Support ring for supporting a sem conductor wafer conposed of
nonocrystalline silicon during a thermal treatnent, nethod for the
thermal treatnment of such a 5sem conductor wafer, and thernally treated
sem conduct or waf er conposed of nonocrystalline silicon The clainmed
invention resides in the field of the thermal treatnent of nonocrystalline
sem conduct or 10 wafers conposed of silicon. The thermal treatnent is
generally carried out in a vertical fwurnace ("wafer boat"). In such a
furnace, a multiplicity of sem conductor wafers are sinultaneously heated
to high tenperatures over a relatively long tinme period. In 15 this case,
they bear on Supﬁﬁﬁﬁofﬂlaxiglﬁoﬁ.£Eﬁﬁ&ﬁtr&baakE§hiﬁUhdabmue wabiher and
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and are refer i e ala ect “crystal origipated
particl est) . Wafers egeMRossd t hie ﬁhé%‘ﬁ%fll t FBat ﬁEﬁFmaJBI\/BP?%W‘ﬁIPFg hiicl ei  and
COP defects agensesalwedadrickd heuoxygena coreentant fonmace t Hewadere is

decreased bel gw the thresholdynecessary, for BMD 3R.feipptian, of
semiconductor wafers are simultansously heated to high

temperatures over a relatively long time period. In

15 +this case, they bear on support rings in a manner

stacked one above another and spaced apart from one

another. Suéh a support ring (“susceptor ring”)

generally consists of silicon carbide and has the task

of supporting the semiconductor wafer 1lying thereon

20 during the thermal treatment.

The aim of a thermal treatment is to provide a =zone
(“denuded =zone”) for electronically active structures
which extends from the surface inte the interior of the
25 semiconductor wafer and is free of defects which could
disturb the function of electronic components. Such
defects are, in particular, accumulations of
precipitated oxygen, BMD (“bulk micro defects”)} and
defects which are formed by accumulations of vacancies
30 and are referred to, inter alia, as COP defects
(“crystal originated particles”}. As a result of the
thermal treatment, BMD-forming nucliei and COP defects
are resolved and the oxygen concentration in the =zone
is decreased below the thresheld necessary for BMD

35 formation.



The larger the size of COP defects, the longer the tinme needed to be able
to resolve themby neans of a thermal treatnent of the sem conductor

waf er. Therefore, it is expedient, as early as during the pulling of the
single 5 crystal yielding the sem conductor wafers froma crucible, to

i npl enent neasures which can give rise to COP defects having conparatively
smal | di nensions. For this purpose, two neasures are usually taken into
consi deration, which can also be conmbined. Firstly, 10 rapid cooling of
the single crystal prevents vacancies fromremaining nobile | ong enough to
be able to ag@henbragee ithecehparaf i S@R ydfzcge, Odre defraists theetohdl vy,
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At the temperatures in the range of 1050°C to 1300°C
20 which prevail during the thermal treatment, the crystal
iattice of monocrystalline silicon 1s particularly
gensitive to disturbances. Temperature gradients,
relative movements of semiconductor wafer and support
ring owing to different coefficients of thermal
25 expansion of silicon and silicon carbide and the
intrinsic weight of the semiconductor wafer pressing
onto the support ring can initiate slip in the crystal

lattice or cause scratches.

30 Measurements of laser scattered light or measurements
of the depolarization of laser light are usually used
for the detection of stresses and slip. The measurement
method based on the latter option is known by the
acronym SIRD, which stands for “Scanning Infrared

35 Depolarization”. Us 2004/0021097 Al describes a

measurement method employing SIRD which can be used to



10 formation of slip. Accordingly, the resistance decreases significantly
in the tenperature range of 1000C to 1350C, |ikew se with a reduction of
the nitrogen concentration. In order to obtain thermally treated

sem conduct or wafers conposed of 15 nonocrystalline silicon which exhibit
no slip during an SIRD neasurenent, the cited docunent recommends using
the upper yield stress neasured at a tenperature of 1200C as a criterion
for carrying out the thermal treatnment 3 » a specific manner. Accordingly,
20 comparatively high heating rates in the tenperature range of above 900C
and/ or conpar d¢feel ddfieghsconl Fagieeatdston waerenperdt wre £angedup to
900C and the yself Rrphoesedifdng as support ring during the thernal
treatment are suitable rather only for relatively 25 resistive

sem conductor wafers. JP 2003059851 A describes a support ring, conprising
an inner and 8B but05 Afer 8Bl Ak f ac8isaldmns zontht surbede f ofhPehe
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aser scattered I'ight or depolarization o aser |% t.
nitrogen concentration. In order to obtain thermally
treated semiconductor wafers composed of
15 monocrystalline silicon which exhibit no slip during an
SIRD measurement, the cited dccument recommends using
the upper yield stress measured at a temperature of
1200°C as a criterion for carrying out the thermal
Treatment in a specific manner. Accordingly,
20 comparatively high heating rates in the temperature
range of above 900°C and/or comparatively high coocling
rates in the temperature range up to 900°C and the use
of a c¢losed ring as support ring during the thermal
treatment are suitable rather only for relatively

25 resistive semiconductor wafers.

JP 2003059851 A describes a support ring, comprising an
inner and an outer lateral surface, a horizontal
surface for the placement of the semiconductor wafer
30 and a rounded or beveled edge between the inner lateral
surface and the horizontal placement surface. The
distance Ry between the highest peak and the deepest
valley within a measurement section detecting the
roughness of the edge is not greater than 5 um.
35
EP 1 772 901 A2 contains the description of a two-part

support ring, the surface roughness of which expressed



The inventors of the present invention have found, 10 however, that
sem conduct or waf ers conposed of nonocrystalline silicon,

known support

invention to

with the use of

( rings during a thermal treatnment, are exposed to stresses
which can adversely affect the nanotopography of the front side of the
sem conductor wafer. 15 Therefore, it is an object of the present

present an inproved support ring, to disclose a better

for the thermal treatnent of a sem conductor wafer conposed of
nonocrystalline silicon and to 20 provide an inproved thermally treated
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rings during a thermal treatment, are exposed to
stresses which can adversely affect the nanotopography

of the front side of the semiconductor wafer.

Therefore, it is an object of the present invention to
present an improved support ring, to disclose a better
method for the thermal treatment of a semiconductor
wafer composed of monccrystalline silicon and to
provide an improved thermally treated semiconductor

wafer composed of monocrystalline silicon.

The object is achieved in accordance with a £first
aspect of the invention by means of a support ring for
supporting a semiconductor wafer composed  of
monocrystalline silicon during a thermal treatment of
the semiconductor wafer, comprising an outer and an
inner lateral surface and a curved surface extending
from the outer to the inner lateral surface and serving
for the placement of the semiconductor wafer with a
radius of curvature of not less than 6000 mm and not
more than 9000 mm, i1f the surface is designed for the
placement of a semiconductor wafer having a diameter of
300 mm, or with a radius of curvature of not less than
9000 mm and not more than 14 000 mm, if the surface is
designed for the placement of a semiconductor wafer

having a diameter of 450 mm.

uct or waf er
of°fts own



5 central region. The inventors of the present invention have found that
it is unfavorable to use a support ring having a horizontal surface for

t he placenent of a sem conductor 10 wafer, even if the inner edge between
t he horizontal placenment surface and the inner |lateral surface is rounded.
The saggi ng of the sem conductor wafer |eads, in particular in the region
of the inner edge of the support ring, to a stress field that regularly
brings 15 about slip. The thermal treatgrent of the sem conductor wafer
simul taneously al so effects partial snoothing of the unevennesses brought
about by slip. Therefore, such slip often cannot be detected. However, it

'egds, ]EO an iKp%ie{nﬁl‘é&gd%:o;zh%a%fﬁo%ﬁggéaahMgOfs_im@?ﬁemML@ﬂ oafZ?hwafer
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a measurengnt .Lapge Wdhoa.25 spatial wavelength of 0.2 to 20 mm An
expedi ent neasurenent method for determ ning the nanotopography is optical
interferonetry. Measuring devices based thereon are comrercially
avai |l abl e. | nThheivoemtexts off tthe ipresaRtomnvelel dfadtvepsgraphyief t he
fLont si de ofiﬁo %?eugggygg?QQﬁtQE M@@@rgzssﬁpﬁﬁﬂfedihg q&damgthl
characteri ze e. fl at ness t ront side and i r : eto
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||n]t eg[ atipn oglgg@[ﬁgr{tonisgxsgééjctauﬁes%h%Fii_gllmﬁe 11 shaws, jsum:facfapﬁisonal t
illustration, a sypport ring associ.a . r : S suppor
ring is charaEPB?#%gd {Rﬁef_ ﬁn?oﬁfaﬁ%gugg%bgggg%%gd%nﬁg%%FagEHenf of a
sen conduct or inabertisuliguie Phehsaglien sappbhe LRAYT efiBdei 88 &BEording to
the inventiong,pphst SHPROI trd | AgstBeds CEOSEA tharg Beghiizslg Siriingsi shed by

aconcavely cupved sprfack 4 for, Lhe HLGRURD! oof chhessemsenductor wafer.

The conca y ) .
wafer simultaneously also effects partial smoothing of

the unevennesses brought about by slip. Therefore, such
slip often cannot be detected. However, it leads to an
impairment of the nanotopography of the semiconductor
20 wafer and, 1if appropriate, to defocusing problems
during the exposure of the front side of the
semiconductor wafer in the course of the fabrication of
electronic components. The nanotopography describes
flatness deviations in a measurement range with a
25 spatial wavelength of 0.2 to 20 mm. An expedient
measuremsnt method for determining the nanotopography
is optical interferometry. Measuring devices based
thereon are commercially available. In the context of
the invention, the nanotopography of the front side of
30 the semiconductor wafer 1is measured 1in order to
characterize the flatness of the front side and in
order to be able to estimate the effect of the thermal
treatment on the flatness. The front side of the
semiconductor wafer is the side provided for the

35 integration of electreonic structures.



10 curved pl acenment surface extends fromthe outer lateral surface 2 to
the inner lateral surface 3 and therefore does not have a horizontally
situated portion. It has a cross section form ng concavely fromthe outer
to the inner lateral surface. The radius of curvature of the 15 pl acenent
surface 4 is not |ess than 6000 nm and not nore than 9000 mm if the

pl acenment surface is designed for the placenent of a sem conductor wafer
having a diameter of 300 mm or not legs-than 9000 nm and not nore than 14
000 mm if the placenment surface is 20 designed for the placenent of a

sem conduct or Fiafmer hastiowga idi aneteetioha 4501 gt watd opr efesaBpyrt
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20 designed for the placement of a semiconductor wafer
having a diameter of 450 mm, and preferably corresponds
to the radius of the sagging of the semiconductor
wafer. As a result, the stress field which acts on the
semiconductor wafer during the thermal treatment in the

25 region of the inner edge between placement surface and
inner lateral surface of the support ring 1is
significantly lower than with the use of a support ring
having a completely or partly horizental placement
surface. The use of a support ring embodied according

30 to <the invention affords the advantage of a lower
density of defects brought about by stresses, which is
also manifested in an improved nanotopography of the
front side of the thermally treated semiconductor
wafer.

35
The external diameter of the support ring is preferably

equal to the diameter of the semiconductor wafer placed



25 sections. A roughness characterized by an averaged roughness depth Rz
of less than 3 pmis |less favorable because it pronotes the slipping of

t he sem conductor wafer on the support ring. A roughness characterized by
an averaged roughness depth Rz of over 5 pmentails the 30 risk of |ocal
material points adversely affecting the nanotopography of the thermally
treated sem conductor wafers. Furthernore, the material proportion Rnr(t)
of the 35 curved placenent surface at- & cutting depth t of 2 pm should not
be |l ess than 85% The characteristic value is defined in DIN EN | SO 4287
and denotes the tper cenvadesproportion theapingope opbdr thenfhaadel up by the

naterlal’COnp{féégﬁbﬁ%yﬂ3r0%§eb@e£h@yt@ﬁa%on@ﬁ@U&ﬁﬂ?ﬂﬁwﬁthﬁﬂn ake t he
specified cutting depth. The | a]%tég is calculated,f rom.t hebtﬂi ggetst peak of
the 5 profil el™BeFiRr 2T b O 5% tTYRT 859 "T'h particdrar of Tess than
50% is not fawes abhen bét auseartchenamatdraratlean al0propsreldari ham

i ndicator ©f the presengeq9fniacal material points and correspondingly
di sadvant ageously affects the nanotopography of the 10 thermally treated

sem conductor wafers. In the case of an Rw (2 m) of not |less than 85%
mat eri al peakSharsuppader rand poahederblvatdresishancf aperiang coraipei nt .

Utimately, the sypRdeqar kWhgnhshoul dnbeashaped as 15 ideally as possible.
In order that the nanotopography of the front side of thermally treated

sem conductor wafers reliably remains in the range striven for, the
pl acenent 1&ur facesshoultdedmorat @dbgrpreferably H6e FHrESEh&HT30Pm from a

geonetrical | yrhdeahl ypshangthS W age, s2thithedhaghtiswaterCwataktiesof which
lies in the stated_range. The sur e.formin..accaordance with the DIN | SO
1101 st andar dSBRoUTHF t]%’élfggPS?% ap?‘je{%eraé:ﬁieﬁsbcépln%ﬁ%dre than 0.03 mm

Accordi ngly, the placenent surface has to |lie between two envel opi ng
surfaces, thergpagivRgagid22-whhedsd sdadetier Rknetobydspheresathibyi hg a
diameter of 3Q.pmy Mergl the, M 4R Mo nbPE SRURT @ i CsnPNchlbe
georetri cal | y*Pdedi®SSurtste. ° P _
maximum individual roughhess depth Rmax should
preferably be not more than 5 pm. The averaged
roughness depth Rz corresponds to the arithmetic mean
of the individual roughness depths (the difference
20 between highest peak and deepest valley relative to an
individual measurement section) . The individual
roughness depths are determined with the aid of a
roughness-mapping profile over a total measurement
saction subdivided into five individual measurement
25 sections. A roughness characterized by an averaged
roughness depth Rz of less than 3 pm is less favorable
because it promotes the slipping of the semiconductor
wafer on the support ring. A roughness characterized by
an averaged roughness depth Rz of over 5 pm entails the
30 risk of local material points adversely affecting the
nanctopography of the thermally treated semiconductor

wafers.

Furthermore, the material proportion Rmr{t) of the
35 curved placement surface at a cutting depth t of 2 pm
should not be less than 85%. The characteristic value
is defined in DIN EN 180 4287 and denotes the



Upon conplying with the stated criteria, thermally 30 treated

sem conduct or wafers conposed of nonocrystalline silicon have the
conparatively best nanotopography of the front side. In accordance with a
second aspect of the invention, 35 the object described is achieved by
means of a nmethod for the thermal treatnent of a sem conductor wafer
conposed of nonocrystalline silicon, conprising the placenent of the

sem conductor wafer on a support ring; awki ch has an outer and an inner

| ateral surface and a curved surface extending fromthe outer to the inner
| ateral surf aperesnt:aser \BIRPATGE oRhd bppatedre AT CRPL 1185 84 cgFhdbi¥t or
\/\/fafer'E andtthehge?n&ngg?glLa@?§gﬂgﬁgﬁdu@b@tiM@éer il acedheon theasupport
ring to a tenperature not .l ess, t.han .and . npr an 00C for a
time period o e%%ﬁ“?%%% Fﬁ§%l§6 %%hgg%digggg%%?ecgﬁgﬁﬂg§%pﬁgh.T%% If the

| over tenperatateey | dst Falavkatiedacheer ofthef P a5therpeki 6 ofPthe
thermal treatpestiis shortees (tham) 36rnisss nendrdestdedizgne'tianises or a
"denuded zone -anises whi.chodoes ngt extend . deepky epougbLntpaihe 15
interior of the Seni conductor mafer. I the upper tenperature Pimt is
exceeded or ihateeliali mroperitédnofist AB LReFFAICT rdatiEntPHeSePERg_F t han 180
m n, the nethgdcheconegsaterginom cpoitsThe maidod i soatspadidshghgui shed by

the fact that criteria S pe i t senl, conduct or
waf er nateriapl%? Yﬁﬂgaﬁéﬁggﬁg.r%é%E%Q% tE%gtg%%gﬁg%gggagg%ggﬁ%bggi 900C or
the coolihg rapernallphd neaivser SEHE 8RGO U AET600E"dG P Rof2RAVE  t 0 be 25

taken particukarkyri nt Quaccuntiot Thids, tRuensSem consuctiopeadtersehavi ng a
compar atively, | o cane ealrabl o Gle:NihbA0R L CAh PR S BepBRAL Y treated
wi t hout the formation of slip.
Ultimately, the support ring should be shaped as
15 ideally as possible. In order that the nanotopography
of the front side of thermally treated semiconductor
wafers reliably remains in the range striven for, the
placement surface should deviate by preferably not more
than 30 um from a geometrically ideally shaped surface,
20 the radius of curvature of which lies in the stated
range. The surface form in accordance with the DIN ISO
1101 standard should therefore preferably be not more
than 0.03 mm. Accordingly, the placement surface has to
lie between two enveloping surfaces, the spacing of
25 which is determined by spheres having a diameter of
30 pm, wherein the midpoint of the spheres lies on the

geometrically ideal surface.

Upon complying with the stated criteria, thermally
30 treated semiconducton wafers conmposed of
monocrystalline silicon have the comparatively best

nanctopegraphy of the front side.

In accordance with a second aspect of the invention,
35 the object described is achieved by means of a method
for the thermal ftreatment of a semiconductor wafer

composed of monocrystalline silicon, comprising the



30 It is nevertheless preferred to set the heating rate in the tenperature
range of above 900C and the cooling rate in the tenperature range up to
900C to values in the range of 1 mn to 100 mn. 35 The thermal treatnent
is preferably carried out in an atnosphere that does not react chemically
~with silicon under the prevailing conditions or in a reducing - 10 -
at nosphere. Exanples include a thermal treatnent in argon or in a mxture
of argon and hydrogen. In accordance wigdh a third aspect of the invention,
the 5 object described is achieved by nmeans of an uncoated sem conduct or.
waf er conposedlatemmioctyshal FERécerdiEon HavPhgoa @ demided ¥6R8Y, having
?hnltgogegoizmﬁfﬁﬁr?&%&?hcéﬁ$gﬁ_iﬁ&saﬂfﬁﬂhék>Q3H@kalabaﬁﬁé6@8aﬁ@danot nor e
an X ato C an ving. a 1 angt o o] e an 20 n
relative to acgf¥%ilSFr%%ﬁ%u?%ﬁﬁﬁ#£%ﬁ ﬁ%ﬁ&?ﬂ%ﬁ?ﬁ%gggg?%%e%%% g?ngpnnl andm
of less than detem! repsfdcre aed aserviud afotrebler BReRE S hdolv Fa%ing a
di ameter of 2Qemonkhcthe neasgeeentarnf theenanpéopiogr aply | steéfected in

accordance with the SE st [f t ni e ation is

| ower than th&® %ﬁ%%§¥éﬁ§ev%?%%{?p#%éxge%?cgﬁaugt%&gagfg?% tg%{l%zation 20
based on the preRevRiErs! IH tHUgettdss thod ek Fnareisneff 8eEe FPathe
nitrogen concepboati ofr exceefls pheiuppet hangaeksnmthanundesinabhe defects
i nduced by nit%ﬁqgn ogeur Eg?aﬁiﬁpcreased extent. 25 One nethod suitable

for producingn e sem conductor wafer is the nmethod in accordance with the

second aspéct of the invention. The "denuded zone" is a zone whi ch extends
fromthe If the lower temperature limit is not reached or if the

time period of the thermal treatment is shorter than 30
min, no “denuded =zone” arises or a “denuded zone”
arises which does not extend deeply enough inte the
15 interior eof the semiconductor wafer. If the upper
température limit is exceeded or if the time period of
the thermal treatment is longer than 180 min, the

method becomes unecoenomic.

20 The methecd 4is alsc distinguished by the fact that
criteria such as the upper yield stress of the
semiconductor wafer material or the heating rate in the
temperature range above 900°C or the cooling rate in
the temperature range up to 906°C do not have to be

25 taken particularly into account. Thus, evern
semiconductor wafers having a comparatively low
concentration of nitrogen can be thermally treated

without the formation of slip.

30 It is nevertheless preferred to set the heating rate in
the temperature range of above 900°C and the cooling
rate in the temperature range up to 900°C to values in
the range of 1°C/min to 10°C/min.

35 The thermal treatment is preferably carried out in an
atmosphere that does not react chemically with silicon

under the prevailing c¢onditions or in & reducing



30 front side of the sem conductor wafer as far as a length of preferably
not less than 8 uminto the interior of the sem conductor wafer and in

whi ch no COP defects and BVD can be detected. 35 The sem conduct or wafer
preferably has an oxygen concentration of not |less than 4 x 1017 atons/cnB
and not nore than 7.5 x 1017 atons/cnB (new ASTM and a resistivity of 1
ohmcmto 80 ohmcm The BVMD density is preferably 5 x 108 to 2 x 1010
cm 3 outside the "denuded zone". 5 Theidi-aneter of the sem conductor wafer
is preferably 300 nmor 450 mm The single crystal yielding the

sem conduct or awaderhers . pultas lgsc ot ot herfe oat hgrCiedhr BIsKimaRdt hed from a

melt 10 cont appgsh idt anChUsibhese alf arguhl 4y Hyakr@gah. Whi ch vacancies are
formed in excess in relation to silicon interstitials. The single crystal

is cooled in the tenmperature range of 1150C to_1000C prefer ablg at a high
cooling rate Im ateterdange| itk 2 hehixd esplecboPt 15h¢ef oS itRat “Rerm

E);sirrﬁl e: (?gm g?j]@é@}@%s%ﬁfk%’ds Gonpesadrof ppnesiyst at | kne u2@eostkdcon

Vert] gal furnBCE B ERE oy Be s 1 E L hS BeROF AL TR RS e " ®

seni conduct or hawateg s vier e Hsareddi n #RBECour SERHP% he & heM&FCgfRat nent to

a tenperat ur ecohcd200Ciouerora fdie1pes i aldar5 10k 100 nitemsThe® seniiconduct or

waf ers were SkégedeEgn‘%hggles x 10" atoms/cm® and having a

10 nanotopography of less than 20 nm, relative to a
circular measurement window having a diameter of 4 mm,
and of less than 40 nm, relative to & circular

measurement window having a diameter of 20 mm.

15 The measurement of the nanotopography is effected in
accordance with the SEMI standard M78.

If the nitrogen concentration is lower than the lower
range limit, the semiconductor wafer stabilization
20 based on the presence of nitrogen is too weak in its
effect. If the nitrogen concentration exceeds the upper
range limit, wundesirable defects induced by nitrogen

occur to an increased extent.

25 One method suitable for producing the semiconductor
wafer is the method in accordance with the second

aspect of the invention.

The “denuded zone” is a zone which extends from the
30 front =zide of the sgemiconductor wafer as far as a
length of preferably not 1less than 8 pm into the
interior of the semiconductor wafer and in which no COP

defects and BMD can be detected.

35 The semiconductor wafer preferably has an oxygen
concentraticn of not less than 4 x 10Y atoms/cm® and

not more than 7.5 x 10Y7 atoms/cm® (new ASTM) and a



crystals which had been pulled in the section of the single crystals that
yields the sem conductor wafers at 30 an average pulling rate of 0.86
rumfmn froma nelt conposed of silicon contained in a crucible and doped
with nitrogen, according to the Czochral ski method, and actively cool ed.
The cooling rate in the tenperature range of 1150 to 1000C was 2.5 K/ mn
in the center and 35 3.2 K/ mn at the edge of the respective single
crystal. - 12 - During the therma 1-treatment, the sem conductor wafers
The roughness profile of the bearing surface was neasured by neans of a
profiler. 10 fiéwizhieriggedir dughmess dept® RAM Ff-t RBScEYR GFNEHEY support
rings used, was |@rgmamgge5ot Bopmdo 3 pmiatd chite loargedt neasur ed

i ndi vidual roy hnecfsd d% th Rmax was not nore than 5 m Furthernore, the
material 15 propottiod (t) of the curved placenent surface at a cutting
depth t of 2 pmwas not |ess than 85%in any of the support rings.

5 The diameter of the semiconductor wafer is preferably
300 mm or 450 mm.

The single crystal yielding the semiconductor wafer is

pulled according to the Czochralski method from a melt
10 contained in a crucible, at a pulling rate at which

vacancies are formed in excess in relation to silicon

interstitials. The single crystal 1is cooled in the

temperature range of 1150°C to 1000°C preferably at a

high cooling rate in order to limit the size of COP
15 defects that form.

Example:

Semiconductor wafers composed of monocrystaliine
20 silicon having a diameter of 300 mm were subjected to a

thermal treatment in a vertical furnace of the type

A412 from the manufacturer ASM. The semiconductor

wafers were heated in the «course of the thermal

treatment to a temperature of 1200°C over a time period
25 of 120 min.

The semiconductor wafers were sliced £from single
crystals which had been pulled in the section of the
single crystals that yields the semiconductor wafers at
30 an average pulling rate of 0.86 mm/min from a melt
composed of silicon contained in a crucible and doped
with nitrogen, accoerding to the Czochralski method, and
actively c¢ooled. The cooling rate in the temperature
range of 1150 to 1000°C was 2.5 K/min in the center and
35 3.2 K/min at the edge of the respective single crystal.



After a tinme period of 1000 process passes, not a 20 single failure ow ng
to the exceeding of the upper limt of the perm ssible nanotopography of
the front side of the sem conductor wafer was observed. The neasurenent of
t he nanot opography was carried out 25 in accordance with the SEM standard
M’8, with a "fixed quality area” (FQA) of 297 mm the "key options" NT-CC
the "threshold area”" x = 0.25% and the "cut-off wavel ength" A = 20 nm
The eval uati on was effected in accordange-with the "deviation netric". 30
Under otherw se identical conditions, sem conductor wafers placed on a
support ring enbbni eth¢ ntherwlddisatienh, t Reei FPRSEIMRAIEATI WoErghre 1 were
al so thermal | yetseatiedacks the eagpopf these sefmmeerducédr swafiees, 35

failures were observed in significant. nunher o] fter .Sl sur enent
and after mea§af ?nﬁﬁﬁéhr¥§%%n% d%%ﬁ?gg%§.éh%)%%bﬁgﬁﬁ%ﬁﬁaé§9§g§§d 4 show
typi cal SIRD inefesuet Za fHid edtsenttoHdiEtsr ®Af BRe aFPRST ta TdBAF conduct or
waf er accos di pgst o deyddaeent ikagrn The deeendedornagessawicnoueteat ed using
a measuring dgg%gggof the type SIRD A300P fromthe manufacturer PVA TePl a.
Local SIRD streésses as a reason for the failure of the sem conductor wafer
are marked in figure 3. The position of the markings shows that the
stresses wer erheoughigrakoust Byothesi nder atiel obedbing samfeerductsr wafer

and i nner edg%egguégfk%ygggﬁg 5%%91nmfiler.

10
The averaged roughness depth Rz, in the case of the
support rings used, was in the range of 3 pm to 5 um
and the largest measured individual roughness depth
Rmax was not more than 5 um. Furthermore, the material

15 proportion Rmr{t) of the curved placement surface at a
cutting depth t of 2 um was not less than 85% in any of
the suppert rings.

After a time period of 1000 process passes, not a
20 single failure owing to the exceeding. of the upper
limit of the permissible nanotopography of the front

side of the semiconductor wafer was observed.

The measurement of the nanotcopography was carried out
25 in accordance with the SEMI standard M78, with a “fixed
gquality area” (FQA) of 297 mm, the “key options” NT-CC,
the “threshold area” x = 0.25% and the -“cut-oIf
wavelength” A. = 20 mm. The evaluation was effected in
accordance with the “deviation metric”. '
30
Under otherwise identical conditions, semiconductor
wafers placed on a support ring embodied in accordance
with the iliustration in figure 1 were also thermally
treated. In the case of these semiconducter wafers,
35 failures were observed in significant numbers both
after SIRD measurement and after measurement of the

nanctopography.



Fi gur esband6show t ypi cal nanot opography neasurenents of the front side of
a failed 15 sem conductor wafer and of a sem conductor wafer according to
the invention. The recorded i mages were created using a nmeasuring device
of the type WaferSight2 fromthe manufacturer KLA Tencor. An exceedi ng of
the | ocal nanotopography as a reason for 20 the failure of the

sem conductor wafer is narked in figure 5. Its position in the region of
the inner edge of the support ring usegsshows that the formof the support
ring is responsible for the exceeding. 25 The semni conductor wafer
illustrated in figure 5 had a nanotopography of 8.68 nm relative to a

measur ement %\?\?&%é"%’i 084 a4 disanRpt %;yp%aﬁ Bikp and=9ds 565 56 mAL14€l ative to
a measur enent ndow havi ng afdlane r o% 20 mm_Jn the case of _the :
seni conduct or SAEFEIHEESFdi HGE3D t 8¢ heT nvent PO &8 11T USt r &F6@ in figure
6, the correspondidingeasutbd iakaesiME¥eTh$4genﬁ¥dﬁﬁdim®9@i e e
;:ﬁ?gg;hxg%g'cré?géh'ué%%%eﬁémg%§ﬁfﬁhg:heﬁécﬁrﬁpofﬁeriiﬁkf%?RDSRBDQPting a

r waf er conposed of nonacr a ne_siligcon ri.n 5
t her mal t r eat neh?Bf PHe SR CEREBEE or fﬁggh%o%ﬁF?gi%%&gﬁﬂg%Fgﬁga%% an i nner
| at eral surf aeeraasbra Tur tbéd failure of the semiconductor wafer are

marked in figure 3. The position of the markings shows

that the stresses were brought about by the interaction

10 of semiconductor wafer and inner edge of the suppert

ring.

Figures 5 and 6 show typical nanotopegraphy
measurements of the front side cof a failed
15 semiconductor wafer and of a semiconductor wafer
according to the invention. The recorded images were
created using a measuring device of the type
WaferSight2 from the manufacturer KLA Tencor. An
exceeding of the local nanotopography as a reason for
20 the failure of the semiconductor wafer 1is marked in
figure 5. Its position in the region of the inner edge
0of the support ring used shows that the form of the

support ring is responsible for the exceeding.

25 The semiconductor wafer illustrated in figure 5 had a
nanotopography of 8.68 nm, relative to a measurement
window having a diameter of 4 nm, and of 55.56 nm,
relative to a measurement window having a diameter of
20 mm. In the case of the semiconductor wafer according

30 to the dinvention as illustrated in figure 6, the
correspending measured values were 4.48 nm, and

10.01 nm, respectively.



surface extending fromthe outer to the inner lateral surface and serving
for the placenent of the 10 sem conductor wafer with a radius of curvature
of not |ess than 6000 nm and not nore than 9000 mm if the surface is
designed for the placenent of a sem conductor wafer having a dianeter of
300 mMmm or with a radius of curvature of not |ess than 9000 nm and 15 not
nore than 14 000 mm if the surface is designed for the placenent of a

sem conductor wafer having a dianeter of 450 nm 2. The support ring as
claimed in claim1, wherein 20 the curved surface has an averaged
roughness depPatent Slad@e | ess than 3 pmand not nore than 5 mand a

maxi mum i ndi vi dual roughness depth Anmax of not nore than 5 pm 25 3. The

support ring ?§ cl ai ned igEgl%iﬂgl . cgﬁ%ééé%ﬁﬁgge%eigbﬁﬂy%nggeggg surface

has a_nateria propoFPPBﬁ of not _ 85% 1 n the case of a
material dept Kafedf @mprssd LTha@BeFEEFtattify asietaPred i 8ny®of cl ai s
1 to 3, wheretpethe surdragembotm offt hetreur vedmsurfdos.drs nekfrpre t han

0.03 mm 5. The %ﬁg ort ring as clained in any of clainms 1 to 35 4, wherein
a

the external df ar “of the support ring is e%yal to the dianeter of the

semi conduct or 2haftesr ans greatt®Pehy WF G Inct ErE t31%h 2 MW VERd the

internal - lburface extending from the outer to the inner lateral
surface and serving for the placement of the

10 semiconductor wafer with a radius of curvature of not

legs than 6000 mm and not more than 2000 mm, if the

surface is designed for the placement of a

semiconductor wafer having a diameter of 300 mm, or

with a radius of curvature of not less than 9000 mm and

15 not more than 14 000 mm, if the surface is designed for

the placement of a semiconductor wafer having a

diameter of 450 mm.

2. The support ring as claimed in claim 1, wherein
20 the curved surface has an averaged roughness depth Rz
of not less than 3 pm and not more than 5 pm and a
maximum individual roughness depth Rmax of not more

than 5 pm.

25 3. The support ring as claimed in claim 1 or claim 2,
wherein the curved surface has & material proportion
Rmr (t) of not less than 85% in the case of a material
depth t of 2 num.

30 4. The support ring as claimed in any of claims 1 to
3, wherein the surface form of the curved surface is

not more than 0.03 mm.

5. The support ring as claimed in any of claims 1 to
35 4, wherein the external diameter of the support ring is
equal to the diameter cof the semiconductor wafer or is

greater by up to not more than 2 mm, and the internal



di aneter of the support ring is not |ess than 60 mmand not nore than 100
mm smal |l er than the external dianmeter. 5 6. The support ring as clainmed in
any of clainms 1 to 5, consisting of silicon carbide or coated with silicon
carbide. 7. A nethod for the thermal treatnent of a 10 sem conduct or
waf er conmposed of nonocrystalline silicon, conprising the placenment of the
sem conduct or wafer on a support ring as clained in any of clains 1 to 6
and the heating of the sem conductor-wafer placed on the support ring to a
tenperature of not |ess than 15 1050C and not npre than 1300C for a tine
peri od of notdimmstathai 3benbApR@Rt HoImdFe Phabe3BO- 1AM .00 B™ ARduncoat ed
sem conduct or p¥af efoeonpesed of coaRocraedlaldri nehshl | car hawitegnal " denuded
zone", havingd20 ni trogen concentration of not less than 1 x 1013
atons/cnB and ﬁ%@g%%?e than 8 x 1014 atons/cnB and havi ng a nanot opogr aphy
of the front side of the sem conductor wafer of less than 20 nm relative
to a circudar gireasiiLRippovi-ndenghayi oladnd anetery off 4lamsahdtof 25 |ess
than 40 nm relalive 19,3 ¢lrgyh 2L ATanyiauent wadaw ayl ngiacdhameter of

20 mm

carbide.
7. A  method for the thermal treatment of a
10 semiconductor wafer composed of monocrystaliine

silicon, comprising the placement of the semiconductor
wafer on a support ring as claimed in any of claims 1
to 6 and the heating of the semiconductor wafer placed
on the support ring to a temperature of not less than
15 1050°C and not more than 1300°C for a time period of

not less than 30 min and not more than 180 min.‘

8. An uncoated semiconductor wafer composed of
monocrystalline silicon having a “denuded zone”, having
20 a nitrogen concentration of not less than 1 x 10%?
atoms/cm® and not more than 8 x 10" atoms/cm’ and having
a nanotopography of the front side of the semiconductor
wafer of less than 20 nm, relative to a c¢ircular
measurement window having a diameter of 4 mm, and of
25 less than 40 nm, relative to a circular measurement

window having a diameter of 20 mm.



