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. e3evvlLj J66Tara Apparatus for the Thermal Treatnent of Substrates 2 5 fdk 2003
2003 The present invention is r w m“\ﬁmjappar atus for the thernmal
treatment of substrates, especi :‘\‘m\ﬂw uctor substrates, in a5

chanber in which the substrates are pj@ged upon support el ements. An
apparatus of this type for the treatnent of substrates is known, for

exanpl e, from DE-A-198 21 007 of the sane applicant. Wth this apparatus,

t he support elenents for carrying sem conductor wafers are 10 rigidly
connmmﬂmwwmmm tary plagparabas forstheoltegrathlfTreathenb ofi8gbsiratésg on of the

t her of a sem conductor wafer. An alternative carrier

constructikaus» f or the apparatus of the aforenentioned type is illustrated,
for exanple, in Fig. 1. Here a wafer 15 1 is placed upon conically shaped

support studs 2 ich are also | | i The pi . t.h Wy

hol di ng nmeans 4, Wib@ Pﬁﬁe@?¢%¥%§®neggt%laggga ri%é‘r &ﬁg@h%%ﬁg&p;@%@ve
coni cally shaped support tips . in order to keep the contact surfaces between
the support el emeleatagRt OhesuRstiatess naspeciallyy SERIGPRAVCER M SHPSEAES fRndf er
of heat 2U fromthe wafer to the support elenent and to mnimze a thereby
resul t 5ng cool i ngcbérmbef it whichahesubstraties are gianedodparhsuppent elemends.f ace.
Unfortunately, these support tips have the drawback that they break off
easily and thereby result in undesired particles, Furthernore, the support
ti ps | eave behind nmechanical inpressions in the wafer that rests upon them

since at high tenagraigHrafst Sethalype fOR4RS trabtrhént 6f ldtites &Okdown, for
Especially wwth wafers having relatively large dianeters, 5 such as) for

exampl e, 300 mm LN A E [ f 41309, f
waf ers having a %Bgmedrgér@t eDtrE,a xtehge% \gﬁeggrdg tf'-'(%fr ggg{ebééﬁe@ﬁesu\gg@r Emgi ps
and wafer increase_and th;{ﬁ t he Br ol?I em of . mechani cal . ngr@zsi onF

i ncreases. These ARRAANTANeisHpPRESIYRENE Pl ARINHHESSMCPAINGIOLWATEIS A%e 10
thermal treatnment of the wafer due to the thermal expansion or distortion
of thdOwafer and HIdheremiegted tp airatgry plaje that inftatashior tha hewegarizationand
support pin, During the heating up of a wafer fromroomtenperature to 1000
C, the thernal |y ohthecithermel seatsnent ofiiamemiconductof wafesxanpl e, in the region
of 1 mm Consequently, the tips | S of the support pins scrape over the
surface of the wafer and at those

An alternative carrier construction for the apparatus of the

aforementioned type is illustrated, for example, in Fig. 1. Here a wafer

15 1 is placed upon conically shaped support studs 2 which are also

i called pins. The pins, along with their holding means 4, are rigidly
secured to a carrier frame 3. The pins have conically shaped support

tips in order to keep the contact surfaces between the support

elements and the wafer small, and to thus minimize a transfer of heat

20 from the wafer to the support element and to minimize a thereby
resulting cooling off of the wafer in the region of the contact surface.

Unfortunately, these support tips have the drawback that they break off



~ locations | eave behind | ong scratches, as illustrated by way of exaugtl )03
"in Figures 2a and 2b. Figures 2a and 2b show defect |ocations on the back
side of a sem conductor wafer, which were produced by the known support
,pins during the thermal treatnment of the wafer. The 20 nechani cal

i npressions and the scratch w dths can be exam ned, for exanple, by

cl eavage. ~~h this nmethod, the wafer is broken up into predeflned pieces,
whereby a line of fracture or a fault line extends through a | ocation that

2 is to be exani; r[@@p f A0 Sc ' a
depol ari zati on), Q%IBP%BQZ%& n%%&t ﬂt%@é@guﬁgﬁﬁg&h&gﬁw%&% ' Ekﬁég
existing stresses at the contact locatigns.. Wth thi,s nmethod, a, double
break produced b?u@?%&?'ipé '8@1"%%%{1'?%5”? FRicRl JmRfestians H%ggﬁt\é’a{ﬁrttﬁag many
transparent and isotropic materials due to deformation. The nechani cal

i npressi ons and sstaitupoes theis, welce &k highhdemgerailigs die wwafenanaterial is
tenperature during the thermal treatnent, |lead to dislocation errors,

so-cal l ed slip |idgsvely BofthEspeyistiphWithineafers haﬁug_&ve@tivélzeaﬁg@r@iﬁmtor
waf er. Al though these occur on the underside, 10 i.e. the support side of

the wagfer, duri .”gu&ﬁ‘%]gt ?&r%rgbl[ee@bﬁ%ffn Waféﬁeméf?%abgeé’%htsé}”%@g and

thermal stress is sufficie great, propagate to_theé u
darmage or adversely aff the structures th are dispqsed,,on the upper
Sur face. Such s M54thel 200 EplfE e Bt tbh ABRREE T & nisteut Ehi ng.
15 For a good thermal treatnment of the sem tcﬁc}gnduct or waf %r, a honobgeneous
tenperature di st FAr6es PSAVRRLEURRRIT Has &ndj wales irereasg andsthys tha RFOWERY i oned,
due to the contact with the support pins, however, there results a
| ocal i zed cool i ngf ofechanicahgpiassions mcreasasegi on of the contact, which
| eads to i nhonbgeneity of the tenperature distribution 20 upon the wafer.
Thi s probl em was sol v@tlesaen mdohapacs imprasisainst flaetheonbacincseadeaderife thieen
support pin and wafer was kept small) which, however, worsened the
af orgpenti oned pedhhRiM edathndt sthithy . wafer 3due to the thermal expansion or
distortion of the wafer and a thereby resulting relative movement
between wafer and support pin. During the heating up of a wafer from
room temperature to 1000° C, the thermally caused increase in
diameter is, for example, in the region of 1mm. Consequently, the tips
15 of the support pins scrape over the surface of the wafer and at those
‘ locations leave behind long scratches, as illustrated by way of example
in Figures 2a and 2b. Figures 2a and 2b show defect locations on the
back side of a semiconductor wafer, which were produced by the
known support pins during the thermal treatment of the wafer. The

20 mechanical impressions and the scratch widths can be examined, for

example, by cleavage. With this method, the wafer is broken up into predefined
pieces, whereby a line of fracture or a fault line extends through a location that

2



_practice, the support pins were therefore positioned in an edge regiqpquL2m3
the wafer wwth a spacing of approxinmately 1 to 10 nmfromthe edge of fhe
wafer. This was intended to ensure that the slip lines caused by the

support forces did not danage the el ectronic conponents or s structures

di sposed upon the surface of the wafer. However) this edge support results

in the problemthat during the thermal treatnent the wafer sags, which

agai n enhances the formation of dislocation errors or slip lines.

US- A-5, 817, 156 f ustibehanenamined:! Byemeans Wisin 8IRD tyresése (Ycanpradrinfrdfed hat
is provided with holding pins that are novabl e perpendi cular to the plane

of the substrate } ; [ ri ; i i " nces
relative to a hea é|bndg“3£p e&otg?' Q@%\eo@gérms v\%n% t quetb%gég b%lnugitﬁ% rﬁ%’ﬁh{e%eg{[ #eé

af orenenti oned prohlens of scratching,ocqur .t hat ult fr rel ative
movenent bet ween SXIBENG ﬁ&%ssfr?oaa}p&ﬁ Cfg't%\c(ii%c’aé@%qu@ﬁb ‘%m%qﬁ]ganﬁldoé‘b&ansi on
of the substrate. JP-A-02139935 shows an apparatus for the thermal
processi ng of subkieaktrroddeed iy algstie deferniatioants| measutgdathat resgite with

JP- A- 02139935 shows in particular an apparatus for the thermal processing
of 20 sem conductmanyafamspaiemt andlisotimgric matedials dué he defdrstatishes are pl aced
on supporting elenents which are in substance novable parallel to the plane

of the substrate. Due tRet hadianaial eirigreksidHs atana@n Srafches suaPoweliel grent s,
they can follow a novenent of the wafer during an expansion as a

consequence of tmpéﬁﬂgr%gbit% of MR Afer fg%e?mpé’ﬁhriﬂp ethaﬁb%ﬁ%h?%%s nt, .

spherical balls cated wthin a receptac I'mted
novenent thereof., Fyrther upport pins i,ng. a rounded rnface facing the
Substrate and: bei REPoRar PR ars ol el bElufes B e Bl

JP- A-11145025 further shows an ejection pin mechani smwhich is capabl e of
fol | owi ng an expaﬂfs?l?ns@?‘cﬁnﬁﬂ?t%l“é?tf%“ bf‘%aoggréié’i}%ﬁsoﬁ%fe%ﬁ'ﬂe Uneesyee, o
Proceeding fromthe aforenentioned state of the art, it is an object of the
i nventfon to provieldhansuppear sidasofdhe iwiefenfduringethei iwenat yrgetraentoetithey t o
whi ch the formation of scratches upon the surface of the wafer is reduced.

Pursuant to the iwafentthey cahhifthelperhali streseads ispétientlyagreapparophgatelfo i n
accordance with claiml. Preferred enbodi nents of the invention are cl ai ned

in the dependent wleaipfer surzoer and dafiaget Heatverseptaffaty ané istiuciurey itHas
support elenments that are novable essentially parallel to the plane of the

f;?;;aggeﬁ?ﬁgh:xgﬁegeis%%@rdn thPppBl GUrfaey e Suéh 'shp IffRCatd]isitas 16r
example, from structural etching.

15 For a good thermal treatment of the semiconductor wafer, a
homogeneous temperature distribution over the wafer is necessary. As
aiready mentioned, due to the contact with the support pins, however,
there results a localized cooling off of the wafer in the region of the
contact, which leads to inhomogeneity of the temperature distribution

20 upon the wafer. This problem was solved in the past in that the contact

surface between support pin and wafer was kept small, which,

however, worsened the aforementioned problem of scratching. In



than dpes a subsequent second cone. Due to the novable configuration of the
support el ements, they can follow a nmovenment of the wafer during an 25 JUL 2003
expansi on as a consequence of the thernmal treatnent. Thus, a scrapi ng of

t he support el enents upon the wafer 5 surface is prevented. Instead of

an el ongated scratch, the support elenents cause only a point-type

| mpressi on.  FyEces MeCsuhett bRstWereheraRd phbfibned ifliahesdgd résisanti al |y

parallel to the substrate) the height or position o? t he substrates within

2 transfer ofoneaWpg TR hAPY SRSl SERANET IR Sahe’ 0%, he”

doubl e cone aryrangengent,. the support tips are |less eas||ly damaged, and in
particul ar br%a&‘eo‘ﬁ’g%lreirg'sé%%? I"ﬁgnq’%j %%Pgs‘é'@ntlkl‘@&fheoﬁl,'p l"f‘é% gawsRsl PYel ement s

are preferabl%\ nmovable o radially relative to a central axis of the
substrate i n edsuppertbforegs «lid ongloidamagendhaf elesirenici comgoagptsnsiron of the
wafer, which is directed radially outwardly. Pursuant to one enbodi nent of

t he ingenti onstridtarssugisposec:Lporithes sarfacs of s deden. Howeves| thieetigganner in
order to provide the necessary novability of the support elenents. In this

connection, t §goSatPResitse|e iR proRem maﬁfﬁrﬁgjl the %mitv&%eﬁ?gnsct ed with

a spring, especially a flat helical spring, a which not only verti cal

but al so a hog, | Mglel i , AW ri ngi ness
or resili encew:agé}g‘(aggdla@lild[h &%ﬁ?ﬁ’&%ﬁge%ﬁ}eﬁf?gh‘g ﬁ‘gﬁp‘)’r‘ggﬁﬁéﬁf’}‘&q%ﬁz’?mf er in
20 order to a sog.b forces that occur at this point in tine. Pursuant to a
particul arly e ed enbodi nent of the invention, the support elenents

are pivotable perpendicular to their longitudinal axis in order in a

strai ght forward nabfef-2.81p7186i futharmanecdisslasgs npvaukistiaty weatmantsupport

el ements. In this connection, the pivot axis is preferably 6 spaced from
the | dagitudi apparatis thiat t ise prayigedt withe hmiding s pinshathat nanehenovalglei ti on of
rest the support elenents are inclined in a predeterm ned position. The
support el emepémpenticularcioethallsing of thaedbstvateridl ardeetd pesitionivariolist he

substrate, as a result of which they can foll ow an outwardly
regions at varying distances relative to a heating plate. However, with
these holding pins the aforementioned problems of scratching occur

that result from a relative movement between substrate and pin as a

15 consequence of thermal expansion of the substrate.

JP-A-02139935 shows an apparatus for the thermal processing
of substrates according to the preamble of claim 1. The JP-A-02139935
shows in particular an apparatus for the thermal processing of

20 semiconductor wafers in a chamber in which the substrates are placed
on supporting elements which are in substance movable paraliel to the
plane of the substrate. Due to the movable configuration of the support
elements, they can follow a movement of the wafer during an

expansion as a consequence of the thermal treatment. The support



.s.directed novenent of the wafer over a greater distance. Pursuant to2

anot her enbodi nent of the invention, pin-shaped support elenents are 3 JUL 2003
nounted with great play in a sleeve-like receiving device. Due to the great
pl ay, the support elenents are guaranteed the necessary freedom of novenent
in order to be able to follow the o thermal expansion of the wafer.

devi oo, t o SeATnts PSRRI RISt BIBTRGERE vl i 2obESBHE U < o
i o1 Pur SUAIh 8lcivs RS meeBanh iiefook PLRbeT AR oANS R dpor ¢ — S

el ements are preferably nounted an the free 'ends of novable carrier arns,
wher eby t he rasngisd sufacs fadieg shepobstratecand theing pprotallydledatédiin ee carri er
arms. In this connection, the carrier arns are preferably novabl e parall el
t o the pl aneramfeptduie saesiroaidedi n order to foll ow the radial expansion of
the wafer during the thermal treatnment and to 20 provide an essentially

fi xedghei ght or position of the wafer within the chanber. The support

el enents are preferably received in a guide in order to guide the novenent

in a prescribed dijpegtd ' [ : 7 Lde ns is
preferably a sIotJFﬁgﬂ13ngg$ggﬁbaé§?gﬁgéhr gg#?@””@ﬁg??@égkg %central
axi s of the substrate. P% suyant to a furthe eHbodkﬂe t of the invention,
the support B GReARE aF ZOR08 At xPansiancahgoPet PIARGY dbtRala¥en ¢ he
support 5 elenents can, for exanple, glide in order to thus enable a
novement of Mevesmgiidheredfenents. In this connection, the support flange
preferably has a curved support surface that provides a pivotable nounting
of the support element. Wth a pivotable mounting of this type, there
results the advantage that in contrast to a displ aceabl e support flange, a

| onerip~o0 fricti onRrocesdingridormhthe afdrementiohedk stdtedaitigs r2gt, dblisinon. The
support elenment is preferably light pernmeable and is enbodied as an opti cal

lens. I n 50 B6ided of anslifetirii@nall SbideSaP EpBRABEY ofithb diBraHBRicHods Wi th

whi ch the substrate is heated via a radiation field. Furthernpbre, due to

the lens eff ﬁ&)te Qécc}raﬁ\g%gﬁf%ﬁ ths 309Fatid'6f scratches upon the surface of
the wafer is reduced.

Pursuant to the invention, this object is realized by an apparatus

15 in accordance with claim 1. Preferred embodiments-of the invention are

claimed in the dependent claims.

In particular, the present invention provides support elements that are
movable essentially parallel to the plane of the substrate and have
20 support tips which have a first cone that has a larger opening angle
than does a subsequent second cone. Due to the movable
configuration of the support elements, they can follow a movement of
the wafer during an expansion as a consequence of the thermal

treatment. Thus, a scraping of the support elements upon the wafer




~~s radi ation can be focused upon the contact |ocation between suppor%

el emrent and wafer, thereby conpensating for the above described heat ﬁo@g-mm
of the wafer at this location. This |eads to a nore honbgeneous tenperature
di stribution over the wafer. Pursuant to one enbodi nent of the invention, a
novabl e, 20 especially tiltably nmounted, holding el enment having at | east

he- i1t abl o RO g P EoRg: nfel df Bn: Setdfad GEATAR: Ik MRShE ghe of

t he support e‘ enments and/ or of the wafer can be_conpensated. Furthernore,
the support BIEEMRINE Caxise QHyRPARI-YPRORIESSIoRpERItREMMOrE, duedp\tbeabl y,

mounted an the carrier arms in order to follow a novenent of the substrate,
especi al | y amayeimantythatitisedicdojed!i assentiallympacatiehttot thet substratesdteby t he
thermal treatnment. Preferably, at |east three of these holding elenents are

provi ded in peidet &0 gysitiordefatHerrgimsiatEe rwitiin S thel RPRINbd0Ii§t geland hence
to reduce the pressure forces at the support points. To provide the

movabigl | 1y ObsdditiaHyRBASLant! PP BLBstr e stiBBH 0} @ﬁosmiféwh@eh the

i nvention, these support elenents have oni tapering base that is

pivotably regeiv ' ecel yj ns..J.n_accordan it h.an _enbodi nent
of the invenfr:aghﬁ]det M&f‘% Fosﬁ%cghw‘aﬁ%{ﬁgmsyloﬁ’agﬂé%?%gﬁﬁi b}ﬁnéﬁ‘)@ebet ween 50
and 130 and especially preferably pbetween 80 and,  100. The openi ng angl e of
t he second céﬁg”%mﬁf‘éf &N LPYPROEE \URsh afe o IRsS4Bagih edampa9dpaAntedl 5 and 25.
Pursuant to one preferred enbodi nent of the invention, the support elenents

are di sposedpanicylatibrealeofidedsepsilyr adi us of 112 to 415 and preferably 213
of the substrate radius in order to avoid a sagging of the substrate toward
t he middl e or towdnm thislenoattionehe lsoppbe algmpents2arermeferablyn@osalygi ng i s the
| owest, thereby reducing the formation of dislocation errors or slip lines.
9  1bo avoi ehdalghrtating &f & eehtrapagdisINRE subBREtelR drdleftd IMRr 8BIE to
foliow the aforementioned expansion of the wafer, which is directed
radially outwardly.
Pursuant to one embodiment of the invention, the support
elements are suspended in a resilient manner in order to provide the
15 necessary movability of the support elements. In this connection, the
support elements are preferably respectively connected with a spring,
especially a flat helical spring, via which not only a vertical but also a
horizontal springiness can be achieved. The vertical springiness or
resilience is expedient especially during the placement of the wafer in
20 order to absorb forces that occur at this point in time.
Pursuant to a particularly preferred embodiment of the invention, the
support elements are pivotable perpendicular to their longitudinal axis

in order in a straightforward manner to provide the necessary movability

of the support elements. In this connection, the pivot axis is preferably



‘treatnent, the support elenments and/or their holding devices are conﬂﬂiéﬁbzm3
at least partially of a light-perneable material. In this connection, the
surfaces of the support elenents and/or their holding 5 devices are at

| east partially polished, especially fire polished, in order to ensure a
good passage of the thernmal radiation. Pursuant to one preferred

enbodi nment r ent. t hej r hol di devj c S BLe pr oduced
from one or gago%ﬁﬁ%tﬁwgﬂbﬁg?'ﬁ@m% §mhﬁ}%92tr?lgf%%t qﬁ.?av‘tag %&hem um

oxi de, zirconi um oxid 1WS| licon, silicon nitrite, silicon carbide,

al unmi num oxi B@S't'ﬁmtﬂﬁrﬁﬁh sHppart elementsate irifé'negdﬁﬁlpff%de erminad or

ceram c. The present invention is particularly suitable for rapid heating
units w t h waositioa. Seeistppadaiements are preférablycidclined towardiatentnalf i el d. The
invention will be explained in greater detail subsequently 15 with the aid

of pref errEdaﬂis‘midhmbstmftd,fasrsfreél.ﬁﬂéﬁwh@htth§¥fda9ufbﬂ§w ameutwagtiyes show.
Fig. 1 a schematic, perspective illustration of a substrate carrier

pursugnt to aﬂscﬁa%@vé}%eﬁhsfmétwafgmer@ reAier &eta(#ﬁ%ect | ocations on the

back side of a 20 sem conduct or wer e produced during the thernal

the arcr 10 5 Torautglorhptfiet erbodHRRid: Aol BuBHid B BRe b ack of &

sem conductor waf er that were prodyced durin thet ermal treatnent by
support pi nsSHBRATE Elpments %mﬁvﬂ& tiHhereab BRYUAM Stesverisespeaiing

invention; Fig. 4 a schematic, perspective illustration of a resiliently
mount ed suppdﬁvlcpl DueliogheQreataplmﬁéﬁs&up@omei@mmmw guaransssk thepi n
nmounted in a swi nging manner pursuant to the present invention; Fig. 6 a
schemati c si decessany ofed¢dmm sofppwovienpent iof oFdey. tdb bsi Bbleataifeﬂbwgthengl e
rotated by 90; Fig. 7 a plan view of an alternative carrier construction

pursugnt to tHEnl expahsibR\VE the AafeAdR@sdamdtot ® vehy pArtichRir preRefdd pins are
nounted on swinging or resilient carrier arnms; Fig. 8 a detail view of a

support pin BH{b%dfﬁ%ntth%ﬁ?ré&éﬁﬁﬁg’gﬁek@é%@'s‘?@e&@&' g @séhoé'é %?'to%se end;

Fig. 9 a schematic side view ternative suppo t pin of the present

support pi n iped BTG REE bFiadirie Weldl e K SURBo BRFES REiHec”" ©

relative to the center of the wafer.
Pursuant to a further embodiment of the invention, the support
15 elements are preferably mounted an the free -.ends of movable carrier
arms, whereby the movability of the support elements is provided via
the carrier arms. In this connection, the carrier arms are preferably
movable parallel to the plane of the substrate in order to follow the
radial expansion of the wafer during the thermal treatment and to
20 provide an essentially fixed height or position of the wafer within the
chamber.
The support elements are preferably received in a guide in order

to guide the movement in a prescribed direction. In this connection, the



11 Fig. 11 a guide plate for receiving and guiding a support pin

pursuant to Figures 9 or 10. Fig. 12 a schematic cross sectional view§5 JuL 2003
t hrough a further enbodi ment of a support pin pursuant to the 5 present
invention; Fig. 13 a further alternative enbodi nent of a support pin

pursuant to the present invention; Figs. 14a and 14b a schematic

cross-sectiongl: Vi | i .a,. hol di. ng devi ce
for 10 rece g b&éﬁaﬁﬁ% fﬁ%"ﬁ@%&Esﬁéﬁﬂgfg*{%@bﬁggésﬁﬁs ?%qum lf’eéa@v% g. 15 a
perspective Vview o e, hal di ng, devi ce of Fig. . Fig. alternative
enbodi ments dP aACeBIARXIS ijetg?@ bg¥atesupport pins. 15 The invention will be

described in greater detail subsequently with the aid of Figures 3 to 15.
The invention rel afesuaot thasfppheaembodimenthef theeinvahtion ethensuppaort
substrates, especially sem conductor wafers, in a chanmber in which the

waf ers are pleseentipare prpiged with al suppotisflarige ipdn wRieA kUusugorknown, for
exanpl e, from DE-A-198 21 007 of the sane applicant) and to this extent is

made the subj i ' i J

apeti i on. fhgmen &g, (B okatfole, BAEE ) SrALERS U et o kemBHEE ed upon
t he support i 0 t.| vice that | nprised of
| anps or banﬁbgoggké%%eﬁ#ﬁs'gﬁgﬁgi Q‘%‘@g&@‘?’gt}hg%uﬁ)&%@ﬁ"}ﬂﬁ bf?ég'a?? er.
Pursuant to the present inventiagn, the support ele ts are noyably or S

i spl aceabl y TUACUAhSURRAET Sygate oD ANy B AYRIBBI PRANIRd Bf s pec al | y
during an expansion or other distortion resulti ng fromthe thernal

treat nent. Fisypportdelemsnd. With aivetabledmeuntingof dhisalypeethaserresultet i on 6
for a support elenent 8 in the formof a support pin. The support pin 8 has

10 a first entekivantdygesthat jpoontrdst po dldisplaceaieisuppgridlangei adowect or
waf er. An opposite end 13 of the support pin 8 is secured in a suitable

mannerg’ to Friblid ob&rs Gl tﬁQéiaﬂ@w_éﬁriskfbfedémbgmglarﬁraéiiong 15 is forned by
cutting out a portion 16 froma thin plate 17, for exanple a thin quartz

e ot D ng 15 T PUIRRE BN BT P e 421
alsoin a Verériwsgéied as an optical lens. In so doing, a shading effect is prevented
with an apparatus with which the substrate is heated via a radiation
field. Furthermore, due to the lens effect of the support flange, the
15 radiation can be focused upon the contact location between support
element and wafer, thereby compensating for the above described heat
loss of the wafer at this location. This leads to a more homogeneous
temperature distribution over the wafer.
Pursuant to one embodiment of the invention, a movable,
20 especially filtably mounted, holding element having at least three carrier
arms and support elements secured thereon is provided. Due to the
tiitable mounting of the hold element, small deviations in height of the

support elements and/or of the wafer can be compensated.

Furthermore, the support elements are preferably movably, epecially



_direction. Figures 5 and 6 show a second enbodi ment of the present
invention for a novabl e suspension of a support pin 8. The support Risn @ 2003
has a first end 10 on which is formed a support tip 11. In this 20
connection, the end 10 of the support pin 8 is enbodied as a doubl e cone.
The support tip 11 is formed by one cone having an opening angl e between 50

degrees and r ef erapl - I nd 100
degrees. Fol &@&ntaﬁlbegf)gt rﬁlggntéa%% I&Le égilgggﬁagﬁﬁgoeeﬁéé?ﬂg)waﬁ%éﬁ%pﬁﬁts%ff
generating angle between 5 and 45 degrees and preferably between 5 and 25
degr ees. Theth%ﬁ%bqtﬁtﬁees%%@g/r@ r@q?lgﬁy 9U§’Y%I'Fjb’yg'éﬁﬂe¢ aMementibatignger t hat
the tip will break off. 5 The support pin 8 has a |ongitudinal axis A
Mount ed on onaussdidyothe Hermabgeaatment Brafgrablypi atoleapt three dfathese a

| ongi tudi nal axis B. The longitudinal axis B of the pivot pin 20 extends
per pendi cul ahokding leterhengi aredprodlidekins ofd@f to peovidepROKkg@inuntberasid i s

| aterally offset relative thereto. 10 The pivot pin 20 1s received in a

sui takl e hol dj i Ge, ' 2 t the
Support pin BUPe RS r R At e B SR DS TR pRe SPHTEL e

| ongi t udi nal 6 i$ B of the pivot pin 20 is offset fromthe central axis A
of the suppoP %ﬁ'n 8, the pivot pin 20 is inclined in a rest position. In
this connection, the 1 Slongitudinal axis B of the pivot pin 20 is

di sposed in such a way that the support pin 8 is inclined relative to a
central axis of the wafer that is to be received Figures 3a and 3b show
def ect | ocat Tenpravide Hee baekakilityeobther ssipppBoplements, MasEANt Katonger e
produced during the thermal treatnent 20 by swi ngingly nounted support pins
pursuant to Enthodment Af treminvieatioh cthieksy suppodnélzeenisrhave enpamicalyn t o t he
defect | ocations shown in Figures 2a and 2b, the sw ngingly nounted support

pi n pigoduces tadrihgl¥ase that is pivotably received in a receiving means.

In accordance with an embodiment of the invention, the first
cone preferably has an opening angle between 50° and 130° and
especially preferably between 80° and 100°. The opening angie of the
second cone is preferably between 5° and 45° especially between 5°

15 and 25°.

Pursuant to one preferred embodiment of the invention, the
support elements are disposed an a circle having a radius of 1/2 to 4/5
and preferably 2/3 of the substrate radius in order to avoid a sagging of
the substrate toward the middle or toward the outside. In the upper

20 region the sagging is the lowest, thereby reducing the formation of

dislocation errors or slip lines.



a point-type inpression rather than an elongated scratch. The danage to the
“surface of the wafer is thus significantly reduced, which is attributabligi 72003
to the support pin noving along during the thermal expansion of the wafer.

S Figure 16 shows a further enbodi ment for the novabl e hol ding of support
elenments. In this connection, sleeve-like receiving devices are arranged in
a tilted manner for receiving support pins. The support pins are seated

with great play in the sleeve, while their angle of tilt is in the range of

1 - 45, preferably betgvegsidla shabihg Edfekt, cand Henhewsa abrauhiomattheemal
enbodi nent for the rmvabl e suspen5| on of support pins 8. Wth the

enbodi ment of Fi guy ffe SURBGH! eftfient? BREITOURIChoRng bbb CAra | o

frame 27 V|afreely svmriglng oscillating carrier armns

t hree support pins 0 he car/ri er fra 7 _and.forma
equilateral tri aﬁﬁmrﬁ’ﬁ ngm?%sﬁ %a"g%'x:\é’ffe? g BFH'BE%E'Fn"}?t%%% erérélntmfnner.
During a thermal treatnment of a ' wafer placed upon the support pins 8, the
freely oscillati ﬁQnB@L@UQ%rthQrWaEQSfoIthﬁvﬁ%PPﬁ'e?lﬁﬁlqn}S @adéudthedvielding,
especially an expansi on novenent, of the wafer. In addition to the freely
oscil lsating carr idewicesrmeza,Ieaﬁapa;tialbopolismeds egpeacallylfireopolishaddn catleo be
novabl y nmounted 20 upon the carrier arns. A preferred enbodinent for a

novabl e mounti ng te@knbhee é'g@b@ﬁiasﬁdag‘@oBtheﬂ‘tﬁérméBﬂmia‘tlohn conbi nation with the
freely oscillating carrier arms, is illustrated in Figure 8. In this

connection) the end 1%@@%9@ Bﬁétﬁréférféﬁne%o%ﬁﬁﬁprﬁaeté@pﬂé'ﬂ hagmangoni cal

configuration. The conica i's recelved In a receiving nmeans 2 such

as a sleeve, and_j tive end
could al so sinpl )?ngilcgr'et}‘ngégwél%rég%Eglcé§%6§’§¥ dﬂe}qgﬁ'éc}ﬁrdrnl\éeéry%#:h]@ﬁé}@n ﬁﬂr e 9
shows a further erpative e nment of a novabl e s ort 8 r suant
to the p[ gtsent 1;%%&“%{;‘%{#3@%&%%0%35% r%zgfdéessv "H?LP?“?EF)@E{?‘}O% v@f??\? ?o[)ms
a suppor i e en is agai n provi ded w a doubl e cone ere

t he E@he tha'? f osfligopngiliseppirite. s cenﬁaimdﬁaaluannwps@w% alHgliRuDfnititte. y

degrees, and the foll ow ng cone has an opening angle of 15 degrees.
boron nitrite, sapphire, SAPHAL or ceramic. The present invention is

particularly suitable for rapid heating units with which a semiconductor
wafer is heated via a radiation field.
The invention will be explained in greater detail subsequently
15 with the aid of preferred embodiments with reference to the figures.
The figures show:
Fig. 1 a schematic, perspective illustration of a substrate
carrier pursuant to the state of the art;
Figs. 2a and 2b defect locations on the back side of a
20 semiconductor wafer that were produced during
the thermal treatment of a semiconductor wafer by

support pins pursuant to the state of the ar;

10



Ad] oi ning the second cone is a support flange 30 that provides a

+ -consi derabl e wi dening of the support pin 8 in a mddle portion thereoﬁﬁﬁmkﬂm3
support flange 30 forns a support surface 31, which will be described in
greater detail 15 subsequently with reference to Fig 11. Connected bel ow

t he support flange 30 is a lower end 13 of the support pin 8 1In this
connection, provided in the transition regi on between support flange 30 and

| ower end 13 is an undercut or relief groove 33. Furthernore, the end

portion 13 has a-tap. d 34 SUPP i 1S progd m a

| i ght - per neabl e ﬁ’e&aseﬁ gﬂd %guch gg\%gﬂgr}t%%'?ﬂ?noq%ﬁ%%rb%tcg édfvgi %ﬁ‘%ﬁ%‘ﬁg
effect due to the support pin 8. To achieve a snpoth surface and a good
transparency of the 16 suppotefesi fhal warej grequcedpsiuriggedhe Tihermel i ef
groove 33, as well as the tapered base 34, are provided due to possible
changes in the dinensions duri njgeatmentiyosessort Ipmg reourded om aoswingeguppor t
tip 11, the support pin 8 is not fire polished, so that this region remains

relatively opaque. As a result)nénfnmsparisraaﬁ%%hegsreé,érqqhverﬁioln@vv the heating
radi ati on through, and is thus itself heated up during a thernmal treatnent.

As a result, thectenperature gradi t . J ” ris
reduced, ther ebyFégc%evi ng a grg%@?%ﬁﬁbé@ﬁ@??@ﬁD%%%{l%%é?E}Eglﬂ%@ at ure.
Figure 10 shows a sinplified illust reg}i on of .an alternative 10 enbodi nent
of a support pin 8. The supportMPURIES SHRRAER'E| |y corresponds to the

support pin illustrated in Figure 9. It has an upper end 10, a supcgort

flange 30, and aFigeer end 13. ®mseheametic sife view ohe suppart fit Masmtadin s a

w dened base 36, the function of which will be described in greater detail
subsequently with reference to &i gwidding 1ndfingur gpuitsuasiions e epeisenng

pl ate 40 for receiving support pins 8 - pursuant to Figures 9 or 10. The
receiving plate 40 has three sl pfgntighthat extend radially relative to a
central axis C, and that are provided at their radially outer ends with a

w dergd bore 44. g; slots 42 a iardi j :
anot Egr. 20 The gig]r'rgnsi ons of t?\%cglag?’g fé&eaygigghm%ﬁgfﬁ?ﬁgiﬁ ng]g?\r}g t he

| ower end portion 13 of the SUD@?Q‘I}B @%@@gﬁﬁe Fdf%ggoeéy goand 10 and can

gui de such end portions in ara wi'denéd bore 44 is 17
Fig. 7 a plan view of an alternative carrier construction

pursuant to the present invention, according to
which the support pins are mounted on swinging or resilient
15 carrier arms,
! Fig. 8 a detail view of a support pin pursuant to the
present invention having a conical base end;
Fig. 9 a schematic side view of an alternative support pin
of the present invention;
20 Fig. 10 a schematic side view of a further embodiment of a

support pin pursuant to the present invention;

11



di mensi oned such that the w dened base portion 36 of the support pi nzcsf 003
"Figure 10 passes through the bore 44. However, the bore 44 is not so Ial“&el ’
that the support flange 30 of the support pin 8 of Figures 9 and 10 can

al so pass through. Rather, the support surfaces 31 of the 5 support fl anges
30 .cone to rest upon the upper side of the receiving plate 40, whereby the
support pins 8 are slidingly nounted along the slots 4?_ and upon the
receiving plate 40. The wi dened base 36 of the support pin 8 of Figure 10

i s di mensi oned sugh, tdhat it does jnQL:4Ei h i A AR nts

t he support pin 8 1J 012'1 bei ng mvgdaﬁlggaélggﬁgfo\?m%tgﬁe@ﬁg a’l&‘?é’?“d&ﬁ@ %cs)%bﬁeg{ﬁout

of the slot 42 when a wafer is raised. In cqntrast tli’l support pin of
Figure 9 has an appropriately |efyt ﬂ\érﬁgambtﬁ’?égﬁr(ﬂstq Bh q‘S for this purpose.
The receiving plate 40 is made of a |ight perneable material, such as
quartz, in order M@ 20 adversel @ saheawm@ticigiess sechirnal vievathreHghof further he
wafer. Although this is not illustrated, the fight perneable support flange
30 of the support pin 8 can haveeambaimeshajed sopporyupiat parsuamtotodehet o
forman optical lens. In this connection, the | ens shape is selected such
that |isght radiation of a heatingrédedh thvieptib@cused on the 20 contact

| ocati on between support tip 11 and wafer. In this way, thernmal |osses of

the wafer at thisg tion are c : ; I .
distribution is h(‘):Il 'g@ni zed over%t e %ﬁiﬂ?g%iﬁ?lg? %ﬂgo%h‘%g?%sawéﬁgod?es 12
and 13 show al ternative enbodi nents of  support pins 8 having a support

fl ange 30, according to which th@u?dﬁﬂ&?q I‘Hﬁagntéﬁv?rg'otnespecti vel y
provided with a curved support surface 31. Wth the enbadi ment of Figure
12, the support fFigfgd4ad@ndotds 9 erbemaliercress-sgelianabrview eRewstipgdra pin
8. The support flange 30, with its curved support surface 31, is received
in a receiving nmeans 50 that is &dbgnatictplanhgiewrokbd shelding adrvicehafori s,
as is the support pin 8, nade of a transparent naterial. The support pin 8
is pivotably guided within the ressgivinggsuppors fbfs fhiisVirnthtd hibeephestintent
of Figure 13, an end portion 13 is

invention;
Fig. 156 a perspective view of the holding device of Fig. 14;
Fig. 16 alternative embodiments of a holding device for
support pins.
15
The invention will be described in greater detail subsequently
with the aid of Figures 3 to 15. The invention relates to an apparatus
for the thermal treatment of substrates, especially semiconductor
wafers, in a chamber in which the wafers are placed upon support
20 elements. Such an apparatus is known, for example, from DE-A-198

21 007 of the same applicant, and to this extent is made the subject

matter of the present invention in order to avoid repetition. The

12



connect ed bel ow the support flange 30. The curved or arc-shaped SuBpPRPL L 5063
surface 31 of the support flange 30 rests upon a receiving ring 52 and Hﬁus
enables a tilting novenent of the support pin 8. The end portion 13 is
received with relatively great play in a receiving sleeve 54 in order 15 to
limt the tilting novenent of the support pin 8. Figures 14 and 15 show a
further alternative enbodi nent for a novabl e nounting of support pins 8.
Wth this enbodi ment, a holder 60 is provided that has three carrier arns

62 that on their ERSRALERIPWAILR hERARELNEltoPivaldE Platiddyath ARERLAGoRS Tor

receiving a support pin e carrier arnms 62 exten roma ce

r oof - shaped centra orti.on 66 | ich is. forned ownwardly di.rected
bl nd ot e 65, Thelestia hopacuitd Py ahadinardsdlce, el S EURpsYe SRS o
rounded support end 71, 19 The other end portion 72 of the stud 70 is
received in a cl o8eb@nks 1ofilagpradhatare disposed aRAvegand iedow 4hsr chambey d
carrier arm75. The blind hole 68 and the stud 70, especially the rounded
support end 71, aPersiiamttsthenpreseotinventan,tthe shpporteledoents arelmawably or

di sposed upon the pin stud. As result) when a wafer is placed upon the
support pins, a seisblapeablyt aitkinted dordrelet itonfolibwt Aemeuppent ofi e Svafer,
achieved for small deviations in height. A total of three of these hol ders
60 are provided, i 0, i Of LU WRRQthe PI NS
8, in contrast toétg%ée&?%!ye\a/}lgﬁéeﬁmiegg%ﬁgggért&S?Bs 8@1@ fr;léy’rdg? t, slt{’%ht 10

pressure forces oggc espective contact points, thereby reducing
damage of the waf g}e?ﬁ]aﬂ{rgé@fqrftbn, a mninmal shading of the wafer relative

to:the heat radiation s ac i%ved, \?/nereb%(?@refer bly all elements are nade
of a material, such asF@Ys? ¢SNMWRT Tl aPROAMENERL 31EFNSHEPRERCIPR & 18 i on.

15 Al'though this is not illustrated, the individual support pins 8 can be
respectivel y novaBIs{pretflemesid imherfosa ofpusipport pie. ddier swppait pid Shasn
order to again be able to follow a novenent of the wafer during the thernmal
treatdnt. | n so ddirstgendal® witheeobeppartitipirigoofeadinng apgmicopdustod wadar.
illustrated by way of exanple in Figures 12 or 13, is 20 particularly

sui tabl e. PursuanAntappasfteiehtier3 ofiths-suppoiipimBasl sesirediinenduikiblé Rtanner
i nvention, instead of support pins, spheres or balls can be utilized as

to a flat helical spring 15. The helical spring 15 is formed by cutting out

a portion 16 from a thin plate 17, for example a thin quartz plate. Due

to the cutout portion 16 in the quartz plate 17, the flat helical spring 15

15 is resilient not only in a horizontal direction but also in a vertical

direction.

Figures 5 and 6 show a second embodiment of the present

invention for a movable suspension of a support pin 8. The support pin

8 has a first end 10 on which is formed a support tip 11. In this

20 connection, the end 10 of the support pin 8 is embodied as a double

cone. The support tip 11 is formed by one cone having an opening

angle between 50 degrees and 130 degrees, and preferably between

13



support el enents. Such balls preferably have a di ameter between 0.5 nm and
"5 mm .During a thermal expansion of the wafer, the balls roll on 3@93ﬂ§&
support in conformty with the magnitude of the expansion) and th %@
contact only one point of the wafer surface. 5 In this connection, the
novenent of the balls can be prescribed by support surfaces, such as,
grooves. These grooves are preferably inclined relative to a central axis
of the substrate in order to ensure that after a wafer has been renoved,

the balls always g@lde é’&s%(ahﬂt@oadégf | ng gﬂc?vhhgflgs id 108- sddBnbiéche
connection, the groov s are pre eranly 10 di spo relati've 1o one anot her
in the sane way as are the sl.ots of an 0,0 referre
enbods ment o 1 ha RGN GRENITG O BaBFraTBa Lials DENERILS ad s 6BSEEs At

el enents are respectively provided that are dis osed at the ends of an
equil ateral triangfleéeraghilbeess $ @neh 2% dagwesd thusplermedssypporttiv I this
connection, the center of the triangle coincides vmth the central axis of a

waf er pl aced t her stupnandeseducasthe dangeetmanthe tip wilhbrebk ©fftonnect i on, spaced
fromthe central axis of the wafer by a distance of 0.5 to 0.8 tines the

waf er sadius (R). The yRaGupBortspinr@hasadliongiudinal aklReAvaleunterdbisond f the
el enments are 20 spaced greater than 0.8 Rfromthe central axis, Iarger

wafers, for exa”pénﬁe*@‘{hg uﬁg%iﬂ@%% é)guv%%ud*fb&%% '£'I6 Al ““9

thethermal t r eat ment di'spos too e axl s, rim

Support 6l enents MERI “’a‘rd'ﬁé’ o i sl ?{’Sﬁ Eﬁﬁgﬁ&éﬁa‘am“e

particular at 2/3 of the waf er H’zdk‘ t he sa g, of the water is at a
mnimum as a res@ngitedinghayig £ ek t %rSHRPPBrP'B cﬁrbq sclatsrally offeet eelatives) i p
lines is 5 mnimzed. Instead of individual support elenents, it is also
possi bl e to respelber&tel y provide a hol der 60 having respecti veI y three
support elenments at the corner points of the triangle. Al though the
i nvengpon was descri bethaipivot pire2@iigirezeivedah ar suithbéarholdingedd sce tsuehpsesent
invention is not limted to the specifically
a U-shaped holding device, so that the support pin 8 is mounted in a
swinging manner. Due to the fact that the longitudinal axis B of the
pivot pin 20 is offset from the central axis A of the support pin 8, the
pivot pin 20 is inclined in a rest position. In this connection, the
15 longitudinal axis B of the pivot pin 20 is disposed in such a way that the
support pin 8 is inclined relative to a central axis of the wafer that is to
be received.
Figures 3a and 3b show defect locations on the back side of a
semiconductor wafer that were produced during the thermal treatment
20 by swingingly mounted support pins pursuant to Figure 5. As can be

clearly recognized in a comparison to the defect locations shown in

Figures 2a and 2b, the swingingly mounted support pin produces only

14



10'illustrated enbodi nents. In particular) the various ways for rmur?tg' NGL %03
*'supporting the support elenents can be conbined with one another.
Preferably, all of the described support elenents, as well as the support

or nounting elenents that are correlated therewith, are produced from
materials that are transparent for the heat radiation. Such materials are)
for exanple, 15 alum numnitride, al um num oxide, zirconium oxide, silicon
carbide, boron nitride, sapphire, SAPHAL (tradenmark of the conpany Toshi ba)

or ceramc. Part iaﬂybi@'t-'t;}peaﬁymtﬁgr@wmeﬁﬂ%rﬂytﬁil’eﬂe?ngaff@cgg@r%idhmDP{é@Qmagé' icon
and primarily silicon nitride. 22 Clains 1. Apparatus for the thernal

chanber i n_whi ch i aBgPPa: o B8 apler o, 208 CABAMER Rl FeORRETRen () %

are novabl e essentially parallel to the plane of the substrate,

characteri zed in atilutatie &uplhsr ﬁUBP%eWF's M@Yingr alopgodHted e Hhemaltrat e
support tips (11) that are formed by a first cone that has a | arger opening
angl e t han does axpadgoinmfihesedend cone. 10 2. Apparatus according to
claim1l1, characterized in that the support elenents (8) are novable

radialdy relative to Figent nelsrawssa alnHdieorbbsiier for the) molBoi3. hdkdiagr at us
according to one of the preceding clains, characterized in that the support

el enents (8) are el p ) : ) I claim
3, characterized (Iff;'s?{p gﬁ%'k?@ﬁ%pgﬁgﬁgl %&n@ﬁ#goﬁggaé\?]&ew&egﬁec 'ﬁgerbl%ykgs
connected with a sprin 15), cially.a flat, spiral sprin 23 5J U
725005 5. Appar ariiB Ahesit e TEREMeRaR! it eehSuisEra RGeSt TherPaefer  2ed
in that the support elenments (8) are povitable 5 perpendicular to their
| ongi t udi nal axi PIPRPre geagshyitaoitataianinithrysiesvel whilg Heicanglefditised in
that the pivot axis (B) is spaced fromthe |ongitudinal axis (A) of the
support el ement (iBthe 1ange ofabpad &t neefaebty betweearol‘'ont0’of the precedi ng
clainms, characterized in that the support elenents (8) are nounted on the
free Ends of novabl e dédgriérskowms Fr253lterddtive embodiment for the movable
suspension of support pins 8. With the embodiment of Figure 7, the
support pins 8 are mounted on a rigid carrier frame 27 via freely swinging

or oscillating carrier arms 25. A total of three support pins 8 are mounted

on the carrier frame 7 and form an equilateral triangle upon which a-
15 wafer is placed in a centered manner. During a thermal treatment of a
wafer placed upon thle support pins 8, the freely oscillating carrier arms
25 follow a thermally-caused movement, especially an expansion
movement, of the wafer. In addition to the freely oscillating carrier
arms 25, the support pins 8 could, of course, also be movably mounted
20 upon the carrier arms.
A preferred embodiment for a movable mounting of the support

pins 8, for example in combination with the freely oscillating carrier

15



8. Apparatus according to claim7, characterized in that the carrier arns
(25) are novable parallel to the plane of the substrate. 9. Apparatqﬁ5JUL2m3
according to one of the preceding clains, 20 characterized in that t

support elenents (8) are received in a guide neans (42). 24 25J UL

Q003 10. Apparatus according to one of the preceding clains, characterized
in that the guide neans (42) is a slot. 11. Apparatus according to one of
the preceding clainms, 5 characterized in that the support elements (8) are

provided with a sypRond jifseaesy (@p)%urel% ﬁpﬂﬁé %Hﬁeé&ﬁpr’tﬁé oo 93qha @ 11,

characterized in that the support ange ( has a curved support surface
(31 ). 10 13. Appara ord| m 11 or charactegi zed .in that
t he support fl and@ ‘?a‘tlﬂp%ﬁtﬁ?ﬁrgﬁhaé aa?n?f'?%’ CQ%QH HfNas %C%?‘]ﬂcal

lens. | S 14. Apparat us accor ding to one of the %Oecedl ng cl ai ns,
characterized i n &ngaf3ds fipeeiBee jn ésrﬁé@wtﬁllgl MEBNS t<3h | SYChRME sdeens, cﬁﬂldgls
elemrent (CO having at |least three carrier arns (62) and support el enents

(8) secured ther guvothblypdredyitiderdby. ? 0Alldrnatehy the eonat endicdgldt s clsan
characterized in that the support elenents (8) are novably, especially

pi votaply, nount g @Rehad lﬁaerwerofﬂ{er@araé%rm%% Z5J Ul 2003 1G

Appar atus according to one of the preceding clains, characterized in that

bi votably T ecetved ?n(ﬂﬁ?%ﬁéﬁv@%‘) GG AREU Al b

one of the preceding clai rized in that t first cope has an
openi ng angloe betS{HQgH”%}‘?uQ“rf%ma cfﬁﬁlrpé?%‘?rgbmﬂ/erﬁ@f’we é@P%‘?ﬂjpﬂ)@) hagp 18.

Appar atus according to one of the preceding clains, characterized in that
t he second cone Wagrsérﬁftﬂpéﬂ i JoEns @ Rt tisnd 145 Tha st dPeisapgain
between 5 and 25. 15 19. Apparatus according to one of the preceding

cl ai ms, char act eprewded nwithhatdaubke suppovhereby tiemtcsné 8hatafodhsrthéaiudpog

devi ces (20; 25; 28; 40; 50; 52; 60) of the support elenents (8) are disposed on
a cina e having aipratlhes a0f operomg hgietsf 9U Begradspaerd eiabivwaig 2bde phst he

substrate radius. 20 20. Apparatus according to one of the preceding
cl ai ms, charact erdrzgsbriimg BRgle ¢fs Goreest el enents (8) andl or hol ding 26
Adjoining the second cone is a support flange 30 that provides a

considerable widening of the support pin 8 in a middle portion thereof. The
support flange 30 forms a support surface 31, which will be described in greater detail

15 subsequently with reference to Fig 11. Connected below the support
flange 30 is a lower end 13 of the support pin 8. In this connection,
provided in the transition region between support flange 30 and lower
end 13 is an undercut or relief groove 33. Furthermore, the end portion
13 has a tapered end 34.

20 The support pin 8 is produced from a light-permeable material,

such as quartz, in order to avoid a shading effect due to the support pin

8. To achieve a smooth surface and a good transparency of the
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2 5 JU 20D3 devices (20;25;28; 40;50;52; G0) of the support elenents (8) 3@F2Mﬁ
© conprjsed at least partially of a light perneable mater ial. 21. Appa éi
according to one of the preceding clains, 5 characterized in that the
surfaces of the support elenents (8) and/or hol ding devices (20;25; 28; 40;

'50; 52; 60) of the support elenents (8) are at |east partially polished,
especially fire polished. 10 22. Apparatus according to one of the

precedi ng clains, characterized in that the support elenents (8) and/or

hol di ng devi ces é&%?o%?biﬂ%ﬁﬁ?é B2 pohsheY. TRE r%l'il# gPOtRROTI, 8RR tRe (dDeréd ©

produced from on a conbination of the tollfomng materials: quartz,

. e 7 ( 2 Ol o e a
Carbi deal um nubASS Sde StERYIAGHAYepERSS ol AR T (b WikEsiRft o, ©Shpra
ic. 27 .A.A o
?rAn?israflT. an. A% A&ﬁi%tmﬁmqeﬁﬁdﬁ@%@i% of A pupRortdina] ¥ the suprest RIS & Nly . As@

AH AI[.A[,,.AL34ABW fOsL_ F
{val gb] X] ca] ca] c4il¢ pblisethlseahapihimiatidre adreaihs adlatilsialopakhos] ¢al sa¢aaf ca] cal

caj] ca] ca] ca] ca]ca]ca]cajca Uc”alcTalF )n5

- b9XzC id Z : : ,
Cpoaso Kat o b dheaarcekea b e a6 ameH SR sakeRlal oo o)
V% dot un" 0 id Z
o vy o o Bl BRG] ol ecleghed tbaghogl oo ke Al o) o
B9l r! I #VHH#-$ $ id Z]]¢ !
a] ca]r ca] ca] ca] cﬁ%@%g&]q{e&]‘agﬁ%ﬁﬁpa eg’:%ﬁ&}%ﬁ}“%:}‘ ggrﬁgi"?ﬁ%&ﬁ?] 7 &%]Qcal/ca] ;
(p(((A))))*a*f*g***+X+++0, } xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] caergbyacoigving & sTertbchimapengityadidhp sgfealeenarature, 8---. Q . .
[ </10000) 1n1112E2223F33334Z44} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] dagwa] dd] chpes] @a]siraplifede dlwsitatiahc af cah c alidrhaieg®d R5 W X5
55676667a7778809B99: B: g: W. X: z:}::::;
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- ()so large tt(wgt the suppon(fPanBe 3 of the support pin 8 of Figures 9 and

10 can also pass through. Rather, the support surfaces 31 of the
5 support flanges 30 come to rest upon the upper side of the receiving
plate 40, whereby the support pins 8 are slidingly mounted along the
slots 42 and upon the receiving plate 40. The widened base 36 of the
support pin 8 of Figure 10 is dimensioned such that it does not fit
through the slots. This prevents the support pin 8 from being moved
10 along with the wafer and coming out of the slot 42 when a wafer is
raised. In contrast, the support pin of Figure 9 has an appropriately
lengthened base portion 13 for this purpose. 1
The receiving plate 40 is made of a light permeable material,
such as quartz, in order not to adversely affect the thermal treatment of

15 the wafer.

Although this is not illustrated, the light permeable support
flange 30 of the support pin 8 can have a lens-shaped configuration in
order to form an optical lens. In this connection, the lens shape is
selected such that light radiation of a heating field is focused on the

20 contact location between support tip 11 and wafer. In this way, thermal
losses of the wafer at this location are compensated for, and :the

temperature distribution is homogenized over the surface of the wafer.
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With the embodiment of Figure 12, the support flange 30 forms
5 the lowermost portion of the support pin 8. The support flange 30, with
its curved support surface 31, is received in a receiving means 50 that
is adapted to the curved shaped and that is, as is the support pin 8,
made of a transparent material. The support pin 8 is pivotably guided
within the receiving means 50.

10 With the embodiment of Figure 13, an end portion 13 is
connected below the support flange 30. The curved or arc-shaped support
surface 31 of the support flange 30 rests upon a receiving ring 52 and
thus enables a tilting movement of the support pin 8. The end portion
13 is received with relatively great play in a receiving sleeve 54 in order

15 to limit the tilting movement of the support pin 8.

’ Figures 14 and 15 show a further alternative embodiment for a
movable mounting of support pins 8. With this embodiment, a holder

60 is provided that has three carrier arms 62 that on their free ends are

respectively provided with an opening 64 for receiving a support pin 8.

20 The carrier arms 62 extend from a central, roof-shaped central portion

66 in which is formed a downwardly directed blind hole 68. The blind

hole 68 serves for receiving a stud 70 having a rounded support end 71.

19
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The blind hole 68 and the stud 70, especially the rounded support

end 71, are dimensioned such that the holder 60 is tiltably disposed

5 upon the pin stud. As result, when a wafer is placed upon the support

pins, a self or automatic correction of the support pins 8 is achieved for
+ small deviations in height. A total of three of these holders 60 are
provided, so that a wafer is placed on a total of nine support pins 8, in
contrast to the previous three support pins 8. As a result, slight
10 pressure forces occur at the respective contact points, thereby
reducing damage of the wafer. In addition, a minimal shading of the
wafer relative to the heat radiation is achieved, whereby preferably all
elements are made of a material, such as quartz, that is transparent for
the heat radiation.
15 Although this is not illustrated, the individual support pins 8 can
be respectively movably mounted on the free ends of the carrier arms
62 in order to again be able to follow a movement of the wafer during
the thermal treatment. In so doing, a tiltable mounting of the support
pins 8, as illustrated by way of example in Figures 12 or 13, is
20 particularly suitable.

Pursuant to a further, non-illustrated embodiment of the

invention, instead of support pins, spheres or balls can be utilized as

20
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on a base support in conformity with the magnitude of the expansion,

and thus always contact only one point of the wafer surface.

5 In this connection, the movement of the balls can be prescribed

by support surfaces, such as, grooves. These grooves are preferably

inclined relative to a central axis of the substrate in order to ensure that

after a wafer has been removed, the balls always roll back into a

certain starting position. In this connection, the grooves are preferably

10 disposed relative to one another in the same way as are the slots of

Fig. 11.

Pursuant to one preferred embodiment of the invention, in order

to receive a wafer three support elements are respectively provided

that are disposed at the ends of an equilateral triangle, and hence form

15 a good three-point support. In this connection, the center of the

l triangle coincides with the central axis of a wafer placed thereupon.

Each support element is, in this connection, spaced from the central

axis of the wafer by a distance of 0.5 to 0.8 times the wafer radius (R).

The spacing is preferably 2/3 of the wafer radius. If the elements are

20 spaced greater than 0.8 R from the central axis, larger wafers, for

example having a diameter of 300 mm, sag in the middle during the

thermal treatment. If they are disposed too close to the axis, the rim of
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respectively provide a holder 60 having respectively three support
elements at the corner points of the triangle.
Although the invention was described with the aid of preferred
embodiments, the present invention is not limited to the specifically
10 illustrated embodiments. In particular, the various ways for mounting or
supporting the support elements can be combined with one another.
Preferably, all of the described support elements, as well as the support

or mounting elements that are correlated therewith, are produced from

materials that are transparent for the heat radiation. Such materials are, for example,

15 aluminum nitride, aluminum oxide, zirconium oxide, silicon carbide,
boron nitride, sapphire, SAPHAL (trademark of the company Toshiba)
or ceramic. Particularly advantageous are quartz, magnesium oxide,

silicon and primarily silicon nitride.
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5 are placed upon support elements (8) that are mbvable
essentially parallel to the plane of the substrate, characterized in
that the support elements (8) are provided with substrate
support tips (11) that are formed by a first cone that has a larger

opening angle than does an adjoining second cone.

10
2. Apparatus according to claim 1, characterized in that the support

elements (8) are movable radially relative to a central axis of the

substrate (1).

15
' 3. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) are resiliently

suspended.

20 4, Apparatus according to claim 3, characterized in that the support
elements (8) are respectively connected with a spring (15),

especially a flat spiral spring.
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6. Apparatus according to claim 5, characterized in that the pivot
axis (B) is spaced from the longitudinal axis (A) of the support
element (8).

10

7. Apparatus according to one of the preceding -claims,
characterized in that the support elements (8) are mounted on
the free ends of movable carrier arms (25).
15
8. Apparatus according to claim 7, characterized in that the carrier

arms (25) are movable parallel to the plane of the substrate.
9. Apparatus according to one of the preceding claims,

20 characterized in that the support elements (8) are received in a

guide means (42).
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11.  Apparatus according to one of the preceding claims,
5 characterized in that the support elements (8) are provided with

a support flange (30).

12.  Apparatus according to claim 11, characterized in that the

support flange (30) has a curved support surface (31).

13.  Apparatus according to claim 11 or 12, characterized in that the
support flange (30) is light permeable and is embodied as an

optical lens.

[5 14. Apparatus according to one of the preceding claims,
characterized in that a movable, especially tiltably mounted
holding element (60) having at least three carrier arms (62) and

support elements (8) secured thereon is provided.

20 15.  Apparatus according to claim 14, characterized in that the
support elements (8) are movably, especially pivotably, mounted

on the carrier arms (62).
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characterized in that the support elements (8) have a conically
tapering base (13) that is pivotably received in a receiving

5 means 28.

17.  Apparatus according to one of the preceding claims,
characterized in that the first cone has an opening angle
between 50° and 130° and preferably between 80° and 100°.

10

18.  Apparatus according to one of the preceding claims,

characterized in that the second cone has an opening angle

between 5° and 45° and preferably between §° and 25°,

15 19. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) and/or holding
devices (20;25,28;40;50;52;60) of the support elements (8) are
disposed on a circle having a radius of from 1/2 to 4/5 and
preferably of 2/3 of the substrate radius.

20

20.  Apparatus according to one of the preceding claims,

characterized in that the support elements (8) and/or holding
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21.  Apparatus according to one of the preceding claims,
5 characterized in that the surfaces of the support elements (8)
and/or holding devices (20;25;28;40,50;52;60) of the support

elements (8) are at least partially polished, especially fire

polished.

[0 22. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) and/or holding
devices (20;25;28;40;50;52;60) of the support elements (8) are
produced from one or a combination of the following materials:
guartz, magnesium oxide, zirconium oxide, silicon, silicon

15 nitride, silicon carbide, aluminum oxide, aluminum nitride, boron

nitride, sapphire, SAPHAL or ceramic.
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