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(S7) Abstract

The invention relates to a vertical rack for semiconductor wafer processing having strictly horizontally disposed arms wherein each
arm has a rounded tip and a smooth (Ra < 1 ,m) upper surface,




30 the wafers. . Because a wafer processed on a vertical rack
experi ences 'l ess of a tenperature gradient over its face . (as conpared
to a waf er processed in a horizontal boat), sem conduct or
manuf acturers are increasingly turning to vertical furnaces.

WD 99/ 44222 WO 99/44222 PCT/ US99/ 038LB/USIN362Bh ey e
I's, however, a drawback to verti cal furnaC| ng. The waf ers di sposed
on a conventional vertical rack are supported at their outside edge
only. As such, the areas of the wafer resting on these teeth
experience mghe?R%E rERRT k0Adn RARK PESIGE HAYING ROUATDED, HORESANTARPARME ur es
I n the furnace exceed about 1000[ err] C, these stresses often becone

significant and ortlons - of the single crystal wafer nove relative to
each other alon§ ranifestRssr ot ¢ PEBEERRFYFYUS poARELERS t hgucht r 8§s.

This 5 phar&eqeaead Gldcadts S|tlyblcaﬂ:ﬁ.§e&tequAQ|r§sde:%hlto)t&-efal’tﬁ.n‘éa|SJQ.J.%BnlO
the sem cond%ct or devigces | ocated slip

has occurr&3*€*s In  the PrEFEREE tS%t hlée%‘feﬁJpvepr 86F8ﬁ1 theD‘éfr"fn‘ﬁaé"%"s
devel oped @rocesh@sﬂ:hef temperatiirescand hgas ngercerdinitdonsertio cdlilch- ithel i ned

teeth,  hetRhcaanokkZonbaldatadl AR CRaRLer s BUPRPT IehREAEAN 15s ke

supported only in are near I1ts center. See
5,492, 229 e*evaﬁ&§a"9ftqri ghrelyds o?lm%vmeésments(leréﬁart@wchl)umwa

Fi gur eso 5- &30k U$h&%ﬂaentaﬂ¥0 sensi88ve@80 o ‘mirdteaWarafriatiBASE in the
conflguratlons grow what the art has . termed "near-center

support". PTRCEERSGEH ef‘ﬁém’?’ﬁ%"kt which 20 produces "near center support"”
has elim nated Shep i sembrgnductomaf emapubaessring apphdoatrpns, tygidadly

ﬁgp?‘;’gﬁt al eﬁf eggggt ' ti@se wéf@rspor't'{. 01 5 i‘xelrt Sn@Eﬂm&P rc@‘.sesvé{tqipatlhe' .‘

carr;e*s The horizontal carrler, typically called a "boat",
15 has three or four horizontally disposed bars arranged in a
semicircle design, with each bar having inwardly facing
grooves set therein at regular intervals. Each set of grooves
define a vertical' space for carrying a vertically disposed
wafer. The vertical cérrier, typically called a "vertical
20 rack”, has three or four vertically disposed rods (or posts)
arranged in 5 semicircle design, with each post having slots
set therein at zregular intervals to define a space for
supporting a horizontally disposed wafer. To insure the
geometrical precision required in this £field, the <three or
25 four rods are fixed to a top plate and a bottom plate. The
portions of the post between each slot, termed "teeth”, are
identically spaced in order to support wafers at regular
intervals from and parallel to the bottom plate. The entire
~rack is then placed within a vertical furnace for processing

30 the wafers.
Because a wafer processed on a vertical rack experiences
less of a temperature gradient over its face (as compared to a
wafer ©processed in a horizontal boat), semiconductor

manufacturers are increasingly turning to vertical furnaces.
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to0 produce the near-center support necessarily increases the ~vertical
spaci ng period of the rack, that is, the wafer-to- 25 wafer distance.

Tanaka, for exanple, specifically teaches that its riser vertically
extend at |east about 0.3 mmfromthe flat portion of the tooth.
Accor di ngl ywotdomsmear - cent er support style of vertical RCAYSYES2S
typi cally acconmobdat e only about 90% of the vvaf ers typically
accomodat ed by | conventi onal. vertjcal Fi gure 3(b) of
Tomanovi cif e""(ﬁrﬁl’o%es SWVEFET Al ‘S ack W.er & lfﬁ% Maﬁr"ggswlﬁ

hori zont alwafiedtsdalisposedsen a coAlehblgmal hwexrtriaell haskbese fsuppdrt@d
3&;3;?22;;?'ﬂ%éﬂ}f%ﬂgélde edge only. As such, %Tff§?70§g§§he wafer . gh

t enper at urkes§ARgc ORI FEESE REPER BrRBEELXNGR) Higherc £trsss, than Fhepé‘Fﬂ)rrrs

less well dm mw&@mndlm@p&mﬁam& in thRB f&&azaslex&eddassﬁ@ses a
verti cal W@S{, hori zontal agrns _have roqued e
t e Cir

However , s tﬁ’(?seS Strr@c,s&&ﬁl QL5ED RERERSHFE L ESFaRhe 2R egartf‘g PSake
the surfac® the singlghreystal whfehomoventelatpioet iton eashl owhas dlomyin
order to I p 5. extr AN I as mple 1
of Nakaj i n‘%}isggéﬁ\égg%ﬁﬁ%éapsﬁ%g aceﬁ% oggﬁﬁggggo?’ at, Brc@sh. pT %ct |y
fine, Nakahememeagbhesadhas Sddrpr o@uf%ieﬁgl*aehacﬂe%romem? nvalge of

hori zpgt ale Y NBeifdhdu iyl S IUONIESSed 19 the BRe8 d¥@NtHe Uihfer
Therefore, .there_i,s ﬁgneed for vertical rack which is as efficient as

the converfieifasldPyPas QCRIEFR yet el i ni nat es

In response to the slip problem, the art has. developed a
host of vertical racks having extended, vertically-inclined
teeth, whereby a horizontally-disposed wafer supported thereon

15 is supported only in a region near its center. See e.g., US
Patent No. 5,492,229 ("Tanaka"), Figure 2b of WO 96/35228
("Tomanovich") and Figures 5-7 of US Patent No. 5,586,880
("Ohsawa"). These config@rations pfovide what the art has
termed '"near-center support". Although the rack which

- 20 produces "near center support" has eliminated slip in many
wafer processing applicatibns, it is somewhat inefficient, as
the portion'of its arm which rises from the horizontal plane
to produce the near-center support necessarily increases the
vertical spacing period of the rack, that is, the wafer-to-

25 wafer distance. Tanaka, for example, specifically teaches that
its riser vertically extend at least about 0.3 mm from the
flat pdrtion of the tooth. Accordingly, the near-center
support style of vertical rack can typically accommodate only
about 90% of the wafers typically accommodated by the

30 conventional vertlcal rack.

Figure 3(b)of Tomanovich dlscloses a vertical rack
wherein the arms are strictly horizontal and do not rise.

Although this rack has been found to eliminate slip in some



slTip'in nore demandi ng waf er processing applications. 15 Appl i cant
found that a horizontal arm having both a very snoot h upper surface and
a rounded edge were needed in order to prevent slip in extrene

condi tions. The understandi ng that both of these features are required
is not at alwopueRzmi zed by the cited art. 20 The PERURIMI635N e
present invention conprises an arm which first extends strictly

hori zont al r i cal. d t hen sl ope ently,.downward, and
has a srmok‘ %g;ﬁpgg}rﬂggg??‘gécée.g&lé%?de“}%lrl%rné"rafeé'xS&szﬁgﬁiggi F}QBKW?\E&?’I‘F@ rack
of the predé&nperformmiaas meliain mhoerdemnmnding hpplécathdnal |y el i nmi nated

slip 25 iBp 20007981 SAli C@iscIMNY S a | Rer®icd?200fgLk] .Cin}’\a{rﬁ{ch pr {Ssi ng

i
applicatioB. .By contrast, a simlarly dinensioned vertica rac avi ng
PriEHR

strictly h Al aAFEsS(ihave mogadedspedges.  Houmwebyi cihensr odacew slip -
in abolt 5B&cofnitiomafiar SNaRajiiwa of SER® [HeRRIESEbNGnARY! ichat | g‘glrfa?&d

Ther ef or e, . k of . the present invention i,S nore ¢onpact an
efficient fﬁggﬁ?%%gnoegrt-hceerl?toer?'zgﬂpﬁér?o?%’c% 3540 3si L HBsiRqOFdeR e and
is nore ef PEeVent slipreonvden iexfremep cohdationst helst fact) yaficExamplenll ar m

rack. of Nakaji teach that fat h Vg, 9144222
PCT/ US99/ 03625 0 e “S3CHRS &xXCept’ onal perfort ness of 5E6b OH'

sur pri si ngPPRTectly hiine sNgkajine wsapreheppabryt STemc proyddioti @ brack n
fact 10 pwReeeis thephoriZpathli Gilsy haviehea N8AELEEE! BbuHRROLt JEAGHS

more than 1 um. _

Therefore, there is a need for a vertical rack which is
as efficient as the conventional style rack and yet eliminates
slip in more demanding wafer processihg ap?lications.

15 Applicant found that a horizontal arm having both a very
smooth upper surface and a rounded édge were needed in order
to prevent slip in extreme conditions. The understanding that
both of these features are required is not at all recognized
by the cited art.

- 20 The rack of the present invention comprises an arm which
first extends strictly horizon;ally from the vertical rod and
then slopes gently downward, ahd has a smooth upper surface.
Preliminary experiments involving the rack of the present
invention have shown that it haé essentially eliminated slip

25 in 200 mm silicon wafers in a 1200°C wafer processing
application. By contrast, a similarly dimensioned vertical
rack having strictly horizontal arms (i.e., Figure 3b of
Tomanovich) produced slip in about 50% of the wafers in the
same processing application.

30 - Therefore, the rack of the present invention is more
compact and efficient than the near-center suppdrt racks (as
it has no riser) and is more effective at preventing slip than

the strictly horizontal arm rack.



seek'to prevent slip by preventing too nuch sag in the inner 5 portions

of the wafer. By providing a gently downsl opi ng edge (or "rounded")
portion, the rack of the present invention appears to pronote sag in
the inner portions-of the wafer. However, this desrg_n has dermnstra_t ed
ef f'ecti veneswo99/44222 . preventing slip. 10 Wt hout w smrrg_sasmsd;e_ tied
to a theory, it i s bel i eved that the design of the present invention

t akes advant age npnocrystal |l i ne nat ur e of the silicon
waf er . Speci ecﬁxlcy?ptf'ﬂ’éa%lﬁq 8r of sehish @k 48t FREPFYsing in

seni conducttiran/vai'es rlesmgsswagldbyapbeght ky &&@ghﬁggé’-sfs.r.ipl putd me?(fi&'b?r_et dl to
hi gh tenper. S t atness as it cool s.
Itgappeglros t hat oﬁanglvﬁ#]e éiﬂé'!ﬁlyt éhvr.\é}afrleeraz SHF VRRGR P h a
regi on of s%%st%mmaﬁl@@ by p(reventmgstgggnucg1 | s rinupthe innhex sharp
suppor t ng rﬁﬁgﬁ)or@%'if the 'wEfEEOdﬂfep§$+fHu%O %%a%ﬁeﬁaﬁ?ffég’%ﬁ?@f éagzgl g

support ar resent invention r ounidded
vva?gr i s s[Rﬂﬁ)rtEHu gedt’ aﬁ°rt1°‘i‘nc?‘§§se‘?f°§%r?<facéh3r RreAfNe PrYeNtion

essenti al | )amjeamsnatcewlfcﬁﬁote s@utﬁi aiHd aidrirgerr ?Ht@:&&hssblfeﬁecﬁimg r gt i on.
It is beligy, ot gr.eas surface,are i ch provides
nor e . 25 support %o Dﬁ%sls)ag‘% ng & qe(ﬂmf‘ﬁér?ﬁ #%%é’ifr"@’ﬁfsst he

edge (whi ciPEavending siipss concentratlon) each have arolein t he
succesgpul appl iWGoRR Qfishhg E8CKe tied to A dHRIGN RLOWES O ‘%tdh
Ohsawa di scl.ose a rack whose_ar ns have a downwar d’sl"opi'hg e ge

acconpanyi fatexthhafesiqn @b thecBresent iBYROLHAY|thkesomdvantagec oft er
support.  tHuat mnocrystdnﬂjtxf@d hegshes tdmt eRpast réi@.hb@ﬂ of whf&r arm

A ST S TR T A CAR A E R

above t he Femismencducthe Welfert prpredsiry abyi séighfly ssaggixg as it is

4 15 exposed to high temperatures and then regaining its initial
flatness as it cools. It appears that only when the sagging
wafer is also confronted with a region of stress concentration
(i.e., its sag is interrupted by a sharp supporting edge) does
it produce slip.

- 20 Because the edge of the support. arm of the present invention
is rounded, the slightly sagging wafer is supported about an
increased surface area whose pitch essentially eliminates (or
substantially reduces) stress concentration. It is believed
that both the increased surface area (which provides more

25 support to the sagging wafer)'and the rounded nature of the
edge (which prevents stress concentration) each have a role in
the successful application of this rack. |

Although Figures 5-6 of Ohsawa disclose a rack whose arms
have a downward sloping edge, the accompanying text makes it

30 clear this rack provides only near center support. That is,
the text teaches that construction of the arm proceeds by
first making a transverse hole through the rod and- then making
a horizontal platform which connects to the hole, but does so
above the bottom of the hole to produce a riser. This riser

4



VD 99144222 PCT/ US99103625 nmakes
the rack tneffitient for the reasons expl ai ned above. Chsawa does not
teach or suggest elimnating the hol e-maki ng first step to eI i m nate
its riser.. : Therefore, in accordance with the

invention, YOMWER is provided a vertical rack made of a ceram coahaw-ng an
I ron concentration of no nore than about 50 ppm and conpri si ng:

a) a Verxtnéﬁé’é tﬁHp&%rctk IRIPS ci ERFPELS! REe eag‘éﬂgr%lxﬂained abov
hori zontal base and an wvertical portion exten |cal1a

t her ef r om Ohsawa doeg) ngt HEGACH | P 6‘999/%‘?'?|%h*wa§ﬁ§6eGheh6\qlfdﬁ‘P§Fn§upport
neans hori z9péel svepicnrdingnbtomtneisendt.i.cal portion, wherein at

| east one horizon S ort freans a horizont al
upper surface por%ﬁ(e)ﬁ %p Ext enas ‘%ch with thecé’ﬁﬁsﬁ%ué *R&EPBont al |y
fromt e vehereais pm-‘@vx#ed a vertlcal ragkdndcdes of wrdeaaatilcohglvmngsaﬂa of
no nmore thap,d ?ncentratlon YLl QB (hﬁ&g]nkgaﬂndabout 50 Fan1 ﬁda

rounded upper surface portion sloping downwar
hori zont al COPPELSEREFT ace portion. 20 Preferably, the vertical portion of

the vertical ragk fartdeftical COUPBIIES rRAnS! Cedhfrivirg onf algepe@gsigect i on
defining a maxJ mu radlus R[err havi n %d.(r:eter oi_nt, the pI ralty of
vertically spac®et*#8t53%ont® t Hean REEFOn  SXEEBAING r om

the veatical povermslubsttaareérmy, towards the 25 center poi nt, t he
horizontal —upPSf aSWAhage:ePObii fhrefd S, acedco%tdz?.ligﬂ%g% fbpeget al |y

fromthe vertical portion to ece oi nt ce of at
| east 20% of R[®e31)sS hawdzon&ally exhipndiag tftﬁﬁ@rth%l}fﬁ‘reté@alpﬁprtbﬂnr sl opes

downward §repeisk hex leasftobhéoﬂbﬁizdﬂﬁﬁr s&iéf)f:i\@em&}{é IQmplrawasds the
centerpoint. 30 ance W xg:r esent .inpvention, there

is provi ded a co’r?blanamrd‘rf%gﬁgrl‘g??\ “suttded p° Lop, whigh, XEeRis and

15 continuously horlzontally from the vertical portion
and'has a surface roughness Ra of no more than 1
micron (Mm), and
ii) a rounded upper surface portion sloping downward
from the horizontal upper surface portion.

20 Preferably, the vertical portion of the vertical rack further
comprises an arcuate horizontal cross-section ~defining a
maximum radius Rpax having a centerpoint, the plurality of
vertically spaced, horizontal support means  horizontally
extend from the vertical portion substantially towards the

25 centerpoint, the horizontal upper surface portion extends
continuously horizontally from the vertical portion towards
the centerpoint for a distance of at least 20% of Rpa, and the
rounded upper surface portion slopes downward from the
horizontal upper surface portion. towards the centerpoint.

30 Also in accordance with the present invention, there is
provided a combination comprising:

a) the above rack, and



P

5 WO 99/ 44222

PCTI US991 0362S b) a plurality of wafers having a wafer radi us of
no nore t han Rmax, wherein each wafer is horizontally
supported by one of the plurality of horizontal support neans. 5

Al so in accovolgsmagawni th the present invention, there is, PQI/ESPP/ESES a
process for treating semconductor wafers, corrprl sing the steps of:

a) providing thg abov i nati on _wherein, each an
Rlerr] of at g%t Zﬁg ?T#lm%‘ h&E waters h%‘f"’}galaaw\l%efhﬁagéﬁf)e?%\t‘lﬂ

sem conductor wahensRma}!,at | east 1000[err]C for at | east 15
m nutes. wherein aQHr qﬁva]fe'rs P%Shgﬁé’é 1(1f t{l% te'dcat:leyr réﬁ% 8&5 ttrt]1ee

present. . Lnvention supporting orlzont Fi gure
2 is a topPHrERtERE eﬂQﬁﬂﬂﬂ?“@ér?PﬁB?rFdﬁ%%“hfer conbi nation of Figure
1. 5 Figure 3 presents the areas of shadow produced by the

preferred vertlgfs rack_of the prese I.nvention, as described

Figure 2. 20 © REP e APFREIIRTE ¢ B gﬁ‘?ee Rregsfh elr}‘%e“ﬁrl(?ﬁ'déé‘e&epﬂéf erred
vertical rackvidédwaker pioxesisi nafomn, tidmtirmy t | sehicamiactor wafers,

comprising the steps of:
a) providing the above éombination wherein each wafer has

10 an Rpay of at least 200 mm, and

b) raising the temperature of semiconductor wafers to at

least 1000°C for at least 15 minutes,

Figure 1 is a side view of the vertical rack of the
present invention supporting a horizontally disposed wafer.

15 ' Figure 2 is a top view the preferred vertical rack/wafer
combination of Figure 1. _

Figure 3 presents the areas of shadow produced by the
preferred vertical rack of the present invention, as described
by Figure 2.

20 Referring now to Figure 1, there is provided a preferred
vertical rack 11/ wafer W combination, the vertical rack
comprising:

a) a2 top plate 12,
b) a bottom plate 13, and

25 c€) a plurality of vertical rods 14, the upper énd 15 of

each rod being fixed about the periphery of the top plate
12 and the lower end 16 of each rod being fixed about the
periphery of the bottom plate 13, each of the vertical
rods having a plurality of horizontal arms 17 spaced
30 equidistantly from the bottom plate 13 to define a
plurality of support levels for horizontally supporting
the wafers W, each wafer having a centerpoint C,

wherein each arm comprises:



-sconpri si ng: a) atop plate 12, b) a bottomplate 13, and
25 ¢) a plfurality of vertical rods 14, the upper end 15 of
each rod being fixed about the periphery of the top plate 12 and

the I ower end 16 of each rod being fixed about the par-tey y of
"the bottom W44 cach of the vertical rods havi fig ggg}gﬁral-i ty

of horizontal arns 17 spaced 30 equidistantly from the bottom
plate 13 to gpfan@odzontal uppeltUrsildsakeOfpoztlBar t18 avelch f &ftends

oo USRS g R Sokh 350 VBhe" EblAudary
6 : contact® 9i4@aser W from the wafer edge such that the
PCT/ US99036gRe rmost cont tal@%égwﬁ%r@ltﬁjeo HHd a5k npgfép'qslﬁqwh%h

ext ends cont1 nuously hori zont fromthe rod and conti nuous

cont actds t Keghem chetvesnrtihaanthiitlt Qfgthaudirfenaradins, measwee om
contact 19thst weearthedaid) amd the wafer is in the 5 regi on between 20% and
80% of the wafer radius, nmeasured fro t he waf di us, and

b) a rounded upBbr asHFIHAEY HRRGN W%cﬁpiqﬁj:tdﬁﬂn\%or Eighp"’?‘?r ofe¥anard

hori zont al £uppethé uhdersomalt iuppel8 sioface pditdomfi@r towardenties paifisx C. 10

Figure 2 SQQ}Q’E p&;vi}lpec_rods 14 are oriented to forma hori zont al

cross-sect Fon - gex T hi ng a maximumradius Rerr] (as shown by the dotted

line) ¥avi ng a Ebgurepdi who@s hew Hthe rods Htir aret boidntedd thi iferwod d

al so corregpeRdohPal N@rlodsd88ttion defining a maximum radius Rpax (as
shown by the dotted line) having a centerpoint C. In this
Figure, the dotted line would also correspond to the largest
wafer which could be accommodated by the rack.

15 In one preferred embodiment, the innermost cohtact
between at least one and preferably each of at least three of
the arms and their supported wafer is in the region of between
33% and 66% of the wafer radius. Moreover, the total contact
area between the arms of one support level and their sﬁpported

20 wafer is typically between about 1% and about 5% of the
surface area of the wafer face which contacts. the arms.

To minimize slip-inducing stréss,_ the surfaces of the
arms upon which the wafers are supported (i.e., both the
horizontal portion of the arm and its downsloping edge) have a

25 surface roughness Ra of no more than 1 um, as defined by
Section 3.9.1 of ANSI/ASME National Standard B46.1-1985. If
the smoothness of the horizontal portion is about 2 um, then
when the wafer expands during heat up, the peak portions of

' the arms will prevent the smooth expansion of the wafer and

30 this phenomenon will cause slip. |

As the frequency of slip generally increases as the
industry moves to larger diameter wafers, the advantages of
using the rack of the present invention are more clearly’
demonstrated in applications having those .larger diameter

9



waf er whi ch coul d be acconmodat ed by the rack. 15 In one preferred

enbodi nent, the innernost contact between at | east one and
preferably each of at |east three of the arns and their supported wafer
is in the region of between 33% and 66% of the wafer radius. Moreover,

t he total owolosdizze area between the arns of one support pcesbs/esezs thelr
supported 20 wafer is typically between about 1% and about 5@6of t he
surface areg?of t he. waf er, face which contacts the arns.

mi ni mi ze "8FPPSt nd AFIRFHINILYs, theneratk f afeshgr Ruesent Wh}p@n -whl ch
the waf er moaee sdwpotrdgubuslye. usé@t lwHdie procbssidpntalserar thepigd the arm

dits d d ha urface roughness Ra of no nbre than 1.
o he ot iRebey "0 10 Mgk C5 208! LD, ERBN oL ondod anadpare
B46 1- 1985dvamageouahe witdotakers dtaving raordmettalr s tatomeastamau 2 um
h |

the arns wl| revent the snmooth expansi on -

phenonenof dipmetsts ofs|aty least 300 mu H’ED‘W eh%ueﬁ%?hb-f %¢¢<pr<gmualnal ly
i ncr easesvastit®l racksdbit rheMPifs |ﬁ{v&eft1®na'mic%@ Wl ¥ ita 1t Neods

advant age us e r ck of,.t he _pres vention are nore clearly
denonstra egil % app?#%gt é\ﬂgn&ltaﬁlsg |8? aF g?%ﬁ?ét’eq mm provide
7 special V{;iwmamez More advantage is provided when R®&d US9903

625 10 ver¥BEEL Srod@‘CQQngé‘gé YwafdE §%¢ir§f%ﬂ%&%§:@gt 'f""’ec”g]; ?aafr%é[ S

nor e advant ageousl use when processin hav er of
at |east? 2 86““‘ mPnd( aBFRR  9FeaffEh)advanimae is prewidedagebes| \thei th

waf er s haveﬂ'gl@aﬂlﬁﬂ&éeﬂeﬂne’:lta|ﬁ@ﬁér 2§Qpport1ng diameter of at least
300 mm.
Similarly, as the frequency of slip generally increases

15 as the industry moves to higher processing temperatures, the
advantages of using the rack of the present invention are more
clearly demonstrated in applicatidns having those higher
processing temperatures. Accordingly, the rack of the present
invention is more advantageously used when the temperature of

.20 the wafer becomes at least about 1000°C for at least 15
minutes. More advantage is provided when the temperature of
the wafer becomes at least about 1100°C and even greater
advaritage is provided when the temperature of the wafer
becomes at least about 1200°C for at least 30 minutes.

'2'5 Although it is desirable that the arm extend from the rod
at a perfectly horizontal angle, such perfection is rarely
achieved comercially. Accordingly, the angle of deviation of
the horizontal upper surface portion of the arm from
horizontal (as defined by the base) is typically between about

30 0° and 0.2° degrees. By staying within this tolerance, the
.efficiency of the flat arm is retained.

The rounded edge of the arm not only provides an
increased support area for the wafer during its critical

sagging state, but also is free of stress concentrating

8



-5 mh (about 10 inch), and nost advantageously w th wafers having a

di aneter of at teast 300 mm (about 12 inch). Accordingly, verti cal
racks of the present invention whose vertical rods define a wafer

- supporting dianeter of at |east 200 nm provide speci al _advant age.
More advanwams4dz22 provided when the 10 vertical rods BeFVR¥ROIRL1 or
supporting dianeter of at |east 250 mm and even greater advantage

o provi dedeatlisly e cudBliddAll of ORI L0E L VBREL SUPPBELEDG, ] St

of at |ea
general | y pabstaretally W#S@eﬁhééétﬁydnﬂeésnﬂ) ai ghdtuprRcessbayween

terrperaturgsmmt Bed 50 ﬁayaﬁaageﬁr@fe#@érsg BGidACls im Ty RIESRDT | fyention
are nore | early em)nsgr at.ed rﬁg&gl i cations avi n ose i gher

processi ngSBE %‘Fat‘:ﬁ}‘g neskc Pdllﬁgl%Fnet adle drethetPrRsa@ ut 2 i¥ent i on
is noré& adppefegaolsino uxad when Lhemt eDpesms e feirrad embedmaﬁf,’é Bes ONeSs
at |least a 0 e for at re_agdvant age

i s provi deggﬁde& %%? e‘; JJOg'rla urg O?Lg‘%}? h§15?/€a1fneqr @bgg&rgsfgfe gﬁgfn%b%ut
1100[ er r ] Cogzade ewdn ajmam e¥/10 (havant ffesioppsovdraanavficaboht tGipamat ur e
of the waf f8bex tthQQQESSaInml 8&Stnhabaih) 1289£@££i£§,f0£h@trémd 3%14@ nhutes.

25 Al'th oug is desirable that the armextend fromthe ro at a
perfectly R5PVZ ?ﬁala ARynward, Hopdnge URRPLEs $af%| Javing janigxpsle of
comren@ al bgtwées oasbutgl /30 AadangBe of devi ati on of t he hori zont al

upper surface p rtlon of th armfrom hor i def %€
base) is typica ﬁ‘y Be Weé“%°§ ?tss'O aB[S‘r‘F’T“aﬁB 1?[”5% 'defgl?%eg Pgr

staying w eHgast?l sof (ﬁltﬁamm@ arghgounded{ f i ci ency of the flat armis
retained. ~ The Hgtéx%@d@ﬁl@ﬁgﬁ’hé’f hBsz@ﬁEB]nOﬁpM y.TnE’ff’aYééiegoP@m

i ncreased suppori_area for the wafer during 1ts criti Ing state,
but al so i §YPRE_LLY &KFeRds coReBniFatveFtical rod (found by measuring

8 15 the shortest distance between the end of the projection and
the rod and shown as "A" in Figure 2) is generally dependent
upon the size of the wafer to be processed. For example, when
the wafer to be -processed has a 6 1inch diameter, the
horizontal upper surface portion typically terminates at least

20 15 mm from the edge of.the rod, usually between about 20 mm

and about 40 mm from the rod, and preferably about 27 mm from

the edge‘of the rod. When the wafer to be processed has an 8

inch diameter, the horizontal upper surface portion typically

terminates at least 22 mm f:oﬁ the edge of the rod, usually

25 between about 30 mm and about 50 mm from the rod, and

preferably about 36 mm'from the edge of the rod. When the

. wafer to be processed has an 12 inch diameter, the horizontal

upper surface portion typically terminates at least 30 mm from

the edge of the rod, usually between about 40 mm and about 70

30 mm from the rod, and preferably about 54 mm from the edge of
the rod. _

Typically, the horizontal upper surface portion of the

arm supports the wafer from its periphery to a distance

corresponding to between 20% and 80% of the supported wafer

9
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features. The curvature of the rounded edge is preferably )
substantially hem spherical and defines a radius R of between 3 mMm and
50 mm nore preferably between 5 mMmand 20 nm Its surface roughness
Ra is gener gldyoddore than about 2 um 5 preferably no rmorasefieadasl um
In one preferred enbodi nent, the rounded edge provides a downward

sl opi ng support face having a grade of about 1/10 (i.e., it slopes
downwar d a¥RARUD. SmeRe tYRVEALllyheDphuters gifofandie 68%m) of Gaher avater t he
rounded edggdius. provi des a downward sl opi ng support face having a grade of
10 between abqlg‘;tt 1/ 30 ,anq.e1/3. £ th I n sbrre._enbotud_i ment s, s shé)wn I n
Figure 2, the IHtSerigreicalyack A oFhe nBTRIHE 2V $HthPRefan be made 10

di stance wira &idne deramiontreateiipdr awihgceanpdrbnopurityt ypichl A¥lexs ends

fromi 580%% g8l ERUehLoHRg DY ABEINIAD dibauiSoaNgEt Gatedlaf apgegbet ween

the en e projection a 1e rod "and shown -igure 2) is
general |y erfd@conductpsn RERCEFSiagef PyRfegabdy .t othe madexdsdd.iFor

exanpl e, Wogdrystaliigewaf €51l 9cdf Praxessed hagose 6 ig¥dEcHiaBIR) €r , chde
hori zontal upper surface pgr,tlon t%gl al‘lﬁ}/ term ngt es_at I'eﬁst g@ 15 mm
fromthe eEREFHIEald 286y S104G8P1 FRRRIVR FPRRPBERC2 82 ntess SRAD ob® BP0
fromthe ribtion artheprmaickr ahkgradbutay Aalsm beo0VD codted edgh akfrhetooyl. Wien
t he er els ed_h dnch i ' ri upper
surf atd pobf S if AP 9TL P, carnd i L ONEA Jpcl B BEERLEN 01
the rod, uBrefexabdy, pahgeeniackbotempPiFeasm CBEETARbor WErystallbaedt he
rod, and si1id¥ef ecabbiaabosiaSbanie f rored herrdgenditde tofpanihenot he

wafer to b rocessed has _an 12 jnch dianeter, the hqrizontal upper
surface pofToH S cﬁ‘f‘ry@er%?‘#ﬁ%%te@ﬁegﬁsm%%nf“k f“ﬁ'éeﬁﬂ%g of
the rod, usombrisdzetweeilizioauitzed0 meidbcormboutarBidead nnfroprefierredi, and
pref enabl y rom.the . h ' ly,
The nad L BT e G L] pa 1192058 sromurey of101E

upper ‘surtace por ar m supports er from
its periphéfypPeintd difs@gndeast 13@r¥Ra&ponding to bet ween 20% and 80% of the .

supported waferrt has been observed that the arms of vertical racks
typically shield, or "shadow", radiant heat and/or reactive
gases {(which enter from the periphery of the vertical furnace)
- 20 from the portions of the wafer inside of and adjacent to the
posts. Accordingly, significant variations in.temperature
and/or gas concentration between the "shadow_ed" portion of the
wafer and the rest of the wafer are produced. These
variations contribute to slip-inducing stress. Therefore, in
25 some embodiments, the arms are radially oriented such that
they cast a shadow on no more than 30% of the wafer,
preferably no more than 10% of the wafer. For the purposes of
the present invention, the shadow percentage is calculated by
determining the percentage of the wafer face to which
30 reactant gases ar;d/or heat can directly radially proceed from
the rack periphery in a path unobstructed by the arms. The
shaded 'portion of Figure 3 represents the shadow produced by

the rods of Figure 2 upon the wafer.

10
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PCTI US99/ 03625 - radi us, m)rar'lu il n 33% and 66% of the
waf er r adi us. The veilkk ﬂmr H wmme present invention can
be made fromany ceram c materlal® havi Mg &n tron purity which allows 5

its use in MW@9IM4gI? t enperature production of vertical racl®TUSIPRS
sem conduct or processing. Preferably, the material is recrystallized
silicon car bi de. Mor e pref er ablag,q 1 mishe recrystallized silicon

car bi de conponent has | ess than 10 ppm iron. The rack material may al so
be CVD coated with refractory 10 materials such as silicon carbide,

silicon nijridge ogpestisindrack Ragéerablya tderandek ¢ARRAYSEsnCRYSIAR a
recrystallized silicagn__carbi } avgl lf-}gb%Q from,the Norton Conpany
of Vor SRR AELRRITBPTR B&PHENTY, PR &0 SOTREL SR :

conpri 8es Sild)cord zedrtisal i couppaxdr bim@ans ¢tompriwisier raed gkberally
enbodi nents, the r.ac tegial h a 1200[ ] lexural. _str . (4
e oy LT

point) of at |east een observe a
vertical racks vertioadilyarhgrefitemd, or "shadow', radi ant heat and/or

reactive gaseSa ( phivedn 85 es¢ f voPrida Rerdgaiany Horibenyalt sedbokyr nace)

20 fromthe portions of the vvifer I nsj de gf and adj acent to the posts.
Accordingly, dIeARS Berizepbaily gikending Erpn, theereical, prsrigas
concenbr at wiverdixi viderldalse Sadalomiabnyadr isuppopt mhdens compafises:and the

rest of the wafer,, ar r d....T dations.cogtrilute to
slip-induci ng st ressl.) %ng'roe 5%g¥g$nu§gers%?n€&ecr$bc?&%ﬁ s,w‘m%ﬁe%%%ﬁéggre
radi ally oriented swsmtipypusly horizontally from the vertical portion

and has a surface roughness Ra of no more than 1

micron (Mm), and
15 ii) a rounded upper surface portion sloping downward
from the horizontal upper surface portion.
2. The vertical rack of claim 1 wherein the vertical portion
further comprises an arcuate horizontal cross-—-section defining
a maximum radius Rpax having a centerpoint, wherein the
" 20 plurality of vertically spaced, horizontal support means
horizontally extend from the vertical portion substantially
towards the centerpoint, wherein the horizontal upper surface
portion extends continuously horizontally from the vertical
portion towards the centerpoint for a distance of at least 20%
25 ©f Rmax, and wherein the rounded upper surface portion slopes
.downward from the horizontal upper surface portion towards the
centerpoint. '
3. The rack of claim 2 wherein the base is a plate, and the
vertical support means comprises at least three vertical rods.
30 4. The rack of claim 3 wherein each vertically spaced,
horizontal supports means comprises a plurality of arms,
wherein one arm extends horizontally from a single
corresponding rod. ) '

11



they cast a shadow on no nore tham30%of the wafer,” preferably no nore

than 10% of the wafer. For the pur present I nvention, the
shadow per cent age |s cal cul at ed by [mmummu’"mmm the percentage of
the wafer face whi ch react ant gases sand/or heat can directly
radially pegag ﬂ%rom the rack periphery in a path un®eIUsa¥e36zs by t he

arns. The ed portion of Figure 3 represents the shadow produced by
the rods of Figure 2 upon the wafer. _ 10
WO 99/ 44222 _ PCT/ US99103625

Caims 5, T:he Acaiext b§a|cr.’:.|’aaﬁtk JeRice édim ERE aveetheal Nngupport Omeans
concentration of no nore than_a 5 n nprising: 5 a) a
vertical CSHBRLFES MediRre & ?gf?@ ‘pealpc%gg%erggﬁgy hori zontal base

and an ve|6t.| cafrhportacin @Kt eiheh-mgl wherein yeegchalvertipaityr Gpaced,
b) a |oﬂ¥o {:ayerédp%%lrlt¥ SRa&ed. 20053l 2 SYIRREIity of ar@@ans

horlzonta y ex end| ng omthe vertical portion, 10 V\/ne ein at | east one
hor i zont aWheBgHBr enered¥™ QXGPPESseentinuously horizontally, fiom, gagh @bner

;sﬁrface thlbl Qﬁ: V\.ﬂéaCét el dtSvertical rods, armhtatubesdty &wei aemt alalsy from
e vertica and has a surface roughness Ra of no
nore thanTfur 84 18Perar edg9%Seron ([err]m, and 15 ~ ii) a rounded
upper sur flace Ther tiagk sifopilagmddwiberein Rpsx iS at least about 200 mm

10 and the ceramic has a four point flexural strength of at least
150 MPa at 1200°C. |
8. The rack of claim 1 wherein the rounded upper surface
portion defines a radius of between 3 mm and 50 mﬁ,
9. A combination comprising:
15 a) a vertical rack made of a ceramic having an iron
concentration of no more than about 50 ppm and comprising:
i) a vertical subport means comprising a generally
horizontal base and an vertical portion extending
vertically therefrom,
- 20 .ii) a plurality of vertically spaced, horizontal support
means horizontally extending from the vertical portion,
wherein at ledast one horizontal support means comprises:
-) a horizontal upper surface portion which extends
continuocusly ho;izdntally from the vertical portion
25 and has a surface roughness Ra of no more than 1 um,
-and _ .
-) a rounded upper surface portion sloping downward
from the horizontal upper surface portion,
b) a plurality of wafers havin§ a wafer radius of slightly
30 less than Rmax, .
wherein each wafer is horizontally supported by one of the
plurality of horizontal support means. |
10. The combination of claim 9 wherein the vertical portion

of the rack further comprises an arcuate horizontal cross-

12



from the hori zont al Upper surf ace portien———2._The vertical rack of

claim1 wherein the verti cal porti on conpri ses an arcuate

hori zontal cross-section defining "'I i E",Em’us Rlerr] having a
centerpoint, wherein the 20 pl ural | spa ont al
support nmealO 994428, zontal |y ext end from the verti caI poﬁ’ e shii¥eds’

substantially towards the centerpoint, wherein the horizontal upper
surface B {gﬁog EXHERES 2 C QAks u&us‘J Wi Qgrl ontal i f r0 r,ti.cal
portion toﬁgrg e cent e? oi nt tor I sta R%"‘ “of “at . Pea: ng:%%%% L

Rlerr], athﬁ,ﬁé%’él 'ﬁh% H@-‘-Piﬁ}ﬁ(}é’d °ﬁpf5€Ft‘s‘Eﬁ¥]sbtesP@6’\efiv oh°§+%ﬁf§§al Sumnﬁwar d

from the hﬂéaﬁ@nt &ioﬂmta&llﬁ/f aC@xm{d | OﬂfrbﬁV\/aHﬂfe t thrtJ.c&Ent PR kh- |
vertica

3. Th k of

Supnort | e SHBEEENEH LG "varclh, (1he, b toabelnbs pherdIS Frg noripgataloe of
cl ai m 3 wheppen eaclﬁaaerppcaibly egpandsl, contimwouslontierizonrally frams

conpr i ses @helya_@uéyl o 1R éowar&@efﬁé Tberfid&poRhl £6X NI c I 22Nt Al Y

from sin correspondi ng rod
11 at easqmgqg“gﬁzg@u and wherein the rounded upper surface

PCT/ US99/ OSSBELon slope? dbwnwaek ekos! aiHg 4h%££&iﬁ‘alt hepﬁeftléiﬁéfa%'épport
means i Ses no rmrqgteahan t hree vertij.cal The rack of

claim1 vvhBPEF on SRURTHS (§hel FEREPERYER 15 tt?%rp%ﬁf%ﬂ‘ta]suBBBP?Et RP€ans

conpr il¥es eachl wafibrt ydefbhes aanpoint of innermost contact between each
horizontal support means .and its supported wafer, and wherein
the point of innermost contact is in the region of between 20%
of 80% of the wafer radius.
11. The combination of claim 10 wherein each wafer has a
15 radius of at least 200 mm. _
12. The combination of claim 9 wherein the rack is made of a
ceramic having a four point flexural strength of at least 150
MPa at 1200°C.
13. A process for treating semiconductor wafers, comprising
" 20 the steps of: . '
providing the combination comprising:
a) a vertical rack made of a ceramic having an iron
concentration of no more than about 50 ppm and comprising:
i) a wvertical support means comprising a generally
25 - horizontal .base and an vertical portion extending
vertically therefrom,
ii) a plurality of vertlcally spaced, horizontal support
means horizontally extending from the vertical portion,
wherein at least one horizontal support means comprises:
30 ' =) a horizontal upper surface portion which extends
continuously horizohtally from the vertical portion
and has a surface roughness Ra of no more than 1 Mm,

and

13



wher ei n one arm extends cont i nuousi—yh—hmﬁ—zvn’ral—’ry—from each of t he at

| east three vertical rods, and at rounded" | at er-al

edges. 7. The rack of claim 1| E *‘miﬁﬂ%‘lnl at | east about 200 mm
e

10 and the ceram c has a four xural rength of at | east 150
MPa at 1200[y@hbdifa222 8- The rack of claim1l wherein the pomwEsd3eRsper
surface portion defines a radius of between 3 mm and 50 mm 9. A

conbi nation conprising: 15 a) a vertical rack nade of a ceranmc
having an iron =lcohckan PRST FyrABFe PhahiemosioBing phewmward

conpri si ng: fﬂ&m a;h\sehbksabneypngﬁﬁern%%&%aeenpei—ﬁwxg aaggneral Iy
hori zont aI ase vertj cal $ort%on extendin vertically
t her ef rom 202 plu l)tya ‘b‘J1 uyat VIRG t R cHPEGT s Faddiys 1R i shiahyly

support less thanaaaahpr wheﬁéﬁﬂll ;aeh(teaﬂeﬂgﬁrharihenweny Cahppriddn, :
wherei at,l e S es; -) a
hori zo%t al {'1 %Zér ngu%f gﬁﬁ-@?_ %P@é} {% 3 %%BB R Reans conti nuously
hori zontal | y frérezein v%ﬂh c‘aqlf?)?)rlii%nalszdlameter of ahd leasta 200 frame
roughness Ra of g nore than 1 um and -) a
rounded up urface portion sl oplg downwar d fromthe )
hori zont aI 9 stPealempeFreruRe of~ sepjconduciax vefers whPerd hRAsty a
waf er radi meooﬁc Sloirgat yeaat 1®98idutes .Rmax, wherein each wafer is
hor| zgnt al S or & aki,Ly Q hor i zont aI ort
9_'6 1Y lﬂ{gT e%%c‘?lg |(g%al¢ Whegét\%e%ié‘%n tﬁ‘gevghﬁ Fgal° pot;j{)
of the rackaqf%lﬂ Hes Rﬁmﬁ wsaanlaﬁeﬁal@%ﬁrfenmfalleﬁms'io minutes.
12 .

14



WD 99144222 section defining a maxi mumradius R err] having a

cent er poi nt, “wherein the plurality of vertically spaced, horizontal
support means horizontally ext end from the vertical portion
substantially towards the centerpoint, wherein the horlzontal 5

surface por WQM/4222ends conti nuously horizontally from gg?"??zéal
portion towards the centerpoint for a distance of at Ieast 20% of
Rlerr], and wherein the rounded upper surface portion sl opes downward
fromthe horizontal upper surface pd/Bi on towards the centerpoint, the
hori zontal support of 10 each wafer defines a point of innernost contact
bet ween each hori zontal support neans and its supported wafer, and.
wherein the point of innernost contact is in the region of between 20%
of 80% of the wafer radius. 11. The conbination of claim 10 wherein
each wafer has a 15 radius of at |east 200 nm 12. The conbi nati on of
claim9 wherein the rack is made of a ceram ¢ having a four point
flexural strengthSbf at |east 150 MPa at 1200[err]C. 213 A process
for treating sem cppductor waf ers, conpr|S|ng 20 the step of : .
provi di ng the conb} ratt+omr—conprsry: G verttcatr—Tatk nmade of a
ceram ¢ havi ng an {rfon concentration of .no mgfe than apgut 50 ppm and
conpri si ng: i) a wvertical support means conpfijsing a
general ly 25 Hori zontal base and an vertical poftlion extending
vertical ly therefom a plurality of vertically spaced,
hori zont al support.W

portion, wher e

5 thori zontal |y extendin cn1;he vertical
plhori zontal support neans|dqonprises: 30
-) a horizontal upp ion which extends _
conti nuously hori zorjt at hily ne¢ vertical portion and has a
surface roughness. Rg—of, Lam T Jerrjm and

S _
«

N a8
dr o
i

O D —+ =
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PC1/ US99/ 03625 -) a rounded upper surface portion sloping
downwar d fromthe horizontal upper surface portion, and

b) a plurality of wafers having a wafer radius of slightly | ess than
Rmax, wher g p o635, Wafer is horizontally supported 5 by oreTASB@s
plurality of "horizontal support neans wherei n each wafer has an

di aneter of at |east 200 mm and rai sing the tenperature of
sem conductor wafers to at |east PeocC for at least 15 minutes. 10 14.
The process of claim 13 wherein the tenperature of the wafers is raised
to at least 1200[err]C for at |east 30 m nutes. '

FIG. 2
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