Appar atus for the Thermal Treatnent of Substrates The present invention is
rel-ated to an apparatus for the thermal treatnent of substrates,
especially sem conductor substrates, in a 5 chanber bstrates
are placed upon support elenents. An apparatus of thi s”mu'wm Immlﬂ#
treatnent of substrates is known, for exanple, from DE-A-198,21 007 of the
sane applicant. Wth this apparatus, the support el enents for carrying
sém conductor wafers are 10 rigidly connected to a rotary plate that is

rotated for the homge”)\ﬁﬁ%i’%s fi’)fr tﬁ@%ﬂe?ﬁfﬂreéfrﬁ@ﬁpgquuﬁgtratﬁm conduct or

wafer. An alternative caffrer constructrormn for the apparatus ol

af orenentioned type is illustrated, for exanple, in Fig. 1. Hereavvafer 15
1 is placed upon conically shaped support studs 2 which are also called
pins. The pins, along with their holdin ans 4, arer ure toa
carrier frame 3. TR BjiessnhdNvention; &Irﬁgﬁtﬁéﬁeénséﬁ%ﬁu bestth%ﬁ

keep the contact surfaces between the support elenents and the wafer
smal |, and to thuseatmenti ob substrates eespeicidiyasemicanduetarhaubsiratess dntde
support elenent and to minimze a thereby resulting cooling off of the

waf er §n the regi¢harabet inewisientiss substrdtas are plavedripomdgiport éleasshts upport
ti ps have the drawback that they break off 1 Literal Transl. O
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An apparatus of this type for the treatment of substrates is known, for
example, from DE-A-198 21 007 of the same applicant. With this
apparatus, the support elements for carrying semiconductor wafers are
10 rigidly connected to a rotary plate that is rotated for the homogenization

of the thermal treatment of a semiconductor wafer.

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
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

1
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easily-and thereby result in undesired particles. Furthernore, the support
ti ps | eave behi nd nmechanical inpressions in the wafer that rests upon
them since at high tenperatures the wafer nmaterial is relatively soft.
Especially with wafers having relatively large dianeters, 5 such as, for
exanple, 300 mm wafers, which have a weight of 130g instead of 50g for

waf ers having a 200 mm di aneter, the pressure forces between support tips
and wafer increase and thus the probl em of nechanical | mpr essi ons

increases. These gnghaghgaindrdBy S8SUILTH, dNddYRUTBARINT oBIehidrBO thoe 10

t hermal treatnment due to the 't erma expansi on or Istortion

upport pi 1 Dur 9 t%?néa%ﬁﬁé'%” re'&yﬁa'”ﬁw‘?hg?%‘é%b‘ﬁ ﬁﬁ%e\?@?%f fiars

10000 C, the ther mally caused i ncrease i, di anet.er exa |n t he
Fegion of 1 it oM TEM. ACE; BE high JPTPREAGIRs, Jie WATRE DRRAES Buer
the surface of the wafer and at those |ocations |eave behind | ong

scrat ches, as il | pdativelyesofty BEspgcially withrwaters hﬁvmggeleélyebrdaégﬁjd@metess@;ur es
2a and 2b show defect |ocations on the back side of a sem conductor wafer,
whi ch dere producsuctus} for example, S0ppom wafars, dvhicmdavbea weightabf t 88t ment
of the wafer. The 20 nechani cal inpressions and the scratch w dths can be

Cr T o o o 1BEFAR, cD500 R aiers Wk ¥ Joghiodpbn tierisnieoter,
that forces between support tips and wafer increase and thus the problem
of mechanical impressions increases.
These mechanical impressions furthermore increase during the
10 thermal treatment of the wafer due 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 fault line extends through a location that
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2 Literal Transl. O PCT/EPO /00607 filed 19 Jan 01 - Uwe Kreiser, et al -
Steag RTP Systens - AZ. 3189 is to be exam ned. By neans of an SIRD process
(scanned infrared depolarization), one obtains an indication about the
magni tude of the existing stresses at the contact |ocations. Wth this
met hod, a double break produced by elastic deformation is nmeasured that
results wwth 5 many transparent and isotropic materials due to

def ormati on. The mechani cal inpressions and scratches, as well as

| nhombgenei ty of jhe, ﬂ@f&arﬁiﬁgaégr%f IHrf)e‘ﬁrE“Bf Qﬁ.élhﬁ]g%e@{(g%ﬁﬁ%d@? areg! €ad

to dislocation errors, so-ca I'nes, in crys ructure
of the sem conductor wafer. Al thoygh. these occur on the underside, I.e.
Che support < de. pPeRBgigruy ong HiiAps 3L ity SPollfe RERERLER or s o
they can, if the thermal stress is sufficiently gr ,.. propagate to  the

upper surface and®¥atRgsetressesiabingrontact @Gf"t'?'{k s@ﬁbdh@r@?ﬁl%@ daykle

di sposed on the upper surface. Such slip lines are visible, for exanple,
from structural ebrgakngrodiseddry glagticddefoemation tis eoeasined dhat hesults with
sem conductor wafer, a honogeneous tenperature distribution over the wafer

IS necgssary. As nrinyasshspaeant anteigotropie rhatetibley duantodéformnation.he support
pi ns, however, there results a localized cooling off of the wafer in the

regi on of the contact ThghifEchAAEA tin‘hpi‘meaﬁ&tléc@tcﬁ&? LRMPERL WE®
di stribution 20 upon the wafer. This problemwas solved in the past in that

the contact surfpge RsdetRft) THRBWdfeP tempBAtUR! lring the B mmTHdatmift, ch-

lead to dislocation errors, so-called slip lines, in the crystalline structure
of the semiconductor wafer. Although these occur on the underside,

10 i.e. the support side of the wafer, during the thermal treatment of the
wafer they can, if the thermal stress is sufficiently great, propagate to
the upper surface and damage or adversely affect the structures that
are disposed on the upper surface. Such slip lines are visible, for
example, from structural etching.

15 For a good thermal treatment of the semiconductor wafer, a
homogeneous temperature distribution over the wafer is necessary. As
already 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
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however, worsened the aforenentioned problemof scratching. In 3 Literal
Transl. O PCT/EP01/ 00607 filed 19 Jan 01 - Uae Kreiser, et al - Steag RTP
Systens - AZ. 3189 practice, the support pins were therefore positioned in
an edge region of the wafer with a spacing of approximately 1 to 10 mm
fromthe edge of the wafer. This was intended to ensure that the slip

| ines caused by the support forces did not danage the el ectronic
conponents or 5 structures di sposed upon the surface of the wafer. However,

hi d I ' ' :
the vafer sage. BACRCalS: nObadtE pBisaRbRlerBlore'dokinbiin difedds b4, o
or slip lines. US-@'-S 817, 1316 furthernore di.scltolse1st a Czubst r at zht rgat ment
10 apparatus t hat of ©8WaEr YWt isPACNG| igRproximately o too1 & M, fugsp Ehe edge

perpendi cular to the plane of the substrate in order to position various
regi ons at varyi ngf theswaferedThiswasiiniendgddoenstirethatthe slie lisge ¢arsedoyh
t hese hol ding pins the aforenenti oned problens of scratching occur that
result from a rel the \stipportefaraes bdidwoeh damage dhe eledtrphnic somponebts or
consequence of thermal expansion of the substrate. Proceeding fromthe

af orengnti oned st girgctafes dieposéd uponitise sarfacd péthe whferhdHowend thig etige
provi de an apparatus of the aforenentioned type according to which the

et o ne CAGRR a8y e VR AP GRS i YEathord
wafer sags, which again enhances the formation of dislocation errors or
slip lines.

US-A-5,817,156 furthermore discloses a substrate treatment

10 apparatus that is provided with holding pins that are movable
perpendicular to the plane of the substrate in order to position various
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.

Proceeding from the aforementioned state of the art, it is an
object of the invention to provide an apparatus of the aforementioned
type according to which the formation of scratches upon the surface of
the wafer is reduced.

20 Pursuant to the invention, this object is realized in that the

support elements are movable essentially parallel to the plane of the

substrate. Due to the movable configuration of the support elements,

4
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support el enments are novable essentially parallel to the plane of the
substrate. Due to the novabl e configuration of the support elenents, 4
Literal Transl. O PCT/EPO1 /00607 filed 19 Jan 01 - Uwe Kreiser, et al -
Steag RTP Systens - AZ. 3189 they can follow a novenent of the wafer during
an expansion as a consequence of the thermal treatnment. Thus, a scraping
of the support elenents upon the wafer surface is prevented. Instead of an
el ongated scratch, the support elenents cause only a point-type

[ ion. 5 F i ' : i all
paral Tol o the LepRh eIl nieRfedt PR aldt by Cf SRRSRETIR Y, T
the chanber is held essenti Ilé/ consa(i?ntt In this connecIior}, t he support
el enents are pref E?Qﬁﬂ%"'er%@fglt% thermal freatrpent, « ThHs, @SaRIng: 9Tahe $UPROG: ¢ he

substrate in order to be able to 10 follow the aforenenti oned expansi on of
the wafer, which elementsapen the wafer syfane isdraventepy drstaad of @nslengated
enbodi nent of the invention, the support elenents are suspended in a
resilient manner scratehjethet supporti elenemnts causeseanlyy anpoinbiypea ympfessian.
support elenments. In this connection, the 15 support elenents are

prefergbly respecFurheime®) et ©dthel indvemept it is dieetsd absentlll! miralist! i cal
spring, via which not only a vertical but also a horizontal springiness

can be achi eved. iy Siisfite, el AGIGRESE BisiticrP ot hENGFostEXRATHI the

especi al Iy during the placenent of e wafer 1n er to abso orces
that occur at thi eh&Pbat is Wel&'e%gentially constant.

In this connection, the support elements are preferably movable

radially relative to a central axis of the substrate in order to be able to
10 follow 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
necessary movability of the support elements. In this connection, the

15 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
order to absorb forces that occur at this point in time.

20 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

5
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20 Pursuant to a particularly preferred enbodi mrent of the invention, the
support elenents are pivotable perpendicular to their longitudinal axis in
order in a straightforward manner to provide the necessary 5 Literal

Transl . O PCT/ EPO1/ 00607 filed 19 Jan 01 - Uwe Kreiser, et al - Steag RTP
Systens - AZ. 3189 novability of the support elenments. In this connection,
the pivot axis is preferably spaced fromthe | ongitudinal axis of the
support element, so that in their position of rest the support elenents

are inclined in an nﬁgl | h%r?rt. T €

preferably incli neé’%sﬁc%va Nt éal B s thiﬁ%%ﬁﬁ%ctfdr a{ﬂgé‘bﬁ/o?'é?ls 2l t
of which they can__follow an o ly dire d m)v nt of waf.er over
o greater d st aneireisbilsBReed bR foelloPo kiHiAE HER EF IRE budbert Samtetunso

pi n- shaped support el enents are rmunt ed with great play in a sleeve-like
recei ving 10 devih@.inpiheir posifien ffetast ghaysurpest sigspents areeiaingdainea

guar anteed the necessary freedom of novenent in order to be able to foll ow
the thermal expapegdeterpfinedgostionr . Tihersupport elemenieaye preferahly inclined
preferred enbodinent of this receiving device, the sleeve is disposed so

as to be tipped towarti aecentral brisasi theobubsteatepbera sesulhaf whiech shgpeah pin
isinclined 15 relative to the center of the wafer. Pursuant to a further

embodi ment  of thefdueweahl 8u”twatr6‘|? &l‘l@&@ﬂtmo%r‘ﬁ@ﬁf‘fo? tﬁée\NEfe?f@Jé%béygr tpt ed
on the free ends of novable carrie arnms, whereby the novability of the

support el enents Hﬁté}{cg\(l ded via

Pursuant to another embodiment of the invention, pin-shaped

support elements are mounted with great play in a sleeve-like receiving
10 device. Due to the great play, the support elements are guaranteed

the necessary freedom of movement in order to be able to follow the

thermal expansion of the wafer. Pursuant to a very particular preferred

embodiment of this receiving device, the sleeve is disposed so as to be

tipped relative to the axis of the wafer so that the support pin is inclined
15 relative to the center of the wafer.

Pursuant to a further embodiment of the invention, the support
elements are preferably mounted on 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

20 movable paraliel to the plane of the substrate in order to follow the

radial expansion of the wafer during the thermal treatment and to
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the carrier arnms. In this connection, the carrier arns are preferably 20
novabl e parallel to the plane of the substrate in order to follow the
radi al expansion of the wafer during the thermal treatnment and to 6 Literal
Trans]. O PCT/EPO /00607 filed 19 Jan 01 - Uwe Kreiser, et al - Steag RTP
Systens - AZ.3189 provide an essentially fixed height or position of the
wafer within the chanber. The support elenents are preferably received in
a guide in order to guide the novenent in a prescribed direction. In this

connection, 5 th Ui i \Y At t r.adl. t ends
radially relativ r%éggggr%%%t'hg&%géﬁ{ % gﬁgé%@é e&%ﬁﬁ&gﬁﬁtﬁ@ dxa{[ﬁé
further enbodi nent, of , the invention, the support elenents are provided
with a support flSR@8PEhon which the support el enents can, for exanple,
glide in order to thus_enable a novenent of 10 the support elenents. In

thi s connection, the shppsuppprtaieeepisearerpiefsrablyaeceived v apuide poerder
surface that provides a pivotable nmounting of the support elenent. Wth a
pi vot abl e nounti ntp gliidehthee mavementen e pezsdribed directiady ahnt thie cohaéction,
contrast to a displaceable support flange, a lower friction occurs and

thus asl ower ri skimef gdﬁi@ﬁidw\saibrp@fér@bg/_ﬁ dibe titatnsrefdrablyesrtehds sadially
preferably light perneable and is enbodied as an optical lens. In so

oot oot o hody MU 108 HPIRLEGH i glpuarpar s L o he

effect of the support f’h?ﬁ%‘?\’t th rEefurther embodiment of the invention, the support
elements are provided with a support flange upon which the support
elements can, for example, glide in order to thus enable a movement of

10 the support elements. In this connection, the support flange preferably |
has a curved support surface that provides a pivotable mounting of the
support element. With a pivotable mounting of this type, there results
the advantage that in contrast to a displaceable support flange, a lower
friction occurs and thus a lower risk of damaging abrasion.

15 The support element is preferably light permeable and is
embodied 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
radiation can be focused upon the contact location between support

20 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.

7

Literal Transl. Of PCT/EP01/00607 filed 19 Jan 01 — Uwe Kreiser, et al — Steag RTP Systems —
AZ.3189



radi att on can be focused upon the contact |ocation between support 20

el enent -and wafer, thereby conpensating for the above described heat | oss
of the wafer at this location. This | eads to a nore honbgeneous
tenperature distribution over the wafer. 7 Literal Transl. O

PCT/ EPO / 00607 filed 19 Jan 01 - Ume Kreiser, et al - Steag RTP Systens -
AZ. 3189 Pursuant to one enbodi nent of the invention, a novable, especially
tiltably nounted, holding elenent having at |east three carrier arns and

support el ements SeCUfPﬁﬁJ&‘?&efb” drie @nﬁ%cﬂﬁ@nh th% Inbdftidd,' haldaBpinti ng

of the hold el enent deviations in the support elenénts
and/or of the wafer ca

are preferably mﬁﬁ%?%;g"ye @%B&p @gﬁrhg&’ot@tw{}é h%ﬁ%@dh%ﬂﬁghépg%%t 8%??7;[58

in order to follow a novenent of the substrate, ecially a radially
outwardly direct cB2HiSY ARAS: ARth&HPPArt elemepts %‘f‘;‘ﬁ'-tfﬁé tgﬁ%‘ﬁ Rrexidedenbue
Preferably, at |least three of these 10 holding el enents are provided in
order to provide to the tikablembeuntisfg obthepbold glemens small denadions in deighd t he
pressure forces at the support points. Pursuant to a further enbodi nent of

the ingention, thef shemupportcelEmeaits and/ospictheswaferbeah shd dmparsated.
preferably respectively guided in 15 a track or groove to enable the balls

to roll on the trggkhathbred tﬁe IR Blen®Ents fwesmﬁréaryerrmﬁbryh%eaéﬂ@ys
contact only one point of 'the substrate surface. In this connéction, the
track is preferabpyotaply. mounted on the carrier arms in order to follow a movement of
the substrate, especially a radially outwardly directed movement that is
caused by the thermal treatment. Preferably, at least three of these
10 holding elements are provided in order to provide a large number of
support points and hence to reduce the pressure forces at the support
points.
Pursuant to a further embodiment of the invention, the support
elements are spheres or balls that are preferably respectively guided in
15 a track or groove to enable the balls to roll on the track during a
movement of the substrate and thus always contact only one point of
the substrate surface. In this connection, the track is preferably
inclined relative to a central axis of the substrate so that after the

substrate has been raised or removed, the balls always return to a

20 predetermined position of rest.
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inclined relative to a central axis of the substrate so that after the
substrat-e has been rai sed or renoved, the balls always return to a 20
predeterm ned position of rest. 8 Literal Transl. O PCT/EPO1 /00607 filed
19 Jan 01 - Uwe Kreiser, et al - Steag RTP Systens - AZ. 3189 To provide the
novability of the support elenents, pursuant to one enbodi ment of the

I nvention, these support elenents have a conically tapering base that is
pivotably received in a receiving neans. To keep a transfer of heat from

he waf or 10 Lhe SUPPOTh prdyReCiENirdvhBily b fhe UABGO SBERR BuPntdn ¢ e

preferably provided wt StV 5t o supp as a resu

contact surface between u enent and strate s redu In this
connection, the 8{]‘55‘?'?“993 "5‘%&8? %?l igyengan, pﬁ‘@ﬁgrﬁ‘tﬁ? cﬁ'ﬁ@&nqu‘? VEofle
that has a larger opening angle than does a subsequent second cone. As a
10 consequence of C@WP@"SH@P@F'@QM@ thatis pivpigblytreeeiyed it a reeaivinggaeans.
damaged, and in particular break off less easily. In this connection, the

first cone preferably Maskeepoactansfenrafl bedtktfrope nthe0 vader tQStheamdpport
especially preferably between 80 and 100. The opening angle of the second

cone i g preferabl glhednteelowy &yl stippesipelernéhts bed ereferablyl prévided Swith
Pursuant to one preferred enbodi nent of the invention, the support

o Ter 551§ PSSR opbi, B4 eRuR of Pt ol s ner
support element and substrate is reduced. In this connection, the
substrate support tips are preferably formed by a cone that has a larger
opening angle than does a subsequent second cone. As a

10 consequence of this double cone, the support tips are less easily
damaged, and in particular break off less easily. In this connection, the
first cone preferably has an opening angle between 50° and 130° and
especially preferably between 80° and 100°. The opening angle 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 on 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.
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the substrate toward the mddle or toward the outside. In the upper 20

regi on the sagging is the | owest, thereby reducing the formation of

di sl.ocation errors or slip lines. 9 Literal Transl. O PCT/EPO /00607 filed
19 Jan 01 - Uwe Kreiser, et at - Steag RTP Systens - AZ. 3189 To avoid a
shadi ng effect, and hence a non uniformthernmal treatnent, the support

el enrents and/or their holding devices are conprised at |east partially of
a light-permeable material. In this connection, the surfaces of the

support el enents and/ Ofrot&%ifj 5‘%‘h§ﬂﬂ@ BffEeY 1 4iRF hdhbe H noRAGhifdIAT thénial

pol i shed, especially fire polishe I°'n order to ensure a good passage of

e L2 Bl L Al R, Ao
om0, O o SSabbb A R 3 b ISR AR, A

alumnumnitrite, boron nitrite, sapphire, SAPHAL or ceram c. The present
invention is parcorngciiony theiisusBres 06 the sppporciemegtuandionthein haidiog a
sem conductor wafer is heated via a radiation field. The invention will be
expl ai sed i n greatevicdetane lat $edst paniallyl polishedwespedidlly fiiedpolisheteireordet

enbodi nents with reference to the figures. 20 The figures show. Fig. 1 a
schematic, perspefdénsureld §sdd phssdyePdf theIHEFhAIGREiation.

Pursuant to one preferred embodiment, the support elements
and/or their holding devices are produced from one or a combination of
the following materials: quartz, magnesium oxide, zirconium oxide,

10 silicon, silicon nitrite, silicon carbide, aluminum oxide, aluminum nitrite,
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 art;
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carrier pursuant to the state of the art; Figs. 2a and 2b defect |ocations
on-the back side of a sem conductor wafer that were produced during the
thermal treatnent of a sem conductor wafer by support pins pursuant to the
state of the art; 10 Literal Transl. O PCT/EPO 1 /00607 filed 19 Jan 01 -
Ure Kreiser, et al - Steag RTP Systens - AZ 3189 Figs 3a and 3b defect

| ocati ons on the back of a sem conductor wafer that were produced during
the thermal treatnent by support pins nounted in a swi nging manner

pursuant to the pgesent i ntion, .5 Fig.4 a schematic, _.perspective
illustration of ahggg:%’f ?@méﬂ%y rra‘ﬁ'f‘ﬁcédogﬂl%'&r pn ptFﬁ;bi"rkg.Off? ﬁeEEWFCH si de
view of a support pin nounted in SW ngi ng manner pursuant to the present
invention: 10 Fig. 6 a schematic“&®fe thakwere tr1aduceshodyring nther thegnals
with a view ng angle rotated by 900; Fig. 7 a plan view of an alternative
carrier construction pursuant t&eatraepl bgsupporiveingiroayntedcior disvgnging
whi ch the support pins are nounted on resilient 15 carrier arnms; Fig. 8 a
detail view of a support pin pursamerparsuant to the present invention:

5 Fig. 4 a schematic, perspective illustration of a resiliently

mounted support pin;

Fig. 5 a schematic side view of a support pin mounted in
a swinging manner pursuant to the present
invention;

10 Fig. 6 a schematic side view of the support pin of Fig. 5
with a viewing angle rotated by 90°;

Fig. 7 a plan view of an alternative carrier construction
pursuant to the present invention, according to
which the support pins are mounted on 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;
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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 enbodi ment of a support pin pursuant to
the present invention; 11 Literal Transl. O PCT/EPOL/ 00607 filed 19 Jan 01
- Uwe Kreiser, et al - Steag RTP Systens - AZ..3189 5 10 15 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 through a further
enbodi nrent of a s Mt pin purs : e Lavent.Lan; .. Fi 3 a
further alternati \E@chir?bodi ment o a@'gégﬂ%{rét fong r?%aﬁ’mgsﬁﬁﬁt '%mgh% Sﬁgggént
I nvention; Figs. 14a and 14b a schenmatic ﬁr s-sectio 8I view as well as a
schematic plan view of a hol di ngPHER{ISHapt0 Figutes Pﬁg support pins
pursuant to the present invention; Fig. 15 a perspective view of the
hol di ng device of Fig-d2 14; Fi g. aishgmaticreiops seetignaliview tterasighaa fgthsirng
device for

embodiment of a support pin pursuant to the

5 present invention;
Fig. 13 a further alternative embodiment of a support pin
pursuant to the present invention;
Figs. 14a and 14b a schematic cross-sectional view as well as a

schematic plan view of a holding device for

10 receiving support pins pursuant to the present
invention;
Fig. 15 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
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support pins. The invention will be described in greater detai

subsequently wth the aid of Figures 3 to 15. The invention relates to an
apparatus for the thernmal treatnent of substrates, especially

sem conductor wafers, in a chanber in which the wafers are placed upon
support 20 el enents. Such an apparatus is known, for exanple, from DE-A-198
21 007 of the sane applicant, and to this extent is nade the subject

matter of the present invention in order to avoid repetition. The 12

Li | T | . 6 ' - ' -
o 20 o b BB PR ARERE S Rend Rt e i pEc BT he Bl
Compr i sed of 1 ampS R B neaBHNdetBy % RERITE Govid SEtds capyisearil 1BERSw t ho
chanber. Pursuant to the present invention, the support elenents are

movably or 5 di spPhbaBks piiampscthat @re dignoses abeyednd belounthe chambee
wafer, especially during an expansion or other distortion resulting from
the thermal treaPrsuant o the preseshinvention, thetsuppbodilementsareamosiablyer
construction 6 for a support elenment 8 in the formof a support pin. The

suppor pin 8 hasdisptceably stowmed 1A widen to follppoat mMovenddntf of theagafei g a
sem conduct or wafer. An opposite end 13 of the support pin 8 is secured in

a suitable msl”neres;Se‘?cin{ljl)f Hﬁﬁnggénﬂ %Z(b?ﬁgibh“& 6&1erT§|§thﬁ6r§79é$Lg§H%ith9n]tﬁei S

formed by cutting out port ma thin plate 1 xanpl e a
thin quartz plat Cthertial treatment.

Figure 4 shows a first embodiment of a carrier construction 6 for

a support element 8 in the form of a support pin. The support pin 8 has

10 a first end 10 with a support tip 11 for receiving a semiconductor wafer.

An opposite end 13 of the support pin 8 is secured in a suitable manner

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
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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 enbodi nent of the present

i nvention for a novabl e suspension of a support pin 8. The support pin 8
has a first end 10 on which is fornmed a support tip 11. In this 20
connection, the end 10 of the support pin 8 is enbodied as a double cone.
The support tip 11 is formed by one cone having an opening angle between

50 degrees and 13 v @i ref I : Lt.eral | .. O
PCT/ EPOI / 00607 fi?ggf%gggr?” 1?9@61%«9? e ?é’?fa‘s"ﬁfgeg?'sl%bke'ggg ﬁ?g”g@g‘%‘ﬁs ;
AZ..3189 80 degreges. and 100 .degrees. Follow ng this cone, i second cone
havi ng an openi ngﬁﬁY'ngeﬁ%?a?m'Hg%érﬂﬁn@r%t&%we %Wﬁeﬁgs ﬁ@%ﬂge‘fegiﬁﬁs and
preferably between 5 and 25 degrees. The thus-formed support tip is sturdy
and reduces the dBrejerabihetwesn bignd\2P|dagreesc dhe.thgsTarmed sppport gipnis8 has
a longitudinal axis A Munted on one side of the support pin 8 is a pivot
pin 20 havi ng a | stugdy add medluces theRlangéh¢hdtdhegitipuwdll hadalkasffs B of t he pivot
pin 20 extends perpendicular to the longitudinal axis A of the support pin

8, andsis laterally of Thetsupplont pine8 Hdzea dbAgituindingxi®iA otMliiftedOon Dne
received in a suitable holding device, such as a U shaped hol di ng devi ce,

ot e Tang! PhoskerSng Spospighe & horith 70 R Y BhorRihal kT, o
The longitudinal axis B of the pivot pin 20 extends perpendicular to the
longitudinal axis A of the support pin 8, and is laterally offset relative
thereto.

10 The pivot pin 20 is received in a suitable holding device, such as
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
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pivot pin 20 is offset fromthe central axis A of the support pin 8, the
pivot pi'rn 20 is inclined in a rest position. In this connection, the 15

| ongi tudi nal 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 |ocations on the back side
of a sem conductor wafer that were produced during the thermal treatnent
20 by swingingly mounted support pins pursuant to Figure 5. As can be
clearly recognize t shﬁ;@ '

Fi gures 2a and 2bg %ﬁg%@%?@ﬁ%ﬁ%ﬁf@aﬂej}?&b Qlfe?épdr?% nces oﬂ%’“a?ﬁ
Literal Transi. q PCT/EP 93807 f | ed 19 Jan 1\1 I re| ser,,. ﬁt al
St eag RTP Systens'> Fnya Psfp@ Slanificantly, CFHaﬁleﬁ

el ongated scratch. The damage to the surface of the wafer is thus
significantly redattutalle 48 the sumparbRiRbMoving taleng udwing thien themalg

al ong during the thermal expansion of the wafer. 5 Figure 16 shows a
furt her enbodi nenexpansiomeof the/asfes. hol ding of support elements. In this
connection, sleeve-like receiving devices are arranged in a tilted manner

for regeiving support Plgise TBhshows pofurthepientbatliment firatiewnblalgleasidipgay i n

the sleeve, while their angle of tilt is 1in the range of 1 - 45,
preferably betweegf dypporl Bleréntsi 91n ?h|§%Wﬁe R &dvea Rggfd'égl?:%sf or

t he novabl e suspenS|on of support pins 8. the e odlnent lgure 7,
t he

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 between 1° - 10°.

10 Fig. 7 shows an alternative 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
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 the 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 235, 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
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support pins 8 are nounted on a rigid carrier frame 27 via freely
oscillating carrier arnms 25. Atotal of three support pins 8 are nounted
on tthe carrier frame 7 and forman equilateral triangle upon which a 15
wafer is placed in a centered manner. During a thermal treatnent of a
waf er placed upon the support pins 8, the freely oscillating carrier arns
25 follow a thernmal |l y-caused novenent, especially an expansion novenent,
of the wafer. In addition to the freely oscillating carrier arns 25, the

support pins 8 co f. d %0 p

carrier arms. A p?e %rﬁrge'clﬁaﬁ%%gllrr‘rgﬁr{gaﬁebg mnﬁ%a%?@%{?ﬁr tla e&?ﬁ ﬁéﬁé}uﬁport
he f I t

i teral Transl - cromett EPOAnGaupOMtPcL! has sabprias copfauralians e eanigal -

Steag RTP Systens - AZ. 3189 arns, is illustrated in Figure 8. In this

connection, the efBd1t3 ishegcejved ineanfeesivingrmeaes 28pSUeh as @ sleeveaang is

coni cal conflguratlon The conical end 13 is received in a receiving neans

28, such as a sl epivetabiytieldsthepehyot #iteynatddetly, the cebical éhd eoanlat alselsimplyhe
conical end could also sinply 5 be received in a hole of the carrier arm

25. Figure 9 shovwbegetsivéd @i adolebnel orrienaedgent of a novable support
pin 8 pursuant to the present invention. The support pin 8 has a first end

10, which forns a SUppEegtuCé'stﬁéwtsTangrr?r{yt%%rhéti@@tﬁbfgﬂfQW §F9 ol G018

doubl e cone, whereby t one t e suppor has an

opening angl e of 88;;6’&%\?% ’pu?'ﬂ?anttqg the lplrgsvgntgn\?e%rtllgn %he support pin 8 has

a first end 10, which forms a support tip 11. The end 10 is again
provided with a double cone, whereby the cone that forms the support
10 tip 11 has an opening angle of 90 degrees, and the following cone has
an opening angle of 15 degrees.
Adjoining the second cone is a support flange 30 that provides a
considerable widening of the support pin 8. 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

16
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an openi ng angle of 15 degrees. Adjoining the second cone is a support
flange 30 that provides a considerable w dening of the support pin 8. The
support flange 30 forms 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. In this
connection, provided in the transition region between support flange 30
and lower end 13 is an undercut or relief groove 33. Furthernore, the end

portion 13 has ag a}iﬂw 8N iﬁﬁgg%lighgd?“ﬁé’génggp??@vé %3p[§8%8ﬁ%8{th§m a

| i ght - per neabl e mat'eri Suc quartz 0 avoid a Sha

effect due to the,s o] 8. TJo.achieve a s th surface and a _good
transparency of t‘?@%%gl?ﬁﬁgrﬁl’aﬁgﬁ%\f'.eq}dus&lp@lg%%ie FoRaes 1 mass ”ﬂgn 01
- Uwe Kreiser, et al - Stea P Systens - AZ. 3189 support pin 8, it is
fire polished. Thi$ BTQC@ﬁsgng‘r&r on gt theesyppest timd 1, thepsmperbaiss saotar e

provi ded due to possible changes in mass during this process. In the
regi on of the supfierpolishedlso thatdhisupgion remains relatively opaque. pAs agesult, so
that this region remains relatively opaque. As a result, 5 the tip does not

freelysall ow the treatip Rivesatttdtdein allowatherheating ragidtionsthrodgie! dndRathed up
during a thermal treatnent. As a result, the tenperature gradi ent between

support tip 11 angspfkéatbd hsd%ﬁﬁlg al R &eBYR¥ANY Mrfﬁffe%gg, the

honogeneity of the wafer tenperatur Figure 10 shows a sinp
ITTustration of apgld &kt j)fiient between support tip 11 and wafer is reduced.

thereby achieving a greater homogeneity of the wafer temperature.
Figure 10 shows a simplified illustration of an alternative

10 embodiment of a support pin 8. The support pin 8 essentially
corresponds to the support pin illustrated in Figure 9. It has an upper
end 10, a support flange 30, and a lower end 13. Provided on the
lower end portion 13 is a widened base 36, the function of which will be
described in greater detail subsequently with reference to Fig. 11.

15 Figure 11 shows a receiving plate 40 for receiving support pins 8
pursuant to Figures 9 or 10. The receiving plate 40 has three slots 42
that extend radially relative to a central axis C, and that are provided at
their radially outer ends with a widened bore 44. The slots 42 are
angularly uniformly spaced from one another.

20 The dimensions of the slots 42 are such that they receive the
lower end portion 13 of the support pins 8 of Figures 9 and 10 and can

guide such end portions in a radial direction. The widened bore 44 is

17
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10 enbodi nent of a support pin 8. The support pin 8 essentially

corresponds to the support pin illustrated in Figure 9. It has an upper

end 10, a support flange 30, and a | ower end 13. Provided on the |ower end
portion 13 is a w dened base 36, the function of which will be described
In greater detail subsequently with reference to Fig. 11. 15 Figure 11
shows a receiving plate 40 for receiving support pins 8 pursuant to
Figures 9 or 10. The receiving plate 40 has three slots 42 that extend

radially relative ; | i : i I:
radially outer engan??/vlr?stlﬁ%aa %ﬁé@ﬁlﬁéftggrvgagﬂg& fp%tgeyog'pcgﬁ %’? %ﬁgeaéaur?@[?lﬂzé'hy

uni formy spaced anot her,, 20 The di mensions of the slots 42 gre
such that they reéfsﬁ(aéj??ﬁg Sqﬁ%rthmhp@ﬁl?%ﬁ‘{g Eﬁ“ﬁ’(@r’ 'E'ﬁprfrF%i 1$s"%E of
Figures 9 and 10 and ca i de such end portions in a radial, direction.
The wi dened bore ﬁgf??rge%a& eﬁ%po'ftrﬂ?rﬁge.g }‘h@ﬁmnlp'ﬂ(ﬁ)@bﬁ'gﬂquea and Jan
01 - Ume Kreiser, et al - Steag RTP Systens - AZ. 3189 di nensi oned such that
t he wi dened base pOrear@Is passttheoughppdiather,ntheosuppertrsurfacepadtad ther ough
the bore 44. However, the bore 44 is not so large that the support flange

30 of the support spppord flahgés BOr esme tanest Lfonahe alpper mids of e weteivingt her ,
t he support surfaces 31 of the 5 support flanges 30 cone to rest upon the

upper side of the iV ; : .
oo nal - mount 0" SR WilbreBf 46 sffoohiBne Mol B bufltabrdife

w dened base 36 ofoiigy sHPHOSH 1Y Foddivihg Platd4d. 19né widlREIBh8E%S MRl ¢ hat

it does not fit

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 siot 42 when a wafer is
raised. In contrast, the support pin of Figure 9 has an appropriately
lengthened base portion 13 for this purpose.

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.

18
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through the slots. This prevents the support pin 8 from bei ng noved 10

al ong wirth the wafer and com ng out of the slot 42 when a wafer is raised.
In contrast, the support pin of Figure 9 has an appropriately | engthened
base portion 13 for this purpose. The receiving plate 40 is made of a |ight
perneabl e material, such as quartz, in order not to adversely affect the
thermal treatnment of 15 the wafer. Although this is not illustrated, the

| i ght permeabl e support flange 30 of the support pin 8 can have a

| ens- shaped confi gurat jgn i o f O i cal lens, . I ncthi
connect i on (e | ans shabted 2 g 19 S ABFaR Efinocitin Br rdpoy
heating field is f d on the 20 coptact |ocation bet rt tip 11
and vafer. |n thiBNSad NAYEY suPPeRSIANGR J0nAGRaIdng do WhICH fib SUPBAMar o

conpensated for, and the tenperature distribution is honpgenized over the
surface of the wafl@nge 38 is respegtively previdedwitharceved/spport surfase 40 Jan 01
- Ume Kreiser, et al - Steag RTP Systens - AZ. 3189 Figures 12 and 13 show
al ternative enbodi ment WVitif threuembodimentnsf Bighee/Agthe suppmt flahgardPefobMs
according to which the support flange 30 is respectively provided with a

curvedssupport sutHealewefrhostpémtiohltst teg8agpompin 87 Th@SiSpdrt flah§e 3DURRAT ¢

flange 30 forns the | owernost portion of the support pin 8. The support

5
flange 30, with j f 1Al ' ' [,Vi ng
moans 50 1 hat i s S gun b oS Iy RiBodhed R o RREVIE ek STTR
pin 8, 1s is adapted to the curved shape and that, as is the support pin 8, is

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 arc-shaped support
surface 31 of the support flange 30 rests upon a receiving ring 52 and
thus enables a tiiting 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 pin 70 having a rounded support end 71.

19
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made of a transparent material. The support pin 8 is pivotably guided
within the receiving neans 50. 10 Wth the enbodi nent of Figure 13, an end
portion 13 is connected bel ow t he support flange 30. The arc-shaped
support surface 31 of the support flange 30 rests upon a receiving ring 52
and thus 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 novement of the support pin 8. Figures 14 and 15

ine 8. Wit this DReRDEnent PRSI Aket s, Bin 7B TefelB . PidepfERe '
carrier arns 62 that on.their free ends gr respectively_provided with an
openi ng 64 for ref@WERY 8 rechiNBaMeans & 039 r‘ﬂ\‘icéﬁﬁriaém ﬁrn; 62 extend

froma central, roof-shaped central portion 66 in which is fornmed a
downwar dl y directed bl The blisddabz68and theipia 70hespedalistheiosintied suppertyi ng
a pin 70 having a rounded support end 71. 19 Literal Transl. O PCT/EPO 1
/00607 filed 19 Jand(H,-arevdiménsicned, sech #hat-thst keldeRBD iSyliltabiy dispsded189
The other end portion 72 of the pin 70 is received in a closely fitting

manner sin a recei ¥po thepis7d4 A a fedulfiveheina Vidfer &' plaééd upbf theistppBr! e 68
and the pin 70, especially the rounded support end 71, are dinensioned

h th he hol ' | VA \ :
esul 1, when a vab P PoctoraibRRKK BEeRaRtr e dior BRgly B dchiefRifor, .

correction of thesrsnlé‘:fp ervtia 5nnssin8h'ei$gh%ChAet\6?aq c;fo 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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smal | deviations in height. Atotal of three of these holders 60 are

provi ded, 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 mninmal shading of the wafer relative
to the heat radiation is achieved, whereby preferably all elenents are
made of a material, such as quartz, that is transparent for the heat

= Al . . .
B oan bo reapact P@ﬂé'?*“ %i?gnlé%ﬁ@ : l*} byt bbby haf jﬁﬁfi‘%ﬁ%ﬂ%&%"@% :’hms

d t t e
Shermal i1 eat mene i Ang S By, dSulig p%ﬁv&%&%’h&q{ﬁ% e water fisopalls Rilns s,

as illustrated by vvay of exarrple in Figures 12 or is 20 particularly
sui tabl e. Pursuanfntdbase supRert inramfermityswithithe mammdeeﬂt thef expansion,

I nvention, instead of support pins, spheres or balls can be utilized as 20
Literal Transl. canefusa@aysentadtidniydon® pdant of the wafer srfaiceer, et al -
Steag RTP Systens - AZ. 3189 support elenents. Such balls preferably have a

di amet ér between 0.5 mnttisidohnettionDdtié RYbvenhéretr dfethe DENS HHNOHe g?eédmewafer
the balls roll on a base support in conformty with the magnitude of th e

AP Tonnser oY SUREURIIRS ST gRRASRC, Mo iRt pie °
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
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

21
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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 roll back into a
certain starting position. In this connection, the grooves are preferably
10 disposed relative to one another in the sane way as are the slots of
Fig. 11. Pursuant to one preferred enbodi nent of the invention, in order
to receive a wafer three support elenents are respectively provided that

are di sposed at t f i r ri ' hen form1lh a
good t hree- poi nt {s}{tjep\ggfb?.sg RW@&@’gﬂ% ,e tﬁﬁgh@etﬁ%e}&eﬁ' fﬁge %“PPaam e
coincides with the central axis of .a wafer placed thereupon.  Each, support
elenent is, in th??"&%ﬁﬁ@é@%",“gﬂ%é@ﬁ?ﬁeﬁgwtm%rréﬂgeaﬁFg i patticilakaf er
by a distance of 0.5 to 0.8 tines the wafer radius (R). The spacing is
preferably 2/3 of at B3 oftherwafgaradius, thetsagging:akineswales ivat g painéduny, aat er
than 0.8 Rfromthe central axis, larger wafers, for exanple having a

di aneter of 300 nanresaf ofhwhich theldoenation g dislecatidreremdrs toresliprdines ikf
they are disposed too close to the axis, the rimof 21 Literal Transl. O

PCT/ EP®I / 00607 fi hfatimiZed ahstdad oHN@i\}fdt_ﬂél%@Pﬁoﬁteléf‘nents\?ﬁﬁé%lﬁr Eo@éiﬁlfbectgﬁe'

AZ..3189 the wafer sags downwardly during e thermal treatnent. |

noP e a7 B E0BRAOd 2 MERRCHS SBILS RSeERT Rl ooy
m Eggulms as af egféln%en% aWeCQortng?pg%rtsn%} {h%ntrigfwg ei. slocation errors or slip
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 types of support for
the support elements can be combined with one another. Preferably,
all +6Xof the described support elements, as well as the support 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 mnimzed. Instead of individual support elenents, it is also possible to
respectively provide a holder 60 having respectively three support

el enents at the corner points of the triangle. Al though the invention was
described with the aid of preferred enbodinents, the present invention is
not limted to the specifically 10 illustrated enbodi nents. In particular,
the various types of support for the support elenents can be conbined with
one another. Preferably, all +6X of the described support elenents, as well

as the support elenents that are Co”ﬁlaﬁé gcbé ﬂgrsewith, are produced from

materials that are transparent for th ation. Such materials are,
for exanple, 15 alum nymnitri ?e, al um num oxi de, zirconi um oxi de, silicon
carbi de, boron niltrid Ppééa%ﬁi%t,heéﬁpmﬂ Y??tﬁm&z}?u@ﬁtr?‘l@é dorgrpagially
Toshiba) or ceramc. Particularly advantageous are quartz, nagnesium

oxi de, silicon and prBeggandustaristipstratas; inia. chamben iorwhichthe substtates
PCT/EPO 1 /00607 filed 19 Jan 01 - Uwe Kreiser, et al - Steag RTP Systens -
AZ. 3189 5 10 15 20 Pat arg pldcednepdn dpmporaeleménts (BhecHdracterized e ahatethe of
substrates (1), especially sem conductor substrates, in a chanber in which
the substrates support elements (8) are movable essentially parallel to the

plane of the substrate.

2. Apparatus according to claim 1, characterized in that the support
elements (8) are movable radially relative to a central axis of the

10 substrate.

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

15 suspended.

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.

20
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are placed upon support elenents (8), characterized in that the support
el enments (8) are novable essentially parallel to the plane of the
substrate. 2. Apparatus according to claiml, characterized in that the
support elenents (8) are novable radially relative to a central axis of
the substrate. 3. Apparatus according to one of the preceding clains,
characterized in that the support elenents (8) are resiliently suspended.
4. Apparatus according to claim3, characterized in that the support

el enents (8) are respegti cQ . i.th SpLing.(15 especially a
flat spiral spri né'. 23%%%@? #&ﬁgl.ﬁ&d\%P Pg’{/ 8%07"%@@'&919&3%&01 -
Une Kreiser, et al - Stea P Systens - . 3189 5. Apparatus according to
one of the preceding CFB?'%l?g'Z@aar'%\ctﬂ@ti f@é SHPPRH: elarenisp et Pivalakis: s
are pivotable perpendicular to their longitudinal axis (A). 5 6. Apparatus
according to claimb5, pagendiadartedheis longitudina agis ). axis (B) is spaced
fromthe |ongitudinal axis(A) of the support elenent (8). 10 7. Apparatus

according to one of the preceding clains, characterized in that the
support elenments (8) are nounted on the free ends of novable carrier arns

(25). 5 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).

8. Apparatus according to claim 7, characterized in that the carrier
15 arms (25) are movable parallel to the plane of the substrate.
9. Apparatus according to one of the preceding claims,

characterized in that the support elements (8) are received in a
guide means (42).
20
10. Apparatus according to one of the preceding claims,

characterized in that the guide means (42) is a slot.
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8. Apparatus according to claim7, characterized in that the carrier 15
arns (25) are novable parallel to the plane of the substrate. 9. Apparatus
according to one of the preceding clains, characterized in that the
support elenments (8) are received in a guide nmeans (42). 20 10. Apparatus
according to one of the preceding clains, characterized in that the guide
nmeans (42) is a slot. 24 Literal Transl. O PCT/EP01/00607 filed 19 Jan 01
- Uwe Kreiser, et al - Steag RTP Systens - AZ. 3189 11. Apparatus according
to one of the preceding clains, characterized in that the support elenments
(8) are provided with a support flange (30). 5 12. Apparatus according to
claim11, charactgri zed in that the support flang)? (t30) has a curved
support surface (31) PREAtYY) ﬁcof@iﬁgr dPusONR c & dithg” tRyecedingh 19/aimms. 12,
characterized in that the support flange (30) is |ight perneable and is
enbodi ed as an opti cafharasterizeq. inAhakihe: s;spm‘telem%gsﬂ&) areepustvidecbwith
precedi ng cl ai s,

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
10 support flange (30) is light permeable and is embodied as an

optical lens.

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

support elements (8) secured thereon is provided.

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

20 on the carrier arms (62).
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characterized in that a novable, especially tiltably nounted holding

el enment '(60) having at |least three carrier arns (62) and support elenents
(8) secured thereon is provided. 15. Apparatus according to claim 14,
characterized in that the support elenents (8) are novably, especially

pi votably, nmounted on the carrier arnms (62). 25 Literal Trans[. O

PCT/ EPO1/ 00607 filed 19 Jan 01 - Uwe Kreiser, et al - Steag RTP Systens -
AZ. 3189 16. Apparatus according to one of the preceding clains,

characterized in at or nt ball 5 . ar at us
according to clai tr‘ngiLG,kgﬁgf%@?erécngL&ﬁﬁ ttﬁa?&f%e aﬁpg aéréc?(@ggec@%mﬁ'y
guided in a track or groove, 18. . ratus according to claim17,
characterized in that Pﬁ%fapt%ﬂ?ﬁdi'@Qﬁ%éﬁﬁﬁé'appm%?m@gt%feep ntral axis of
the substrate. 10 19. Apparatus according to one of the preceding clains,
characterized in that the support elenents (8) have a conically tapering
base (13) that is pivotably received in a receiving neans. 15 20 20.

Appar at us accor di hg. t oApparatiis Alceomling &l claimc G characteliaedin ¢natzbd bailst hat
t he support elenents (8) are provided with

5 are respectively guided in a track or groove.

18.  Apparatus according to claim 17, characterized in that the track

is inclined relative to a central axis of the substrate.

10 19. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) have a conically
tapering base (13) that is pivotably received in a receiving

means.

15 20. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) are provided with

substrate support tips (11).

21. Apparatus according to one of the preceding claims,
20 characterized in that the substrate support tips (11) are formed
by a first cone that has a greater opening angle than a following

second cone.
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substrate support tips (11). 21. Apparatus according to one of the
preceding clainms, characterized in that the substrate support tips (11)
are formed by a first cone that has a greater opening angle than a
following second cone. 26 Literal Transl. O PCT/EPO1/00607 filed 19 Jan
01 - Une Kreiser, et al - Steag RTP Systens - AZ. 3189 22. Apparatus
according to one of the preceding clains, characterized in that the first
cone has an opening angle between 500 and 130 and pref erably between 800
and 100. 5 23. Apparatus according to one of the preceding clains,
characterized in that the second cone has an opening angl e betmeen 5 and

45 and preferably_petwee and 25. 10 24. aratuys according to one of
t he preceding cl a?ﬁs WE‘E’HQ U$ eACERLAING, ttﬂatoA'\'fEE 02 %rtprgp%‘ﬁ'ﬁgt sclaigys,
and/or their holdlng devi ces (20; 25; 28; 40; 50; 52; 60) are di sposed on a
circle having a radi ushamcterizedo iny/thahrfhepfiestecoms yhas Rmfopening uargleat e
radi us. 15 25. Apparatus according to one of the preceding clains,
characterized in that bétwearppdtandladdtand p(d&ferabiybetwedre80° ahdl100h.g
devi ces (20; 25; 28; 40; 50; 52; 60) are conprised at |east

5

23. 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 5° and 25°.

10 24. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) and/or their
holding devices (20;25;28;40,;50;52;60) are disposed on a circle
having a radius of 1/2 to 4/56 and preferably 2/3 of the substrate
radius.

15

25. Apparatus according to one of the preceding claims,
characterized in that the support elements (8) and/or their
holding devices (20;25;28;40;50;52;60) are comprised at least
partially of a light-permeable material.

20

26. Apparatus according to one of the preceding claims,

characterized in that the surfaces of the support elements (8)
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partially of a light-perneable material. 20 26. Apparatus according to one
of “the preceding clains, characterized in that the surfaces of the support
el ements (8) 27 Literal Transl. O PCI/EPO 1 /00607 filed 19 Jan 01 - Uwe
Kreiser, et at - Steag RTP Systens - AZ. 3189 and/or their holding devices
(20; 25; 28; 40; 50; 52;60) are at least partially polished, especially fire
polished. 5 10 27. Apparatus according to one of the preceding clains,
characterized in that the support elenments (8) and/or their hol ding

devi ces (20; 25; 28; 40; 59né%rﬁﬂ%|r${o‘?diﬁg%%%c%§ {gro%(}é%%oéﬁségﬁyom (';é?tléé’é’: of

the follow ng materials zirconi
silicon, silicon nitride arbl de oxi de, al um num

nitri de, boron nitri dePaQQ}SWf%he §&Pﬁ£\@“)ﬂ.f"%8% . 28 Literal Transl. O
PCT/ EPO / 00607 filed 19 Jan 01 - Ume Kreiser, et al - Steag RTP Systens -
AZ. 3189

27. Apparatus according to one of the preceding claims,

5 characterized in that the support elements (8) and/or their
holding devices (20,;25;28;40;50;52;60) are produced from one

or a combination of the following materials: quartz, magnesium

oxide, zirconium oxide, silicon, silicon nitride, silicon carbide,

aluminum oxide, aluminum nitride, boron nitride, sapphire,

10 SAPHAL or ceramic.
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