?sgcps 31 Eld{ng Pphysical

st rdepesition TH® VIDY), | mMCh ghedimalc prqgt:ssmg 6RTPHe lpgleftempmiure etch

ﬁﬂ&?e%%g"‘%ﬁ{l gt%gr théqngie]i)r%!:éégg% ANk fgg Hetal | anrlll?dtnyg[ a%y%quer procesg in which

nventi on
amnlc@duqtmwafﬁmms‘%hfte[dmﬂé gehaellpflef @rihed enbodi nent s
of the present invention will be described with

ref eng ] Q%’Io"& S 381[1“62 nt éo%@%lti&%gecﬂeﬁ%al vapep rdepos,ition
depo I Tl n ystem ) ecause

ELAY) eystefin 40.t yijhie cQND pyseedd ihdndeshi ehctichehwabaerl2 and a support
Egéhgl%gm le4 tﬁg rgarcﬁg'negﬁamber 12 may be of any conventional design, including the
type sometimes referred to as a horizontal flow reaction chamber such as that disclosed in

U.S. Patent No. 5,427,620, the entirety of which is incorporated herein by reference.

[0024] The support mechanism 14 is preferably rotatable and may be likewise
generally similar to that disclosed in the ‘620 patent. Of particular relevance, the support
mechanism 14 includes a wafer holder 16 disposed within the reaction chamber 12. The
wafer holder 16 may be of a type often referred to as a susceptor, which typically is heated

inductively, or of other types known to those skilled in the art.

[0025] Fig. 3 is a perspective view of the wafer holder 16 of Fig. 2, shown in
isolation, in accordance with the preferred embodiments of the present invention. As
illustrated therein, the wafer holder 16 primarily includes a solid body 18 in the general shape
of a flattened cylinder. The body 18 may be formed from any conventional wafer holder

body material, most commonly including pure graphite but alternatively composed of silicon,
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invention may find application. However, it should be
understood that the wafer holder of the present
wOonvesrisom may be used in a wide variety of waPer/us2004/024787
processes, including physical vapor deposition

("PVD"), rapid thermal processing ("RTP"), high
tenperature etch processing, and other thernal

processi ng, and generally including any other process

in which a sem conductor wafer nmust be lifted froma

Ry, silcdh csmidt agfirtz,[DRlm PkBle of 2hdth@ BlaRfKmaterial or metal
di ag ram of a conventional chem cal vapor deposition

- 1@%}@ 3llogy Jihe splggsion ph anagopial egpyendiopally dependsdagheend-user’s process
fef@fdnle@R. chanber 12 and a support mechanism 14. The
reaction chanber 12 may be of any conventional design,

i ncludi ng the &y pe sonetines referred to as a
hori A8P%€l  Hig\t4 éaxtaporet kb Haseraterfiohdes d 6taf Fig. 3, and Fig. 4B is a

}erﬁeﬁ |58 @ebst-Bectona! vRRAt Sthe Nafer Ro1da 160& i, the t%[; Sfoﬁ% ine 4B-4B.

which is incorporated herein by referende
%ﬁa@ﬂ%@t@reﬁemﬁ%ﬁs|p§manmbqsfsuq§prétoe¢1 atithyefershest taliligs. 4 dnd 4B, the

I{i[ﬁcger h)%czl%'lg Z%Meh?]c{%s Q?E Qllféo\é 27’)' dI aaf)?tto‘i)n t51|1'}ﬁ1tce Escée%’?‘e?e% (%I{]the top

ticular evan
svefatradfl is mwater irwcstSl}defsrmd\hafaehglh dbmteasmnan dreshphisﬂﬂ)dy 18, explained

ly@l(;vl;“ a'ﬂdtd?ﬁngde@/c&ﬂ &P%‘ eé}nl%p;glf ren!igl % V\Qtf e grqungterr ofl t%e recess 24,

erred 1o as a sEEC8pto
Wmnadtatctl)y pistla theyouites rine26, edarrangedcd contihyqus oircuddr gmdve 28. The wafer

those skKicl | nth . 25] 'Fig. 3

I_Iegegg 54 ésr é;dﬁn te@ I?({/ seupy?lg & ﬁd[h%%e?n%htg? §i&s [)]cl)%e az%afeifirgc_ess 24, and
‘rﬁus &h Imatldnn)f itisadi@tiiangroover28ascelkeclahineonwjuhttionMEth the selection of the

ref red. e ts of .the present. inventio

e Gid r‘g?férdgq) Olgeil?g; S %Wé“iﬁvéﬁ% Froﬁ%feaﬁ?“agéleﬁrqfﬁ‘ﬁrw@ holder 16 of
Iiljg.oﬁlBJ desyiawhibh indfdpao )éoslﬁ’ogﬂeﬂﬂiefb@n ges elﬁcfwnf &ﬁaﬂgerf@‘o fAs comfortably

at e DO e rorne roma

R R Tt S h T fﬁﬁﬁ ot L0 PRSI AR directy

ﬂﬁﬁimdbm@ﬂ@@ﬁﬁvgnaphlte but alternatlvely conposed of
silicon,silicon nitride, silicon carbide, quartz,

al um oxi.de qr another ceranm c materi al taI or
ot a0t O S el PR B S Tg sl ek 28 b lspg wniform
die ﬂewdmdaﬁhé vefee BOl du SR préce e E55intRadhd BEBRE Sf the @264 28, the

Fi 4A i a top view of the wafer holder 16 of Fig
q%?ﬂ’dmﬁ?' © Y Sy pefieliet howgrerc Fmrag’é%tupg?fﬁ}“yvlis%‘\ﬁf dictate

dgﬁmitféﬁlai/giﬁgethe BRb#eto hfuchf Ti Gze Ahe drodkR@n8ad BOYgdnkABy controlled
4B- 4B. artlcular i nterest, and as perhaps, %est

'%Xnﬁ‘é’ﬁ’%‘it@é‘@ HRCRPlese FBf dhT Ecleqsion ¢fsan apprapriptedmsized, groove may be
dRpdrdedit HOhe ﬂfﬁn\kfﬁ&hﬂ&%eﬁro@ests aR WHEH A walr AoteR 18058 Me used.

surface 22. Centered on the top
However, it is known that grooves 28 havmg a semicircular profile that is 0.035 in. wide and

0.035 in. deep have been used successfully as described herein below.

[0028]  The top surface 20 further includes a ring of narrow, non-intersecting slots
32 which extend inward from the groove 28 a fixed distance toward the center of the wafer
recess 24. The slots 32 are preferably radial in orientation, such that each slot 32 extends
directly toward the geometric center of the wafer recess 24, but it will be apparent that the
orientation or angle of the slots 32 may vary considerably while still providing a path

between the circular groove 28 and the interior area of the wafer recess 24, and that such
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surface 20 is a wafer recess 24 fornmed by a slight

depression in the holder body 18, expl ai ned bel ow, and
wdebisrest3lpy an outer circunferential rim 26. APCTHS2004/024787

perimeter of the recess 24, immediately inside the

outer rim26, is arranged a continuous circular groove

28. The wafer recess 24 is adapted to support a wafer

30 therein, and the size of the wafer recess 24, and

thus the location of the circular groove 28, is

sehpeietls iaft G/ﬁﬁilnuﬂﬁé'-tsb@ﬁ ¥ 1B ﬁr@b%ntsﬁlv&ﬁﬁ)honl“}féf d&JAE ofied& slot is
of t Cis a partial

E’F&Qfﬁ% &t {e?% rPaQOI\ﬂPeW%Pr@cf%blm e Tasccel b 2e- ®P0% i, though other
ﬂ&)thsslh@"b'b fé’hstﬂhe aTM?ﬁﬁﬁ 1331PaShd él@t@ @2’ atl(th?rvﬁ%ﬁlﬁldt? and number,

shown, the waf er fits confortabl hin t
risdeandonf onyfhe ﬁlaﬂﬁ@f aud thickaerg of die Wﬁ@r Hivgerdgo effectlvely lift the

ul ar
DA st ORI SR AR RBENIEN
circul ar ]gr oove 28 hel ps ensure uni form gas fl ow under

t he WAPRPT 30t duimpagan it shesdistence mhat itheapdialsilots 32 lestend walerneath
ok e ﬁr(%@éffedgg herbi€s 98Sank duBV6 Rt Qfeoﬁﬁf itfr ?lielséu)gstrate wafer 30)

control |l ed; however, tenperature uni
eicomaes bodnCABtrelais g thpndhie gossile Offec@ntﬁu tdadinghef the substrate

%51%?3(9{1& tﬁ@%b%a?@%@fmzﬁ%cés?ﬂ hgl%t il ec t | 0 n atggn%lsg a?so bbeycontrolled

conventi ona rrnciples e se
Sy e rte &t eb )gm@t thetlit gffeay @mm;atthe udifpenitst exftthe substtae wafer 30 or

SO u?e(s‘tté>J 50@( b Fn%ﬁgff'gsé onnth bs&atg I;]v% e Bert | d\%r 1a? e}i(tgnding the
0 be us RoWh "EIvA gy gh
$latgi 33galh t@eway: rtcr d:lwl altueﬂ) roaﬁteﬂ ef tHeaintetnsr @re@&ﬁ“ thél. waférdRcess 24 is

35 d suc I
@Jéglglglﬁ )3 Vé/?\éelr n?g ﬁ%ﬁer t[ 6%] aeltﬁgccteﬁss(éj i‘u?] &%ay% achieved with
SﬂQIB 13h @f an mh unl&ngth, 4t legt ofith W&Ed’rﬂiﬂldeﬁqm- de@i@ﬂé’(ﬂggcbdiﬂnodate 6-in.
e tend inward fromthe grqove a
b8k SRl o B e, A b S B s s s
ﬁéwdél' keffisicai gas&lbvxa ke ffpilRite fsﬂﬁkr}(tg rv%iéralkadlﬁ\g @hd gﬁl{bﬁdlh@ Operations
t hat . each.s 32 _extends directly towar e

TOU BRIAS 13l SoHE e ppissen oFmaxygpm;lengfsiape known, it

1b &na\op iz Botst 32a§f 0.080-006R B AhdcOReeR us@NkEs@hil) Be d%a%e% herein

may vary considerably while still providing a path

l?fi Mween the circul ar groove 28 and the interior area
of the wafer recess 24, and that sucharrangenents are

WI t hi[@030]e dcipdsotinpbhignt p6 e&RIdL tHemidibei ONslotd B il @R, Mbased on a
egch slot i S refe ab at |east 0.001 in., and

%Ye& Qtazm:ey priniol Fslefs 38 4s seayygsd phordert ‘ﬁ)dgr@pprly engage a
btk dept 39 dRig leacﬁlfgaﬁrhcb bfloadiRle opdrfifts.! €Nt BihutNBumber is
s| ot g gwth their width and nunber, are

RS Hendet ORI S5 2h it Hr's A againgt i the Vifcerarea of the
vdterl 18ceRd 2 fsinb Ot R iV £Lotreshnblink Mt force. Thus, the number of slots 32
may depend on the width and length of the slots 32 used, as well as the size of the wafer
recess 24. Wide slots 32, however, are to be avoided as they will lead to localized thermal
effects, and the length of the slots 32 should be controlled as described previously. Exact
limits on the number of slots 32 and their width are unknown, but it is known that 96 slots 32,
each 0.019 in. wide, have been used successfully in wafer holders 16 designed to

accommodate 6-in. diameter wafers 30 as described herein below.
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waf er 30 during |oading and unl oading utilizing the

Bernoul li principle. [0029] It is inportant that the
wdaizetsangs4t hat the radi al slots 32 extend undepasaiSkno4/ 024787

the wafer 30 (referred to herein as the anmount of

"sl ot overlap” wth the substrate wafer 30) enconpass

both CTE-rel ated growth and the possi bl e of f-center

| oadi ng of the substrate wafer 30 in the substrate

waf er recess 24. The anount of slot overlap nust also

be cqobsfl | adissPodelidel iaPhbSloRB 2 &R be 5B ed f(n efl&ﬁ:ﬁysuniform

tenperature uniformty of the substrate wa

padisty prourd dhe perarivs pidéenpier mepsssoR4 tin eoréﬁzrb@t mam@m tomperature

M@fo%lti @nd the kec‘ ﬁ{ﬁg‘gp %ﬂ %g«%(t&/?é}pigtg IS% Ekgprr?ﬂgx?&lgrc%gstagnlft bround the

to t e actu
Qfﬂilee perfragtery @od diw Eltgth,swmﬂo bk datth of eridweloeB? i§ prefegably constant.

He%\?igﬁg \/\% {3% ¥§s|g1bieht§§1§€c’ Hrﬁf;o%%spl e 5 gis' éi+tts 32 :ﬁ%yqngg uPlfonntly-varymg

putttehl wifepgthh oW diéss of Spadings grithdutt daepanmgrﬁmrﬂahce s@pe rof the present
%nggter wafers 30. On the other hand, the overlap

mist be of a m ni mum |l ength so as to provide
suff|C|ent gas flowto facilitate substrate wafer
| oadi [ﬂgl’ﬁnd Thelboticth myrfasp 82 af ihereldasbaily 1Bes nlbagnbéntional design. A
‘P ¥CIu ort egr%ovre]ojﬁgma% é tdllgegse I?ne fl‘%‘ l%’]ottr(;?’ln(rﬁu(r) ag;’zn?%;sﬂ:]ﬂ%at the wafer

nown nown
]@)hﬂb& (16 Gn@ﬂ& placed ra)avm)ubtede on @8 egprepidte Stﬁfcuiré yn th8 support mechanism

B Sk Ehige PP, pispa i soripsphaf i B i 5. bRent o

HavE620s| ot area, a m ni mum nunber of sIots‘32 is
required in order to properly engage a substrate wafer

30 d | oadi n

m ni #ub&ﬁunber hoﬂie QOdﬁgi:gll?%y (Hen%aé' %’gh? C%Vﬁr%h‘%lﬁéw‘fr%e coating 36

mnq:asadf of loge s:lfoths f8Rowieg:atilivm tabidbesiticon attedeargeolgfc graphite,
since this results.

f . ..
OIS bRt R ol Skl SLERR (higkr s fions filfpen digride or

tﬁﬁ}ﬂuﬂﬁq&ﬂj’i‘ﬂb C(E’brivb\ﬁlomllj/t theaoatinge380t Bppdfed tdhe $hidt SutdBate, including
as %%e si ze of thg;mafer recess 24. Wde

d,.
@ﬁgi’@“@%‘i“%\%‘v@e"ﬁ it $5Ta6e 20 ¢4-ded as they will |ead

to localized thermal effects, and the length of the
S | ot 5[003'.21] s hdlhe dsliplet dB@fbtssﬁmi fcﬁﬁhngsthd @@férl leeds p4 eﬂayOhlaS'b )é. slightly
ots

SRS meslhee Bt SPE ST Rrddan Ot 88 B Greed3y mardipine the top
PrfAdR0i of. thelhcﬂﬂbr bbBVIS. e depisidn Fuiee sigh i ledéadiny M kdEtrate wafer
ORI R RN ST ot e —
thelvaRy 80l fiohatickiRe tosdnQtiferwide MuiSdurfhe. E(Edn@i\@%drfhdé pPofiles are desired
t%re Plgprrg‘lzeld wal%grl t];I%Ir)gPature uniformity due to the tendency of wafers 30 to sag at high
temperatures. The deformity caused by the sag will be a function of substrate wafer diameter
as well as the end-user’s process conditions. Moreover, because temperature uniformity may
be optimized when the gap between the sagging wafer 30 and the top surface of the holder
body 18 is relatively uniform, the profile of the wafer recess 24 preferably matches or
approximates that of the sagging wafer 30. Thus, because the profile of a wafer 30 when
sagging is assumed to be roughly spherical, the concavity of the wafer recess 24 may be

spherical as well. However, it will be apparent that closer analysis of the profile of a wafer
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pattern around the perineter of the wafer recess 24 in
order to maintain tenperature uniformty and the |ike.
wOhws/01833¢ spaci ng between slots 32 is preferabCy/uS2004/024787
constant around the entire perineter, and the |ength,

wi dt h and depth of each slot 32 is preferably

constant. However, it may be possible to use uniform
patterns of slots 32 having a uniformy-varying

pattern of |engths, w dths, or spacings wthout

deRaeh 's%%m%rvﬂm Hk'%@/ &%Pﬁorpi hERG1 Qﬁﬁﬁ%‘ﬂsﬁésﬂ&%ﬂ{hﬁl@ﬁre proﬁle of the
[ 0032] e bottom surface 2)2 of the hol der body 18 is
B‘Iafeétﬁﬁ%séﬁt‘ﬁ@ﬁﬁPV%Fé@laﬁ‘FPfdlﬂglbﬂ rcul ar support groove 34

may be di sposed in the bottom surface 22 such that the

vaf erjopgsderml Genmy, Daof AGBRIEL" whRHNBEAaRN 180er end-use process
appropriate structure in the s:trport nmechani sm 14,

tepgraae t}(ﬁ]élt]@p$ @g@n‘r{l? pe qf@gé'gqs nat hgy,ep:} laeger 915&@@@@@9 dReasons for
2fis REL Zhe BROWD: la?geﬁJ waferE8b & hdRier 3048 n Q%l %Qlﬁél adhesion
The hol der body may or may not be covere
Befeec e ovadari %gaI@Gh@ ompiog éde off tomenbstrate Iheldf:volff ts\/\mmg critical. In
[ Lol y.
gadlﬁ o gf%e@ggregggo Sk SEOAA &  dieranBY strﬂ&glelg\;'?fem 0° 50 a larger
dihadeprofilel ineprhelrs iathieweningirgved demperatugen naiformityar Bheleoncavity of
Q 36 . 1s applied to . .

%ﬁﬁi’e&lggﬂﬁ% rgciessteg ﬁ%egil nﬁyapeg pjoGessing tan% Tauge %)n% g%ﬁ% . {00%010 m.,
wrthl givatet oty framesd RO parﬁQulaIﬂ}O@Bsiﬂlve'lﬂTeceSdlmgg ht
depression fornmng the wafer recess 24 may have a
sI [ co

gmb{ﬂi]n&?}%é&g%g{ tg%f:eg)a/f@ﬁ%{i % ?i%g&%)% gl?cflﬂallxul}acu%rgd according to
Ql@ ‘Twifciples dbsgtibiek hdwdyNeI@ testEh emderﬂt@d&ﬂqnocfessr tdwditioas. dThe wafer
%@d@%ﬂcﬁ?ﬂ%h nga}'elp ?ec% S'S Zfeii c; aec‘:f:g% Péat%\g%tf&é:%s mV]:nEg dg}%e &F o§é§n. Each
WAk p¢lée:remhud¢g %hedmﬂedicﬁs €3¢h 6.0@ins Heepkand @.A10 iANwide and 0.040 in.

t he se.fl ace rof | es ar
By T St s el NP s LRGP ey g anote by
0.602 ing ahé Hdenaynuohs p@ber of 3th tvafes agdatwnl cgdnss in. wide and 0.035 in.

DR e S RSBl e S8 i v

eod -th!@@ﬁfeﬁhcﬂﬂaaﬁﬁlg Bepitshilit pﬁmzsple Maee PicRiip) ih @payd 30,000 runs, which
OF when. t he gap

t t e optim ze
e ré?{ent}'l{févog éﬁ@fontgl aéfcgflyfg@mg ﬁygpepﬁlg:e@ btbthg W%@ f(gfconventlonal
mer haliete sudaad el 8nd Blubtediedl inVi8ky 1401 ¢, rBpploRBnadiP biobe to 4,000

of the wafer recess 24 prefera Iy mat ches or
runs.

[0037] In view of such success, a susceptor-type wafer holder designed and
manufactured according to the principles described herein was used in a silicon epitaxy
deposition process. The wafer holder included a wafer recess sized to accommodate wafers
having a diameter of 6 in. The wafer holder included 96 radial slots, each 0.060 in. long,
0.005 in. deep and 0.019 in. wide. The wafer recess was 0.017 in. deep and concave in
profile by 0.0025 in. The continuous groove was 0.035 in. wide and 0.035 in. deep. The
wafer holder was used successfully in 178 runs before use was discontinued for an unrelated
issue. General performance was equal to that of conventional wafer holders such as the wafer

holder illustrated in Figs. 1A-1C, but significantly, all wafer coatings carried out using the
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approxi mates that of the sagging wafer 30. Thus,
because the profile of a wafer 30 when sagging is
wagswsrmest3t o be roughly spherical, the concavit pCcofustive024787

waf er recess 24 may be spherical as well. However, it
wi ||l be apparent that closer analysis of the profile
of a wafer30 when sagging will likely reveal

non- spherical characteristics, and thus the profile of
‘the wafer recess 24 may be varied accordingly. [0035]
8 \OERChAler WAL IE it SRR itk lflicafbrABH e MBperature uniformity
end-use process tenperature conditions favor the use
raeblemeer iimage wanafer isaiipa describadguevialisbhed shape. Reasons
for this include the fact that |larger wafers 30 are
heaviigfaego tAtl%rrﬁﬁ@Qan‘Pigﬁ?aﬁéﬂyo? EheAHAS HoRIBr mﬁé"ﬁ%&nf ﬁeentlon will
vvafer 30"and the mating face of the substrate
l@GanpsrenbﬁOeth@aeu ofj qr@dipary | skillh hdthe jagin quaaxgl@plemﬁfgeﬁ gs 300p view of a
gle%é%lgw%f é NRete a&%r@af{eﬁﬁ%sﬁg’aﬂ ik a%ﬁ%gssid%oo side in a
ar ger 2d profile may p achi eve I nhprove
sm@lnpélpbieu bedyy r6i8f m rmceopdanth evito me saltetngtich embedimanti ohgle present

%@%@gnlr Al whter ge%sqifg_”iné’}’ﬁ‘(ﬁe‘ér 8&81%‘{%%59@7@%{(1 %ﬂgﬁit{r 6P Bots 82,

W th conc
girari to elmb groasvepzsmnidcsﬂ,dtsam prosrelads it the evaﬁrdlokissim grevio0gB 8¢scribed.
PSP a8 e T SRR g gt s 2. o

\hﬁbﬂoﬂdev\ﬁﬁ of Hig st ie denerudlig rsinsitad rockhe ﬁrspwaxfeelscﬂdamﬂdl tions.
The waf er hol der included a vvafer recess sized to

e TR LB A 3 o v

31)empdlmadhr£h i@ uian reamlcﬂechamﬁer(],ZOZFBr examplleo A @artlﬁﬂer maftlen chamber

RSB B Ty Bl e tah kS bR C b g faturer

wimetimes @isheahiswafeatadiioh dlﬁmhmsz Gn Q3Smanufachirelef &nfdrs 30 that are
e.Sj X

0 5 i.n s arts .wor ked successfull

PL0E SR er; MRt SR PRS0 BESRRRRd fadueh e

wafof an hpprdptatelgiiagd Befen (hUldlra]ﬂ 1964 theitﬂieedé@ﬁﬂjféd hBi‘eﬁié iJH))wever, the

'n pto 00, .ru ch conpares very vVor a o .
94%? eé‘}-lq PRt e élaepgeﬁ EACEN a2 .%?ngpwlzg%ﬁy using a

\ﬁiﬁ‘éMﬁ)![Het 661 ﬁich‘ﬂ@fh@ rona glo@b@s&heﬁuﬁthl@sn e 5 OMEs bpproeh hadly Fekther be

in Figs. of Pr oxi matel y 000 to 4,000 runs.

et P st el ey O Séﬂet?e)e@gmg&t@a SwBbRrD SiZpy A afiaRgsents of
WabOeteside al SISt radWly @ﬁ@a W ol tHER G f BRIGRARHKNDinltR: drhe
er

principles described e|n was used in a S|I|con
eplt epo t|o pr o The wafer hol der cIu
2@( ‘ﬁ gléés ?ﬁt & PLSFOREPEO AR E Pg aPPh oer types of

wafer holders as well. For example, Fig. 6A is a perspective view of a prior art stepped-type

wafer holder 116, and Fig. 6B is a partial side cross-sectional view of the wafer holder 116 of
Fig. 6A, taken along line 6B-6B. The stepped-type wafer holder 116 includes a
circumferential ledge 119 around the perimeter of a wafer recess 124 for supporting the outer
edges of a wafer 30. During processing, the wafer 30 conventionally sags into the wafer
recess 124 in similar manner to that of the wafer holder 16 of the present invention.
Typically, stepped-type wafer holders 116 use lift pins, disposed undermeath the wafer 30 and
arranged to project through openings 125 in the wafer recess 124, to raise the wafer 30 off the

top of the holder 116 from underneath, rather than using a Bernoulli-type pickup to raise the

13



having a dianeter of 6 in. The wafer hol der included

96 radial slots, each 0.060 in. long, 0.005 in. deep
wanwP1889 i n. wi de. The wafer recess was 0. 01PCTHS2004/024787

deep and concave in profile by 0.0025 in. The

conti nuous groove was 0.035 in. wide and 0.035 in.

deep. The wafer hol der was used successfully in 178

runs before use was discontinued for an unrel ated

i ssue. GCeneral performance was equal to that of

\Y; ' f | der. - hal

R ooy Aol £F sfecally HabBe. L RHip(BE B the prosen

invsfon wentikevgss eeagpplieditooitrpredivig wafesthelders\idf &y ahplyigeslots (not

f. hi li j i ndi i 0
JEh0 B0 e 112l Wobld ol e e el Botdor 16 10 use »
coswuimatiBeropulbhaéypepickup dursigyunldadig 8perdfidner nat i ve
configurations of the wafer holder of the present
I nVerdd al, L. 40 p t. .or.di. il
i RO, "episa i BRORIABIg AopHATE, X s el Rl by those
pexsbisi gtidedeth tef at t}:jaoltlém preeﬁx,t imreatien tisz\/@lllswaftiéte pbwed adility and
74.are affange i Si dn L nal e > Y,
ofictigh 2P HataBinite v, ROl & B 3% B S inan tose
spdeifiqallye slestribed hewein, @n. wdHaah maay enristene smodifications, uohdSeqaivalent

circul ar ove 78 and a plurality of .slqts 82, . .
oGpigera ey RS DR rSateBlvishtecSsa By Bisiba nyepipg and the
fwvafdifig Bathirion? hefpot withost depalesg fiohetle substande drivadpetdighe present
.i'ncl.usi on of. second waf er .recess. 74 and the second o
BIREHR | RGPOBAnp oY GIog0e PG JRPETom Bt o B BfecRgen 7 detal in
rélg%gngbeféﬁbﬁeferﬁéd%ﬂglﬁfdhﬁ@t,_t 08s fé leLun‘dafst@?d llmi_tdmﬁ diBlosure is only
. uc a confjguration na e usertu In
ﬂﬁfﬁ%ﬁwzﬂnﬁgexm@aw ? PEFCHARER Ui getde ety fgr the purpose of

pPRidihE WAl ah® BkabliRd disE1SNREH thé invefiore X RAPFRegothg disclosure is not
particul ar reaction chanmber 12 nay be designed to

infendstte Ba censtraed tRdiit Be tpugsentdrvegltipnor gthgrwise expludgyppy sych other

DGR ES WUdapta 8RB drdBShsWnd i@ Satiofs HSEquiARnl S8mbbiRhts; the present
chanber 12 i n the manufacture of wafers 30 that are

imignijory beipg limitedjonlyele the qlaimsfappended heretaepndythe egyivalents thereof.
e e R T Py AP i desriptiv sense
odysed inpiefdr the paippse abbwateleam, t he manufacture of 4-in

wafers 30 in the 8-in. reaction chanber 12 nmay be
opti m zed by using a wafer holder 66 such as the one

shown schematically in Fig. 5. This approach nmay

further be utilized to design wafer hol ders (not

shown) havi ng ot her nunbers, sizes and arrangenents of

waf er recesses as will be readily apparent to those of
ordinary skill in the art. [0040] The teachings of the
present invention nay be applied to other types of
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wafer holders as well. For exanple, Fig. 6Ais a
perspective view of a prior art stepped-type wafer
waabidan33si6, and Fig. 6B is a partial side PCT/US2004/024787
cross-sectional view of the wafer holder 116 of Fig.
6A, taken along |ine 6B-6B. The stepped-type wafer
hol der 116 includes a circunferential |edge 119 around
the perineter of a wafer recess 124 for supporting the
outer edges of a wafer 30. During processing, the
wafer 30 conventionally s iviko the wafer recess 124
in simlar manner to thatqggé¥%§ waf er hol der 16 of
the present invention. Typically, stepped-type wafer

e .use lift pins, disposed underneath the
.%é&g?ﬁﬁﬂéigd‘arranged to project through openings 125
in the wafer recess 124, to raise the wafer 30 off the
top qQf: the.hol der 1 from un n r r. t .
ol nd e B R 1)t SPECHRREP S el Rl ia, 4 Ypmical vapor
depasitionlbpstem, cAnptidggh not specifically illustrated, the

principl.e f.the esent invention may |ikew se be
applFb@d?ﬁnggﬁﬁ%ﬁf 9&5? er holders 116 by appl yi ng

sl ot & clrudr wdfavdess i thdeplsedge of 1 holder Bodyy tHedvyier iedss having
a stepped-type wafer holder 116 to use a conventiona
aBQFﬁB&FWW$?9BgmbWFPﬂb”ﬂhP? g unl oadi ng operati ons.

[ 0041 [rnBage f Qs Afanbar BOME Aeh kiifa0¢ BRtHeMDdIdek bodly§ each beginning
readi | y understood by those persons skilled in the art .
afiagnt fHigeousy egrangter ffnvaienrersss arsedpding ienat apd tyapinating in the
isEdidriated Rl vapskéeat i on. Many enbodi nents and

adaptations of the present invention other than those
specifically described herein, as well as many

vari ahd QAfr hfRE §f ARk OErthed @Qmﬁﬁﬁ-i'ﬁgl Ab®Mar groove extending around
arrangenents, will be apparent Tromor reasonably

th Qs peemetpyofttheewaferageast: i nventi on and the foregoing

descriptions thereof, w thout departing fromthe

subst ance or scope of the present invention. '

3Accoiltié mgfey holdai peClaire 2p méigsin subsieetislly ol ¢fcdbe pletsrextend radially
i e Hibg ation foits

AR LG BRLSE Py B hfror i EEABLRRRIL R hat thi s

di sclosure is only illustrative and exenplary of the

presept ipventio j e f.OF

Bt Bk afth Bk RS 4 SEBB LBl Pl bBRPbR P Rast onc of

thenfoBowingrgrapHite, sil@orgdicognithidecsibemrcerbide, qottz onilenshenh dxale.

be construed to limt the present invention or

ot herwi se excl ude any such ot her enbodi nents,

sadaptThé wafes hoMardfallaions ,whendh & sadice ocosinglis giplied &l &i¢ast the top

arran nis;, the present invention being [imted only

Sﬁﬁa?ﬁgﬁgﬁﬁﬁﬁ%mﬁ%pended hereto and the equival ents

thereof. Al though specif!c terms are enployed herein,

6t. he'y é \?va e? c()jldel:rnof %legl(%nf wh(e:reglntge gu??a%g Ic atcilng\g/ 1es f%r%?e%eﬁom at least one

of the following: silicon carbide, silicon nitride, pyrolytic graphite, pyrolytic carbon,

diamond, aluminum nitride, aluminum oxide, silicon dioxide or tantalum carbide.

7. The wafer holder of Claim 3, wherein the wafer recess encompasses a concave

surface.
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only and not for the purpose of limtation. CLAI M5 What
is clained is: 1. A wafer holder for holding

weenismesaduct or substrate wafers in a chem cal vaps2004/024787
deposition system conprising: a holder body having a
top surface; a circular wafer recess in the top

. surface of the hol der body, the wafer recess having an
outer perineter and an interior area; and a plurality
of slots arranged in the top surface of the hol der
@ Ody ?%ﬁelbﬁgde[i] rUf "t%alﬁ{jﬁ a%gé}émttﬂr? %‘é@er sﬂ?ﬁ(:é R liRr wafer recess is
t he wa recess and extending toward and term nating
ddapted o dichineges Bow hersathaf subtiatowedlerrdispeted 4 the WafeT mesessaf er
hol der of Claim 1, further conprising a circular
groove extendi ng around the outer perineter of the
af erThe exadfgshol®r of Hdaimm ¥ .ewhdrethdbe cafca® surfac of Wivewalenrecess is
e%cﬁ%tec:i: ?(l):%zh allia’l%;l téurnoaol%/ng ”t‘e?np%lrat?lﬁe proﬁe:a:c]:?oosé ﬁxglrs@rlgell% E rT)]stra’ce wafer
digfosed in deesder récessThe waf er hol der of C aim 3, vvher e| n
the holder body is formed fromat |east one of the
followi ng: graphite, silicon, silicon nitride, silicon
n?r ?::dee,wdﬁéta{oﬂcﬁr of cadimm' REredX tHdenuntber dh ﬁowa.ﬁ @ﬂgdﬁélﬂl @ehinimize
0 aim 3, erei coat i ng ied to at
Jegaidie SfiRes %ﬁh © Shsppaloe ?o{w e %Wse%e the e lerarasrs:
hol der of Claimb5, wherein the surface coatl ng |s
formed fromat | east one of the foll ow

Par bi'de, wadpy heldst ofi tlomad, e e eurgl?eagq% stl@s is Selected to allow

Mﬂic@ény tg|a§ flo®! B&Rath %@Wa’ce alAre R RdNint ﬁrbﬁ& loécld%naml Rhloading
oxi de, silicon dioxide or tantal um carbide

AbsfaliPnsol der of Claim 3, wherein the wafer recess
enconpasses a concave surface. 8. The wafer hol der of
Caim?7, wherein the concave surface of the wafer
}?eceéféleivéanId@éﬂeéd)ft(Balm ¥ Whergjndhe fisentienscoft the slots are selected to

1‘25 ﬂégﬁi awgﬁéct %r?ﬁ@%ﬁeqm rr)il?l@ PR &Ik %@lﬁﬁ S (% a ;[Bgrate wafer

er of alm / erein the concave surface
<b$p0t5¢ﬁen\ﬂ@fveqferrrmssss is adapted to help maintain a
uniformtenperature profile across the surface of a

substrate wafer
13. The wafer holder of Claim 3, wherein the dimensions of the slots are selected to

provide effective gas flow beneath substrate wafers for the purpose of aiding in proper

loading and unloading operations.

14.  The wafer holder of Claim 3, wherein each of the plurality of slots is between 0.030
in. and 1.000 in. in length.

15.  The wafer holder of Claim 14, wherein each of the plurality of slots is between 0.035
in. and 0.065 1n. in length.

16.  The wafer holder of Claim 3, wherein each of the plurality of slots is between 0.010
in. and 0.030 in. in width.
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di sposed in the wafer recess. 10. The wafer hol der of
Caim3, wherein the nunber of slots is selected to
wai2mismizs4negat i ve effects on the thernmal prof pCe/US00a024787

substrate wafer disposed in the wafer recess. 11. The

waf er hol der of Claim 3, wherein the nunber of slots

is selected to allow sufficient gas fl ow beneath the
substrate wafer to aid in proper |oading and unl oadi ng
oper at i ons 12. The wafer holder of Claim3, wherein

d;er oF ik 18 \%e?elﬁ‘ E&hso? ltlﬁcﬁh?rght&%f %ﬁ'lm&@een 0.015

nega?lil've effects on the thermal profile of backsid

imrandk0.62fsingih vadtbubst r at e vvafer di sposed in the vvafer

recess. 13. The wafer holder of Claim3, wherein the

di mensi ons of the slots are selected to provide

18f f eThd wefegaddet bHGlabe Acabdreis aixhtof dteeplwraliit 1€ slptg s atfgast 0.001 in.

dgurpose of aiding in proper |oading and unl oadi ng
Perations. 14. The wafer holder of Claim3, wherein

each of the pl urality of slots is between O. 030 in.

d 000 5.. Th f
i Thorarniase i GRHRE widhin et Ry Feiofds fulioos
nQaQ(S@_oogwm,@dag, 0.065 in. in length. 16. The wafer

hol der of Claim 3, wherein each of the plurality of
slots is between 0.010 in. and 0.030 in. in wdth.17.

20he 1ed Rifel Q188 bf Ofairth A KBrdif theWn@r@bldecid @ Runebptbne
plurality of slots is between 0.015 in. and 0.025 in.
in wdth. 18. The wafer holder of Cdaim3, wherein

Z?aChTﬂé VM?& Réb1d&rabt 1ofailf 38 IrfiRr | Sniphising@as teirlbul@entidl. ledge for
deep. . The wafer holder of Caim 18, wherein each

Swpmmtkﬂ@@@ﬁqftawf’éﬁ slots is between 0.004 in. and

0.008 in. deep. 20. The wafer holder of Caim3,

wherein the wafer holder is a susceptor. 21. The_wafer

2Rol de&he shfeChalda 8f Claim t24ewhewsivpibp Plusgfity of slots are disposed at least

p%}tférqﬁl[ge%{r%fel%lmél%élgg for supporting the edges of a
war er .

23. The wafer holder of Claim 3, wherein the wafer recess is a first wafer recess and the
plurality of slots is a first plurality of slots, the wafer holder further comprising:

a second circular wafer recess in the top surface of the holder body adjacent the first
circular wafer recess, the wafer recess having an outer perimeter and an interior area; and

a second plurality of slots arranged in the top surface of the holder body, each
beginning adjacent the outer perimeter of the second wafer recess and extending toward and

terminating in the interior area of the second wafer recess.

24. A wafer holder for holding semiconductor substrate wafers in a chemical vapor
deposition system, comprising:

a holder body having a top surface;

a circular wafer recess in the top surface of the holder body, the wafer recess having

an outer perimeter and an interior area; and
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22. The wafer holder of O aim?2l1l, wherein the

plurality of slots are disposed at |least partly in the
woiowswrdBeent i al | edge. 23. The waf er hol der oPcTUaRwM/024787

3, wherein the wafer recess is a first wafer recess

and the plurality of slots is a first plurality of

slots, the wafer hol der further conprising: a second

circular wafer recess in the top surface of the hol der

body adj acent the first circular wafer recess, the

war ef pfu? 21%7?’ 8¢ hay % thhlg %‘1‘5’[? %‘Fg'é& MR HR M top BELERB Jf %@ﬁdl&gr body,

area; a secon slots arraw?ed in the
eaobﬂoegmnmg(aéja@efnt tln@dwlmemetgodf/theéfaftfﬁ 19e95¢ A Wgendlng toward and
%1 enltntﬁ hl%teogra l{i VUB‘Er?éce ; the second wafer
oward and terminating in the
|nter|or area of the second wafer recess. 24. A wafer

ol d C uctor .sub [ 4
g ot{/ralbog et 85% ?4 fﬁglgei; s?f)mH?Sl EQ' H}&ﬁﬁ I%,'Yx%fv«g E)ﬁkgl}ﬂdn&aaround
ﬂQQﬂwrbaﬂnm@xﬁﬂbwaﬁ&umkaﬁe a C|rcular mafer recess in
the top surface of the holder body, the wafer recess
having an outer perineter and an interior area; anda

29' ur @hd $oifePhola@nofi AlhiaT 3R GitieRgn Subetastially ratingfete slotstdveend radially
p surface of the hol der bod% 1gach beglnnlng
ﬁ@ﬂﬂ&%@ﬁwhfE@OHUP@?“H%?Fﬁﬁ@é?ﬁ ¢f the WalgE*EFS r ecess and

ext endi ng toward and tern1nat|ng in the interior area
of the wafer recess. e waf er holder of

. 2
2R ur RS PG im 26, VST L oK F oA lP BLft one of
ﬂi]ef}ﬁn&%gf %‘ﬁfté RBicEH, stiod ﬁiﬁjdé’asfll?{fonr(:%ﬁﬁsc?uaﬁﬁor alidg@inwaforide.

der of ai'm 25, wherein substantially all of the
slots extend radially fromthe circul ar groove toward

ZE.h e irfd @?fe@iol@err SR CoimbBewhatifh shfs@TBating is apptied YP4tQ&ast the top
ol der o

wherein the hol der body is forned
smﬁwﬁpéﬁ@heﬁgﬂx@he of the foll owi ng: graphite, silicon,
silicon nitride, silicon carbide, quartz or al um num
oxi de. 28. The wafer holder of C aim26, wherein a
28ur f Arewalosldldry of €lainp B8, vduprdimthatsutiasa seating és foopedsiem aldeast one

o? tge r}ellorlx?lﬁgeglh anrbi%g LT p& WﬁL é}g@&*@ g&tph@ lafé}gg ?‘gc carbon,

dUrt a8 Coal Ing is
dixmeondSf aldrhieurh aittidayklugrinmsi dXids ﬁlllg@r cbp)déq ordantalumgarbide.
nitride, pyrolytic graphite, pyrolytic carbon,

30. The wafer holder of Claim 26, wherein the wafer recess encompasses a concave

surface.

31. The wafer holder of Claim 30, wherein the concave surface of the wafer recess is

adapted to aid in gas flow beneath a substrate wafer disposed in the wafer recess.

- 32, The wafer holder of Claim 30, wherein the concave surface of the wafer recess is
adapted to help maintain a uniform temperature profile across the surface of a substrate wafer

disposed in the wafer recess.

33.  The wafer holder of Claim 26, wherein the number of slots is selected to minimize

negative effects on the thermal profile of a substrate wafer disposed in the wafer recess.
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di anond, alum num nitride, alum num oxide, silicon
di oxi de or tantal um carbide. 30. The wafer hol der of
wahkeismi2B4 wherein the wafer recess enconpasseBC®US2004/024787

concave surface. 31. The wafer hol der of C ai m 30,

wherein the concave surface of the wafer recess is
adapted to aid in gas flow beneath a substrate wafer

di sposed in the wafer recess. 32. The wafer hol der of

Cl aim 30, wherein the concave surface of the wafer

recess is adapted to help nmaintain a uniform

tenperature profile across the surface of a substrate
3vaf eThad M@@osh@wer nf Cheamve, evhereie dpsnud®r of tsbotsyés elected to allow

s@f%lrn%r%t gas {IOQV ‘%en a%h6 ’themﬁl%g aé{t@ vJalﬁag puﬂpqﬁ épeﬁ ll&ttdﬁlglr acrrrlélll unloading

nim ze negative efrects
opsratidnse of a substrate vvafer di sposed in the wafer
recess. 34. The wafer hol der of Caim26, wherein the
nunber of slots is selected to allow sufficient gas
361 owrheneast holdaeoSUhsi 26} ehateifhahe tlimeasions of the ol are selected to

M T AR A TS RN 1 U R A

dﬁ;gb@ﬁhﬁsﬂebv@feﬂ}dabggl ze negative effects on the thernal
profile or backside markings of a substrate wafer
di sposed in the wafer recess. 36. The wafer hol der of

36) ai The GafohBIded B ChBn dbWAGEANEe BimchkiBnsSéOths sRfsCare selected to
sel ected to provide effective gas f| ow beneath

Ryl siBectvart e fhspeaity gubstiptH gaders rfora fhgi BYgPGsh of adfiRg in proper

1&4&{:}%‘3{1@“@65&1@&&@&%&9 operations. 37. The wafer hol der
aim 2 wherein each of the plurality of slots is

between 0.030 in. and 1.000 in. in length. 38. The
qwaf eg‘?@@hféfa?d@& oFCRi28 /whihig %thrbf%@uﬁfltytdﬁ 8lots is between 0.030

plur slots is between 0.035 in. and 0.065 in.

ip.and éﬁ@(ﬂm indengtithe waf er hol der of C ai m 26, V\,her ein

each of the plurality of slots is between 0.010 in.

and 0.030 in. in width. 40. The wafer holder of Caim

389, (hewefenhddatof 6¥aimi3d, whareialepdhyoldhie phrelity df slofss Weheaen 0.035

in. an&'éOng]in %ﬂgnth 025 in. in wdth.

39.  The wafer holder of Claim 26, wherein each of the plurality of slots is between 0.010
in. and 0.030 in. in width.

40.  The wafer holder of Claim 39, wherein each of the plurality of slots is between 0.015
in. and 0.025 in. in width.

41, The wafer holder of Claim 26, wherein each of the plurality of slots is at least 0.001

in. deep.

42.  The wafer holder of Claim 41, wherein each of the plurality of slots is between 0.004
in. and 0.008 in. deep.

43.  The wafer holder of Claim 26, wherein the wafer holder is a susceptor.
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41. The wafer hol der of C aim 26, wherein each of the
plurality of slots is at |least 0.001 in. deep. 42. The
woabmsroisssh der of Cl aim 41, wherein each of thePCT/US2004/024787
plurality of slots is between 0.004 in. and 0.008 in.

deep. 43. The wafer holder of Caim26, wherein the
waf er hol der is a susceptor.44. The wafer hol der of
Claim 26, further conprising a circunferential |edge
for supporting the edges of a wafer. 45. The wafer

hol der of Claim44, wherein the plurality of slots are

di sposed at least partly in the circunferential |edge.
446. THeewakef droldeplofeFlainf 261 irthep GompHERS an Cpyenfrgntial ledge for

r [ fi fer recess and the plurality of
Su%’?%t%ggfhse%g&fsio#«é%% ‘'urality of slots, the wafer hol der

further conprising: a second circular wafer recess in

he t.0p r e of t.he,hol . d ' t £ +
4gci rc ea‘?'%%a{“g o A 4?%@% 2]?6 ¥1gc géégﬁg{)/tls r%ﬁ glrﬁf)({sg& at Jeas
patly rtheperduniéredtiabledgean i nterior area; and a second
plurality of slots arranged in the top surface of the

hol der body, each begi nning adjacent the outer

4er | TRtwifertoldehef Gleinons] whiafor! the @aés secassds 2 fitsewafengpcess and the
p]tél%i%{]% s%gqfdiétp %l'rcsrén Eﬁlgaiil_tyn sior‘gs, I[hlg%vz;fer}%%{dgp glrtﬁér%gmg}cisirtlgh €

a second circular wafer recess in the top surface of the holder body adjacent the first
circular wafer recess, the wafer recess having an outer perimeter and an interior area; and

a second plurality of slots arranged in the top surface of the holder body, each
beginning adjacent the outer perimeter of the second wafer recess and extending toward and

terminating in the interior area of the second wafer recess.
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