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"VERTI CAL RACK DESI GN BACKGROUND OF THE | NVENTI ON The manuf acture of

sem conduct or devices such as integrated 5 circuits (1ICs) typically

requi res heat' treating silicon wafers in the presence of reactive gases.

During this prQﬁﬁﬁ%ﬁﬂkhe tenperatures and gas concentrations kegwgkﬁaﬁ&he
devi:ces are exposed nust be carefully controlled, as the deviCés otte
include, circuitry el'enents | edPIPh VEBRTICAL RACGHH DBSIGNe 10 sensitive
to mnute variations in-the preecessing environment. The seni conduct or

manuf act uri iy ncesses the wafers in either horizdntal
\li “\(‘!“
or verti cal carrier, typically called a "boat"

has three or fouﬂhﬁomﬂﬁ%m (ﬁfs§°13€\l€t%ﬁ s gughsasi integrated

~desi gn, wist h circudts luc'b)avtmcamn@r gaguifes et ARRATiNGt sileeoh witers
reguiar it ot pFREnSE of lrdlcRIVESGlELE]C Gipifid hills BRREGALCTHRE" VI N
a vertically dISpOg e vert g carrier plca y calle

"vertigal r&emperpiyres rand gag GW%FFP’E&PM e thejdeviceae®®in a
20 seni ci r gupoded gastVbé hemfetinllgs boReYbIled) Qis tari deb&eesnozteﬁegul ar

convenes oo RSP PREGE, o el U Ml TR Y.
top pl atl®, sengitdvepte:winuge \taa'rie&isnsf rthe progeasing enyiraumenk. p| at e
to the bottom pl ahe sdhidbonagtdy Manuehctifify Sindiditstertypdel13y Oprodassas
"teeth”, Al the wafers in either horizontal or vertical carriers. The
horizontal carrier;, .typically called a "boat", has three or four
horizontally disposed bars arranged in a semicircle design, .with
15 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. P
The vertical carrier; typically called a "vertical rack",
has three or four vertically disposed rods arranged in a
20 semicircle design, with each post having slots set therein at
regular intervals to define a space for carrying a horizontally
disposed wafer. - A conventional vertical rack is shown in Figure
1. - This rack typically has ' a top plate, a bottom plate, and
threc or four posts for fixing the top plate to the bottom plate.
25 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 the
wafers. Because a .wafer processed on a vertical rack
30 experiences less of a temperature gradient over its face,
semiconductor manufacturers are increasingly turning to vertical
furnaces. There is, however, a drawback to vertical furnacing.
As shown in prior art Figure 1, the wafers disposed on a

. conventional vertical rack are supported at their outside edge
35 only. As such, the areas of the wafer resting on these teeth
. experience higher stress than the rest of the wafer. When

temperatures in the furnace exceed about 1000°C, these stresses
often become significant and portions of the single crystal wafer
move relative to each other along crystallographic plates in
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identically spaced in order to support wafers at regular intervals from and
parallel to the bottomplate. The entire rack is then placed within a
vertical furnace for processing the wafers. Because a wafer processed on
a vertical rack 30 experiences |less of a‘tenperature gradient over its

face, sem condyglogssgnuf acturers are increasingly turning tGofRishbémedds
furnaces. There is, however, a drawha¢k to verti cal furnaC|n As shown in
prior art I’TWE‘? ?h@%f%ﬁﬁ‘spggéﬁ Bhenonenahoncrdigl VEFR'tal rack are
‘'supported eaffbbeﬁ.wemntdesh'qthge:l%vamuéyof e saeudicohﬂucaoeadeﬁcéme waf er .
resting on jdeateal S Ené idd Y end! PhLer VG él'i%“hhgeoéééxfﬁréﬁ the wafer.

When tenmperaturegs I n_t ur nace excee ese tresses

f 1000 kprrg
often becone si gnPri BAFENE NP SriPdne28r d1srlages, Pe VB iFA] TRFE erﬁ)"\@
rel ati vé t haviag nearrceihey supporsl. | cHowever, Hhet first embolidHits I8

- PCT/ US96/ Oﬁ:%ié ﬁﬁﬁ@gﬁsﬁ&’ e%ﬂﬁfersbheﬁi de HY Seiééﬂaépﬁﬁgﬂﬂn Cé‘i*.f‘&'a "slip,

effectively destro em-conducto eV| ocated | n t he

area of th&ORRPELN %%mw&eeaﬁ’e&e to high, tempexptures) on nping
di scl oses a wal:brcaétrtnhnakslam intephotr ngliteafwidiedt ds dnppnveéniertjnever,

the first egRod| 65':1&&‘3%9% Sééiéaﬁ%ﬁp%e”ﬁqaebiﬁoféw% v Wil igng
silica corrponents V\/n are_susceptible t eratures usi n
10 a more conven ent diamond saw, but requires curved vertical

supports which cast large shadows upon the wafer.

' Therefore, there is a need for a vertical rack design which
alleviates slip, is resistant to high temperatures, can be made
with a diamond saw, and does not cast a large shadow upon the

15 wafer. : -
F
In accordance with the present invention, there is provided
a vertical rack for supporting:a plurality of semiconductor
wafers in a spaced, substantially hbrizontal, parallel
20 relation, the vertical rack comprising:
a) a vertical support means, and : -
b) a plurality of vertically spaced, horizontal support
means extending substantially horizontally from the vertical
support means to define a plurality of support levels for
25 supporting the wafers, :
' wherein the horizontal support means are projections, each
- projection comprising an arm terminating in a wafer platform
such that the innermost contact-between at least one wafer
platform of each support level and its supported wafer is in -
30 the region of between 20% and 80% of the wafer radius,
measured from the edge of the wafer,'and
wherein the arm projects at a continuous upwvard incline and
terminates in the wafer platform. '
: Also in accordance with the present invention, there is
35 " provided a vertical rack for supporting a plurality of
semiconductor wafers in a spaced, substantially horizontal,
parallel relation, the vertical rack comprising:
a) a vertical support means, and '
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.a water jet to make an interior slit (which is inconvenient). The second

enbodi ment of this design can be made solely by using 10 a nore conveni ent
di anond saw, but requires curved.vertical supports which cast |arge shadows
upon t-he wafer. Therefore,-there is a need for .a vertical rack design which

al l eviates sli 9§&m&§sistant to high tenperatures, can be naﬁgr |

di anond saw, éﬁg es_not_cast a |arge shadow upon the 15 wa e!&h@%W%hRY
OF THE_ | NVENTI OR)| # a&whmeeom‘mtgﬁelﬁyesmeqmmiizmraahevep%t

provi ded a vert meahsr apkehdincs wyhastantiadlpl hord2dntaiflys eronotHecrertiedler s
in & spaced, su bbb in | 443k oP | QLd

vertical rack c%%?lgg#ng: a%ﬂq%d vert?‘%a é&g%%ﬁtlﬁ&fnsﬁupgﬁg@b?agggfufré;?i ty
of vertically sSYPRArthny; M MafeX®oport neans extendi ng substantially
hori zonsal |y fr emeréinvenéilsertizontadr suppert hmeéantefdvee projeatibhsy of
SO el s BE618Bting notRBRE00Lh EoNEliched BoRkack  End ket 2
support neans are projections, eac rofeCti on conpri sing an arm

terninating in &rem SLQWﬁ#%Mﬁuéﬁcbh at hthe Hnemrest: Sankact bhetieen at
| east one wafer agl abhgtoné P athes dRRG’ at! 6ach fipbdrits 1eviepoahadivefer is

: ! 0 5 .
o e edon o poBRRBlad yRERIS 180 A" FadEdh ation S0 phCHR, oK o
upwar d ¥ncl i ne ¥afer radius, measured from the wafer radius.
"In some embodiments, the vertical rack comprises:
a) a top plate,
b) a bottom plate, and
. €) a plurality of vertical rods, the upper end of each rod
15 being fixed about the periphery of the top plate and the
lower end of each rod being fixed about the periphery of the
bottom plate, each of the rods having a plurality of '
projections spaced eqguidistantly from the bottom plate to
define a plurality of support levels for horizontally '

20 supporting the wafers,
wherein the innermost contact between at least one of the
projections of each support level and its supported wafer is in
the region of between 20% and 80% of the wafer radius, measured
from the edge of the wafer. .

25 In a first preferred embodiment (as in Figure 2), each
projection comprises an arm terminating in a wafer platform and
the wafers are supported solely by the wafer platforms. The
innermost contact between each wafer platform and the supported
wafer is in the region of between 20% and 80% of the wafer

30 radius, measured from the edge of the wafer. Preferably, the arm
projects at a continuous upward incline and the wafer platform is
horizontal. More preferably, the projections are oriented in
such a manner that the rods cast a shadow upon no more than 30%

. of the wafer, most preferably no more than 10% of the wafer.

35 In a second preferred embodiment (as in'?igure 3), each

. projection consists of an arm projecting horizontally to
continuously contact the wafer from the wafer edge such that the
innermost contact between the arm and the wafer is in the region
between 20% and 80% of the wafer radius, measured from the wafer

3 R
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termnates in the wafer platform Al so in accordance with the present

invention, there is 35 provided a vertical rack for supporting a
plurality of sem conductor wafers in a spaced, substantially horizontal
parallel relation, the vertical rack conprising: a) a vertical support

means, and QQQ?QZB DS96/06294
PCT/U896/06294 b urality of_verti paced, horizonfal support
means ext enGPAY Zeherany 'hb'PFzBﬁ‘?i?‘f qqsoﬁFFherW‘E‘F‘?:a’rn ot nmeans
to define amphnenlthgt(ﬁhesu:mdsr tastvalshddow sipppondi more hehatn f303s of5Sthe

wherein t hewﬁ?éirzoﬂéé’é ﬁé&&’a&:l?eﬁasméfé e 908! BRStRE bdfdd N9

hori zont al | to - contact the wafer fromthe wafer edge such
that the i nHEPHEA ' Fefatier=at | east one of the arms at each support
| evel an¥ .its supbgntecﬂ.vh‘carconventid’ml eprdrichdt reck @&84gmd 80% of the

10 waf er ﬁﬂ%ﬁgh 2TBaS W f t f r Sef | igyga S,
the vertical_rac rlses: % {&& é}Fda}[”!; s’iﬁe ggégt?% g at e ﬁ;ﬁgﬂhgeaf
plurality of*GcPYeeeN r*ﬂﬂ?ntéﬁ e?ﬁ? Eﬁ FOUPH: 9 an ;g fj xed
about the pterpimatvimg irha brapepl plet:andn.t he

Figure 3 is a top view and a side view of a ve:tical rack of

10 the present invention having horizontal arms.
Figure 4 depicts the shadow produced by the rods of Figures
2 and 3 upon a. typical wafer.

Rsferring now to Figure 2, there is provided a vertical rack

15 1 for processing semiconductor wafers W comprising:

a) a top plate 2,

b) a bottom plate 3 , and

c) a plurality of vertical rods 4, the upper end 5 of each
rod being fixed about the periphery of the top plate 2 and

20 - the lower end 6 of each rod being fixed about the periphery
. of the bottom plate 3, each of the rods having a plurality

of projections 7 spaced equidistantly from the bottom plate
3 to define a plurality of support levels for horizontally
supporting the wafers W,

25 wherein each projection 7 comprises an arm 8 terminating in a
wafer platform 9 such that the innermost contact between the
wafer platform and the wafer is in the region of between 20% and
80% of the wafer radius, measured from the edge of the wafer.

Preliminary testing of the design shown in Figure 2 has

30 shown that it solves the slip problem. Without wishing to be
tied to a theory, it is believed that providing only peripheral
edge-support to a wafer (as in Figure 1) causes significant
stresses which contribute to slip. The present invention (as
embodied in Figure 2) mitigates the stresses by providing support

35 closer to the center of the wafer. g

The continuous incline of the first embodiment is typically
between about 0.5 and about 10 degrees from the horizontal. The
wafer platform of this embodiment is typically positioned to
contact the wafer such that the innermost contact between at
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| ower end of each rod being fixed about the periphery of the bottom plate,
each of the rods having a plurality of projections spaced equidistantly
fromthe bottomplate to define a plurality of support |evels for

hori zontal Iy -20 supporting the wafers, wherein the innernost contact
bet ween at | ea f the projections of each support |evel gandcbdaao
supported wafer 1S 1n the region of between 20% and 80% of the maP

radi us, neak@Rel ne And,predgrablyeachgicat Asast three of f‘"fl}%twarfﬁé'f erred
enbodi ment pratidris Guide theircsaPported Mafer dSNihi tRe ey onndE hEtwelnng

n a wafer phgtLgl AN be %J@L?ag f&&@%tsﬁéfa%%tﬁgr ity e ke

pl at f or ns. e |1 nnernpst contac d the

supported WHREPT) s and prefergbdy be 206 SRY 859@%# Wafer adiuge
radi us, meaSHeedaﬁalnsuﬁﬂacedgeeafoffthawﬁaﬁer pPlateoahkyat tdree uppordj ect s

at a cOnt i nygys Ue 11y " betlideh ©. o%'%a%ﬁrgiobéth%at i Mre

preferably, t e proj éctions-are oriented in such manner e rods
cast a shadSWrEarm P thRaWaBers of the wafer, nost preferably no nore
than 10% of the Refearrinidb now to kﬂgﬁrsex:,oruhq&beﬁsr pedvidéd i nesticeld rack

T e §3 P ke 0 Shon e OBy BbBgLAIRET ot ) (0
cont act1bet ween #he Hm P@tehd2wafer is | n the regi on between 20% and 80%
of the wafer radblsa botdom pdateonst heandif er
c) a plurality of vertical rods 14, the upper end 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
15 of the bottom plate 13, each of the rods having a plurality
of projections 17 spaced equidistantly from the bottom plate
13 to define a plurality of support levels for horizontally
supporting the wafers W,
vherein each projection 17 consists of an arm projecting
20 horizontally to continmuously contact the wafer W from the wafer
edge such that the innermost contact between the arm and the
wafer is in the reéion between 20% and 80% of the wafer radius,
measured from the wafer radius. :
The embodiment of the present invention described by Figure
25 3 differs from that of Figure 2 in that its arms are horizontal.
Since horizontal arms require less vertical space than inclined
arms, more wafers can be processed in a rack having this design
than in a rack of similar height having inclined arms. Moreover,
this rack is easier to construct because it does not_require.a
30 separate machining step to make the wafer platform of the
inclined arm embodiment. .

In the second preferred embodiment, the innermost contact
between at least one and preferably each of at least three of the”
arms and their supported wafer is in the region of between about

35 20% and 80%, and preferably between 33% and 66% of the wafer
radius. Moreover, the total contact area between the arms at one
support.level and their supported wafer is typically between
about 1% and about 5% of the surface area of the wafer.
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W 96/ 35228 PCT/ US96/ 06294 r adi us.
Preferably, the projections are oriented in such a nmanner that the rods
cast a shadow upon no nore than 30% of the water, nost preferably no nore
than 10% of t-he wafer. DESCRI PTION OF THE FI GURES 5 Figure 1 is a

conventional v rack design. Figure 2 is a top view and h%ﬁ'

of a vertical %gékﬁ% the present invention having projecti ongéf@ fzs\é‘
an arm_terni nat i ?® uirniatm siiptinduging Sityese, 3ths sunkares of he a si de
view of a vpréjéctidmslupth ¥BichhendnemRie rasenup@.haéamﬂﬂwaarak

Gpon o typi ExfEEgn o iR BRAReL Rl Eiqudh heebRlisdiaeet.rip, Fndhn:,

to Figure 2, Fencexanpleyr thedsurfaces ok shey amjggtions)raqara)@@mg level
seni COﬂCthtﬁlioﬁ\ﬂ%é cHpaiaE £bNgitiin Aot P.o5ems. a@)déﬂb@d am Bedteor .

9 S) ot B84 0 B Byl 5078500800, © Sl Ralhadlplel o,
of each rodsmeoth to withinoaboutel Jeigyseme (Pmdf Rahecap Aekings dve Sectiaph of
t he rods haglglgl 2o | ANSA /ASMEOfIa £ GH£X (StaRafaSBa6 St-£9B8 di stantly from the
bottom plate The distance which the projections typically extend from the
10 rod of the vertical rack (found by measuring the shortest
distance between-the end of the projection and the rod and shown
as YA" in Figure 3) is generally dependent upon the size of the
wafer to be processed. For example, when the wafer to be
processed has a 150 mm diameter, the projections typically extend
" 15  at least 17 mm, usually between about 22 mm and about 42 mm, and
preferably about 29 mm. When the wafer. to be processed has a 200
m diameter,. the projections typically extend at least 24 mm,
usually between about 32 mm and about 52 mm, and preferably. about
38 mm.. When the wafer to be processed has a 300 mm diameter, the
20 projections typically extend at-least 32 mm; usually between
about 42 mm and about 72 mm, and preferably about 56 mm.

The vertical rack of the present invention can be made from
any material commonly used in the high temperature production of
vertical racks for semiconductor processing, preferably

25 recrystallized silicon carbide. The rack material may also be
CVD coated with refractory materials such as silicon carbide,
gilicon nitride or diamond. Preferably, the rack comprises - .
CRYSTAR, a recrystallized silicon carbide available from the

: Norton Company of Worcester, MA. - .

30 . It has been observed that the rods of vertical racks
typically shield, or "shadow", radiant heat and/or reactive gases
-(which enter from the periphery of the vertical furnace) from the
portions of the wafer inside of and adjacent to the posts.

_ Accordingly, significant variations in temp'eréture and/or gas

| 35 concentration between the "shadowed" portion of the wafer and the
rest of the wafer are produced. These variations contribute to
slip—iriducing stress. Therefore, in some embhodiments, the
projections are radially oriented such that the rods cast a
shado_w on no more than 30% of the wafer, preferably no more than

6 This Sheet Has Been Replaced




3 to define a plurality of support levels for horizontally supporting the
wafers W 25 wherein each projection 7 conprises an arm8 termnating in a
wafer platform9 such that the innernost contact between the wafer platform
and the wafer’is in the region of between 20% and 80% of the wafer radius,
measur ed fromtw?ggggﬁgof the wafer. Prelimnary testing of thfcﬁw'kﬁ&sa
shown in Figure has 30 shown that it solves the slip problem t hout
wi shing to D% jafiths wafeEor yFor ithes PHEPPESE T Hee Rremedtndnyapyion, the
peri pher a{m afig@iowu pertentage idfelciAdatiea biyygasterinimiaies ahespgptbntans -of
stresses [ t S S

Figure 2) m f‘%ﬁaﬁ%&?@?ﬁgééﬁ‘éz s, r&?%&?é?@féﬁ%ﬁ%ﬁ“fdfg hepls i tkEcely
center of t . PrReeed nfron dilie rack Rerdphexry: in & Path,yarkekrurted
tyPi cal,: % ?esyv\m goasl OThe aslthdd®d Portioficgt cRigire My representst the The
waf er pl at t t opi ac,

waf er such %&E’hggﬁﬁgrgamog# r(@(k;ént’%ac g égt\%gé‘lﬁi‘?i?pfé 47@18’%/ %%258%3 J)afé]?s.
PCT/ USQ6/ 06294 | east one and preferably each of at |east three of the wafer
platfornms and their supported wafer is in the region of between 20% and 80%

of the wafer radius (neasured fromthe edge of the wafer), and preferably
bet ween 33% and 66% of the wafer radius.
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5 The total surface area of , er atfornms at one support level is
typically between about 0.0 mm ﬁmtﬂ f the surface area of the
wafer. Referring nowto Fig — rovided a vertical rack 11 for

‘processi ng sem conductor wafers corrprl si' ng: 10. a) a top plate 12, b)
a bottom pl at ewlﬁsrssﬁf'd c) a plurality of vertical rods 14, 761589&5%‘3
15 of each rod being fixed about the_periphery of the top pla ‘{ﬁ and the
| ower end 16 of each rod being fixcSlalm&t the peri phery 15 of the

bot t om pl atla 13A werbicdl tieck dte bappcgtﬁnq)lwr;ﬂldrhy._ic& pf ogenicantnckér
spaced equi di stgakbﬁ =! $A" [diacel, ! SiLBtEhE1dTY htELRER, PRakAlidY Of

support levels rern each

ri zont ortlng i
proj ection 17 cGﬁ%F§ onfthe, v %ﬁiﬁg j EREK szont ally to continuously
cont act st he waf a) 8/ ferticdic suppertecngans,cand hat the i nnernost contact

bet ween the ar n ’ﬁmﬁgp %?tof t he
waf er radi us, r’%Zsﬂrégﬁsf'ron"ﬁ: dfst?twgl%fgé é Wﬁgggﬁﬁg%{z‘% present
i nvention descrmﬂsb? xtenaing substaptially ithyhzontaldy Erom the

its arns are hOBuppoi'hlmetﬁ‘lSI(hb definenasplurakitye@fi sappost ]zeVéls:dorspace

than inclined a be processed in a rack having this
QE?E"E“’%& m | afgz.g

design than in a el ght having inclined arns. Mreover,
this rd@ is ea¥herein 'E%sh‘?’-’é@?nﬁééaﬁwq’ﬂ Reans, gre; pyajeetions, each

projection comprising an arm terminating in a wafer platform
such that .the innermost contact between at least one wafer
platform of each support level and its supported wafer is in
the region of between 20% and 80% of the wafer radius,
15 neasured from the edge of the wafer, and
wherein the arm projects at a continuous upward incline and
terminates in the wafer platform. . '
2. The rack of claim 1 wherein the innermost contact between
each of at least three wafer platforms of each support level
20 and their supported wafer is in the region of between 20%
and 80% of the wafer radius, measured from the edge of the
wafer. .
3. The rack of claim 1 wherein the innermost contact between at
least one wafer platform of each support level and its
25 supported wafer is in the region of between 33% and 66% of
‘the wafer radius; measured from the edge of the wafer.
4. The rack of claim 1 wherein the innermost contact between
each of at least three wafer platforms of each support level
and their supported wafer is in the region of between 33%

30 and 66% of the wafer radius, measured from the edge of the
wafer. '
S. The rack of claim 1 wherein the wafer platform is
horizontal. |
6. The rack of claim 1 wherein the vertical support means are
35 rods and the rods cast a shadow upon no more than 30% of the
wafer.

7. - The rack of claim 6 wherein the rods cast a shadow upon no
more than 10% of the wafer.
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30 separate nmachining step t pl.atformof the inclined arm
enbodi nent. In the second pr ﬁ" ﬂﬂ t he i nnernost contact
between at |east one and pre era yi | east three of the .arns and

their 'supported wafer is in the region of bet ween about 35 20% and 80%
and preferably+bg 33% and 66% of the wafer radius. Mre
total contact area between the arns at one support |evel and-.fheir

supported waffer i Fheyprekl 05 Fhaindnvhesain 1939 MalesuPLIRFern haS st f ace
area of the wafer roughWés86(IRIHHE about 1 um.

PCT/ US96/ 062 T |

proj ections uponomﬁhgtg%ﬁeoé é%kisl,{"rigg?g P ﬁré%é vﬁ?& ;ﬁé&%&?ﬁs%f of ms or
horizontal arns) &HBRPHtLEEYR} MW&&EFaﬁnﬂi%tW%P 9§aﬂ’ﬂfe t he
surfaces ef tlwe prhperacknsft xdlains Uppherelin e Totdlodonthet capba setwearn

wi t hi n‘about 0.05 Q% tLo S ard
V14 5 1904 Eaoh ORoAREEE P8t hOfupbor® AmMEPElEL Qp%@w
defined by Secti oﬁa§e§ is gpe mm I\ﬁtﬁ’%ﬁaﬂ“%t%& B2E. E%‘S’-’f’ﬂ’%
di stance whi ch t harpaopecthensmfiemi cal |y extend fromthe 10 rod of the

Uhe proj ecti o andienEack oot Kidh b BoRpisfil Sayalalatstutan lam ind ©f
dependent®upon thS%'PiGeof the '
. 12. The rack of claim 1 coated with CVD silicon carbide.

13. A vertical rack for supporting a plurality of semiconductor
wafers in a spaced, substantially horizontal, parallel
relation, the vertical rack comprising:

15 a) a vertical support means, and
b) a plurality of vertically spaced, horizontal support
means extending substantially horizontally from the vertical
support means to define a plurality of support levels for
supporting the wafers, ' '

20 wherein the horizontal support means are projections
projecting horizontally to continuously contact the wafer

" from the wafer edge such that the innermost contact between
at least one of the arms at each support level and its
supported wafer is in the region between 20% and 80% of the

25 wafer radius, measured from the wafer radius.

14. The rack of claim 13 wherein the innermost contact between
each of at least three of the arms at each support level and
their supported wafer is in the region between 20% and 80%
of the wafer radius, measured from the wafer radius.

30 15. The rack of claim 13 wherein the immermost contact between
at least one arm of each support level and its supported
wafer is in the region between 33% and 66% of the wafer

~ radius, measured from the wafer radius. '
. 16. The rack of claim 13 wherein the innermost contact between

35 ~ each of at least three arms at each support level and their

- supported wafer is in the region between 33% and 66% of the
wafer radius, measured from the wafer radius.
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wafer to be processed. For tLhe wafer to be processed has a
150 mm di aneter, the proj 4m"n§ﬂh§mm§muﬂextend 15 at least 17 mm
usual Iy between about 22 nm an * and preferably about 29 mm
When the wafer to be processed has a 200 nm di aneter,.the projections
typically extergoagsshast 24 nmm usual ly between about 32 rrmw 52 .
nmm ‘and preferably about 38 mm \When the wafer to be processed-has a 0 mMm
di aneter, thd&720 TheFask i slalp: éél?"}%‘brﬁ‘%f’%&%ls%ﬂmﬁr%mare
bet ween about 42 marnh&lmmt roasncastna ghizfow apbon abombrécham 3bh%cof the

vertical rack of resent invention can be made fromany material
commonly used in t h te erature production of vertical racks for
seni conduct of8pr otR %s’i’?‘fg‘ iy wherein the rpas,€ast;2 shadaw, upeg.no

The rack smateri al more aimm Gthheawmbmth rtefractory materials such as

silicon carbige,. ?5+|1c£@= g rdﬂ?.moisr %ﬁ %ﬁg@?&x ofh@a Gt Onpri ses

CRYSTAR, a recrys l'1zed sil1con rom-t he rton Conpany
of Worcester, MA captacting thesvp & Rpabnges: (Ra} 5 bfuMeert i cal

racks typi cahby s'hhelrhc]orof madm\l\ls Mﬁﬁ theaarnsdodrea@nchipporgalevel
which enter fro rd i f ur nace fromthe ortions
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of the wafer insi acen Accor di ng , significant
vari at i oA i Ale er’r%?a?ﬁﬁ]% o @ Glmg&% W%%FF&FYEF‘%H
"shadowed" porti osarthidéwe wafer and the rest of the wafer are pr oduced.
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The rack of claim 13 wherein the total contact area between
the arms of a support level and their supported wafer is

15 between about 1% and about 5% of the surface area of the
wafer.
24. A process comprising the steps of:
a) placing a plurality of wafers onto the projections of the
. vertical rack of claim 1, and :
20 b) processing the wafers at a temperature above about

il

10

SUBSTITUTE SHEET (RULE 76)



projections are radially oriented such that the rods cast a shadow on no
nore than 30% of the wafer, preferably no nore than WO 96/ 35228

PCT/ US96/ 006294 10% of the wafer. For the purposes of the present

i nventiion, the shadowpercentage is calculated by determ ning the percentage
of the wafer f ﬁpﬁi(z ich reactant gases and/or heat can dir jally
pr ocgeed fromtﬁgﬁrac wgeri phery in a path unobstructed 5 by tﬁﬁghsrbg@gm The
shaded, portion of Figure 4b represents the shadow produced by the rods of

Fi gures 2a and 3a upon the wafers. Ph! 35228 '

PCT/FUS96/ 06294 Clainms 1. A vertical rack for supporting a plurality of
sem conductor wafers in a spaced, substantially horizontal, parallel

rel ation, the vertical rack conprising: 5 a) a vertical support

nmeans, and b) a plurality of vertically spaced, horizontal support neans
extendrng substantially horizontally fromthe vertical support neans to
define a plurality of support levels for supporting the wafers,

FIG. |



10 wherein the horizontal support neans are projections, each

projection conprising an armtermnating in a wafer platformsuch that the

i nnernost contact between at |east one wafer platformof each support |evel

and its supported wafer is in the region of between 20% and 80% of the

waf er radius, pogssaagneasured fromthe edge of the wafer, anfcwbgspi®ngt he

arms:projects at a continuous upward incline and termnates in the wafer

platform 2. The rack of claim1l wherein the innernost contact between each

of at least three wafer platforns of eaphysgupport |evel 20 and their

supported wafer is in the region of between 20% and 80% of the wafer

radi us, neasured fromthe edge of t r. 3. The rack of claim1l

wherei n- t he i nnernost contact Wween at} | ea ne wafer platformof each

support level and its 25 support waf er- i SN\{(n the region of between

33% and- 66% of the wafer padi us, neas d_fromthe &qge of the wafer. 4. '

The rack of claim 1 wheyfin the iatier t comtact betWween each of at | east

three wafer platforns gf each,Support lidvel and‘q‘.\heir S\pPpP ¢ wafer is in

t he region of betweerny/33% 3 and {§6% of t he“waf er_Xadi us, neasured

fromthe edge of the/wafer/ 5. The rack of claim ergin the wafer

platformis horizontfal. 6/ The rack of claiml whergin t verti cal

. support means are \‘
1
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35 rods and the rods cast a shadow upon no nore than 30% of the
wafer. 7. The rack of claim6 wherein the rods cast a shadow upon no nore
than 10% of the wafer. WD 96/-35228
PCT/ US96/ 006294 8. The rack of claim 1 wherein each wafer platformhas a
roughness (R eiwdgensgdgsabout 1 um 9. The rack of claim1l whepcssstbsesaf er
pl atforns of each support |evel are coplanar within about 0.05 mm 5 10.
The rack of claim1l wherein the total contact area between the wafer
platforms of a.support |evel and their Suypgort wafer is between about  0.02%
and- about 1% of the surface area of the wafer. 11. The rack of claim1l
conprising recrystallized silicon 10 carbide. 12. The rack of claiml
coated with CVD silicon—shr | de ertical rack for supporting a
plurality of sem conductof wafet Substantially horizontal,
paral lel relation, the veltieal a) a vertical
support neans, and b) a pldrality of. , horizontal support
means extendi ng substantjplly k}_)ﬁ"zont
rd

FIG. 3a
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support neans to define a plurality of support levels for supporting the
~wafers, 20 wherein the horizontal support neans are projections
projecting horizontally to continuously contact the wafer fromthe wafer
edge such that the innernost contact between at |east one of the arns at
each support | qyebesnss i ts supported wafer is in the regi on betywessnesdo and
80% of the 25 waf er radi us, neasured fromthe wafer radius. 14. The
rack of claim 13 wherein the innernost contact between each of at |east
three of the arnms at each support |evel gngfheir supported wafer is i'n the
region between 20% and 80% of the wafer radius, nmeasured fromthe wafer
radius. 30 15. The rack of claim 13 ein the innernost contact between
at | east one arm of each support |evel dits supported wafer is in the-
regi on between 33% and 66% of the waferf fadi us, nmeasured fromthe wafer

radi us! 16. The rack of claim 13 wh he i nnernost contact between 35
each of at least three arns at € and their supported wafer
is in the region between 33% radi us, measured fromthe
waf er radi us. WD 96/ 35228
PCT/ US96/ 06294 17. The rac
are

of claim 13 erein the\vertical support neans

FIG. 4a
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rods and the rods cast a shadow upon no nore than 30% of the wafer. 18. The
rack of claim 17 wherein the rods cast a shadow upon no 5 nore than
10% of the water. 19. The rack of claim 13 wherein the portion of each arm

contacting the wafer has a roughness (Ra) of 1-um 20. The rack =l aim13
wherein the arns of each support |evel are coplanar wthin abou ﬁ:‘lmi nm
10 -21. The rack CT aim 13 m%aﬁ@mﬁbml i con «»'J B de.
22. The rack of claim13 coated with )n car bi de. 23. e rack of

cl ai m 13 whcNFERNATIONADIARPLICARTON PURBLISHEIDUNDER HHE RATENTrOOOPERATION FBEATY (ACH) .

“and "t hei 1 s&m&x&aﬂ}mm&ﬁ ety 'ho@ﬂ%:dﬁ&o BNBRIHT O™ 96785228
surface &fll waf er. 24. A proce§§1E rf?prl sing the steps of: a(;WB
pl aci ng pI uralTty.of wafers onto the p ;mmmwwunmmmm(mma
claiml, . fard g —by—processrmgthe v fers—at—a tenperature aboy, dUULIL
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(54) Tifle: SLIP FREE VERTICAL RACK DESIGN

‘The present invention relates to a vertical rack for supposting a plurality of semiconductor wafers in a spaced, substantialty horizontal,
parallel relation, fhe vertical sack comprising: a) a vertical support means, and b) a plurality of vextically spaced, horizontal support means
extending substantizlly horizontally from the vertical support means to define a plurality of suppost levels for suppoating the wafers, wherein
the horizontal support means are projections, each projection comprising an arm terminating in a wafer platform such that the innermost
mmwwwnuleastmeweterpmfomofmhazpponlevaandnmsuppomdwa&thinthemgioncfbelwemzo%mdso%of
thewa;:rradlus.mewuredﬁ'omtheedgeofﬂwwafer , and wherein the atm projects at a continuous upward incline and terminates'in the




