2 4 DEC 2004 Silicon Fixtures for Supporting Wafers during Thermal
Processi ng and Met hod of Fabricati on BACKGROUND OF THE | NVENTION 1 -%k%b%4
of the Invention The invention relates generally to fixtures used f%?
supporting wafers in the fabrication of sem conductor integrated circuits.
In particular, the invention relates to silicon fixtures, such as towers
and boats, for supporting wafers during thermal processing. 10 2. Techni cal
Background In the evolution of conmercial fabrication of silicon wafers,

| arger and |arger wafers are being processed in larger and |arger batches

at the same tinme that feat ' easi: 8m and | ess. Such
processi ng has i nposed in83Q§§¥iE?gﬁug%igpgghﬁﬁghﬂgwﬁgﬂgF enents on the

per f ormance of processing equjp t S | as 15 th of the wafer
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waf ers during processing. Thesengﬁgﬁy&ggggﬁﬁﬁgﬁﬁlude tenperature uniformty

|
and cont am nati on, whether of i Bg?ticles. I n many chem cal
and thermal processing operations, it is often necessary to hold the wafers
in precise positions during various processing steps, and in particular 20
during anneal i ng, dopant diffusion, or chem cal vapor deposition

si nul t aneousl y Serforned on many wafers. Many of these processes are

perfornmed at CRQUND OfF dhE NVENYIGNgh t enperatures. The nedi um

tenperat ures ,are .i.n.t.he range of 400 to 700C while the high tenperatures
are in tﬁé rén&%ﬂgpfﬁﬁgﬁv?ggf38oc. The upper l'inmit is substantially linited

by the melting poimht i@fenfibh kd2Bs fdnecB9Ub fRAI¥ERRA ¥hltppaingRehfdd 1bke further
taking into account any significant softening at just belowthe nelting

poi nt. Suppofabricatienebsmacadugtor gutdrytee aptwisedn partisulapdhe ingentedraciapesity | ar ge
quantity of _s&icon fixtures, such as towers and boats, for supporting wafers during thermal

processing.

10 2. Technical Background
In the evolution of commercial fabrication of silicon wafers, larger and larger
wafers are being processed in larger and larger batches at the same time that feature
sizes are decreasing to 0.18um and less. Such processing has imposed increasingly
more demanding requirements on the performance of processing equipment, as well as
15 that of the wafer handling and carrying mechanisms needed to move, transport, and
retain the wafers during processing. These requirements include temperature
uniformity and contamination, whether of impurities and/or particles.
In many chemical and thermal processing operations, it is often necessary to
hold the wafers in precise positions during various processing steps, and in particular
20 during annealing, dopant diffusion, or chemical vapor deposition simultaneously
performed on many wafers. Many of these processes are performed at moderately
high to very high temperatures. The medium temperatures are in the range of 400 to
700°C while the high temperatures are in the range of 1000 to 1380°C. The upper
limit is substantially limited by the melting point of silicon at about between 1412°C
25 and 1416°C, further taking into account any significant softening at just below the
melting point.

Support fixtures are typically employed to support a relatively large quantity of
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24 DEC 2004 wafers in an oven or other high-tenperature reactor for such
thermal processing. A "boat" is the termusually applied to a fixture
holding nultiple wafers with their principal surfaces extending in?240EC 2004
approxi mately vertical planes with the wafers spaced along a horizontal
axis. A boat is used in a horizontal furnace. A "tower" is the term5
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such as that illustrated in FIG to about ten runs, the _ nunber of 20
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unaccept abl e.thd ambiphbiis mbtrixhresdriagtte Siipﬂortﬁlxtum‘él d)&t’@ﬂleﬁalsdbcaitllﬁg’h‘erl n the
performance, it has becaome conmon practice to substitute a fresh tower
after about 3ONPYUARISENAIEL qaa%wﬂas torsag at wregwhat igheniamperat s Wiiget i ce 25
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sintered, so devitrification is not a problem and

catastrophically as cracks propagate in the quartz. Data from the fab lines have shown
that the number of particles added from a quartz tower increases with the number of
runs in a pattern such as that illustrated in FIG. 1. Up to about ten runs, the number of

20 particles increases to a level of about 50 per 200mm wafer, which is barely tolerable.
The particle count is maintained at this level up to about 40 runs, at which point the
production of particles quickly becomes unacceptable. In light of these data and
anticipated variations in the performance, it has become common practice to substitute
a fresh tower after about 30 runs and to discard the old fixture. While this practice

25 may be economically justified in view of the value of processed wafers, it represents a
large expense.

As a result, towers for high-temperature applications are often formed of
silicon carbide (SiC), which is usually sintered, so devitrification is not a problem, and
its melting point is a relatively high 2830°C. However, since sintered silicon carbide

30 is almost always contaminated with metals, it is common to coat the sintered SiC with
a thin layer of SiC deposited by chemical vapor deposition (CVD), which is much

cleaner. The CVD coating makes SiC fixtures much more expensive. Also, even a
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crystallites o i
the form of virgin polycrystalline silicon to be described later is heated in a crucible to

above silicon’s melting point of about 1416°C, perhaps with intentionally introduced

dopants. A single crystal of silicon is nucleated on a small seed crystal placed at the

surface of the melt, and the growing ingot is very slowly pulled from the melt in the
20 form of a single-crystal rod.

CZ polycrystalline silicon, often referred to as semi-single crystal silicon, is
grown by substantially the same method and has virtually the same local structure as
monocrystalline silicon but is composed of separate crystallites of substantial sizes.
The crystallites have sizes of the order of 1mm to above 100mm and are separated by

25 grain boundaries. Such CZ polysilicon is believed to be the conventionally presented
polysilicon in the context of structural members. Whether CZ silicon is grown in
monocrystalline or polycrystalline form depends in large part upon its drawing rate
from the melt.

CZ silicon, whether monocrystalline or polycrystalline, is typically grown with

30  heavy metal impurities of somewhat less than 1 part per million (ppm), but carbon and
nitrogen may be present in concentrations between 1 and 7ppm, while oxygen is

present in concentrations between 10 and 25ppm. The crystallites of CZ polysilicon
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It can thus be seen that the need exists for clean, strong, and reliable support
members for wafer processing fixtures that will reduce shadowing and contamination
while providing stable and precise wafer support.
Ranaan and Davis in U.S. Patents 6,196, 211, 6,205,993, and 6,225,491 have
20 disclosed silicon towers formed of either monocrystalline or polycrystalline silicon
and have further described methods of securing together pieces of the tower. These

patents are incorporated herein by reference in their entireties. The present inventions

are improvements on those disclosures.

SUMMARY OF THE INVENTION
25 A silicon fixture, particularly a silicon tower, is used to support multiple
silicon wafers in parallel spaced apart relationships during thermal processing. The
preferred configuration includes multiple silicon legs joined at their ends to silicon
bases. The legs may have lateral slots cut in the legs to form, in the case of vertically
extending towers, projecting teeth to support the wafers horizontally or, in the case of
30 vertically extending boats, a rack to hold the wafers vertically.

In one aspect of the invention the legs and preferably also the bases are
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Ranaan and Davis in U S. Patents 6,196, 211, 6, 205,993, and 6, 225, 491 have
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to silicon bases. The Iegf may have |ateral slots cut in the legs to form
in the case gfratgetandAPY phmeSmendi ng towers, projecting teeth to support the
waf ers hqri zont al [ W Y f vertical i t a rack
to hold fhe mafergxegﬁf?%gﬁﬁggaﬁﬁﬁgﬁgcggg%? a%?%%H%ﬁfﬁé%ﬁgﬁ@%ggﬂ@ﬁﬁgﬁs and
preferably ahgpotilif thasasergtus finmiiddFGed04hamehgeThd profecyihg goAion
polysilicon fornmed by the chem cal vapor deposition of silicon, preferably
from nonosi | aae be dingd ppwaidlyraitefwean 13@nd At angeloivs ayetr supnert pastien oy its

concentration_ of tal caonponents.of less than 1 parts r billign.and a
resi ativity Sif T BeRmesRRtabG Sl SR e Rt B S R VRN Er Back
portion and ahwﬁiliécﬁhg PHA]RGdvAga Ry QUpJdits the WRARP &t bdgedherahersy, sthus

m nim zing thermal shadow ng. The prolecglng portion nmay be inclined
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The support portion of the.legs is advant ou olished to a m nor
(imish he pr of SCETHRPSkETER 58 A D AER TatisBeh tENfd Fafel &t bet veen
69% and 72% pfastickfink Renp@hitre JrAGRYE b0 MiNEIZ it Blot@BBn QDO BoNRTRS - Virgin
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parts are pref er aBlORRABSIE PTHARY BRGYEh HIhe et R ARPisn HRafiHyne

15 and before joining. The annealing temperature is preferably between 1025°C and

1416°C.

Silicon parts may be joined by applying a spin-on glass composition to the
joining surfaces. A spin-on glass includes silicon and oxygen components that are
converted to a silicate glass when annealed to above 600°C. Preferably, the joined

20  parts are annealed at above 1025°C.

Advantageously, the annealed joined parts of a wafer support fixture are
subjected to sub-surface work damage prior to use in a wafer processing furnace.

Wafer bearing surfaces may be polished to a mirror finish, preferably after
annealing and sub-surface working.

25 The methods of the invention may be used for fabricating and joining other

silicon parts, particularly those used in semiconductor processing chambers.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates the increasing number of particles produced by a quartz
tower under continued use.
30 FIG. 2 is an orthographic view of a first embodiment of a silicon wafer

processing fixture (tower) incorporating the principles of the present invention.
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15 and before joining. The annealing tenperature is preferably between 1025C
and 1416C. Silicon parts may be joined by applying a spin-on glass
conposition to the joining surfaces. A spin-on glass includes siRiclif #id
oxygen conponents that are converted to a silicate glass when annealed to

above 600C. Preferabl t he,joined .20 parts are apneal ed gt abpye 1025C.
Advant ageousl y, tEzea%ﬁ(-%ﬂlOéﬁojgf?ipﬁ%dmb‘éff@le@fsegl%f’g?ﬁ%ﬁ‘ﬂg&aqasef’P fire are
subj ect ed t ofgiibe sprfcpoe wor k danmage prior to use in a wafer processing
furnace. Wafer bearing surfaces may be polished to a mirror finish,
preferably after FHonknldsnde ansh saterslivicacd assedidgub@bmItefmesiliods of t he
i nvention ma¥ be ufst?}d.for .fabricating and joining other silicon parts,
parti cul ar | y¥HES 8! HE &Y P HO%eni conduct or processi ng chanbers. BRI EF

DESCRI PTISON. CF: THE GRAWINGSidryfan v bt 31ERSRe Lol RGhH G QurDer  of

particles produced by a quartz tower under continued use. 30 FIG 2 is an
or t hogr aphi ¢ vi ewrts. @isfanrsthoerbbdivienbf afover sising clonlegaf €IGS pt ackessi ng
fixture (tower) ini;(gggr orating hhemori nci pl es of tgé present .invention. -5 2
4 DEC 2004 FIG 3F(Q Gt agrpeiagHapitiesrnahasnethoholiabidrating agfire | eg and a
base of the I, X4 G 2. FIG 4 is a side cross sectional view of a
second emodpgﬁzﬁﬁlegfﬁgk&ﬁh con fixture of the invention. 5 FIG 5 is an
axi al plan vi ew ofl&hislaagribgtapkicsiidw odamfulti-pamt eovedr bebss. 4. FIG 6 is an
orthographic view of a tower usipg the |leg of FIGS. 4 and 5. FIG 7 is a
process ¥ ow di agFH oF 28 WE@BQ‘GfV“f“éBk ? garﬁq%aﬂa f\ﬁapg?chgxtﬁm Peii con
structure. FIG 8 is an orthographic view of a nulti-part tower base. 10
FIG 9 is an orthographic view of a horizontally arranged fixture (boat).
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Rugged but light silicon towers and other wafer supporting fixtures can be
fabricated, but care should be exercised in the type of silicon used, in the processing
and machining of silicon, and the type of method used to secure two silicon members

15 togther.

A silicon wafer tower 10 readily achievable with the invention is illustrated in
the orthographic view of FIG. 2. The silicon tower 10 includes a plurality of generally
elongate support members 12, hereinafter called legs, secured between a pair of
generally planar base members 14, hereinafter called bases. A plurality of horizontal

20 slots 16 are cut into each of the tower legs 12, typically with equal spacings, and are
used to support a plurality of wafers in the assembled tower 10. The tower is typically
semi-permanently placed in a semiconducting processing reactor (or an adjacent
loading station) configured for one of a number of different processes. Multiple
wafers are placed into the tower 10 and then simultaneously processed at either

25 medium temperatures in the range of 400 to 700°C or high temperatures in the range
of 1000 to 1380°C, as was previously described. The temperature depends in part on
whether chemical vapor deposition, an anneal, or a thermal diffusion is being
performed.

The illustrated tower 10 has four legs 12 although three legs 12 and even two

30  legs 12 or possibly one leg 12 would suffice. Most typically, the multiple legs are
attached to the bases 14 around slightly more than 180° of the periphery of the bases
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Rugged but Iight silicon
towers and other wafer supporting fixtures can be fabricated, but ggaﬁz
shoul d be exercised in the type of silicon used, in the processing 2004
machi ning of silicon, and the type of nmethod used to secure two silicon
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30 legs 12 or(£055|bl one %’12 woul d suffice. Mpst typically, the
nul ti pl 01 egandathis metfqaa?:ﬂ)edlgtl tt #ped qsla%e%a%%nlztw@aﬁahgmmgmorf@%ﬁeret han 180 of

the periphery of ‘NiebASRs.c ARG, AU ldsS.A3h 308 bEgBddppendanly

support the wafers [ rnear riy - 1nse T he slots

16 by an aut owratEd. SPReduces'p 30 iy idgheshapé géne@zmya;et;aﬂtdir@ a Bangy/gick ng
transversely to the Iongltudlnal axis of the tower 10. As shown in the FIG
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supported on g Aé0e shape en
15 top surface of each teeth end 34 is formed with a polished horlzontal portion 36 Wthh

supports a wafer 38. Again, the small areas of the supporting portion 34 and the
surrounding structure reduce thermal shadowing.
The leg 30 includes at each end a tenon 40 having a rounded rectangular shape
that fits into a similarly shaped mortise (blind hole) in a base 42. An assembled tower
20 42, illustrated in the orthographic view of FIG. 6, includes three of the banjo-pick legs
30 joined at their end to two silicon bases 40, 44 for supporting a plurality of wafers
38 in a vertically offset arrangement.
An advantage of the longer banjo-pick legs 30 is that they can be sized such
that the polished support portion 36 at the interior ends of the teeth 32 may be
25 advantageously positioned to support the wafers 38 at a radial position of between
69% and 72% of the radius of the wafer 38. The radial position of 1/vV2=0.707 is the
support position at which the weight of the wafer interior to the support radius equals
that exterior to it. This balancing has the dual advantage of minimizing maximum
wafer sag and of minimizing stress and resultant crystal slip in the supported wafer.
30 According to one aspect of the invention, some of the members, particularly
the legs 12, are formed of virgin polysilicon rather than Czochralski-grown

monocrystalline or polycrystalline silicon.



reduce thermal shadow ng. The bases 14 are fornmed with a simlarly shaped
blind nortise hole 22, and the rod end 20 is fit into the m)rtisezhlp[]p[h%[9
and secured therein. The non-cylindrical shape of the rod end 20 and the
nortise hole 22 prevent rotation 10 and thus increase the rigidity and ease
of assenbly and alignment of the fixture. An alternate design jllustrated
in side cross sectil@i PHYlieen, hereaftgyyisginpplys s aspeayes oEpplysdiges a | eg
30 having a ) d i ick, . Fach a

ol ural i1y of CtERFEBERB K RN bl SRR Stust PR el PR " i b 24
The teeth 34famedshtopedtivdnbargd ngats (dinmengd e qf tok@pwaanatdlyaltdnd.byHowever ,
the 15 top surface of each teeth end 34 is forned with a polished horizontal
portion 36 wHiceRal chgmissd vapos dapgseiord§ VIAefi siicoppsingpae or grasaef wiriquge

suppor ti Rg pgl'iatnieggs %‘é p?é‘cﬁfstog Bas RHCh Qb'xg&égeg ot rﬁ%%e'zirsg%({ ﬁ%‘h‘fgwﬁ BRI

shadow ng. The I ncl'udés at eac a tenon aving a rounded

rectangul ar ghapRslytfbahed Vitdn ipBlydngotsir Moinaddl iMtostilamests B atficae z¢dd procesgol €) i n
a base 42. An assenbled tower 20 42, illustrated in the orthographic view

of FIG 6, ihb¢vdss pokt seclestestfram Hapady gy gdline gsthedogmphelbtaeed trsianddad to

two silicon pa 40, 44 for rting,a plural ity .of fers. 38.in

vertically op}e:(g@)?frr Cgfrslsgtee%ae)srﬁo%ﬁﬁggavgﬁ%lg}jg% °t %%ydlng%d\é\@a%%%%#gﬁeq%egs 30
i's that they dqdenithehedppestasdeT a sufdtirst NSildRIprsiedrsfop L RO tiche3iHAt t he
interior ends of the teeth 32 rra\émble 25 advant ageously positioned to support

t he waf dfs 38iGHH; i hlha¥iChbk ipnd oiClof Obtese SHHCEHWS thedngsvpminanheusesddi us of

the wafer 38. The radial, position 1//2=0.707 is,.th su rt position at
whtch the verdmEosiatbn 8 SRR IRl P {oaetink® o bt nd B e B8 4 o
exterior to fbat-zbk YePAURICI TPidadthet NS CVBlteRpMatt AIEn &S fréth RIORE NG maxi mum
waf er sag and of m nimzing stress and resultant crystal slip in the

support ed waf 80°C3Fhaceserdiongnersiabsuppisped virgin pahe aiednMi. On Ins dembfckt he
AT RN A Y RN U
DEC 2004 5Vi r ghdToalyMalaldf gk, herei nafter virgin poly, is a special type of
polysilicon Virgin poly is the stock silicon material used to form the melt in the CZ
process. It is grown with very high internal stress so that it easily shatters into small
pieces to be melted as the CZ precursor.
Virgin poly is grown to very high levels of purity with metal impurity
20 concentrations of 10%m™ or less. Analyses have been made of a standard grade
virgin poly having a maximum concentration for boron of 60 ppt (ppt being 1 part per
trillion atomic, 1x10™'?), for phosphorous of 140 ppt, for metals (such as Al, Ga, In,
As, and Sb) of 20 ppt, and for carbon of 20 ppm (parts per million). Thus, even with
some variation, the metal concentration is less than 1 ppb (parts per billion atomic).
25 For ultra-pure virgin poly, these maximum concentrations are reduced to 20 ppt, 25
ppt, 10 ppt and 10 ppm. Resistivity of standard grade virgin poly has been measured
to be above 1000 ohm-cm, and that of ultra-pure virgin poly above 5000 ohm-cm.
This contrasts with Czochralski-grown polysilicon having various impurities of at
least 100 ppb for heavy metals. Oxygen may be present in the virgin poly silicon but
30 in amounts many orders of magnitude less than that required for forming silica.

References herein to silicon members refer to members comprising a bulk material of

substantially pure elemental silicon that is primarily tetrahedrally and covalently
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extensi vely manufactured for use in the sem conductor industry. Virgin poly
is fornmed into relatively large ingots (dianeters of up to approximtely
15cm) by thermal chemnical vapor deposition (CVD) of silicon using?dnt(ot04
nore of various 5 silanes as the precursor gas which condenses on a heated
seed rod drawn from previ ously forned virgin poly ingot or formed into
filaments byb%l1 pdﬁi%¥ﬁﬁ§aﬁﬁdﬁg§§ca”The virgin poly nucleates fromthe

pol ycrystalline i PI etdie t/H pQ)fly gaerr}%h{ tﬁ)gggyéalgﬁgﬁﬂﬂnlt%s it [y d@yﬁag{?%ﬁs tends

to formas crystalllne ar rom-t ese d with
t he appear ancedah tle lsg;mlhu@sﬁhlcl’smieamdlrmt&omasmm ﬂmmafelrcgjrmgpbérynail ncl ude
SiH" 10 SICH Sid,H SICA3H and Sid4. O these, SiHCI;H is the nost
commonl y usearw%%m&erﬁil%qlwmasapbtﬁmaﬁg?rr arike medim ProgessPRE ARSI based

on its hksto [er]

t enper at Er es{vﬁl%ng@ggr?gﬁ%%%(@?o gzpcle{i}ggg %&ggéﬁ%}%grv}%mnﬁ@& hﬁ% “su p%g ers of

virgin poly taetid lendthGf thd legs arelrleaaﬁlo&kallaﬁwn conduct or, Advanced Silicon

Materials, Inc., Mtsubishi, Wac @él %15 and Tokuyana of Japan.
i 4

Virgin poly is thOnsheetheshindg s h%ﬁSelﬁ é@ a@sr y farpmend femithe wafese cz
process. It g, f"@ﬂss‘éﬁtsé‘tha‘? HéyES'r&ﬂlc sgwa?e'r cﬁﬁt'é@?auaﬁ itﬂ%ulhtskﬁ%é' 'y

shatters into’s I éces recursor irgin poly is

grown to Vera’dvlahgihed)lﬁ\te|f§rn05asl@9|frbfn>’v1yg1ﬁ bol@fetl-ﬁiwdveipmthfe)geﬁé}anpﬁﬁlermrfoall ons of
10-10cm 3 or |l ess. Anal yses have been nmade of a standard grade vi rgl n poly

havi ng a0maxfommmot dreceases kt oIdHGr by the diaspetesfol sloe base 14 ppist bfémgten_tlyart per

trillion atomc for rous f 14 f or tals uch as
A! . Ga, | dlﬂrsneteé r(})gtlgb\slélfz 1% beéle)g Br ?ess%1 LqYEgin po 9%?1’{36%1}/ avall%r@ar ir gé?
mllion). Thuﬁdla@é@agmtdﬂ thaB @O MRk arbularbe réchﬂreﬁ%ﬁdoh@%@@rfbf c@Rirgs | ess
than 1 ppb (g@ﬁts per billion atomc). 25 For ultra-pure vir |n pon, t hese
maxi mum concédimmewvalies, mpeh sy 3Ramtvinters. gpe largsst Clp’rﬁnﬂyma bale denet ppm

Reststivity AL BRI & MATRoHy, Sh0 Al 78, eI TERSLER ol oy e above

1000 ohmcm ure vi 0 ht et This

contrastls W édhvegieafly adriiled 0@ kidpre d@pdtad%mdoﬁqnhdafgwMpmrsﬂh@u@womufﬁdz@s of at
| east 100 ppb for heavy netals. Oxygen may be present in the virgin poly

silicon but motsmfé}%mwgcrwﬁwm@ﬁd@@@ agsfavadae witheeryelgrgetdiametersdor r equi r ed

for form ng sspeCIa 1%/ appllcatIOnS

As far as is known, virgin poly has not been used in silicon fixtures for
supporting wafers in semiconductor processing. Due to the crystal structure of virgin
20 poly, rods of the material distinct “grain” running generally longitudinally through the
rod. Silicon rods are usually cut laterally, across the grain, using a scroll saw.
Unfortunately, when used to make longitudinal cuts, conventional cutting techniques
tend to split virgin poly rods along the grain, thus ruining the rod.
Virgin poly as delivered from its usual manufacturers is thus inappropriate for
25 being machined into the complex shapes needed for legs and other structural
members. Furthermore, the high internal stress present in commercially available
virgin poly causes it to shatter or at least chip when subjected to the usual machining
processes such as cutting, milling, turning, and slotting.
As a result, a more complex processing sequence, such as that illustrated in
30 FIG. 7 is advantageously followed in forming virgin poly members, such as the legs,
and assembling them into more complex structures. In step 50, a virgin poly rod is

provided. Preferably, the virgin poly is formed by a CVD process using monosilane
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Ref erences herein to silicon nenbers refer to nmenbers conprising a bulk
material of substantially pure elenental silicon that is primarily ¢ OEC 7004
tetrahedrally and covalently -8 24 DEC 2004 bonded together on an azom é -
scal e. Because virgin poly has very low levels of inpurities, it is

advant ageously wused in the legs 12, 30 which are in direct contact with the
waf er duri ng(%ﬁ@r%e thi§ DRGSR FglrecTiROE 28K VATH g SoBnHIAL, BiFkes shlarke. medi um

i t . i t [ L
Pods of vi'r of RS e ie Rt Wil QU8 L AR 8Tl £ AP PR Mgl 070

readi | y avai thabteguir€hfdrhite e and iradthmdidids bbaamgddusiyAsbnagvenat eloat thegl y f ar
renmoved fromthe wafers being processed so that they produce | ess wafer
cont ani nat i ofice thepaaiprusy ransverse dispnaiond isulses © myvimizsdBe matarism virgi n

poly. _However,;j.ot he genarally ol iadrcel 1 10.£05 M. of 18, Pages; 14 of FIG

1, the dirameter of the base nu gréater r~of the

waf er being pirReRIFEOmoM theh fh RAlr¥at b SernfiratgRNE ekl dboy 202 201 ehidh kot s of
di anmeter greater than 200mm as woul d be required for solid bases for
processing PlOamngdemperatune i silises, BOhenvwwis medingoint|odrd d&8E28ur That | y

qener al |y o pograre b BBt sy anP ey oS e el s e b sc a
silicon al t heyghd&pbsRRh)sihbé R WoHE thds Ufﬁtis%%ini&lﬂlﬁ(&hﬁeﬂfng%?é}ﬁﬁﬁé ystalline
silicon are available with very large dianeters for speciality

appl i catlDons 120Q8Ctvgguldsuffise kardbmknor ggiuncep of yirpiapotiot Threamenlsegireliavesi | i con

fixt f t f I 1 t i . Due to th
crystal sty lEabBRG gl R-apolory bR e iR et Rt g ai

runni ng genegakh)ideangiddi nal Iy through the rod. Silicon rods are usually
cut laterally, across the grain, using a scroll saw. Unfortunately, when
used to make | ongir sich Adlthe anrealed mirganpalpnal is cuachingd inte ctanlesjuesisshapend t o

SPI1L vir ol ngpol Loge ShonaLhe i, | s i utg the ot MrgLp Pty oS
machi neqsi nt @;hHg HATPLEHceANSPRR 1 IERARE viroin JoBISTRNGsPRRERadlifhitg st Rl

should cut it to the desired length and turn the rod to remove the typically present

surface doming, to thus provide a smooth cylindrical rod. Subsequent machining

steps include longitudinal sectioning the cylindrical rod into wedge-shaped stock

members and machining the wedges into the desired leg shape. It has been found that

20 sectioning of the rods may be performed with a hydraulic jet, and the teeth may be cut

with a rotary slotter. Other types of machining can be used for producing the

relatively complex shapes described here.

In step 56, the machined members, for example, the legs and the bases, even if
they are Czochralski silicon, are annealed at ambient at between 1025 and 1416°C in

25 an atmospheric ambient so that the machined silicon is oxidized.

In step 58, the legs are joined to the bases. The preferred joining technique
uses a thinned spin-on glass (SOG). SOG is a generic term for chemicals widely used
in semiconductor fabrication to form silicate glass layers in integrated circuits.
Commercial suppliers include Allied Signal, Filmtronics of Butler, Pennsylvania, and

30 Dow Corning. SOG includes one or more chemicals containing both silicon and
oxygen, such as tetraethylorthosilicate (TEOS) or its modifications or organo-silanes

such as siloxanes. It is preferred that the SOG not contain boron or phosphorous, as is
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menbers. Furthernore, the high internal stress present in comercially
available wvirgin poly causes it to shatter or at |east chip when subgﬁcted
to the usual machining processes such as cutting, milling, turnirigD P
slotting. As a result, a nore conplex processing sequence, such as that
illustrated in 30 FIG 7 is advantageoysly followed in formng virgin poly
menber s, sucﬁoragwpweéqnsg‘gr, Integaaie Qs ?f“ﬁ@glﬂlﬁwri%wg%wt@awpﬂ chgmical is
structures. L&Pin2Q ev3pdiab @i I S QM nef y, the
hﬂsé‘\l &Pin ey %é/ﬂ%{)/% HArrRP! sYicth 2dy| shol Hh H%flﬁ?@outﬁé(ezozﬂé%gh

virgin poly 1s torme process usi ng nonosil ane C 1004
(Si H4) si ncevbhiile metbglrilbannd eidd. da sbmammndmytopfabséavion, <izmt dwopnantetativelych as
chlorine. 1In the case of fab icatin? | egs, the virgin Boly rod shoul d have
a length greXiSepustY arg W&Pp%ﬂu? A &g oand the Walsgds SRR g sapsdsde ereaes

advant ag%oushﬂnﬁé}’ﬂi’iﬂg‘?@h 15%%&1{%2%'{)(%? %%aﬂ&%h%éét@%é&%ﬁ%@& afl! mensi on of

the legs to maxim z e ‘materi utilirzation o rical virgin
poly rods. | Betskeep2&@and HE°¢| 4@ the SO ddécdgpbsdsso f@amnshtaegles havirigethehan an
hour at a tenperature at |east above 1025C, which is the _platicizing

t enper at ur e PRETOXIMAE eHNPesHEPIhRLOowln s Jeraingistey Sorfrike Bwventiong iz SOGHe

anneal {19t eURGLAMGPYRNANLENP o LAOSH JAUCADOYR LRRGEARSLALLLE used in

the CVD deposition era ni mum-anneal I ng

tenperat ure eithet@r 3BT 1¥01ehehn suf fhi esef @brtisb & KMewyosdbEGesn the 1¥g argd N pol y.
The annealing relieves the internal strain of virgin poly but is not
bel i evedOt o Basgrifier bgnhprye bacamgembled togetherigta thasovear stik¢tuice. | n step 54, the

vedOto &  eerangEmilal grdstial hninsT Eielice. . th
anneal g st op 5ot Aehaf b8 fERH AT, BedhBp RERLGS, BRARR0C REVRIES L ot

undue concer BOOf ciré agd pifeifdrgbly REbativeeH MOA3aInd. 14T, fwhid is su@iciene b vikdfy st eps
should cut it to the desired length and turn the rod to renove the typically

present  sur fhecdend Agnd togethrubie pvo okidézed sdispprarts yAlthrigheal00fegure is
Subsequent ”%11E%hﬁgrn%%§gﬁxﬁﬂéﬁggﬁmlgﬁgk%%%éb!anﬁ%ﬁﬁgpﬁggﬁhggﬁﬁﬁ {;Egrlca

rod into wedge-shaped s S a nachining "t dges
desi red jlseg sb@pgirifidatibasn BReBstfiedgedrhidty Qh& BEide@ MBIl atd@er ods may be

performed with a hydraulic jet, and the teeth nay be cut
temperatures above 1025°C provide better bonding to the oxidized surfaces and
relieve structural distortions.
In step 62, the assembled tower is subjected to a surface treatment which
introduces controlled sub-surface damage in the underlying silicon. Such treatments
20 were practiced previously to roughen the backside of wafers to getter impurities from
the wafer. Treatment methods include bead blasting, lapping, and grinding among
several possibilities.
In step 64, the wafer bearing surfaces 34 are polished to a mirror finish,
preferably having a surface roughness of less than 1nm but a 10nm roughness would
25 be acceptable. A chemical mechanical polishing (CMP) method used for polishing
wafers can be adapted for polishing the more confined wafer bearing surfaces. Two
typical CMP methods include use of a colloidal silica polishing agent in an alkali
liquid carrier or of a diamond paste in either a liquid carrier or impregnated in a
flexible polishing belt. Hengst in U.S. Patent 5,931,666 references an ASTM standard
30 for numerical value of surface roughness. Alternatively, a mirror surface can be

visually determined by viewing the surface. A mirror surface looks like a silvered

mirror, though perhaps of a different color, in that it reflects light at equal angles from
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with a rotary slotter. O her types of machining can be used for producing
the relatively conplex shapes described here. In step 56, the machined
menbers, for exanple, the legs and the bases, even if they are GoBhl 06k
silicon, are annealed at anbient at between 1025 and 1416C in 25 an

at rmspherl c anbient so that the machiped silicon is oxidized. In step 58,
the | egs areﬂFdWH@a“ﬁHh?ﬁgEBSS@§Y5¥H%ﬁﬁmé¢%?%§d@FWﬁnPhﬁmﬁgéﬁﬂpéﬁémsases a

t hi nned spi npQp g%gﬁ SOGis a generic termfor chem cals w dely used
in sem conductor ri catl on to formsilicate glass layers in integrated
circuits. Conmer thabresetnphvealtiSnieﬂa(Hl&Hihe AlbricatibnSyfgneacrstdlitie ilic@s of

But | er, Pennsylvani a, and Dow Cor ni ng. SOG i ncl udes gne or nore chem cal s
cont ai ni ng be?lwcryﬂailewﬂ&wa, 010‘5%589%901"%1@6‘!9{1 sructuplmenhgs & ussdn thecat e ( TEOS)

or its mgdif @fa&?{&?% o seH{)&%Bct%} lv%ﬁ: G N8 %ing id B EA %E’ct%ﬁ%os%gr red

that the™S ai n boron orous as 1

comonly don@n&/@ﬂcdnﬁﬁlagﬁﬁme@lmcparrmyeasnthﬂp@o@sdlmcc@mslm WG Expent@eni Ng
chem cal is dissolved in an evaporable carrier, such as al cohol, nethyl
i sobutyl ket batﬁesh@wnatl1at\ﬁdlcamﬁx@nm3teﬁy¢e e mélsaéﬁreofmdéﬁapamﬁles,éﬁe Edadude or

fab d
vai er - and. o UEFAP R0 Rl S PhilE b M TR r e B ORES, o, i

| ayer of the &@&maﬁb@reafter the coat ed vvafer is anneal ed at between 200
and 900C, and the SOG deconposes to formsilicate glass having the
appr oxi rHt e conpodhe inyenSHrom. nof hmtlthétq Bieriowiey fttepeBBradconfiguratiprent i on, t he

SOGis thin d ton nd| coate

sufficient tﬂﬁéﬂ#@ééﬂféﬂf zgl t éP‘n Ve?yb(%?ﬁ[%?atf’% {l]jgr? Hée%gggf(ﬁogﬁai se to
fill the voi ¢hR@HAKRETD hbE bt eMriridd fibth @aﬁﬁhaa‘ntc%sstlbgaswj)au%mmmserrbl ed
together into the tower structure. In step 60, the assenbled tower is again

anneal ed of attdhgngsienPEOOt¢hss 76h@ E@Gf@ﬁrlgsaﬁd 7&@9’&@3@@ ynanglbée easbn 1025
and 1414C, vvh#éch | z SUff'&fCl' ent |trgh§ g nﬁf ﬂgl ther t he two
oxi di zed si | PEEh¥H hengloin t%ﬁfﬁa 588U % 7Pd ?rfnc?fg nF8 ﬂ%{%y SOGs,
an annegls at phelear seR0eadsk HOYwd hRVAFRSe S HBRE h¥ut 2P0SHE didd idfdIeat i on i n
the restricted geonetry of the bonded intérface, and the
both the support and insertion of wafers, the cross legs 72, 74 have longer and shorter
ends with respect to the notches 76, 78, and the ends of the same size are set at an
obtuse angle between them. Each of the cross legs 72, 74 includes blind mortise holes
80 at its ends to receive the tenons of the side legs of the tower. Advantageously, the
20 cross legs 72, 74 are formed of virgin polysilicon, and an entire virgin poly tower is
formed and joined according to the forming process of FIG. 7.
Other configurations of a base is possible in which two or more silicon
members are joined together and with the silicon legs.
The invention can be usefully applied to a wafer boat 84 illustrated in the
25 orthographic view of FIG. 9 for supporting multiple wafers 86 held substantially
vertical and spaced along a horizontal direction. The boat 84 of this embodiment
includes two arc-shaped silicon end bases 88 with feet 90 supporting the boat 84
within a horizontal furnace. The boat 84 also includes four silicon arms 92 (which
would be called legs for a tower orientation). Vertical slots 94 are cut in the arms 92
30  toreceive the wafers. The ends of the arms 92 are joined to the end bases 88. Once

again, advantageously, the entire boat 84 is composed of virgin polysilicon, and the

virgin poly boat is formed and joined according to the method of FIG. 7. For a boat,
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t enperatures above 1025C provide better bonding to the oxidized surfaces and
relieve structural distortions. In step 62, the assenbl ed tower aaﬂré gtect ed
to a surface treatment which introduces controlled sub-surface d @

the underlying silicon. Such treat rrents 20 were practiced previously to
roughen the backsi

t t f th )
Tr eat nent nnﬂ?o‘&gnt?eﬁ(??ﬂn‘(ﬁ%s Jc?gé?fﬂl hﬁf’ra YGe gevev %%@5335@65? lﬁ&eﬁ?\égg%ﬁg
several poss gwlaeta sréat fhifttigh 8 cBfting rﬁuﬁum@ ﬁ%fangeﬁ&g Aga § feA68Si 3t

polished to mrror finish, ~preférabl aving a surface roughnesé/ of |ess
t han | nm but siicdn memheowgﬁmasasramotadvhnt@ow amnmmbabfeugm polhyeniaal

mechani cal polishing (CVWP) nethod used f polishing wafers can be adapted
for polishing the GPBMONEYRHIPIAE SrURiFRr MGB F‘isﬁ’(})a%‘iﬁ’F "1'551(‘“:%%:“&11E preggidi cal  COVP

met hods isncl H%nHér??ﬂJerlgn&%ésgie?@rhlaﬁbﬁ hﬁﬁn%)ﬁghﬁghﬁi&a%?ee cés@.ag@icga'rti%ﬂ.i

l'iquid carrler or o I anond paste I n el carri

i npregnat ed iSinca thd soaxdelrhateiallis gl sagie y@blity ablegsifetsmadeiial, fatiewlhteS, 93 )
1,666 references an ASTM standard 30 for nunerical val ue of surface
roughness. ACPRRREAgR ystal shipr arskmefallicseatapanpnielnhgraiuyith nerge eafrikd by

view ng the §éé';,fhf%%ﬁ1co AL vﬁ’d[a@lﬂ%ﬁ iRKE l*dr&[%nﬁ?x%' L‘éﬁﬁa‘?@ha&@»{&g’ t hough

per haps of a erent ol or, refle equa ‘angl es from

-1l 24 DEC 20&hcédh€new forahe aésctibed &)Wefsade watfawssu@urn‘eti@amtnad@f»\et@bﬂm eridext ur e,
or speckling indicates a lack of a mrror surface, The present invention

enabl es 1t0he pabpinesthe Sitwe Hm@éﬁ%tvafer maéerig] h@V@cﬁﬁbStafﬁtﬂu}’d?%{Ca phyisieal
silicon, %rp%rt{%s%%gﬁh@% ntt£ S 4 ‘#{xhﬂg{? arrfs cture Ei@cog?r)mg 19 any

manuf act ure sem con ers an I S ap I ca

| arge scal et ubs@ibedah@heds Haiv tdlerands aﬁ@ekpeufea@eﬂvmetme uam@@&slenglﬂof
silicon wafers. Experience has shown that silicon fixtures reduce the

nunber of addthrgfameadeires, cogerorty Gedmatemals pushgsantz. ¢0silkan 2goAm Wt er, and

there is no |Long-ter e 0 rf 10 ..The in entlonis
not limted ¥ res?[ht m‘feg&v\grrlg% q?ashté Ij?aebrrlléarltél %IOSH % %ng N6 Bttt Brb Y8

15 advantages as the industry moves to 300mm and larger wafer diameters.

The virgin poly legs have the advantage of extremely low impurities of no
more than 10 ppt. Therefore, the virgin poly tower introduces far fewer impurities
into the wafers being processed. However, it is noted that the quoted impurity levels
for virgin poly are affected, at least near the surface, by the machining and ambient

20 annealing steps. Nonetheless, at depths of greater than approximately 10pum, the
lower impurity levels are maintained and the deep volume does not constitute a source
of impurities.

Although the invention has been described with reference to wafer towers,
virgin poly may be advantageously used with other parts in silicon processing

25 chambers, whether in direct contact with a wafer, such as paddles and lift pins for
transferring wafer and pedestals for supporting single wafers, or other parts of the
chamber such as gas jets. Also, the joining method of the invention may be
advantageously applied to these other parts. Further, the combination of annealing
and machining may be applied to other virgin poly parts not limited to semiconductor

30 fabrication.

Although the present invention has been described with reference to specific

embodiments, those of skill in the art will recognize that changes may be made thereto
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illustrated in FIG 2. Alternatively, as illustrated in the orthographic
view of FIG 8, a tower base 70 may be fabricated fromtwo silicon cross
legs 72, 74 formed with matching central notches 76, 78. The cr @4JHlEgH 72,
74 arranged at an angle to each other are then joined together at the
notches 76, 78 in the manner of Lincqln. |ogs. .15 Because the side | egs of

t he tower argngwpfﬁaﬁﬂn%IQHQmSBSUFEﬁgépgﬁogaFﬂP8¥@090 allow both the
support and insertion of wafers, the cross legs 72, 74 have | onger and
shorter ends with respect to the notches 76, 78, and the ends of the sane
Size are set at an obtuse angle between them Each of the cross legs 72, 74
i ncludes blind nortise holes 80 at its ends to receive the tenons of the
side legs of the tower. Advantageously, the 20.cross legs 72, 74 are forned
of virgin polysilicon, and an entire virgin poly tower is formed and joined
according to the formng process of FIG 7. Oher configurations of a base
is possible in which two or nore silicon nenbers are joined together and
with the silicon | egs. The invention can be usefully applied to a wafer boat
84 illustrated in the 25 orthographic viewof FIG 9 for supporting

mul tiple wafers 86 held substantially vertical and spaced along a

hori zontal direction. The boat 84 of this enbodi nent includes two
arc-shaped silicon end bases 88 with feet 90 supporting the boat 84 wthin
a horizontal furnace. The boat 84 al so includes four silicon arnms 92 (which
woul d be called legs for a tower orientation). Vertical slots 94 are cut in
the arns 92 30 to receive the wafers. The ends of the arns 92 are joined to
the end bases 88. Once again, advantageously, the entire boat 84 is
conposed of virgin polysilicon, and the wvirgin poly boat is formed and

j oi ned according to the nethod of FIG 7. For a boat, -12 2 4 DEC 2004 the
nunber of arns 92 can be reduced, even to two arns. Indeed, it is possible
to provide a boat function by cutting nultiple parallel slots in a single

l ongitudinally silicon nenber to forma rack, advantageously conposed of
virgin polysilicon. Conponents using structural nenbers in accordance with
the present 5 invention experience | ess deformation during high-tenperature
process applications.
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Since the source material is the same quality as the wafers materi al
particul ate contam nation, crystal slip, and netallic contam nants inherent
with known materials such as silicon carbide is virtually elininthﬁgﬁg
Furthernore, thermal shadowing is reduced since, for the describ A W
the wafer is supported on a narrow tooth ends 10 and since the fixture

mat eri al and wafer material have substantially identical physical

properties apg AGijdical constants. Silicon fixtures and parts manufactured
according to Ahe descri bed net hods have tol erances and expected service
life unachievable with fixtures nmade fromcomonly used materials such as
quartz or silicon carbide. The present invention enables the fabrication of
silicon parts and fW%lh?@sﬁ)étﬁlétfob?WPHélgl@la@’l}ﬁr’n‘?fa‘@%%rsa%of{lﬁé“‘%dust ry noves
to 300mm and |l arg t V|rg|n poly | egs have the advant age
of extrenely IOMI?&pﬁg% |%gb%%80?&%ﬁ%}e han 10 ppt. Therefore, the virgin
poly tower introduges p fll&ﬁhtny)f/@égslcﬁﬁllpbsddl(Q"S.nwlrnglbdlyiiﬁlﬁ)rl\lﬁﬁﬂl’e& abgieftgwir ocessed.
However, it is noted that the quoted inmpurity levels for virgin pon are
affected’ at | east neaﬁm#ﬁ@S@GﬂWﬁ@@“S@WdFﬁ@ﬁgw&ﬁﬁﬂﬁﬁﬁvéﬂﬂS@m%ﬁémPhQ@
anneallng steps. Noneth reater than approximately 10m
the lower inpurity Ievgrgﬁéﬁlnﬂ%ﬁ'n g%%%@ﬁéﬁd t he deep vol une does not
constitute a source of inpurities. Although the invention has been
described with reference to wafer towers, virgin poly may be advant ageously
used with other pérﬂ@eﬁmﬂgéhs@@ﬁ&bmdwﬁssln@wzanGﬁéﬂﬁéﬁ@JGMH@Wh@ﬁmmﬁhdlrect
contact with add| es .and | ins for . tran i ng waf er
and pedest al gtaﬁ‘l%\g Cg{ﬁ% ?f }Sﬁ eéTO %?rglrtgeth(ﬁ" %’tpﬂg mﬁé?ltdsphéﬁa?{yh%g %fﬁgnber
such as gas hﬂﬁlo»ﬁhsgaldwh‘?erb%Béﬂgiaﬁl?/tlmb@teﬁfintb@ﬂd'sm@nt' on nmay be

advant ageously applied to these other parts. Further, the conbination of
annealing and nachlnlng may be applied to other virgin poly parts not

linited ' t Al.th th t h
beon dedfiri bed wi oh M FarERas ErLHRthFt of et herr el ospRdies O o
the art will isrfsﬁﬁegmc%srcﬁﬁgaso £IR0LREtSRY lRehARGG BREELA firkSside HhidEGa3Q04

curved shape with a first radius, no portion of said leg shape having a radius of

curvature less than said first radius.

4. The fixture as recited in either of claims 2 and 3, wherein said leg shape
15 includes a second side opposed to said first side and having a curved shape with a

second radius greater than said first radius.

5. The fixture as recited in either of claims 2 and 3, wherein said leg shape

includes a flat second side opposed to said first side.

6. The fixture as recited in any of claims 1 through 5, wherein said legs

20 include ends thereof having a non-circular shape.

7. The fixture as recited in claim 6, further comprising holes having said non-

circular shape formed in said bases to receive said legs.

8. The fixture as recited in either of claims 6 and 7, wherein the non-circular

-15-



wi t hout departing fromthe scope and spirit of the invention. 249EC2004 5
CLAIMS 1. Asilicon fixture for supporting a plurality of wafers,
conprising: two bases conposed of silicon; and a first plurality %fuﬁgé@4
conposed of virgin polysilicon secured at their two ends to said two bases
and configured tq rempvably support a plurality .of wafers jn paral] el

rel at i onshi ptapedifterpirpma (ipes-sstionst shapg of said 1gs i ?c,ceﬂmi peitipndhRobintas 5j d

| egs have a pJufakiitYots &H§¢ots cut into a first side thereof to formteeth
for supporting Salg 6iurali'y of wafers and allow ng said wafers to be
slidably inserted into said slots. 10 3. The fixture as recited in either of

clainms | and 2, wherein each of said legs . is formed according to a
cross-sectional | 2gTBhABRIS pcleididig agxiof clrips thipegh §uivherein gachsof saigh ved

shape with a first ' . tktion of said | eg shape having a radius of
curvature IZ%?G{§%E&§%%8§?¥Q§%Q$%:PUS. 4. The fixture as recited in either

of clainse 2 and 3, wherein said | eg shape 15 includes a second side opposed
to said first side and having a curved shape with a second radius greater
than sai @ first rbiTee figturensaesifediinray abclpwes | Bgough &mhisesin pachqifsiads 2 and
3, wherein said leqg shape inclydes..a flat second side opposed to said first
side. 6. TheQFQS?) I%E f@89?%ﬁHF§Sgﬁ§nbf clainms 1 through 5, wherein said
| egs 20 include ends thereof having a non-circular shape. 7. The fixture as
recited in claim6, further_ conprising holes having said non- circular shape
formed in said babbsAtsgiooadeitwe feraiugporéige a pduralityef tWakerarcempsisingei t ed i n
ei ther of clains P nd “r, .wherein the non-cjir.cular -15 2 4 Dﬁ% 2004 10

wo bases, each comprising a plurality 6t silicon partssécured together; an

a first plurality of legs comprising silicon and secured at their two ends to said

10 two bases and configured to removably support a plurality of wafers.

12. The silicon fixture as recited in claim 11, wherein each of said legs
includes a plurality of slots cut into a side thereof for supporting said plurality of

wafers and allowing said wafers to be slidably inserted into said slots.

13. The silicon fixture as recited in either of claims 11 and 12, wherein said

bases and said legs are composed of virgin polysilicon.

14. A silicon tower for supporting a plurality of wafers vertically offset from
each other, comprising:

at least two silicon legs each having a plurality of teeth formed therein
projecting from a longitudinal axis of said each leg for supporting a plurality of wafers

20 thereupon and having on opposed ends of said each leg two non-cylindrical

attachment part; and

two silicon bases having respective non-cylindrical holes formed therein for
receiving and surrounding said attachment parts of said legs, wherein said bases are

joined to said legs through said holes and attachment parts.

25 15. The tower of claim 14, wherein said legs comprise virgin polysilicon.

-16-



shape differs froma cross-sectional shape of said legs in a central portion

thereof into which said slots are cut. 9. The fixture as recited %n any of
claims 1 through 8, wherein each of said bases conprises virgin & DEC 2004
polysilicon. 10. The fixture as recited in any of clainms | through 8,

wherei n each of said_, bases conpri ses. nonocr alline silicon. 11. silicon
fixture for suppo?@jEBGH“ﬁ?ﬁ&$RE¥WEB%HR%%£?§¥?%dﬂﬁ??§Fﬁ6¢m¥ﬁﬁmﬁagé ' D¥ach
conpri si ng asllelstbrualdt$ ¥a<91f1_e%hﬂ dxfz%?{éleo&fﬁe%é‘ﬁwb &kt &m%;ﬁ%a 1@&%%[3'1 Bk,

plurality of Tegs conprising silicon and secured at their two ends to said
two bases anshid slots axerelthg upwardiyvailshyd itpporof said Wafierabeing sopposetier s. 12. The
silicon fixture as recited in claim1l, wherein each of said | egs includes
a plurality of slots cut into a side thereof for supporting said plurality

of - vafers and al howing:Ral 4yl 6F Saih DGNREAAB! ¥ndRe Lefohibgichald S! ot .

13. The silicon fixture as recited In eit alns 11 erein
sai d 15 s5baseshaifdaigdaedh kegsactaigone off pad edpmirtediwadiers il igied tocomirdrd. A
silicon tower. for supporting a plurality of wafers vertically offset from
each other, EBWBrising: at least two siiicon legs each having a plurality of
teeth fornmed therein projecting froma longitudinal axis of said each |eg
for supporting a plurality of wafers 20 thereupon and havi ng on opposed

ends of said eachl18.eghé wivdrofagybf dgtisCiall throagh ACWedttinRasuppo@ Pertiofsi | i con
bases havi ng respective non-cylindrical holes fornmed therein for receiving
and surr oundb®g sioarentagtingsRWesHPPEadywater is pasitonesd a ragiak asiiopnidepresas ar e

joined to sakgyleg%7@hgpugﬂ-%%jg-QQLESY%HQI%;taChnent parts. 25 15. The
° AHest ROLE;Oh TegsPey e

t ower of claln1f%, wh sai s-conmprise’ virgin polysilicon. -16
24DEC2004 16. The tower of either of clainms 14 and 15, wherein said teeth

are formed by slots cut into each leg at an angle of between 87 and 89 from
sai d | ordi t udi nal 1&xissilicon tower for supporting a plurality of wafers in horizontal

orientations, comprising:
a silicon bottom base;
a silicon top base; and
at least three silicon legs extending along respective longitudinal axes, joined
15  to said bases and having teeth projecting therefrom .toward said top base at angles
inclined to perpendiculars to said longitudinal axes and having wafer supporting
portions on distal ends thereof, facing said top base, extending along said

perpendiculars, and polished to mirror finish

20. The tower of claim 19, wherein said wafer supporting portions are

20 polished to a roughness of no more than 10nm.
21. The tower of claim 20, wherein said roughness is no more than 1nm.

22. The tower of any of claims 19 through 21, wherein said legs comprises

virgin polysilicon.

25 23. A wafer tower for supporting a plurality of wafers in horizontal

orientations comprising a plurality of legs, each comprising:
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said slots extending upwardly toward bottons of said wafers being supported.
| T The tower of any of clains 14 through 16, wherein a support poygqﬂgjﬁm 5
each of said teeth contacting one of said supported wafers is polishe 0 a
mrror finish. 18. The tower of any of clains 14 through 17, wherein a

support portion of aid slot contacting said supported er 1s. ppsitioned
at a radial posi tiaBﬁFO atSétIWQE&?03‘69%“8Hg‘a‘Plﬁ%a&FOSé'SF%{tﬂ“alsgﬁy Sila%lng t ed

wafer. 10 19. A siliconnbawgfe doRVe:SHORANELQOwW RN RIERhdihy o Rdur¥RhR fidian

horizontal orientations, conprising: a silicon bottombase; a silicon top
base; and at |east t hr éeclssurfaconppasgs tesddirditryriatoay bepspadter flet or

| ongi t udi nal axes, joined 5 to said pases and having teeth prqjecting
therefromtoward said 8% i@é{m&a S&ﬁ%‘?‘ﬁ@amfﬁ F‘i‘rﬁét(‘:fre_t %r%ﬂé?’g‘éﬂaﬁé%{r%frs to said
| ongi tudisnal axes and Rayhdgr MRS flire SHPHREL hdHFon BOLEA A s@x@pé’h%@%a?ﬂﬁés
thereof, facing said top base, extending along said perpendi cul ars, and

polished to mrror finiobuR6Bturelless themweaid Giftst chdunnofl@rvantvey &idn sai d waf er
supporting portions are 0 pol jshe 0 roughness of no nore_than | Onm

21. The tower of élpéﬁf?ﬁ“i’(?,%’%\‘;ﬁlé%lb’u Wrggqtl 'a?%ﬂaqaﬁlé%gssw fornedondhe fiamf surfaes 22,
The tower of any of C'%§§E‘*% BERgh 21, wherein said | egs conprises

virgin polysilicon. 25 . A wnafer tower for supporting a plurality of
wafers in horizontal orientations conprising a plurality of |egs, each
conprising: -17 2_4 DEC 2004 5 ap el ongate silicon body portion having a
cross-sectional bddy [SRSPRPOTEFMEFAFCOT ngéPeL?arpe%ew?r@réw %a#CUPﬁdO‘sSHFfP%’é with a

first rag uslef Iy ATAHIRAAM BeokPalfis ¥ LAF A PRRRRAYf Bafidl d front surface

and being eithe

25. The support member according to claim 23, wherein said back surface is

flat.

26. The support member according to any of claims 23 through 25, wherein

said silicon member comprises virgin polysilicon.

15 27. The support member according to any of claims 23 through 25, wherein

said silicon member comprises monocrystalline silicon.

28. A member configured for use in a chamber for processing silicon wafers

comprising virgin polysilicon.

29. The member of claim 28, wherein said virgin polysilicon has portions

20 having an impurity level of metal components of less than 1 part per billion.

30. The member of either of claims 28 and 29, wherein said virgin polysilicon

has portions having an electrical resistivity of at least 1000 ohm-cm.

31. The member of any of claims 28 through 30 configured for supporting at

least one wafer.

-18-



convex having a second radius of curvature greater than said first radius
of curvature, no other portion: of said body shape having a radius
curvature less than said first radius of curvature; and a pIuraI?ﬁﬁEﬁﬁW4
nmut ual |'y paraIIeI wafer-retaining slots fornmed in the front surface of the

body portion. h nber acc ng fg.claim?2 wherein said
back surface |s fg ?&? dnq%?ﬁ&?gn%%{(il & g’i ggggg %lglgﬁqgt?ssu%o‘g&i d first
radius is atphgasy O$WH§§SHﬁ%gmggpagﬁ&mﬂggber according to claim23, wherein
sai d back surface is The support nenber according to any of clains

23 through 25, wherein said srlrcon nmenber conprises virgin polysilicon. 15

27. Th t b . wWh
<4l d 9111 con menber ABRgFRES ohdmoer gt Fe kB conictset e iy -

configured for use in a chanber for processing silicon wafers conprising
virgin polysilicon. 29. The nenber of claim 28, wherein said virgin

pol ysi | i con has pd#t ilbasmen?@rowmiyngf daimis@Buhiough Becenfipiredvat mpadelbarfoonent s of
| ess than | art er billion. 30. The nenber of either of clains 28 and 29,
wher ei n ghid Wgﬂﬁﬁ?§rlrcon has portions having an electrica
resistivity of at |east 1000 ohmcm 31. The nenber of any of clains 28

t hrough 30 configured for supporting at |east one wafer. -18 24 DEC 2004
32. The nenber of 3an{fhefmenhtar vk aRBoftdiaio@h tBduglofd confimded & sgregert a
plurality of wafers in parallel relationships. 33. The nmenber of any of
clainms 28 through 30 configured as a lift pin. 34. The nenber of any of

clainms 28 through; goAC ﬂtlfeg&fn?i%u t@srﬁﬂ)@ﬁla?léca one%uﬁgt?a'?émee{ﬁb@@at\évaf ers. 395.

The nenber of any “of alms 28 through 30 configured as a gas | et
processing chamber and comprising silicon having portions having an 1mpur1ty level

of metal components of less than 1 part per billion.

10 37. A method of machining a silicon member, comprising the steps of:
providing said silicon member;
annealing said silicon member at an annealing temperature between 1025°C
and 1416° and

then machining said member.

15 38. The method of claim 37, wherein said silicon member comprises virgin

polysilicon.

39. The method of either of claims 37 and 38, wherein said annealing

temperature is above 1200°C.

40. The method of any of claims 37 through 39, wherein said providing step
20 includes forming said member by thermal chemical vapor deposition performed at a
CVD deposition temperature and wherein said annealing temperature is at least 100°C

higher than said CVD deposition temperature.

41. The method of claim 40, wherein said thermal chemical vapor deposition
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36. A fixture configured to support at |east one substrate in a substrate
processi ng chanber and conprising silicon having portions having ﬁq‘bﬂgﬁh%
| evel of metal conponents of less than 1 part per billion. 10 37

of machining a silicon nenber, conprising the steps of: providing said
silicon nenber; nealln sald silicon nenber at an annealing tenperature
bet ween 102585¢5 Rtld« 4% Bre %ﬁﬂWFﬁen machi ni ng said nenber. 15 38. The net hod
of claim 37, wherein said silicon nenber conprises virgin polysilicon. 39.
The met hod of either of clainms 37 and 38, wherein said annealing
tenperature i s abdé¥eTh6@God4d ani béclahnmbﬁthufugamy vherelmsanbsildont meombgh 39,
wherein said providing step 20 inclu m ng said nber. by ther nal
cheni cal vapB#s s g IBWUFLE 1&%“8? n%p-ézﬁeﬁna%wnpnﬁw? {eShphangh RATEPHNd
wherein saidygpseal ing tenperature is at least 100C higher than said CVD
deposi tion tenperature 41. The nethod of claim40, wherein said thermnal
chem cal vapor deposition -19 24 DEC 2004 uses SiH4 as a precursor gas. 42.

The nethod of any of clains 37 th gh 41, wherein said silicon nmenber has
portions haV| ng i fipu Ihwlert&si@@l%msﬁ hhrgvgh o Auhsrsomersiag ghe qt@@%wntan |

part per %] bBP Eéaﬂ?:’%%aﬁ‘? 05 H)?g')ngt at tglln raﬂe h{ﬁ%ﬂgtpofl@et (5% 5

conprising the SUBLE annea said sl on nend

t enperature amj@nﬁ&nggxﬁmxbeﬂweﬂn 1025C and a nmelting point of S|I|con. 44,
A nmet hod of joining together two silicon nenbers, conprising the steps of:
10 applying a spin-on glass solution conprising silicon and oxygen to at

| east one 44. A method of joining together two silicon members, comprising the steps

of:
10 applying a spin-on glass solution comprising silicon and oxygen to at least one
of two corresponding mating surfaces of said two silicon members;
adjoining two silicon members at said mating surfaces; and
annealing said adjoined members at an annealing temperature of at least
200°C, thereby converting said spin-on glass solution to a silicate glass and join said

15 two silicon members.

45. The method of claim 44, wherein said annealing temperature is in a range

of between 600°C and a melting point of silicon.

46. The method of claim 45, wherein said annealing temperature is in a range

of between 1025°C and the melting point of silicon.

20 47. The method of claim 46, wherein said annealing temperature is in a range

of between 1200° and the melting point of silicon.
48. The method of any of claims 44 through 47, further comprising a

preceding step of annealing at least one of the silicon members in an oxygen-

containing ambient.
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of two corresponding mating surfaces of said two silicon nenbers; adjoining
two silicon nenbers at said mating surfaces; and annealing said adjO)pegy
menbers at an annealing tenperature of at |east 200C, thereby converting
said spin-on glass solution to a silicate glass and join said 15 two
silicon nenbers. 45. The thad of clajm 44, wherein said. annealing
tenperature is i n4§ Fhmget OSP?B@irV\égnw BeiE SaiPreceing SRy CLAROARIRE 1Ssi | i con.
46. The nethodeph6hah PrftRratiASh GirihodHetly@RN®abd 1 the FRAMA Wik diSilidnd " ange
of between 1025C and the nelting point of silicon. 20 47. e met I}m of
claim46, wherein said annealing tenperature is in a range of between 1200
and the nelting point of silicon. 48. The method of any of clains 44 through
47, further conpr?@i%dn%{ho‘i)?éég’a?% gsatsélﬂfoé};ﬁxélt‘fﬁéaﬁg%e‘gfo JUBRST VR Y2t he
silicon nenb i - LN Ng; i : ; 4.49. The
met hod of clsg{pioﬁg?ﬁ eceb;%%glp %%’?glgg‘r%'éggﬁ‘?ﬁg % %gﬁ%aflrygﬁr?gg@%%%%%%rfor med
at a tenper apalishingrsarl suapge sinéicare hakd2hirasrdutthe with tisadaqeabaghress sf hé con.
50. A nethod of fabrjicating a silicon fixture configured to support wafer on
a support s@Predan &¢nm. support menber consisting essentially of silicon,
conprising 5 polishing said support surface to have a mrror surface with a
surface roughness of no nore than 10nm 51. The nmethod of claim50, wherein
surface roughnesssi.sThomsihod of baim [50vh&@in stiffacemupiattsofs i raberthad 16mai s 50
and 51, wherein said support nenber conprises virgin polysilicon. 10 53. A
met hod of formng a silicon tower configured to support a plurality of

waf ers, conprising,t 21 Rrovi.di i ] r;
anneal i ng sai d si |'cjgﬁe %ﬁ%gr&g{theﬁ O?;élragwg%%ﬁeda#ﬁng e{egﬁ%aelﬁgtlffﬁogpo at FI east
comprises virgin polysilicon.

10 53. A method of forming a silicon tower configured to support a plurality of

wafers, comprising the steps of:

providing at least one silicon member;

annealing said silicon member at a first annealing temperature of at least
1025°C;

15 machining said silicon member into a plurality of legs including cutting slots
to transversely to longitudinal axes of said legs for form teeth for supporting said
plurality of wafers;

annealing said legs in an oxygen-containing ambient at a second annealing
temperature of at least 1025°C;

20 assembling and joining at least three of said legs to two silicon bases having
holes formed therein to receive opposing ends of said legs, said joining step including
applying a spin-on glass solution comprising silicon and oxygen to at least one of a
respective one of said legs and a respective one of said bases at an interface
therebetween to be joined, thereby forming an assembled structure; and

25 annealing said assembled structure at a third annealing temperature of at least

200°C.

54. The method of claim 53, wherein at least said legs comprise virgin



1025C; 15 machining said silicon nenber into a plurality of |egs including
cutting slots to transversely to |ongitudinal axes of said | egs f@M[ﬁqqm4
teeth for supporting said plurality of wafers; annealing said |l egs in an
oxygen-cont ai ni ng anbi ent at a second annealing tenperature of at |east
1025C; 20 assenbling and joining at |least three of said legs to two silicon
bases havingpohﬁﬂ@gnforned therein to receive opposing ends of said | egs,
said joining step including applying a spin-on glass solution conprising
silicon and oxygen to at |east one of a respective one of said | egs and a
respective one of ssaiTiehasigs dteitdbr dfdlank3gant Ber ehatwean thaxddanéinged,

t hereby form ng an assenbl ed structure; and 25 annealing said assenbl ed
structure at tempengtpeg laphleastilfg>Cenperat ure of at | east 200C. 54. The met hod
of claimb53, wherein at |east said |legs conprise virgin -21 2 4 DEC 2004

pol ysilicon. 55. The nethod of either of clainms 53 and 54, wherein said
third annealing tgnI@EalediR] dfandlof LRARS Si%&%sh % furftee comphsidg efe any of
claims 53 through 55, further conprising the subsequent step of
rougheni ig assheefene siop of siugherise aAldabesi saidtagsemblglstruthee.met hod of any of
clainms 53 through 56, further conprising the subsequent step of polishing a
contact area between said teeth and said wafers to a mrror finish. 58. The
net hod of any of %baWﬁEn§§ﬂ§ﬂﬁk%@%¥@hﬁn§§?ﬁméﬁg5%%,@nﬁﬁ?@&nﬁﬁﬂHé&@?s 10 a
plurality of base parts assenbled and joi ned together in said assenbling and
j 0i ni ng st epubse@@&nt step of polishing a contact area between said teeth and said wafers to a

murror finish.
58. The method of any of claims 53-57, wherein each of said bases comprises

10 a plurality of base parts assembied and joined together in said assembling and joining

step.
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