Support ring for supporting a semiconductor wafer composed of monocrystalline silicon during a
thermal  treatment, method for the thermal treatment of such a 5semiconductor wafer, and
thermally treated semiconductor wafer composed of monocrystalline silicon The claimed invention
resides in the field of the thermal treatment of monocrystalline semiconductor 10 wafers composed of
silicon. The thermal treatment is generally carried out in a vertical furnace ("wafer boat"). In such a
furnace, a multiplicity of semiconductor wafers are simultaneously heated to high temperatures over a
relatively long time period. In 15 this case, they bear én-support rings in a manner stacked one above
another and spaced apart from one another. Such a support ring ("susceptor ring") generally consists
of silicon carbide and has the task of supporting the semiconductor wa ing thereon 20 during the
thermal treatment. TheSRPBF4 tﬁéﬁ?\a%)ﬁ’éamﬁ?ﬁtt’o“ﬂro%&?%lzc@ﬁe cEfglnu <(Bl’g‘zone") for
electronically active strmsaresinwbictrentetisstei tresgfdderfotpaiRtefordfai®®’s semiconductor
wafer and is free of defggismatich geulthdisturb thefuricion0f eleetsoniendomporents. Buch defects

are, in particular, accumulatigns of psecipiiatesk pXYgeRnBMB 4ibulk ngicee defaays”) and defects which
are formed by accumulations of vacancjes 30 and are,| ref rred to mterc alia, as CQP.defects (“crystal
originated particles™ SRS FEETEOF the BTG A Freatment. BWB forfhing niclel and COP defects are
resolved and the oxygen concentration in the zone is decreased below the threshold necessary for
BMD 35 formation.Ti&e largemthe sizereh€COP defeets ¢ive |dmgettilte tifieehdeded tosbeé able to

resolve them by means of a thermaktreatment of the-semiconducior waferefherefote it is expedient,
aseaﬂyasd%%ngtm%%%@nQBEgg%ggg@f silicon. The thermal treatment is
generally carried out in a vertical Iurnace {(“wafer
boat”) . In such a furnace, a multiplicity of
semiconductor wafers are simultaneously 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. Such a support ring (“susceptor ring”)
generally consists of silicon carbide and has the task
of supporting the semiconductor wafer lying thereon

20 during the thermal freatment.

The aim of a thermal treatment 1s to provide a zone
(“denuded zone”) for electronically active structures
which extends from the surface into the interior of the
25 semiconductor wafer and is free of defects which could
disturb the function of electronic compenents. Such
defects are, in particular, accumulations of
precipitated oxygen, BMD (“bulk micro defects”) and
defects which are formed by accumulations of wvacancies
30 and are referred to, inter alia, as COP defects
(“erystal originated particles”). As a result of the
rhermal treatment, BMD-forming nuclei and COP defects
are rescived and the oxygen concentration in the =zone
is decreased below the threshcld necessary ZIor BMD

35 formatiocn.



5 crystal yielding the semiconductor wafers from a crucible, to implement measures which can give
rise to COP defects having comparatively small dimensions. For this purpose, two measures are
usually taken into consideration, which can also be combined. Firstly, 10 rapid cooling of the single
crystal prevents vacancies from remaining mobile long enough to be able to agglomerate in
comparatively large COP defects. Secondly, doping the single crystal with nitrogen has the effect that,
during the cooling of the single 15 crystal, vacancies become supersaturated later and correspondingly
less time is available for the formation of the vacancyZaccumulations. At the temperatures in the range

of 1050C to 1300(:1%0 .which [%reé/ﬁitl d%r;neq the thermal ggg{@ren{,h@elgxgal lattice of monocrystalline
IStur, '

. . . = ;afr\?e
silicon is particularly sensitive to ances. Temperature gradients, rela%:/e m&/emeqts of

semiconductor waféf &RECsUish &t rifg Gwiny toedifrerent<oetficiéntsaf thefmal 25 eXpatision of silicon
and silicon carbidetarh theeiritringic Weighsteotthershracondugtor wafEP pEEssiAg ontd- theSsupport ring
can initiate slip in the;grystahlattiee ok cauge seratchesg 3@ Meastrements Dftasersscagered light or

measurements; of the depolarizationsof laset ight are-usually used for the detection-of steesses and
slip. The measurement rrkeltgo based 03[16%13 latter ogtion is kpown b<1y the acron¥mS§IRLI%, which
i 4

stands for "Scannirg Ihfrared 350epolarization”. 0% 2004/0051097 Aldesctibesa measurement method

employing SURD v#i&h 88A%56 tiséd 1 'deteelBafettd BRSenEanductorfaiérdWhichre caused by
the support ring. DEHEG:2005:013:831 Aldisclusesthatisothtiye 5 tesrperbturetdiitig the tisermal
treatment and the concenteation: efnitregenin the senicendustor wafer have a particular, influence on

the upper yieldstress (LYS), The DYEs 4,charagteristic vasiable fordhe esistance.ofithe
semiconductor material to the 10 formation_of slip. ccordinglgh the r%%stalgge daeoqgas%% significantly

in the temperature farige of THOOETFI35HE Hikewise With &'redtction of the

agglomerate in comparatively large CoPp defects.
Secondly, doping the single crystal with nitrogen has
the effect that, during the cooling of the single
15 crystal, vacancies become supersaturated later and
correspondingly less time is available for the

formation of the vacancy accumulations.

At the temperatures in the range of 1050°C to 1300°C
20 which prevail during the thermal treatment, the crystal
lattice of menocrystalline silicon is particularly
sensitive to disturbances. Temperature gradients,
relative movsments 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 Meazgurements of laser scattered light or measursments
of the depolarization of laser light are usually used
for the detection of stresses and slip. The measurement
method based on the latter option 1is known Dby the
acronym SIRD, which stands for “Secanning Infrared

35 Depolarization”. Us 2004/0021087 Al describes a

measurement method employing SIRD which can be used to



nitrogen concentration. In order to treated semiconductor wafers 15 monocrystalline silicon which
exhibit SIRD measurement, the cited document the upper yield stress measured at 1200C as a
criterion for carrying treatment obtain thermally composed of no slip during an recommends using a
temperature of out the thermal 20 comparatively high heating rates in the temperature range of above
900C and/or comparatively high cooling rates in the temperature range up to 900C and the use of a
closed ring as support ring during the thermal treatment are suitable rather only for relatively 25
resistive semiconductor wafers. JP 2003059851 A tde3cribes a support ring, comprising an inner and

an outer lateral surface, a hggzggt@g syface for.the placement.of the semiconductor yafer 30 and a

rounded or beveled edge between th € |nner lateral surface and the horizontal placement surface. The
distance Ry betwe&H t#’é%@ﬁg&oﬁ and the deepest valley within a measurement section detecting
the roughness of the edge is not greater than 5 um. 35 in the form of the averaged roughness depth
Rz is intended to bematimadé thar 155AM. 28 semicdaductorswaferidemposedbatsiliconhwhich was

heated on such a support-Hng.at a tlempefdturehe  thermal treatment and the
concentration of nitrogen in the semiconductor wafer
have a particular influence on the upper yileld stress
(UYS)y. The UYS 1is a characteristic wvariable for the
resistance of the semiconducter material te the

10 formation of slip. Accordingly, the regigtance
decreases significantl in the temperature range oI
1000°C to 1350°C, likewise with a reducticn of the
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 document 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. hocoordingly,

20  comparatively high heating rates in the temparature
range of above 900°C and/or comparatively high cooling
rates in the temperature range up to 900°C and the use

of a closed ring as support ring during the thermal
treatment are suitable rather only for relatively

25 resistive semiconductor wafers.

JE 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 hkevelad edge betwesen the inner lateral
surface and the horizontal placement surface. The
distance Ry Dbetween the highest peak and the deepest
valley within a measurement section detecting the
roughness of the edge is not greater than 5 um.
35
EFP 1 772 2901 AZ contains the description of a two-part

support ring, the surface roughness of which expressed



5 of 1200C over a time period of GOO min, exhibited, after the thermal treatment, no slip detectable by
means of laser scattered light or depolarization of laser light. The inventors of the present invention
have found, however, that semiconductor wafers composed of monocrystalline silicon, with 10 the use
of known support rings during a thermal treatment, are exposed to stresses which can adversely affect
the nanotopography of the front side of the semiconductor wafer. Therefore, embodiments of the
present invention seek to present 15 an improved support ring, to disclose a better method for the
thermal treatmiht@dfe SemicofdustorwafEesnposgdrefomoiaetysatines silicomaad te provide an
improved thermallyireated semicendustarwaler eempeses ofimongspstalling silicon. 20According to

the first aspectgf the.inveation, faere.ds, PLovided, a.8upRQRIINg for sypporting a semiconductor wafer

isi ili | treat t of th emlg(;%%“%:%rawa er, the support
comprisipg mooné)clrélalégjlép%égg:coan QUQ” | a thermal_treatmént of the Sej : pp

ring having an external diameterand an mterna tmeter, o pRighga iy havirFahS5 outer and
an inner lateral SEFARE ahBeR tURED sitfacé B&entiiG flofh Hfe duteresth® imrfer kiterat surface, the
curved surfacesehingdor platement dtacsemiconductoowalerseheragnthe curved surface has a
radius of curvature of not less than 6000 mm and not more than 9000 mm, if the curved surface is

designed 30 fpxplacement of gisericonauctor wafer having a, diameter 6f 300 mm. or has a radius of

I, : :
curvature of ngt less than 9000 mm and not more than 14,000 mm, if the curv,ecfsur ace is designed
for the placem%nntllo a (s%rcr%ggn%g%orrsw% er ﬁ&@m&%ﬂ RiETer Or 450 Himt” A Wher&irt the curved
surface'fas a AR HrogBHIBh SSRAMS SrAcedsthan oo araahatafaraepth t Fe Am.
According to therssshd dspectebtrsirwentiba cliherecisprovidtesaaethod f6ethe themmal treatment

of a semicondusterwaterabmpnecrysialline-siticendeoswrising placingthesesmiceneductor wafer on a
support ring having an external diameter 40and an internal diameter, comprising a ring having an outer

and -4a - Therefore, embodiments of the present invention seek to present

15 an improved support ring, to disclose a better method for the
thermal treatment of a semiconductor wafer composed of
monocrystalline silicon and to provide an improved thermally
treated semiconductor wafer composed of monocrystalline

silicon.

20 According to the first aspect of the invention, there is provided
a support ring for supporting a semiconductor wafer comprising
monocrystalline silicon during a thermal treatment of the
semiconductor wafer, the support ring having an ~external
diameter and an internal diameter, comprising a ring having an

25 outer and an inner lateral surface and a curved surface extending
from the outer to the inner lateral surface, the curved surface
serving for placement of a semiconductor wafer, wherein the
curved surface has a radius of curvature of not less than 5000
mm and not more than $000 mm, if the curved surface is designed

30 for placement of a semiconductor wafer having a diameter of 300
mm, or has a radius of curvature of not less than 9000 mm and
net more than 14,000 mm, if the curved surface is designed for
the placement of a semiconductor wafer having a dizmeter of 450
mm, and wherein the curved surface has a material proportion

35  Rmr{t) of not less than 85% at a material depth t of 2 um.

According to the second aspect of the invention, there is
provided a method for the thermal treatment of a semiconductor
wafer of monocrystalline silicon, comprising placing the
semiconductor wafer on a support ring having an external diameter

40 and an internal diameter, comprising a ring having an outer and



an inner lateral surface and a curved surface extending from the outer to the inner lateral surface, the
curved surface serving for placement of a semiconductor wafer, wherein the curved 5 surface has a
radius of curvature of not less than 6000 mm and not more than 9000 mm, if the curved surface is
designed for placement of a semiconductor wafer having a diameter of 300 mm, or has a radius of
curvature of not less than 9000 mm and not more than 14,000 mm, if the curved surface is designed
for the placement 10 of a semiconductor wafer havﬁ‘ﬁg”a diameter of 450 mm, and wherein the curved
surface has a material proportion Rmr(t) of not less than 85% at a material depth t of 2 Am and heating
the semicond@&torwater posithethvhate sopportyingth suefaperatdrerciimgt lessthdre 1050 C. and

not more thanci3ee Go hforiatisre periachof sof fess tham30-min-endaet meresthan 480 min.
According to the:thigd aspeatof the igvention.dhere is proyiged anyncoated sgmiconducior wafer
having adfront side and,a Back side, composed of monoetystaline sficonhaying a deiuded zone 20
on at least oné surace theréof. formed by & heat freatment, the Silicon wafer Raving a nitrogen

concentration S0t 168% 10AA 014 ABmSAAMehATTGERdre fran Bad faAERRIEH 4nd having a
nanotopograpby &f #RrentSie of the Semicontucter Wefae belessttii® 20mnrrelbtivedo a circular

measurementrainidow havingv25 ardiarfeter-of. 4 yamand desw than ﬁQinﬁ_bteE@&yé mﬁircular
measurementwingoyhaving a diapeteref 20rm-dn:acerrdancevith.a first gmbadiment of the

inventiop, thetg1s pioYided, A SUBROILING foL supparting 2 Semicanglior waltr composed of
monocrystalllne silicon uring at ermal treatmen of the semiconductdr Wwa er, comprising an outer

and an inner |56 a1 S0HECS BhoPE BUIE PSS TIREES Bty Foh thB Ut 8RNkt dateral surface
and serving forife phicenient f the serarcbndisetor wafep it a vadigs 6f dewalme ofmot less than
6000mm and setimoreitharrH00t fm, il sturface isdesighed support ring to a

Temparature of not less than 1050° C. and not more than 1300° C.
15 for a time period of not less than 30 min and not more than 180

min.

According to the third aspect of the invention, there is provided
an uncoated semiconductor wafer having a front side and a back
side, composed of monocrystalline silicon having a denuded zone
20 on at least one surface thereof, formed by a heat treatment, the
silicon wafer having a nitrogen concentration of not legs than
1x10** atoms/cm’ and not more than 8x10™*atoms/cm’® and having a
nanotopography of the front side of the semiconductor wafer of
less than 20 nm relative to a circular measurement window having
25 a diameter of 4 mm, and less than 40 nm relative to a circular

measurement window having a diameter of 20 mm.

In accordance with a first embodiment of the invention, there
is provided a support ring for supporting a semiconductor wafer
composed of monocrystalline silicon during a thermal treatment
30 of the semiconductor wafer, comprising an outer and an inney
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 3000 mm, if the surface is designed
35 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,



35 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. A semiconductor wafer composed
of silicon placed on a support ring sags on account of its own weight because the support by the
support ring is absent in the 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 the placement of a semiconductor
10 wafer, even if the inner edge between the horizﬁnl%l‘placement surface and the inner lateral
surface is rounded. The sagging of the semiconductor wafer leads, in particular in the region of the

inner edge of the support ,rind([;d égc stress field t@%'%n %Cgsl#grly??rinﬁsﬁg C%Jgollgagli%dﬂb%thgrmal
ial sr ' |

treatment of the semiGSRAUCIOr WaTer simultaneousty also effects parti oothing of the
unevennesses broBgRPABBUEBY 3liF 2 PRerstoreCSAER SIif oftbhcarifibt bR dEtecet HitiTever, it leads
to an impairment of the nammtopagraphy of the sepriconductorR0 WaferRRERT appropiiate, to
defocusing prableras ghuring thesexpaosure 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 sgatial v%/ay?&len%th of 0.2 tp 20 mm. An expedient meagurement method
for determining the TinotBpaGFapiy iR optical Mtértérometry. Measuring devices based thereon are
commercially availdble. 16 therdoiitexesithe irfveritih, the MRRtBpOgrapiy? of ¥ie Hoht side of 30 the
semiconductor wafes is measuredin Drder twchataeterze-thesflatness of skerfrom &ide and in order to

be able to estimate, the-effect ofthesthernal treatmentapdhe.tatness. the frentsiderafihe
semiconductor wafgt is the side provided for fhe 35 integrafion of glechionic sruetwes. : o
rounded. The sagging of the semiconductor wafer leads,
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 treatment of the semiconductor
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 t@e fabrication of
electronic components. The nanotopography describes
flatness deviations in & measurement range with a
25 spatial wavelength of 0.2 <to 20 mm. An expedient
measurement 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 1s measured 1n order to
characterize the flatness of the Zfront 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 electronic structures.



Figure 1 shows, in a sectional illustration, a support ring associated with the prior art. This support ring
is characterized by a horizontal surface 1 for the placement of a semiconductor wafer. 5 Figure 2
shows a support ring embodied according to the invention. This support ring is a closed ring and is
distinguished by a concavely curved surface 4 for the placement of the semiconductor wafer. The
concavely 10 curved placement surface extends from the outer lateral surface 2 to the inner lateral
surface 3 and therefore does not have a horizontally situated portion. It has a cross section forming
concavely from the outer to the inner lateral surface. Ehe radius of curvature of the 15 placement
surface 4 is not less than 6000 mm and not more than 90100,r%nm1, ijthqglacement surface is designed
for the placement df #8&fhicontitidtsr wafer haling a didimeter of 300 i, or Aot16ES tHan 9000 mm
and not more than 147@00eA®ACH He PlaéeRient Barface 93 26 HesighedSfor i place et of a
semiconductor wafekhaying acdiapietes of kb0 annt; @nidzprefetablycoreespondsiorthectadius of the

sagging of the sem%p%&gggv\@geg As.afesult, the-stressfield 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 is significantly lower than with the use of a support ring having

a completely or parfiy$ibifzontaliatefetit 2Rirface™ The (E&8F ASUIPOT g &Mbddied according 30
to the invention affodsetheiadvantage ofsaiowertdensity of defeciiorifghtabdut By stresses, which is
also manifested in an improvedmanompographyefthefrantside otthefthermallytreatede

semiconductor Waf%&és@er&@ag”e curved surface-for the purposg-ofdhe thermal drgatment, or greater by
up to not more than 2 mm, The intrenrnn I diamgtaecr oféggesucpéoo;t_vgng %%Qreggg%qufg%é ss than 60 rum
and not more than T80 im Smaller than b the exterrial diameter. 1hé Support ring preferably consists

-~

of silicon carbide orsidTEGHted Wiftsili€6n dartide. LB Ri& furtiiémiGie ddvilitagéaus it ihe curved
surface for the placementroftthessemicohductorviafer satisfies specifieroughness aiesflatness criteria.
The averaged roughress depth Rz-sheuldipreferafly-be=1y from the outer to the
inner lateral surface. The radius of curvature of the
15 placement surface 4 1is not less than 6000 mm and not
more than 9000 mm, if the placement surface is designed
for the placemenﬁ of a semicoenductor wafsr having a
diameter of 300 mm, or not less than 8000 mm and not
more +than 14 000 mm, if the placement surface 1is
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 is
significantly lower than with the use of a support ring
having a completely or partly horizontal 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 suppert ring is preferably

egual “o the diameter of the semiconductor wafer placed



15 not less than 3 pm and not more than 5 pm and the maximum individual roughness depth Rmax
should preferably be not more than 5 um. The averaged roughness depth Hz 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 section subdivided
into five individual measurement 25 sections. A roughness characterized by an averaged roughness
depth Hz of less than 3 pm is less favorable because’it promotes the slipping of the semiconductor
warfer on the support ring. A roughness pharactegzed by an avgra%ed royg[ggesstgegw Hz of over 5
pm entails the 30 ridk ofK5caf MateTialPoint Edvetsely afre&iig the ndhotopography Stthe thermally
treated semiconduttoravarkrs, FOrtherheeies thé naterialpropbritir Rmir(tof théB5 ctiifed placement
surface at a cutting: deptirtof 2 prshedldriothe lesgthan:85%: 0 hiesclraratteristicyvalag is defined in

DIN EN ISO 4287 and dengies the wPeseentage prepartionLkearing proportion):mageaup by the
material-compgjsin%sectiopsrirll trlleégtaal Mmeasurement section at the specified cutting depth. The latter
is calculated from htﬁeeﬁxlgjﬁés‘f—ipea[? of th profile. An Rmr (2 pm) of less than 85%, in particular of
less than 50%, is not favorable because the small material proportion is an indicator of the presence of

local material pointSrandscomesponding\rdisadvahtageoshy affeciaitheindifstopegiaptifof the
thermally treated 10-semiconductor wafeks. 1adbe caserdfan Rmr (2 Am) of not less than 85%,
material peaks are wider and rounded rather than tapering to a point. Ultimately, the support ring

should be sh%%ed %stidggllyfas ossible. In order Lpat the naq(%to%%%ra%ke%gfeg}egﬁ%asgge of

urthermore advantagecus
for the placement of the semiconductor wafer satisfies

specific roughness and flatness criteria.

The averaged roughness depth Rz should preferably be
15 not less than 3 um and not more than 5 pm and the
mazximum  individual roughness depth Rmax should
preferably be not more than 5 um. 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 sectlon). The individual
roughness depths are determined with the aid of a
roughness-mapping profile over a total mneasurement
section subdivided dintc five 1individual measurement
25  gsections. A roughness characterized by an averaged
roughness depth Rz of less than 3 pum 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 peoints adversely affecting the
nanotopography 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

ig defined in DIN EN IS0 4287 andl denoctes the



15 thermally treated semiconductor wafers reliably remains in the range striven for, the placement
surface should deviate by preferably not more than 30 pm from a geometrically ideally shaped surface,
the radius of curvature of which lies in the stated range. The surface form in accordance with the DIN
ISO 20 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 which is determined by
spheres having a diameter of 30 pm, wherein the midpaint of the spheres lies on the geometrically
ideal surface. 25Upon complying with the stated criteria, thermally treated semiconductor wafers
composed of mencenystatine siticort: have the somparatively bestnanotopographyof the=front side.

In accordancenwith & secerdembodimentof thesinvertion Jhese isdqrovided.a methad for the thermal

treatment of aaerpicongucior 30walet compans af maoaystaline silican. opgsing fre placement

of the segnicor&uecg%r v%%fer on a support ring, which has_an outer and an_inner lateral surface and a

W

curved stirface ektendinig from e outdttd ﬂguoef frirer I%fe?glrsJﬁa‘é%)aﬁa &G 18P e Placement of
the 5 semicondBicRiAvafet. aRdthelfeating Bt Sendieonaticlor Wwaker adss satthetdifpport ring to a
temperature ofnat lessthan. 2050Coand Nicimaore tran 4800&-tor avtimepenod 9fmot less than 30 min

and not more thai: 18@4ai. 1011 e lewentemperatura- imiiis Not reached of ithetime period of the
thermal treatmntds shortet,than, 30, mig, ng. denyded zone’,arises, ar 4 "denuded zane" arises which

does nat extend deegrlly enough into the 15 mtgrior of the semiconductor wafer. If the upper
emi CoIrdu (?or

temperature limif 1S exXeesded ot if the time perod o the théin Al reAfmdht iS ToRGEr #741F 180 min, the
method beconi&&RinBednoffE 226 ThebPififodiccal e HhtimtisHetBY4Re Faiththat &f@fa such as the
upper yield strezseofithe semicamductor wafer material or the heating rate in the temperature range
above 900C or the cooling rate in the temperature range up to 900C do not have to be 25 taken
particularly intgaceaunt; Thus,even semicondugloryalers having.a comparafugly,lgw.concentration
of nitrogen Ca?)c?se st:ﬂ)efcren .alp{ltlcfaer gg \?,:Vﬁgg ugﬁgena(?zg@@cgggg%fa%{% cf the front gide of
15 thermally treated gsemiconductor wafers reliably remzins in the
range striven for, the placement surface should deviate by
preferably not more than 30 um from a geomstrically ideally
shaped surface, the radius ¢f curvature of which lies in the
stated range. The surface form in accordance with the DIN I80
20 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 which i1s determined by
spheres having a diameter of 30 um, wherein the midpoint of the

spheres lies on the geometrically ideal surface.

25 Upon complying with the stated criteria, thermally treated
semiconductor wafers composed of monocrystalline silicon have

the comparatively best nanotopography of the front side.

In accordance with a second embodiment cof the invention, there
is provided a method for the thermal treatment of a semiconductor

30 wafer composed of monocrystalline silicon, comprising the



30 It is nevertheless preferred to set the heating rate in the temperature range of above 900C and the
cooling rate in the temperature range up to 900C to values in the range of 1C/min to 10C/min. 35 The
thermal treatment is preferably carried out in an atmosphere that does not react chemically with silicon
under the prevailing conditions or in a reducing - 10 - atmosphere. Examples include a thermal
treatment in argon or in a mixture of argon and hydrogen. In accordance with a third embodiment of
the invention, there 5 is provided an uncoated semiconductor wafer composed of monocrystalline
silicon having a "denuded zone", having a nitrogentohcentration of not less than 1 x 1017 atoms/cm'

and not more than 8. 1014 actog@/c,‘crp'eag%g%@@l%g&%qptgggg@p&y qf Ig&gg@gg 20.0m, relative to a

circular measuremgﬁtévc\:/iandﬁor%/v having 10a diameter of 4mm, and of less than.40 nm, r ative to a
circular measurem&RtWIhddOWh&Ving A-Gianfster W&WFT&@W@&?M@%%%%? thaengaﬁotopography
is effected in accordante WitAuhEaSEMEstaigHraaV 78 a4k th&Hitrogere Eoricentréiioniig Bier than the
lower range 15 limitz the-semicontuctor avafersstabilizaticrvbasedonpilespresence Of nitrogen is too

weak in its effect. Ifthe:nitrogen.cancentration excegds the:ypper range liyit, updesirable defects
induced by nitrogen, gceur [o,an ncreased extgnt, . Qneipetpdsuitapleforprodygingthe ,
semiconductorwaferisthe %)met%od in accordance with the second embodiment of the invention.
temperature of not less than 1050°C and not more than
1300°C for a time period of not less than 30 min and
not more than 180 min.
10
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 into the
15  intericr of the semiconducter wafer. If the upper
vemperature limit is exceeded or if the time period of
the thermal treatment is longer than 180 min, the

method becomes uneconomic.

20 The method is also distinguished by the fact that
criteria such as the upper vield 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 9%00°C do not have to be

25 taken particularly into account. Thus, even
semiconductor wafers having a comparatively low
concentration of nitregen can be thermally ftreated

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 wvalues in

the range of 1°C/min to 10°C/min.

35 The thermal treatment 1s preferably carried ocut in an
atmosphere that does not react chemically with silicon

under the prevailing conditions or in a reducing



The "denuded zone" is a zone which extends from the front side of the semiconductor wafer as far as
a length of preferably not less than 8 im into the interior of the semiconductor wafer and 25 in which no
COP defects and BMD can be detected. The semiconductor wafer preferably has an oxygen
concentration of not less than 4 x 1017 atoms/cm' and not more than 7.5 x 101" atoms/cm3 (new
ASTM) and a - 11 resistivity of 1 ohm cm to BO ohm,gm. The END density is preferably 5 x 108 to 2 x
1010 cm3 outside the "denuded zone". 5 The diameter of the semiconductor wafer is preferably 300
mm or 450 mratThemsiagke: cryStalnpe kiind thé wéenreorikicreriwhfesissulied aceoatingdo the
Czochralski methed from aremelttl @ contained maieadeible, at a pulling rate at which vacancies are
formed in excess in relation to silicon interstitials. The single crystal is cooled in the temperature range
of 1150C to 1990€ preferably 2 high qoling Late jn,order to Jimit the size of COP 15 defects that
form. Example,:nSemlconc?uctor waferscompose oTD,monocrystaIIlne
5 is provided an uncecated semiconductor wafer composed of
menocrystalline silicon having a "denuded zone®, having 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
less than 20 nm, relative to a circular measurement window having
i0 a diameter of 4 mm, and ¢f less than 40 nm, relative to a circular

measurement window having a diameter of 20 mm.

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

If the nitrogen concentration is lower than the lower range
15 limit, the semiconductor wafer stabilization based on the
presence of nitrogen is too weak in its effect. If the nitrogen
concentraticon exceeds the upper range 1imit, undesirable

defects induced by nitrogen occur to an increased extent.

One method suitable for producing the semiconductor wafer is the
20 method in accordance with the gecond embodiment of the

invention.

The "denuded zone" is a zone which extends from the front side

of the semiconductor wafer as far as a length of preferably not

less than 8 um intc the intericr of the semiconductor wafer and
25 in which no COP defects and BMD can be detected.

The semiconductor wafer preferably has an oxygen concentration
of not less than 4 x 10" atoms/com® and not more than 7.5 x 10V

atomz/cm®  (new ASTM) and a



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 1200C 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, according to the Czochralski method, and
actively cooled. The cooling rate in the temperature r’a]ng‘e of 1150 to 1000C was 2.5 K/min in the

center and 35 3.2 K/mir @E%ec?dg)eﬁ ofithe respective singleigrysial. 12 - Buringthesthgrmal
treatment, the semjconductor Waﬁ[rs W%re si%atedfon sgpgor{ @agcs: £cempos .%fesiliccqpecarbide which

were embodied in tHe nanmet ifistiated in figure 2. The“extefnal diameter of the support rings 5 was 1

nm greater than th&<diaHfaer 8Pffe semiconductor wafers. The roughness profile of the bearing

surface was measured by means of a profiler. 10 The averaged roughness depth Rz, in the case of

the support rings usgd, was:in the range:of3 pranoh wan andthe largestimeasureehindividual

roughness depth quxmvyﬂasogog mere than 5 pm. Furthermore, the material 15 proportion Rmr(t) of the
r

curved placement surface at a cutting depth t of 2 pm was not less than 85% in any of the support
rings.
The single crystal yielding the semiconductor wafer is

pulled according to the Czochralski methed 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 is cooled 1in the
temperature range of 1150°C to 1000°C preferably at a
nigh cooling rate in order to limit the size of COP

15 defects that form.
Example:

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

thermal treatment in a wvertical furnace of the type

A412 from the manufacturer ASM. The semiconductor

wafers were heated in the course c¢f 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, according to the Czochralski method, and
actively cocled. The coocling 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 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 nanotopography was carried out 25 in accordance with the SEMI standard
M78, with a "fixed quality area" (FQA) of 297 mm, the "key options" NT-CC, the "threshold area" =
0.25% and the "cut-off wavelength" kc = 20 mm. The evaluation was effected in accordance with the
"deviation metric". semiconductor in accordance with the illustration in figure 1 were also thermally
treated. In the case of these semiconductor wafers, 35 failures were observed in significant numbers

both - 13 - Figureg,3,and 4 showtypical SIRP-images of a failed-semiconaucier wates.and of a

semiconductor wafer according.to.the inventjon, JThe recarded images were.3 created-using a
measuring device o?f:he,t pe SIRD A300P from the manufacturer PVA TeP] .lliogcal SIRD stresses as

a reason for the faiffire’a e'Senficoridactoriater &fe rﬁ{alrkgaefnﬂﬁlﬁﬁpeeé The position of the markings
shows that the strelsseSiwafebroughtabotit by the ifferaelién ©f the support rings

5 was 1 nm greater than the diameter of the semiconductor

watfers.

The roughness profile of the bearing surface was
measured by means cof a profiler.
10
The averaged roughness depth Rz, in the case of the
support rings used, was in the range of 3 pm to 5 unm
and the largest measured individual roughness depth
Fmax was not more than 5 um. Furthermcore, the material
15 propeortion Rmr(t) of the curved placement surface at a
cutting depth t of 2 um was not less than 85% in any of

the support rings.

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

side of the semiconductor wafer wasgs observed.

The measursment of the nanotopography was carried out
25 in accordance with the SEMI standard M78, with a “fixed
quality area” (FQA) of 287 mm, the “key optiocns” NT-CC,
the “threshold area” x = (.25% and the T“cut-off
wavelength” A, = 20 mm. The evaluation was effected Iin
accordance with the “deviation metric”.
30
Under otherwise identical conditions, semiconductor
wafers placed on a support ring embodied in accordance
with the illustration in figure 1 were also thermally
treated. In tThe case o©of these sesmiconductor wafers,
35  failures were observed in significant numbers Dboth
after SIRD measurement and after measurement of the

nanctopography.



10 of semiconductor wafer and inner edge of the support ring.
Figures5and6showtypicalnanotopography measurementsofthefrontsideofafailed 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 is marked in
figure 5. Its position in the region of the inner edge of the support ring used shows that the form of the
support ring is responsible for the exceeding. 25 Thelsermiconductor 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 Wins%g%hacvinggﬁ?ia%%r of 20 mm. |n the case ofithe

semiconductor waferl%cégrdlng ?8‘% t4ne inventiort as flustrated iﬁr?laé re 6?t e corresponding

measured values WEHE£48HE &hd FF6Ehm, deSpettively’ -195EIGMREY1°A s fring for
supporting a semicenductomwafer comprising ardricerystdliine siticon dufingeereemakttéatment of the
semiconductorswaferdhe-suppart sing hayvirg an-extemnal diameterand apbistexpalkdiaoteter,

comprising  a ring having an,guter.and.an inper tateral surface,and aeuved swface.extending
from the outer to the inner lateral surface th(igurved__sggace ser,vin%or lacement of a semiconductor

K

wafer, wherein the Eufvet Stirfaté has"a Faad’lugro% cUtvattire Of ot fess than 6000 mm and not more
than 9000 mm, if tHeaElsdiSurfacs scdesigneatf for placermentof & SBnfiediddddr waféthaving a
diameter of 300 mmherhas<16 arkadias of eupvaturmighnotlesstthan 9000 mntandaidtanore than

14,000 mm, ifithe cypved-surface is-designed dor the placement ef gssemticongkictoryyafet having a
diameter of 450 mm,.and wherein the curved surface has a material proportion Rmr(t) of not less than
85% at a material déptﬁ't of 2 pm. 2. The support ring of claim 1, wherein the curved surface has an

- average roughness depth Rz of not less
Figures 5 and 6 show typical nanotopography

measurements of the front side of a failled
15 semiconductor wafer and of a semiconductor wafer
according to the invention. The recorded Images were
created using a measuring device of the type
WaferSightZ 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
of the support ring used shows that the form c¢i the

support ring is responsible for the exceeding.

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

30 to the invention as illustrated in figure 6, the
corresponding measured  values were 4.48 nm, and

10.01 nm, respectively.



15than 3 pm and not more than 5 pm and a maximum individual roughness depth Rmax of not more
than 5 pm. 3. The support ring of claim 1, wherein the surface form tolerance of the curved surface is
not more than 0.03 mm. 20 4. The support ring of claim 1, wherein the external diameter of the
support ring is equal to the diameter of a semiconductor wafer to be treated or is greater by not more
than 2 mm, and the internal diameter of the suppb?t4rfng is not less than 60 mm and not more than 100
mm smaller than the external diameter. 255. The support ring of claim 1, wherein the support ring is
constructgghfkam silicon carbide or is coated with silicon carbide. 6. A method for the thermal
treatment of a semiconductor wafer of monocrystalline silicon, comprising placing the semiconductor

wafer orya sUpRESIing havingharaxienalicinmelsr ang andteing ARRIGLIAD cRmPIisng » 2
ring havipg.an, Q#AE%QTG%EB\AH%%ié%L%@&L\U&gE R0 EURV AR SHITAGE £XIGRAIN0 JIamhe QuIGT to the

inn_eg Iat%rtalmsét[lqi?nq'gfetrhce curve surface serving for placement of a semiconductor wafer, wherein the
curved surface has a radius of turvature of not less than 6000 mm and not more than 9000 mm, if the

curved surface i< H&YRBATOHEIRERRAYEE B'YEhTIEERaGET frare! AEAry X EhdReterdrsBtmm, or
has 35 dtathiianer Birvhiuiecs! etae¥ec iR oD RRTURPPRIPFROPE AISER I DOP TR eI e elirved
surface baesigdedforties pladamemuofaiyserhicd irdettar Feafommarit god diesriete PAFUB0.MMine and

- wherein the®isvedsuriacgraasoa fhaterdal preperticomdbas{tygtnotiess hane8b%s sitarmateriad depth t
of 2(0m anguRRANIRGBRSMEPRANEIEH VRIS HAOSHIONRGhOR tRerSUPPRY HINgr P adampaiaukeof not
less than,J9aQ CoAfd PRENRAE §handathGudter AP aRREA KIRQLIETS: BaaRms LRIDARI L more

than 180, cheed 20 HOCPRIEA SHIcandhnaleL URYng 2 Lol side, a3 bag side.
composea of monocrystalline silicon having a denuded zone on at least one surface thereof, formed
by a heat treatment, the silicon wafer having a nitrorgten concentration of not less than

1k1013atohhé/BAREN %8t TRt tHRF BX 1T 1At haVRRP S ASHBRT S GGPADRY B BhEFont side
of tHe sethiednduensmaiafereohaads it b2 0RATHEldtVEterEretatuRes Hreds Bremmehtabmeiewaaving a
. diametemaf 4 mm, and less than 40 nm relative to a circular measurement window having a diameter

of 20 mm.
3. The support ring of claim 1, wherein the surface form tolerance of the curved surface is not more than
0.03 mm.
20 '
4. The support ring of claim 1, wherein the external diameter of the support ring is equal to the diameter
of a semiconductor wafer to be treated or is greater by not more than 2 mm, and the internal diameter of
the support ring is not less than 80 mm and not more than 100 mm smaller than the external diameter. |

25 5. The support ring of claim 1, wherein the support ring is constructed from silicon carbide or is coated
with silicon carbide. ' ‘

6. A method for the thermal treatment of a semiconductor wafer of monocrystalline silicon, comprising
piacing the semiconductor wafer on a support ring having an external diamester and an internal diameter,
30  comprising
a ring having an outer and an inner lateral surface and a curved surface extending from the outer
to the inner lateral surface, the curved surface serving for placement of a semiconductor wafer, wherain
the curved surface has a radius of curvature of not less than 6000 mm and not more than 8000 mm, if the
curved surface is designed for placement of a semiconductor wafer having a diameter of 300 mm, or has
35  a radius of curvature of not less than 9000 mm and not more than 14,000 mm, if the curved surface is
designed for the piacement of a semiconductor wafer having a diameter of 450 mm, and wherein the
curved surface has a material proportion Rmir(t) of not less than 85% at a matenal depth t of 2 ym and
heating the semiconductor wafer positioned on the support ring to & temperature of not iess than 1050° C.
and not more than 1300° C. for a fime period of not less than 30 min and not more than 180 min.



- 16 - Abstract Support ring for supporting a semiconductor wafer 5composed of monocrystalline
silicon during a thermal treatment, method for the thermal treatment of such a semiconductor wafer,
and thermally treated semiconductor wafer composed of monocrystalline silicon 10 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 15 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,

if the suriage is.designedfontherlasrmentof AspmicenducieLwaler haying.a dipmsis, ok A0Q mm, or
with a radis,of ARG WRINER LR SR DA 000,300 aarkaotmote dpan, 14 GOQ.mm. fl Ihe syrface is
designed far the placement of a semiconductor wafer having a diameter o mm.hme?ﬁoopfor the
thermal treaiment of Such & semiconauctorvater andathenmallyireatd§aygom and not more {han
semicon&itloAIRTIERSL A0S M ERsErDeerhE diffdofionisgie Pf the semiconductor wafer of less than

5 20 nm relative to a circular measurement window having a diameter of 4 mm, and less than 40 nm
refative to a circular measurement window having a diameter of 20 mm.
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Abstract

Support ring for supporting a semiconductor wafer
composed of monocrystalline silicon during a thermal
treatment, method for the thermal treatment of such a

semiconductor wafer, and thermally treated

semiconductor wafer composed of monocrystalline silicon

A support ring for supporting a semiconductor wafer
compesed of monccrystalline silicon during & 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, if the surface 1is
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. A

methed for the Thermal tTreatment of such a
semiconductor wafer, and a thermally treated
semiconductor wafer composed of monocrystalline
gilicon,

Fig. 2



