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Met hod and apparatus for the treatnment of a

sem conduct or wafer 5 The present invention relates to
a method and an apparatus for the treatnent of a

sem conductor wafer by neans of an oxidation with
locally different oxidation rate. 10 A sem conductor
wafer, in particular a single-crystal  silicon wafer
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flatness. The global flatness relates to the entire
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PackourLace el ecec Lcal  BLaneLLanec = Lange oo, o
suid fitredef asenced i ddale plaane which the components are
intended to be produced. This means that the
measurement of the flatness is to be carried out with a
very small edge exclusion and the specified flatness
values need to be satisfied not only for the so-called
full sites but also for the partial sites. (Full sites
are all surface elements on which complete components
can be produced, whereas partial sites are the surface
elements at the edge of the wafer on which there is

insufficient space for complete components.)

In defining the flatness of semiconductor wafers, the
SEMI standard M1-94 draws a distinction between global
flatness and 1local flatness. The global flatness
relates to the entire wafer surface minus an edge
exclusion which is to be defined. It is described by
the GBIR ("global backsurface referenced ideal
plane/range" = range of the positive and negative

deviation from a back surface-referenced ideal plane
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- 2 for the entire front side of the sem conduct or
waf er) which corresponds to the formally custonmary
term TTV ("total thickness variation") . The | ocal
flatness relates to a limted area on the

sem conductor wafer, 5 which-generally corresponds to
the area of the conponent to be established thereon.
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0CgECbALACAN,ERe cheoines! deadifloon the rear side of

the sem conductor wafer. It can ﬁave a significant

i nfluence on the SFQR val ues of the surface el ements 35

| ogat efiu]a@héiae eglngr ©ds s he pfBlet AN edge rehle of Eolsalled

di st ur bi ng articul ar i né} he case of sem conductor

waF 8RSt RRPERAPHEr eXandl éSt FShridifit e 8Ot Hiaf BF&K-fPsvalley
deviation 1in a ©predefined surface element, e.g.
2 x 2 mm°. The nanotopography is measured using

measuring units such as ADE CR 83 SQM, ADE PhaseShift
Nanomapper or KLA Tencor SNT.

The flatness in the edge region of the semiconductor
wafer 1is crucially influenced by the so-called "Edge
Roll off". "A New Method for the Precise Measurement of
Wafer Roll off of Silicon Polished Wafer",
Jpn. J. Appl. Phys., wvol. 38 (1999), pages 38-39,
describes the measurement of the "Wafer Roll off"
(= Edge Roll off). The edge roll off can occur both on
the front side and on the rear side of the
semiconductor wafer. It can have a significant
influence on the SFQR values of the surface elements
located at the edge of the wafer. An edge roll off is
disturbing in particular in the case of semiconductor
wafers which, for example to produce SOI wafers, are
connected (bonded) to a further semiconductor wafer,

since the edge roll off of the wafer surfaces which are



10

15

20

25

30

35

connected (bonded) to a further sem conductor wafer,

since the edge roll off of the wafer surfaces which are

- 3 to be connected to one another has a great

i nfluence on the bonding quality at the edge of the
wafer. At the present tine, sehiconductor wafers which
serve 5 as substrate for the production of
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di apeter. of 200 nm that, the @rocess sequence descrj bed_ .
al FBfs ‘GAtRReeseft ST - 193 The TR SdolRfeifte g 1ine

nofyigtMe.any local flatness data. Furthernore, it does

not state the size of the edge exclusion for the 25

fl atness nmeasurenent. EP961314Al specifies a simlar
metho@p7ios Misiaah), aftepor sphweng, egihrictigngstdfACcandding to

m ryor polishing,_ GBIR_ _values of at.best 0.14 mand
SFERRP O uds FP<IE past o580 AN S b Ao TR ol
PACE] tretvhdd byasa preposedeahmER961314Alse tteatisbéowaen stock
deter ] tion in_ihe roughness .of a poli .@ﬁferf
mhfgﬁggég bég%g%§%gﬁﬁy re uce%ubfxgﬁ aéﬁﬁgﬁgﬁa 351" the
hydeopaobienng stEpedis entdyerbes or ént bedPACE.c PAGErdws the
tog b GaLci 8 oyt i uaeiion, phioh, Jrkes {he, pro6Ess on the
conplex In terns of the equl pment technol ogy. reover,
basis of the processing of silicon wafers having a
diameter of 200 mm that the process sequence described
allows GBIR results of 0.2 - 0.3 pum. The document does
not give any local flatness data. Furthermore, it does
not state the size of the edge exclusion for the

flatness measurement.

EP961314A1 specifies a similar method, in which, after
sawing, grinding, PACE and mirror polishing, GBIR
values of at best 0.14 um and SFQRnax values of at best

0.07 um are achieved.

The PACE method, as proposed in EP961314Al1, leads to a
deterioration 1in the roughness of a polished wafer,
which can be partially reduced by an additional
hydrophobizing step directly before the PACE. PACE has
to be carried out in wvacuo, which makes the process
complex in terms of the equipment technology. Moreover,
the semiconductor wafer is contaminated with the

decomposition products of the gases used for etching,



t he sem conductor wafer is contamnated with the
deconposition products of the gases used for etching,

4 which necessitates an additional cleaning step, as
descri bed in EP1100117A2. Moreover, this process is not
carried out over the entire swface, but rather by
scanni ng the sem conductor wafer. This is on the one 5
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Consequently, the methods which are known in the prior
art are unable to meet the geometry requirements for
components with line widths of less than or equal to
65 nm, that is to say SFQRpax values of at most 65 nm.
In this context, the most serious problems occur in the
edge region of the semiconductor wafer, since the edge
exclusion of currently 3 mm (for line widths of 90 nm)
is reduced to 2 mm or 1 mm for the future line widths
of 65 nm or less, and the partial sites are taken into

account when assessing the flatness.

An additional problem arises in the case of so-called
SOOI wafers. These semiconductor wafers have a
semiconductor layer which is situated on a surface of a
carrier wafer (base wafer or handle wafer). The
thickness of the semiconductor layer varies as a
function of the components to be processed. In general,

a distincticon 1is drawn between the so-called "thin



carrier wafer (base wafer or handle wafer). The
t hi ckness of the sem conductor |ayer varies as a
function of the conmponents to be processed. |In general,

a distinction is drawn between the so-called "thin - 5
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t hreshol d voltage, vary very considerably in the case
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front si This in turn rreans a very sna
ex8H@8i ords Mehé&ds fbhethé@qséﬂ]{deatﬁéhtla@ﬁ an wy very

WabBhsWHERaLNE &l Ok heNProyddg bhe | ayesmd i ckHesS 1ayer
honogeneity are
thicknesses. The absolute thickness tolerance for SOI
wafers with thin and thick semiconductor layers depends
on the layer thickness. The measurement method used to
measure the layer thickness is preferably spectroscopic

ellipsometry, reflectometry or interferometry.

In order to be able to integrate the maximum possible
number of circuits, moreover, the required layer
thickness homogeneity has to be ensured as close as
possible to the edge of the front side. This in turn

means a very small edge exclusion.

Methods for the aftertreatment of an SOI wafer with the
aim of improving the layer thickness homogeneity are
also known. They are generally 1local etching methods
involving scanning the SOI wafer, a higher etching
removal being provided at places where the layer
thickness is higher: in accordance with
US2004/0063329A1 the surface of the SOI wafer 1is

scanned in a dry etching method by means of a nozzle
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al so known. They are generally | ocal etching nethods 35
i nvol vi ng scanning the SO wafer, a higher etching
renmoval being provided at places where the |ayer

t hi ckness is higher: in accordance wth

US2004/ 0063329A1 the surface-od the SO wafer is
scanned in a dry etching nethod by neans of a nozzle -
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thﬁlh gﬁkﬁé§k§oyﬁc@h Ent é%?ac@nCEhQJQQes@ﬁﬁgoneﬁctor
the SO wafer, on t e ot an Mor eover, additional

mhéwegeﬂi@sut@, bA eﬁenm@@erlntw@ﬁnew Gdureve a locally

pagt Eedlanty étﬂ:}hﬂ?g edgpot 8l arof vibe 2hoef@fendi® and
in a region up t nm away fromthe edge of the wafer,

antPFREEREST egPBAS “TRCRAPENSt he YPEFPEBT occhrg dufFAgRing

scaa ﬂﬁesea\/e%o@lﬁl@ﬁ@rmbbh6ﬁn%$ @he SgAreMoACEHdi Ngght
to EP488642A2, 'ayer _t hi cknes honogenei ty of 10 nm
i sSaehreved nﬁFhoHPZ§n§ de?%lt§“?SOH€|nga6ﬁven Chg Ghe SOT

anwetlge, exal useobhkfr Ae@dr.dance with EP511777A1,

given a layer thickness of 108 nm a |ayer thickness
honogeneity of 8 nmis achieved, without any details
beMogegVeen asddd tarredge emhbmsgenei80e§heﬁefor@be layer

éﬁ%&ﬁnéhgo%%n%le a%%fg§iarl eBHIr%%géi¥%glon of the

NESS mogeneitti'es are not ach reve
paw@fenlan Een the ®dgegiegi o dfo t hemBOawaaf eirrom the edge

of the wafer, and in the regions in which the overlap
occurs during scanning. Given a layer thickness of
520 nm, according to EP488642A2, a layer thickness
homogeneity of 10 nm is achieved, without any details
being given as to an edge exclusion. In accordance with
EP511777A1, given a layer thickness of 108 nm, a layer
thickness homogeneity of 8 nm is achieved, without any

details being given as to an edge exclusion.

Therefore, despite the complex methods, the required
layer thickness homogeneities are not achieved, in

particular in the edge region of the SOI wafer.

Therefore, the invention is based on the object of
providing a semiconductor wafer with improved flatness
(in particular in the edge region) and nanotopography
which 1is suitable for the production of components
having line widths of 65 nm or less. In this context,

the term "semiconductor wafer" also encompasses an SOI
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Therefore, the invention is based on the object of 35
provi di ng a sem conductor wafer with inproved fl atness

(in particular in the edge regi on) and nanot opography
which is suitable for the production of conponents

having |ine widths of 65 nmor7less. In this context,

the term "sem conductor wafer" al so enconpasses an SO

- %atrwefen. AfuHdhesbahkjtecdts iso terdy odé denapoBOvaiatewith
with inproved | ayer. thickness hon%%eneity“ in el .
patr PPERVEFR i1RYShet BUGENFEY] g‘ﬁ.“‘o@e &tdbj bt particuiar in
acbhhevedgby reednrs,.of a nethod for the treatnment of a

sem conduct or wafer, conprising the follow ng steps:

a) position-dependent measurenent of a paraneter which
cha@ahactesjaes tike sencomdluttormewmier oifn ar detthod AGr the
de%%&a Hgnkheogoshtl?ghqgeggg%ggrvabggegf S%b% isin the
paranmeter over an entrrée surface of & dem cohddctor
wafet l o)y ngxisapison of said entire surface of the

seq) cgadulion, Walel,dnder nLhe, achinp of an OXkhZtos which
15 agent and si t aneous exposure of said entire
sufFhagecCtend ze%i daticon seticaniiatine twefehi ckRes§repT Lo
thgecteathki ngcexi dephayer chergdepenrdent,anet hedri ghtaig
intensity at the surtace of the sem conductor wafer,
anBazamefereRKAN B (e 138 deuTEgee, ofhetlhg gRemiconductor
i n{,gpsity in step b) being predefined in a

posi ti on- dependent nner in such a way that the

di Pt er efi¥&S A fhe g%sitﬁaﬁddepsﬁaéﬁfe vaPiedagr thet  the
pasametendueasur ek fér Stie@ed) @ne reduced By tdhe 2Ridizing

i ti on- dependent oxi dat i t lting fromth
poSPET bnadEp BT TGS (IR T Step BY-ahd EHETace.

subsequent daedowal ratet hendxi daukayehei ntatepneks Theé the
SUBLSEL Rt L el P AenIL O, | @ nad L1 the S0
| eastenaetpf dthether facetaot e Skai conducimiuatader wafer,
and
c) removal of the oxide lavyer,
the light intensity in step b) being predefined in a
position-dependent manner in such a way that the
differences in the position-dependent values of the
parameter measured 1in step a) are reduced by the
position-dependent oxidation rate resulting from the
position-dependent light intensity in step b) and the

subsequent removal of the oxide layer in step c).

The subject matter of the invention is a method for the
treatment of a semiconductor wafer by oxidation of at
least one of the surfaces of the semiconductor wafer
and removal of the oxide 1layer. In this method, the
surface of the semiconductor wafer (in the case of an
SOI wafer, the semiconductor 1layer), unlike in the
prior art, 1is not treated in punctiform or scanning
fashion, but rather is treated over its entire surface.
The correction of the parameter measured in a position-
dependent manner in step a) 1is achieved by means of a

position-dependent growth rate of the oxide layer (also



10

15

20

25

30

35

and renoval of the oxide layer. In this nethod, the
surface of the sem conductor wafer (in the case of an
SO wafer, the sem conductor |ayer), unlike in the 35
prior art, is not treated in punctiform or scanning
fashion, but rather is treatedover its entire surface.
The correction of the paraneter neasured in a position-
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Comhéo!plalr@gietthﬁ" laeadh | 1 ghtnt8hesai tcys b@%pﬁ@irﬁpﬁed in the
accor

to the inventi n can be a ied to al
sefirt 38&%@ e sEOf 6e Jég’ﬁp}ﬁsu"ﬁﬁ‘sured in step
geananlmherweéenabhytcomp@gﬁﬂ@ﬁS|¢ar@@sge®ﬁyuLmaéd for
% gi.carg%de Apglﬁca kon Q si.licon is
pa??? 199 5P éPFER. 1PN neFFECAESs of the front
side of a sem conductor mafer of this type is intended

LorRe mbPRERYBeoiand e NSl ASH AL Ol 801 Bop ed o

deal pl-ane i’s sui I'e"'as paranet
neadlr ed26idonduepen) ohfele, method, @sxadesler i bedmprising

ab g?ma?@ﬁﬂ gﬁf@bérgg 'aQJ tryrgg @%H% %%fﬁé%uﬂn or

ns O ventlona geo asurlng u
t h%lblt@)@él cpirRiAess APEBILRR tdora tserg okt 8 mareicularly

preferred. If the flatness of the front side of a
semiconductor wafer of this type 1s intended to be
improved, then the height deviation from a defined
ideal plane 1is suitable as parameter that is measured
in step a) of the method, as described above. Said
height deviation can be determined by means of a

conventional geometry measuring unit.

If the global flatness (GBIR) of a semiconductor wafer
is intended to be optimized, in step a) the deviation
of the wafer front side from an ideal plane defined by
the wafer rear side is determined, and in step b) the
local light intensity is controlled in such a way that
a high oxidation rate is achieved at 1local elevations
and a low oxidation rate is achieved at positions of

local depressions.

If, Dby contrast, the local flatness (SFQR) of a

semiconductor wafer 1s intended to be optimized, in
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30 is intended to be optim zed, in step a) the
deviation of the wafer front side froman ideal plane
defined by the wafer rear side is determ ned, and in
step b) the local light intensity is controlled in
such a way that a high oxidation rate is achieved at
| ocal elevations 35 and a | ow oxidation rate is
achtepe@.aﬂﬂpasdeVQasioh dfocdie depfessifast |§iddhyfrom an
co t, 0 S F 0 c

ararats FRtBsted 1o ba opt m 2ea i n 2 g PEY op E5eEEghent
deviagdpon oﬁoﬁheamﬁmﬂlqu%ﬁ s@desﬁzenréﬁ ﬁ&eéIBpWHhe is

reﬁ@&@?ﬁ%ﬁeho %n%P@ﬁféééﬁ“%ﬁ“ﬁﬁ%“i%cavﬂﬂﬂgwt fAtensity is
exanple of a size of 26 Xx 8 M2, is_ determned, and in

st eenbrOt"—Faedr ddalsuyGym ‘i"‘?ﬁ’eﬁ@f"‘?y 3 ighy IR T LR | pate is

sughnhaevay tdatiach gelew@abh@n drad eal S owaChi B¥LEi Gt rate
| ocal Levatlons and .a .| ow oxi dat i nﬁggte i S achleved

at 1Po@FPLENEdoP | BOSH tdepFeSSi dRS2 Tdccor di ng

to the invention can also be 10 applied to SO wafers,

in %hlch c g t he sem conduct | ayer of. the SO fer b
g ConBF 880 gt TRAF AT oro PE Ve T at i 350 be

seappbhddctor Scmyensfeﬁgnpinsiwhgchsidaismntlgeer panigmmdnctor
sikic carbide i ref red ppld cation to sili
|shp§8 S% ql p?gﬁerrgg £ g fﬁmﬁﬁﬁﬁﬁ AT négﬁp tor
hoangepéetyAppluh@tsewncmndumMKHQndwg&wrisaYarendemprmsing
be s TRLoNege hRY, A &) 4An LI CKIGRS: 4o TPESULEOLkRrea;
the accord‘ng to the 1nventio

thﬁERhegétebnt hteo §erh1@@mduesorpazetylerub@ml§be orsdsymedl. 1L
I ntﬁepolsa§élont%qc%e%%de%mgaeﬂsrtwro@xem@ esb¥i FBARSctor
of _an ellipsoneter, interferoneter or_reflectoneter.

| nl2¥absetient EeRGED) £Q hdd osaPTIOVGIY | ftieRsi fpids layer

coaﬁrekhegslnleucmeeé%be&haina Btgﬁ oghdatdon f@te héthod
achi eved at positions having a |ar Iayer t hi ckness_25

andCEOFBINGxi A&t i GRSr at@ViEHtdOM eved et [obFEReRs ©of the

hagémngcananat brl ayeyefhleérrmeafe The gewd rag mat epbalition-
renpval .is determ ned f r each

ependent manner example by means of an
ellipsometer, interferometer or reflectometer. In
subsequent step b), the local 1light intensity 1is

controlled in such a way that a high oxidation rate is
achieved at positions having a large layer thickness
and a low oxidation rate 1is achieved at positions

having a small layer thickness.

The required material removal 1is determined for each
point on the surface of the semiconductor wafer on the
basis of the measurement in step a). Both the required
duration of the oxidation treatment and the required
light intensity for each point on the surface of the
semiconductor wafer can be calculated from the
oxidation rate, dependent on the light intensity, which
the etching medium wused achieves for the relevant
semiconductor material and which in turn defines the

material removal.



poi nt on the surface of the sem conductor wafer on the
30 basis of the neasurenent in step a) . Both the
required duration of the oxidation treatnent and the
required light intensity for each point on the surface
of the sem conductor wafer -can be calculated fromthe
oxi dation rate, dependent on the light intensity, which

351hhegehehhng nmeHeumusedr achh®vesmSiaridhe dfel evarturement
seni ¢onduct or terial .and _which.in turn deflnei%the

maP8rREF 1 S "ony $hq dgRhErdl Fefhd Yhnfier Afg maximum
poaurbem oﬁfnﬁaﬁmnﬁﬁﬁnkm:ppbmhsqun&ndsxbn tleedesi red the
ut i maxi mum __nu asur enent N
noidrh eirantas Phlerl TR ol et phbRe P
!5Bysma¢ @ﬁfeﬁaﬂpmeasuhemsns|peobb tike measmrmm%ninptbbecase
85 Fgenngeégu£ Sgcaéﬁltgf.&§§ Qﬁﬁﬁyrl run%%%léBEductor

Or seni con tor ~wafers having a I amet
zowaﬁﬁrsarmﬁmﬁAES qfaretgenpEorrdicton wafdr dlFavAng dfor

di @Eﬁ‘i%n%c%%‘} e L0 h-ER/einr qﬁtUIdrl%. gt%craloﬂ Y mm)

intensity 1s subsequently cu ated fromthe measured
val ues. A suitabl e nethod |s descri bed bel ow on the

10 ba@hé 0%&@%@@.\/1@%@ Ni€ht f%teaglﬂaryﬂ ng thepSBHRBently
he net hod can al so applied nutatis

nut:aﬂaarl%aicédnaﬁmr%p%@@ apRySHacd Y@léltest het | ayéfable method
tsrhé‘ak@%%%rqf_lraﬁ@i s sPNEHCtaE hayelk Icn—:t theomeasg @htan i.e.
war er e. geo y_neasuri ng_un

T GE, RN US  hy) FRTEn G| SE R A KLty pf 8l 1T @hae 4Can
mgﬁl 'ﬁ BEX a%pmﬁa)df mbcd ©1 ﬂ&ﬁ@t%@dﬁs cedphehet 6pppiraghof data
the t €ess sem conduct or V

15 1 Shethe DA (e iiess ToEng. BTGt qh LiTeb iy che
speakengftha BeoghbfedeV|at|on froman ideal plane
defined by the rear side of the sem conductor wafer.

These data can be 25 transmtted as raw data fromthe
gedhet rgeamedsy | mgaswriing ouai conmetser a  Infezssytam oprobe

Caﬁé@%g” thl%ooégkga%% 'Qt%é‘le& efcgd thHthPEhez x 2 mm?)

center of the sem conductor a val ue of the

20 t htekmessure(r, yomplete mapping of the thickness t of the
semiconductor wafer having a diameter D. In this case,
the thickness t is strictly speaking the height
deviation from an ideal plane defined by the rear side
of the semiconductor wafer. These data can Dbe

25 transmitted as raw data from the geometry measuring
unit to a computer. If a system of Cartesian
coordinates 1s then placed through the center of the
semiconductor wafer, a value of the thickness, t(x,y),
exists for each point x,y. In this case, x and y are

30 wvaried in the grid of the measurement window size,
which means that t(x,y) 1s to be understood as the mean
of the thickness over the square, defined by x-A/2 to
x+A/2 and y-A/2 to y+A/2. The exposure apparatus has a
resolution of BxB pixels, for example 1024 x 1024. The

35 corresponding value from the original thickness matrix
is assigned to each matrix element M (a,b) with the aid

of a computer-internal matrix having the size BxB:

M(a,b) = t(|-D/2+a*D/B|, |-D/2+b*D/B]|) (1)
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exi sts for each point x,y. In this case, x and y are 30
varied in the grid of the neasurenent w ndow si ze,

whi ch neans that t(x,y) is to be understood as the mean

of the thickness over the square, defined by x-A/2 to
x+Al 2 and y-A/2 to y+A/ 2. Thejiexposure apparatus has a
resol ution of BxB pixels, for exanple 1024 x 1024. The

35 corresponding value fromthe original thickness

matrix is assigned to each matrix elenment M (a,b) with

t henaitthiof caS@onpuht e - EumbpAakesat & mRANIG tche gpFé tude

BX@un%?oH) = fd - Délgé'é‘f@ég] ' manglg"'B*D/ %fu)nc(tlj)oﬁ Uan  bpe

in this case, synbolizes the abSol ute magnitude
f UAEPL6AC PHEShsOPaIt BERAGHE L Ble Ofuridid ofR@FUBR apparatus

appki ed§JiRGe the gesgtuti onefn t hengxposr e appar atdginal
5 is typicall reater than that of the orl%.nm

t hFBKR §§Séat Pf t he 05%%S|?RP?%9§%e55%s§ § u§@se., Just

ge@&@hétﬁlavecaa@m@l@lf t e ordig nadrdpiaNeedabge need be
carried 10 Follow ng this transformation, the data
ar8a§ﬁ683h88 * The averaging radius R exists as a

control paraneter. The pixel having the coordinates

iy b ' d t f [l .t.h | s which |

Eab BITACT S el REB AT P BEE Bl Skt

poﬁhe ﬁypﬁdgmngrma@EuQSMﬂexjﬁtﬁuaﬂna|qqn¢m@mi§ekymeter

- it : Lo
(1 5 Bng S, SO EORRALATR, ) o LRt aRed
cameahatfeisbrrtr@ﬂrﬂt Heérerepnxeof salvhiMix, yje wihich megtcldhewith
t |5 ,

?381 nﬁ' undw%ﬁ%xgé%m%,}) &:?aggﬁggéedx%ﬁl%%§«¥g the

ongrﬂhE sy@f@hﬁl@f doar di haeesseRyi s whempi calley bépweening

0. dogmrandn2ignyand is used as tuning paraneter.
However, in addition to this geonetric snoothing, it is

30 al so possible to carry out all other standard
snoot hi ng- XﬁetQog$+wﬁb?m*qﬁeyqoqngmky enpl oyed in EDR.)
The maxi num val ue MaxM and m ni nrum val ue M nM of the

The new value is calculated from the mean of all M(x,Vy)

which meet the above condition:
Menorn (1,3) = mean (M(xy,v1), M(Xz,v2)» M(X3,¥3) s M(Xa, va))  (3)

Based on the original system of coordinates, R 1is
typically between 0.1 cm and 2 cm and is used as tuning

parameter.

However, in addition to this geometric smoothing, it is
also possible to carry out all other standard smoothing

methods which are commonly employed in EDP.

The maximum value Maxy and minimum value Miny of the
matrix Mgmeoth allow the generation of the grayscale

matrix for the exposure of the semiconductor wafer:

Transparent component of the pixel 1i,j =
(Msmooth (l, j) _MinM) * (MaXM‘MinM) *100% (4)
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matri x Msnooth all ow the generation of the grayscale
35 matrix for the exposure of the sem conductor wafer:

Transparent conponent of the pixel i,j = (Mnooth(i,
i) -MnM * (MaxMMnM *100% (4) - 12 bl ack conponent
of the pixel i,j = 100% (M-.212th (i , j) -Mnh) *

(MaxM M nh) *100% (5) This algorithmrepresents

particubapky tBhghrres HorR%e pidelt e jsem conduct or
waf er as transparent,_éo tha& t hese positions are
/id

exposed L{PEh (Mstregt 1 Dgntimmht éMerey iy *d8iT ast, t he

t hi nnest positions are represented as black and

t heref ore cannaot be exposed or an_qnly be exposed .. .

wi RIS PO ™ | REBRSTEY - 18°Fha Chrventi orf hakeboges ions
of of het depeswlencendfictbe naifer ofaspecdiaispaydrdat i o that
reactions on the intensity and the wavel ength .of .the-.
IigﬁFSFamQﬁ%ﬁf%?ﬁsThﬁgqsse%@%%??be&ﬁﬁ%co%cn&%?%er%éght
belowenritfre bagi scohttrhetl5 ekenpktbiohesicli pogitions are
Ho I nyenti ppl i tn.o
cobekBkachEss ey Bl SO PR o e PR S ' Bs 5 R o
of cahl pudym bs expesedaMiyh deflemnilnedtbynbensidy -
formati on of reactive oxidizing 20 species, 2) by the

di ffusi on of said species fromthe wafer surface to the

i nTBef dewapetinsemales corcamf ©i¢i deReBLPaEet IRt FRe rate

gr gwi Nhd M0 & hexSighicGon Wakgksiodhd o3) B¥el NGitensity and
formation of silicon oxide at said interface. It is. ,
knbRR tNaVeoRBIGR nBfe 6Ret hédeghds rediff6d sidps ands 1is

t hgssthepeat & rof coxt £t é ORekRBCIHARSy S@Nthe basis of the
accelerated by radiating in light havin . Suitabl e

a
WASERERGE R OTTIRG 1 Hid e iRV BT het PP QR VIRESRS! (57 Bnetse be
wayppengiihtandthd® akmocbhdudnder nkicegiexisdat i on nodel s
wer e descri bed by Young et al. and Kazor et al. (Young
et al., Applied Physic Letters (50(2) (1987), page 80;
Kazbe ettal of tAppiiadd SurdeacerSe fencel bdof 1992¢sspagéslly

g?g%ggg%?ygg E%? 9§iqh%£n%o%%%@30%§e fi%é%b 1JQ 5§idizing
species, 2) by the diffusion of said species from the
wafer surface to the interface between silicon and
silicon oxide that is growing into the silicon wafer,
and 3) by the formation of silicon oxide at said
interface. It 1is known that one or more of these
reaction steps and thus the rate of oxidation reactions
can be accelerated by radiating in 1light having a

suitable wavelength.

The influence of the light intensity and wavelength and
also the underlying oxidation models were described by
Young et al. and Kazor et al. (Young et al., Applied
Physic Letters (50(2) (1987), page 80; Kazor et al.,
Applied Surface Science 54 (1992), pages 460-464).

The oxidizing agent used in step b) 1is preferably
gaseous. A particularly preferred oxidizing agent is
oxygen (O3) . Nitrogen oxides such as dinitrogen
monoxide (N,O) are also suitable. The gas atmosphere

may additionally contain further reactive gases such as
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gaseous. A particularly preferred oxidizing agent is
oxygen (02). Nitrogen oxides such as dinitrogen

nonoxi de (N20) are al so suitable. The gas atnobsphere

may additionally contain further reactive gases such as

- 13 hydrogen (H2) or chloride (-C12) and nonreactive
gases such as nitrogen (N2) or noble gases. It may

al $gdreephai tHyat er wapasr (&0 1, hbad Sndfilefédidief]vé 0 ﬁ;ases
in this case, as noist i dati on. way of exanpl e the

5 Gt Fon o aPED bblar Pred BRTow ThERFr FT (h | also
OXicdinzbn@ agerir isamxy gm0t herthiis ats ate barwetthtoWwin this
l'ight _having a wavel epgt.h._of |ess_ th 50 _pam to

br 64REG 61 Ut Sty gen O agR boRd. Wiih (Fo r SaafplEg che
t hatkibieghly meactilse renastmomied ougentyto)aand ozone

(03) arise. This effect increases as the wavel ength
decreases, so that the use of [ight having a wavel ength
of Iifesbet loari RC0 nemaaepy efereeyen, oxhgenirsadéegigy with

OX iy Zlii%tamin%&/bgoalgg@lgng&ﬁg%& (1Qs £neh 920880( BR) 1eads
15 are substantially stronger oxidizing agents than
noltec draa ke vigy ent (955&. ORWEEEf GF¥IThePd davi by EhEe result

caphhe %ﬁ%ﬁf}bcmdﬁiﬁ@eﬂnSﬁéégngM idradation Wid Wone
n the wavel ength range nentioned. This infl uence

i}

I i ght

vvagoéj)esﬁmb%ed b?hBrfydeéﬁfeélt. {Boyacetsal 35 e¥pVegength
I( ngbf:)hdﬁﬁ@b% , a@% M&tattgdﬁaébzmﬁly@f 81 ReiseanghiBglalwavelength
1997)., pages 349-356). Ozone an noat om c oxygen

hate Herlr SCkHor £OPT PG 1o Pr PR ot Featu ey Thapogd 2o
t hext dipenat gentcr Basestomdt Tdeypxt ddDi) onartd eatorat (0;)
in_step h), is preferably carried out.at tenperatures of
10820 FIO0C B bad 11 BTGP Tpr oV & AbF§TRL SO te | Than
500€leptiltlesexygenpet@t ur eShethéotref etilme afxitderion rate
re i - G f IS, S rt .t hat

aporhc Lo O P e T A e Y cErGadihet P it uv
af teghthey thayededengdduose Byenebpgedf Fhis influence
pp%?E'Q@éQ@PfBg&ntb§nt 4 t%toglthe(gg E'QQE’aa., Nuclear
different quantity ‘of said reactive oxygen

Instruments and Methods in Physic Research B 121

(1997), pages 349-356) .

Ozone and monoatomic oxygen have a very short lifetime,
which decreases further as the temperature increases.
The oxidation treatment in step b) 1s preferably
carried out at temperatures of 100 to 1100°C and
particularly preferably at 300 to ©500°C. At these
temperatures, the 1lifetime of the reactive oxygen
species mentioned 1is so short that an appreciable
diffusion of said species does not occur after they

have been produced.

By means of a position-dependent intensity of the UV
light, a different quantity of said reactive oxygen
species can be produced at different positions. Since
the diffusion of said species is practically
insignificant, a position-dependent, varying
concentration of said species and hence a position-

dependent oxidation rate are also achieved as a result.



5

10

15

20

25

30

35

35 species can be produced at different positions.
Since the diffusion of said species is practically
insignificant, a position-dependent, varying
concentration of said species and hence a position-
dependent oxidation rate are akso achieved as a result.
- 14 Wen using light having | onger wavel engths, too,
a dependence of the oxi dation rate on position can be

achieved by way, 0 I nfluen t )
thghSX|da? r%a |(Nﬁa¥%ﬂ%vefmq 2 %ggé ég§h$ecﬁkm” a
cadependbnaenedfbyﬂnﬁan$1dﬁtmamehengthQNbePG&AZSOnnnﬁﬂl be

angchg @Etkﬁﬂ ﬁ%gbgkoéggqgraggﬁgg%t?gabegggeQBe and 3) of

hereo on st'e e oxi cti
spébﬁrmM4ﬁ$@h@@nm§&ﬁtlm© aH@WﬁHEMN1¢@e|mmﬁﬁQﬁﬁt ﬁéﬁeCt

th@ﬁﬁehﬁ§tb89a95e@ S4 t afl %slkﬂhtwégéﬁ%ﬁgggg below 250 nm
enment i ng the i nventi on. wa exarrp ar c
| aﬁrpg af® diPsitiginistied Bty br%%% @becw@m 5hE hitghluence

i ntgaskbiresn istep thepcamesusgessiivd rhrtused for the
15 exposure of entire sem conductor wafers. The

appropri ate wavel ength range can be set by using

suwhabls@efdtlrtaelr sdéhéileRESSof| @Wepagsdordtli g i NSi Ph@ortant
however possi ble to use all ht . so yrces whose

| i gRE |§h§U|?86F§tFSP oGFalﬁlnﬁuﬁﬁékégfeéﬂg ﬁen??&ﬁgﬁ for

zolapmgaenByngaytaé exﬁﬁ@helohOMF$yesay;e<ﬂ%r@u&m¢ﬂanp5arc
odi um vapo terium exci_ner

aaPBe o iR hr AR 5nER VG 8 R SREGEIRT ypeRian
asioxedsithgsagente,. mquemmm(ﬁuddﬁsqﬁuﬂlyOMedepeddénr the
exBQﬁHESxet he jqtention Ls pr o!nYiutcé% o f | U\%‘E% %.he The

I'sing of Teactive oXxyg en “Species (as desCr _
abepp¥opkight soaveesnata pn@ﬁéﬁabkenvhub@ eset aby using

pOEEEEQFQE tf%ﬁéeiégq%lg%l%%ﬁ% way &, € QéQEOf:ﬂ50p@€hEEP1e,

even ow 200 nm for e deute anps, exclnme
| ahpseBerl owtprisssepesHeteuEy baspsll130l IHey es@recgs whose

number, ¢ 0f; 0SS PAL1 LT 6%.f OSpE LA 1 Fd NEREN o FXRASHT Behb@bned
differs in position-dependent. fashion in
above. By way of example, low-pressure mercury lamps or

sodium vapor lamps, deuterium lamps, excimer lamps,
lasers or LEDs are also suitable. If, when using oxygen
as oxidizing agent, by means of the position-dependent
exposure, the intention is primarily to influence the
arising of reactive oxygen species (as described
above), 1light sources are preferable which emit a
portion of their light below a wavelength of 250 nm or
even below 200 nm, for example deuterium lamps, excimer

lamps or low-pressure mercury lamps.

There are a number of possibilities for realizing an
exposure that differs in position-dependent fashion in

step b) of the method according to the invention:

By way of example, it is possible to use an exposure
apparatus having a single light source, the dependence
of the exposure on position being achieved by means of
filters having position-dependent transmission or

mirrors having position-dependent vreflectivity. The
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step b) of the nethod according to the invention: 35 By
way of exanple, it is possible to use an exposure
apparatus having a single light source, the dependence
of the exposure on position being achi eved by neans of
filters having position-dependent- transm ssion or
mrrors having position-dependent reflectivity. The -

15 mamatikd X f  tihee cabsubal geegr agﬁgyﬂg@ayal uUes1e@R bean be
proj ected sharply onto the surface of theﬁ;§n1conductor

wa P&y CREarfd BIP hePBxp oSt eSapparat 85 wfh S rguctor

of wafew bl Reopbi ¢ & aagpagatea@@ptah@rtefsanelble ubed aid
5 f%r controlllng the i nten

I . _The
D e o O e N &I, ber R 25g by used
mafdﬂuﬁonuﬂuﬂkumgacheoﬂotbé ﬁm@hnnuhmﬁmm1M@feﬁhwhb@tical
is to _be tr ated LS .8% neou
Dodrtaraeneh fh biaTranty ARAUMRIENER RS way, chat
devhat isonstaofe 10f] ¢de $ﬁmucdmﬁu¢torfwaﬁerethQh)1s to be

fil Vi gggggﬂg i

n1F%%r %§V|£g p0|%%%§L gepen t§%|3€ %%%gge over
t hé&hiei gt istsur eer dadet he - esemrtsacﬁﬁmértlo/r wielfler demgagpons of
ree {pbogogenghtEesccauggd by tp*e;%ltlon-

ht source or tTwe 15 op tl ca? arrangerrent can e taken
P&EE6 T Fﬁaﬂﬁ@lsap@ar | @1 mAor Mt REOE al al g oposition-

t h@e%%%%@ e-mldias vand he- wonpensat edghor sbQrtBi $nd the
way. | n one enbodi nent of the invention, the

ne§§@ﬂ€ﬁ€ﬁp€t26"re§ﬁfﬁ§ forAS) sehi cOnNdREAt W er EREAOSUTE

ar enébhagyeae 1|t|'lesSt e @l dyUsetet 0 1pRRUCRAAdd t&r  the
mhlch i s_mat ched exactké_to sai d_.sem conduct or waf e

or
5 an8Pid CeherP TR PRI ¢ ”ex%%s&f”‘ée&f PHFQ GFgount 1in the
seﬁugo&rduhtnorfduaf ehe el crayisaal ef vaheesgobytsbgle values

filter. can be cal d usi 25 the algorithm
de§8§ Bgdcgﬂg\%lsa%ﬁéiaffleqﬁ e %eﬁ f'%%an be produced in
various ways, for exanple by produ0|ng a filter film

USIIPlg S P’ Ie .?ncgjtrﬁé:rtn‘bo%f Tpguf B t\?en 1on pr Q:\{'lede%e%s%rement

t hé 'exposure 0 sem conductor wa "fo
wageprodacddr ia aewﬂt@aﬁhetnanwefeandhalth@ cbtreped in

Orgggba%thuggtﬂggalééﬂgréﬁﬁg§eaaQQIter which is matched
exactly to said semiconductor wafer and is then used
for the exposure of this one semiconductor wafer. The
grayscale values of the filter can be calculated using
the algorithm described above. The filter itself can be
produced in various ways, for example by producing a
filter film using a printing method. The filter is
provided, for the exposure of the semiconductor wafer
for which it was produced, in a suitable manner and
with correct orientation Dbetween 1light source and
semiconductor wafer such that the filter is imaged

exactly on the semiconductor wafer.

As an alternative, 1t 1is also possible to use an LCD
filter in which the transmission can be varied in
position-dependent fashion by application of ar

electrical voltage.
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sem conductor wafer such that the filter is inmaged
exactly on the sem conductor wafer. As an alternative,
it is also possible to use an LCD 35 filter in which
the transm ssion can be varied in position-dependent
fashi on by application of an jglectrical voltage. - 16
In principle, however, all types of filter are suitable

V"”gﬁh P%H‘lblé t%%%%srs' on 10fe Q¢ nat el ¥y ai:@ éQQ%ble
an a

ar [ ow" a sui't abl e 1 ocdal resol'ution. 5 |nstead
fi vhéehhaerng tl ceat Yyneni seient of i gRPropramddlss| Qu Fs? 100%

I thg 8l sQwPasstikkgrhe 492 22 reannespendi ngly produced
mrror having locally different reflectivity. 10 A

filter or a mirror which can in each case be used for

j ushspagdsest conduct 10de MafRfviiny vwaqwenau\feetr@nt light
produce. For this reason,, the 50||OMAH odi nent of

t heTPRSBAEFANIFSr wabel engt hs 2250250PRF R Bar tTRul &5§ 2

prebereegondigyayscalerdtpdd caheukatred Wahindie aldcally
a coptrol _unit Ereferably a conputer, fromthe

pog?%F%ﬁeH pehdeREETdtGd -of the paraneter neasured in

step a) . The algorithm descri bed above can be used for

this 0se. The .€XPOsUr f the sem conduct or [
o fRbEBToPE anrer o £ F e Tan Shpar 2t sthg for
mhnchtpropectsemmcondgetoﬁ saaﬁegrayscaVermapeﬁpensuhe to

%%888c8f te. s gonductor £rfohﬂo&ﬁh§SQaﬁ§%%§$@ht of

oSurée apparatus 1Ts a projection appar at
prb]l@cttnt\fh@tllmgef@ vheelprysloal & AP dint ect | pashieularly

é?@}fQEdU%FQ§r @élemhﬁ Outg tgglgéfagédawﬁt¥QQF%§ aid

f| ter or mrror proj ecti on apparatus preferab
opef at@es Cartaid; ngmtl@ th@rgfembbve df WAt Or \fur@éb the

pfﬁb@%%n(&@péﬁ!ﬂéﬁ@ “ReAmEr oF. i tBéz?aﬁé%@r e di e in
fromthe projection lanp is deflecte by neans of a

dr V@Bl @) i ey TP (e et e $ X HPefraAhoHEndreuPL D uged for
t horsangs rplb g .CroseoRikplshiyeS M | tABY IS hBu @b wafer

eyl g 2o BF s AW SR ABr ol egtlan arRarat us ol tus
which prOJects an image of said grayscale map onto the
surface of the semiconductor wafer. In this case, the
exposure apparatus i1s a projection apparatus which can
project the image of the grayscale map directly onto
the semiconductor wafer, without the use of a fixed
filter or mirror. The projection apparatus preferably
operates according to the principle of a data or video
projector (so-called "beamer"). In this case, the light
from the projection lamp is deflected by means of a
drivable mirror chip (a matrix of many hundreds of
thousands of microscopically small mirrors on a chip
having a size of a few cm?®). A projection apparatus of
this type, as 1is commercially available at the present
time, makes it possible, for example, to control the
light transmissivity in a range of from 0 to 100% with
a resolution of 1024 x 768 pixels. This results in a
density of approximately 6.5 points/mm®* on the surface
of a semiconductor wafer to be treated having a

diameter of 300 mm.
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this type, as is comercially available at the present
time, makes it possible, for exanple, to control the
light transm ssivity in a range of fromO to 100% w th
35 a resolution of 1024 x 768 pixels. This results in a
density of approximately 6.5 poi nts/mMm®2 on the surface
of a sem conductor wafer to be treated having a

d'§g§t%%dyzéyxhi¢%len&€hsFoEnS%%&QQQdW%Mel§89tQ%veﬂ@ngths
particul ar for wavel engths bel ow 250

n S
i nepéayi ifl Y rawfpéulﬂtsmnﬁrﬁasangém tcﬁg@%%rl’iﬁl fopd @

M ELQE8p1EN hbtSrease fdt S riRafd.l pmharwlgdvai@@geqtts is
to produce the local 5 differences in th

i NPeRSFEYLBY LifeansdgrNAARIEPHEY 6P a %PSP&F. ci t§eof 1ocal

||§Btf§9bjﬁ@@§ ahr &m@eqlajmgm&elsiw BN OhELN s bbean array

ggt sour es adlat%n ql sem conduct or $ naside
el Y% S bﬁ@ﬁyaﬁ dtt I onSPUTFEF &t T SFHES 8919 gsi

Souﬁées aAfeclcont roldhed i bdgktduaddyrdds or dinragltieupsig n the

such a way that the_ |light _intensit ctin at_ea
pog?W?SﬂnéHcgﬁﬁ ke 298 Fegﬁiy é@%] E8hadetor wa é?ltlonal
infaldefimmhqeﬂaghOnﬁmqrqdahareh@qmuﬂdhkwddepémdedually
f r t su st a) at -
SPEgh S65Ba A Sl e hel. | B pl il PG s ey
Ioageﬁnﬂaveﬂeng¢msh ip@Slmawalemgthsthstaﬁwwﬁ@Cﬁ¥on@QSOthe
””%e%ﬂcsﬁﬁﬁceErtQﬁuﬁﬁgogénﬁﬂis QEHHQﬁdﬁng%#éﬁgﬁlp with

Sour ces are to sen I n SUC a way t
deshe e@olsgédlon-Zepgirfdesrtencel id Ohe the T IreFar empgsured

Sufﬁ'%t@Bt o Qﬁ@b&ﬁr§¥ththgHEa%%hrb%%eQﬁﬁPQaPﬁéWﬁénused
senlconductor materi a oXi d The oxidation rate

i sidepeitlesBS6n Of hel PrEper atayied endid Svav él-Engt NaVEhengths

Ilgbgrtgh§n§kbm -8pdnphen the type and the concentration
of the oxidizing 25 agent. The oxidizing agent or the

conmposition of the atnosphere is to be chosen in
conbi éalzhOBfWitHé tehdodin@iit svanel teingidy r afnge Usedt aBdurces

:Eagﬁ ?ﬁhyc endﬁ?%gsgu%%.quwgfn%ﬁogdgﬁfordesiﬁgé &ocal
difference in the oxidation rate 1is sufficient to
enable a highly planar interface between semiconductor
material and oxide. The oxidation rate is dependent on
the temperature, the wavelength, the 1light intensity
and on the type and the concentration of the oxidizing

agent.

The oxidizing agent or the composition of the
atmosphere is to be chosen in combination with the
light wavelength range used and in a manner dependent
on the semiconductor material in such a way that the
oxidation rate exhibits a sufficiently great dependence
on the 1light intensity and wavelength. Typical
oxidation conditions for low temperatures (below 550°C)
are described by Kazor et al. (Applied Surface
Science 54 (1992), pages 460-464) and Ishikawa et al.
(Jpn. J. Appl. Phys. 30 (1991) L661). The dependence of
the oxidation rate on the wavelength was described by
Young et al. (Applied Physics Letters 50(2) (1987),
page 12).
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oxidation rate exhibits a sufficiently great dependence

on the light intensity and wavel ength. Typica

oxi dation conditions for |ow tenperatures (bel ow 5500

are described by Kazor et al. (Applied Surface 35

Sci ence 54 (1992) , pages 460-464) and |shi kawa et al.

(Jpn. J. Appl. Phys. 30 (1991)8L661). The dependence of

the oxidation rate on the wavel ength was descri bed by

Young et al. (Applied Physics Letters 50(2) (1987),

pa e 12). - 18 A suitable set of paraneters for th
at'biraRteat 78Rt Qin HRAWRTRFATRed IRF nelhs oPdeatlon

IOr e&bmthhem eaﬁerbérerdete(rlﬁcamrd ebyal meap@@pldfed poenfiadeary

Sci ence .54 2 es 460-464; y

NCHBET R AnbA 4T Ad Wbk HodibPht %ﬁ SfsRssrirge 5
12%162997) pageagess (13449543565)0}/(1 net hel cpnNex:tLeafr et ruments
neth d a rd| to. the 10 i nvent | gen,, far

exa %fg sﬁ? abl'd' as FOFE7Zi ng a ag % Phégl (1997)
poeageen3é@péﬁ¢ent oxi dati on of S|I|con is

supplied to the oxidation chanber preferably at a flow
rate of 100 to 1000 cnB8/mn, preferably 150 to 600
cw@hmlthaheCpneéetre@fpreﬁyaremishpdng@qqpﬁﬂHRQMeﬁ@ the

Onlmenk'l%t Wa&égggeath Ay a e degh%ngth 10 185 MR RL  as

nor e, I's '‘possi bfe to wor at mospheric
pr @§Sdﬂélﬁg eadided Pr essrreos peionodependort epgiAgtign of

regH@%@oRres%%feujpr%ﬁﬁﬁﬁﬂéﬁ(ﬁto|e§§eth@Q1égngﬁa,ch%mber
preferred owing to the_increased 20 absorption %%Hjn/mln

oxPHEASTRRAY! i Bét i e 6EOVherdEBNP L f ok Hed 7 om &
oxygeRemBbegul eso URderc by dmt/adiat | 0Re i1$rd PAEgeEd abressure
reduced press n the other ha t he depende ce of
théaBQSnelEonggﬁFPEFPGn il pBg?t Eﬁ9P§ Bet'ter nedt 2
at wvatradephehi coPpr essune @x aacsent iaf 26 thesshdrd eto work
lifetinme. The cgncrete condi ti ons_shoul.d therefore be

acHBUEH 1 3" THECORE et | BECoDUBEn Ry OHOLRE of FEFooire. At
palaretrergavéléhgtbx| dat i ordutedatpeatsutde ipdensidlyly of
°f1é28 k%yg f&H“ﬁged ig b%eferred owing to the increased
absorption by the oxygen. The 1lifetime of the ozone
formed from the oxygen molecules under UV irradiation
is longer at reduced pressure; on the other hand, the
dependence of the ozone concentration on position is
better defined at atmospheric pressure on account of
the shorter 1lifetime. The concrete conditions should

therefore be adapted to the objective.

Depending on the other parameters of the oxidation
treatment, the intensity of the light radiated in 1is
chosen such that the desired oxidation rate 1is
achieved. A local intensity of 0 W/cm? to 10 W/cm® (in
the case of lasers) is possible, 0 to 100 mW/cm® is
preferred, and 0 to 30 mW/cm? is particularly
preferred. A 1light source that is preferred for the
oxidation of silicon is the low-pressure mercury lamp,

which emits at wavelengths of 185 and 254 nm.

In order to obtain a sufficient oxidation rate, a

temperature of 300 to 500°C is preferred during the



30 chosen such that the desired oxidation rate is

achieved. A local intensity of 0O WcnR2 to 10 Wen2 (in

the case of lasers) is possible, 0 to 100 mMNcn? is
preferred, and O to 30 mMNcnR is particularly

preferred. A light source thatlS s preferred for the 35

oxi dation of silicon is the | ow pressure nercury | anp,
whiogh defiitbs: at reavelkengt hat ofsai8d arthp2hdimed N exdelation

to _obtain ufflc ent oxjdation rate nper at ur.e
of 7306t P'500CTFs Drth drebd THFI Ag o HSS o1 D Hat PgRS ©F
trea9nehnghét satdntﬁnperahure&deaX|datlmnhleaeegﬂmi 2xide

nm per, hg r DOS i bl e d endhg afﬂy thfé&ﬁfggd a

n
|ngeHE|ty ?n ora i eve the oxXi .
Sthtcbaemees tﬁaraanenusuhlbppmequmﬁe@lya 5 ﬁKEaﬂnEMQurS 1s
% hQQe%f approximately 1 to 4 hours is required. In
er to increase the oxidation rate further, it is
also possi bl e to use higher tenperatures in the range

18f RCRG i, 1%QQ§é£§EeEhéto%ldatkgﬂw¥ﬁt@ff§99hé§d it is
PhyS|cs 42(2) (1971), %§a£752 756; Young et al.

AppilEed mPHst ke LEPt elsg By (19BPRrapagessoy Ehewrange

10 i nbegnogenedt i@s @iobh@ 0%h§h?'@9 agent WBhQﬂallaaf applied
possi bl'y occur, and_wh

g lead to deV|atH6?
maEBY AL S efBVal aﬁlﬁﬂé edg% ") Stk%5%eﬁ§%ondﬁ@% et al.,

wahebl iedn Phe st ersatad f ao @y neass)of gage 80)

correspondi ng correction of the | ocal light intensity.

20 The oxide layer is subsequently renoved in step c).

Theloaxi deHoayereries tireef erabl yriemuetldteipyet ebgnitn which
S preferabléhdone by, me of _a

. This . .
15 3L BBREER Vet BREHG mofhag, Woheh aibty n dEE NS & geviating

vametephaie retolvialg ket hotle aedge- chém cak eBemungnductor

mef bed, or %é pl aes”ac%ﬁ@hgg E‘Et h°§o The, congll %h% a
are prefera osen | suc a way 1 hat the €
nethodeappadk@g oy edie cox icde tHsutl amstl tlhight lntenSlty-
sem conductor material itself. If the sem conductor
material is silicon, this can be achieved by using an

20aq@g@u§xgdpuﬂ@m¢nxﬁﬁ;ﬁqﬁqgﬁuently removed in step c). The
oxide layer is preferably removed completely 1in step

c). This 1is preferably done by means of a suitable
etching method. The etching method may be a vapor phase
etching method, a wet-chemical etching method or a
25 plasma etching method. The conditions are preferably
chosen in such a way that the etching method attacks
only the oxide, but not the sgemiconductor material
itself. If the semiconductor material is sgilicon, this
can be achieved by using an agueous solution containing
30 hydrogen fluoride (HF). In the absence of oxidizing
agents, hydrogen fluoride attacks only silicon oxide,

but not silicon.

Since the oxidation and the removal of the oxide layer
35 in each case proceed over the entire surface, a
time-intensive scanning of the surface can be avoided.
The method according to the invention can therefore be
carried out in a cost-effective manner. Since the

gradation and spatial ©resolution of the position-
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30 hydrogen fluoride (HF) . In the absence of oxidizing
agents, hydrogen fluoride attacks only silicon oxide,

but not silicon. Since the oxidation and the renoval of
the oxide layer 35 in each case proceed over the

entire surface, a tine-intenspve scanning of the

surface can be avoided. The nmethod according to the

in an e c [

cod R e Pt S By PR 2, 3 até.%n@%néeégatf.mfhf'
r e§beut PYArbept hef pest &i o\ﬁhlclzo ogfapendenting gcanning  1in
' ma%@%%l)én%%n waersehected ovenytf il e dhgquer! ap

ef fects which occur during scanning in accordance with
the prior art can be avoided. 5 The nethod has the

adyapt agec kbt Hds hasea 4@¢aht ¥ge CHHACLHRY BEST QN m@cally
to the edge of the sem conductor wafer, so that th

r eGAFFEACAHEI 12GF 1 alRi &ed-th 89St IRE vidtr S@@g&onfiﬁctor
pawkiFeul arso ltihéxtS pBssidfiilred &@&dEi/teythL@ reeffliaedl up to
flg%ness r égr thiEkness gnth 10 an dge exclu3|%q ‘
of “2°mi'6 eFes 9Pncl udi n§t écuﬁﬁFtlaF si t8s. PPREPSE  ©
netbadeive Sﬂki&bé@ub@éﬁ1ﬁﬂaUHHmWI®g liayranmogehekhéss with
in_the sem caondyct or r gf _an SCl 1 mafer n r
reﬁ%viﬁégﬁnhoﬁﬁggﬁéppleé%lngam ent’ton gtSOr Fﬁugln% the
i nphudiing edgesr.oll off. Therefore, the sem conductor

waf ers which have been treated with the aid of the

met hod according to the invention are also emnently
suthabl e ferhednnecits ng 20itbbadi ng)bettha fdiather removing

se%ﬁemggehe&t@@%er%%ﬂgg éé‘rﬁ &%@'&9&6 aaLyéry ofN an sor

partlcu r at uenced _
varaésrandabg t h€&dge rre@mcrvmg J!\Yd]l@ﬁo%%%fhb*hﬂr%s in a

adgéﬁ&@gﬁaueg%de i fihe hi %ﬁﬂucﬁ\f@ | ahidddy ofothe off.
waf er surface for the production of 25 components. This

hash&rphPEFeul BRPy FRBHERREM @F f d@aleih o s Bage | been
SO ruat €8s ,width aegeund i @f otfhet:hél gichiczans Eyobhighgr to the
production costs. |I.n the case ? an SO f%; t he
ne%ﬂgangaeard?ﬁa @&so eminently suitable for connecting
(bonding) to a further semiconductor wafer, since the
bonding quality, in particular at the edge, is
influenced by the SFQR values and by the edge roll off.
Major economic advantages reside in the higher
availability of the wafer surface for the production of
components. This has a particularly pronounced effect
in the case o0of S80I wafers, on account of the

significantly higher production costs.

In the case of an SOI wafer, the method according to

the invention 1is generally carried out only on the
front side (= the side which carries the semiconductor
layer), and 1in the case of a semiconductor wafer

without a layer structure, the method according to the
invention is preferably carried out on the front side.
If the edge roll off is also to be reduced on the rear
side, the method also has to be applied to the rear
side. In this case, the method can be applied to the
front side and rear side sequentially or to both sides

simultaneously.
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30 the invention is generally carried out only on the
front side (= the side which carries the sem conductor

| ayer), and in the case of a sem conductor wafer

wi t hout a | ayer structure, the nethod according to the
invention is preferably carcied out on the front side.

35 If the edge roll off is also to be reduced on the

rear side, the nethod also has to be applied to the

rear side. In this case, the nethod can be applied to

t het fironprsigsabhe reay sicdepebiplehtdaltly Be trbotds out

si degersicMd tADERNS! ¥ccording ttd StREefigrallta Jror 119 order
poli1shing to be carried out ~after the method accoggéggess

t onPhe itRverifdRaden &hder [IRENSDS de§radel I¥RF f1 5

or nbaygentht gknggsih hoppgenehtyragaiih Raid | @l | wii nsor
the case of SO wafers having sili.con | ayer
t Ve kfBS s Bg eSS LLRLR al_la¥r$rn hﬁ&ffﬁnsem sRbullFHe than

carr pad aut polifi stubseqirenild pa icshimiged souequi f edubsequent
redugﬁgg%the surface r.oughn it should be

ess
HSRBLLALBESW (1 o SRATIEEr 101 pbssi BT TERbvally Surface
potbsghngssin dtdeshdwldetlsd n ddwecifdtadhess tdf thesmallest

surface, or the ho eneity. .the l.ayer [ ne |
EHEO8E TR L eI HRn Sty 1 8L hAC By Chr bl ST S8G a1 e
t r ahsteessngfathenmscorfduct ar |therhduare e donorf waher layer
to, A fer, the nethod is carried out after the
ma?@%gﬁﬁgséabeen joined and the |layer has been

separated fromthe remai nder of the donor wafer. In the

casg PheaR 3@ J@fgr, sbhe,HeLhodhaceoidng,don thecdlced by
i nvention can be conbined wth one or nore thernal

pr 6E@BSEST T RIS POt PP hGORARCSRF f dcwsar F6p™r @i Mgy nyater
t heo bandh - f %@@;@ndc/r% r\ﬁéEHoQDQsOfca(@fﬁe@Xb@%t IOfter the
treatnents_for thinning the sem conductor | ayer. 25 The

meYAb8T BccBRYPNg REE™ hel MYt i 8RCal FBfs tifyer has Dbeen

pr ogygt s 084 of reRm-tendueizahdeal s tMd lH@or wafer. In the
outstandlﬂgly flat surface %ﬂg of S fers %yth an n
oUtStanding Aay S0t hiiekREss MOGEIIAY, according Lo the
invention can be combined with one or more thermal
processes for smoothing the surface or for reinforcing
the bonding force and/or with one or more oxidation

treatments for thinning the semiconductor layer.

The method according to the invention allows the
production of semiconductor wafers with an
outstandingly flat surface and of SOI wafers with an

outstanding layer thickness homogeneity.

In particular, the method according to the invention
permits the production of semiconductor wafers, the
front sides of which have a GBIR of at most 0.09 um, an
SFQRpax 1N a measurement window with a size of 26 x 8 mm?
including partial sites of at most 0.05 um with an edge
exclusion of 2 mm, and an edge roll off on the front
side of at most 0.2 pum, measured in a region between
1 mm and 3 mm away from the edge of the semiconductor

wafer.
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30 In particular, the nmethod according to the invention
permts the production of sem conductor wafers, the
front sides of which have a GBIR of at nost 0.09 m an
SFQRmax in a neasurenent window with a size of 26 x 8
m® including partial sites gb at nost 0.05 mwth an
edge 35 exclusion of 2 mm and an edge roll off on the

fr??&fe§5g§ EgslggﬂléEEEJHBofnﬁgﬁgfg ﬁPoéuE@S'QEcordlng

bet wee mm away fromthe edge_of
seﬁPcéhQuéMﬁnt\mrare— een F#Je#tekwysh%eby an SFQRmax 1N

sefl geRAUGHeWal el Sadl odeced ACLOrgf ngs Lost R@? including
i nventi on are even dlstln U|shed26X an SFORna
X

meBSEF eAENE IWERAOW GfF AT ze) o 281 XV B hmh | ﬁé%d?ﬁﬁlusmn

papti al mpi.tes of at nost 0.03 mw th an edge excl usion
5 of 2 mm The invention also allows the production of
sem conductor wafers, the front sides of which have a
namnéopoghaahylb@eakdmsduﬂIammowm a.mm@surpﬂ@ﬁncmﬁndow of

2 t t h d
o EPUA PR OBE S S hd TTAE LSRBoriie D Chn e Hde

prndunoedpageaptiynd peak thExuﬂm&ntlomn anm@ﬁsnreméat window
conposed_ of al stal ilicaon,.  are suj.tabl
fo?Puse ?%Z?hg%sé§1condﬁctor |ngu§{5§; %% %@r??c%léﬁn edge
f oexthesfabr b€aki mm.of el ectronic conponents with line

wi dths of 65 nmor |less. They are also particularly

well suited as donor wafers or base wafers for the

pr¥eugt i o tof seovideddsat20 vafers, RyPPaed celcmorsiinge to

th@hé'%kO@ﬁ%1bﬁ¢'%%'ﬁ%f%%ﬁ%léfﬂéoﬁgéséé 8P3§£ﬁ918V§9ysta1
with a very smal'l "edge _excl usi on of | ust nm

i NYehEFOR. al 36° al Fwisr b pProdudtscon 16f stye waﬁ@#gondzstor

CORALSERY, @ sair CoRAWGIRN dhayetoand whdasgmafienritdhe of
senj conduct or | ayer being | ess than 100 nn1th|ck and

t N3l FeFaPTVE sEARRERE EBvi %t Flon ¥iin tHéE thean athi érne8s ©F
of 1ébe. semegOongtiet al sbayeirdieiulgiraty st 1 3%umickeld as donor

ed%gfggglgil%a;g é% ers Por tkgtb%%d%%%Q%%wéék%égéégnSOI
wafers, in particular since the flatness including edge
roll off 1is ensured even with a very small edge

exclusion of just 2 mm.

The invention also allows the production of SOI wafers,
comprising a semiconductor layer and a base wafer, the
semiconductor layer being less than 100 nm thick and
the relative standard deviation from the mean thickness
of the semiconductor layer being at most 3% with an
edge exclusion of 2 mm. The relative standard deviation
in the thickness of the semiconductor layer is also

referred to below as the layer thickness homogeneity.

The SOI wafers produced according to the invention,
given a layer thickness of at most 100 nm, are
preferably even distinguished by a layer thickness
homogeneity of at most 1% with an edge exclusion of

2 mm.



30 in the thickness of the sem conductor |ayer is also
referred to bel ow as the | ayer thickness honobgeneity.
The SO wafers produced according to the invention,
given a layer thickness of at nost 100 nm are 35
preferably even distingui shed2By -a | ayer thickness
honogeneity of at nost 1% with an edge exclusion of 2

M- 23 phtchsupaktcylardhpref ﬁasfe@hfeormé@ﬁoae%@@rdmg
according to the invention first] £p||e
t h&CdoreF  IharedY: ighd £hEShba¥e Gaf Q? b%HRJ]rJee hé&Se %@eﬂ@mr

ar gafeenngelied the omgsanowheer tbélifo&@f lth%sléaseva\ﬂ@fr%r are
with 5 the sem conductor. | ayer to ed fro%t he

e FEPRGEE o6 HheSRONGPORAFDS - CBRG Cier e oPaTor VpREE with
5Salth\aaf @émaﬁa:lcﬁhidmﬂoeélra}&rmdumd e tbegamyeﬁo ieom the
gjecte tot d accor |ng to % |nve I(]):_n gngethe
A e&rq% onvgehi 7 Fﬁe tHiCkn Q?%’e&f e 19
semOdonmnbenor w[haycélr.haﬁm Seknwaf esdpreduded thnishvwsiwaye be

in to the prapertie tion Y,
i BBISERID, % IS REABRLY | S5 BILLTES BRgLErbicion once
SF@Rmmx, i hna cprecé@ur dree nhomogeowzef ah3| ztehntklzﬁsa &f the

10 mﬂsemigghﬂg'c%%rpqr g)eq_J %H eSSOwaﬁfePgé ‘%:Q A gh@% way,

excl usi on and an ed ,
fr@ﬁlt agddé ien attOrm§b60 @som]rtn@ésumé@tmn@dr egﬂo@we, is

beH‘ﬂ%%Eﬂng%l%‘E‘e@n%y?’ dmampmeys £ rom the. edge % £h8 an SFQRmax
sem conductor wafer. 20 Since the nethod accordlzﬁ . Samm
t

t héhi n@entiesP W0 WENdAppl PEd Bo SOEewaldr s

t h'lﬁ%lﬁ@ﬁh@‘)?fg@l%fl | ayets oift Al sRoPerBht st KB th an edge
roducti on of SO wafers,. conprising.a sem conductor

15 I aGEF1BAICR Rise?waler AheA D sBAPEoHdICk 0PLFaydt Ha%i Agont

a thdekrgssat nmbBe reange 45 frﬁ@é@@rédplifht & SBe@mmab@tween
hi rel ati ve st andar d Oﬂew at.i on fromt
C

RRedd%f> (HE S¥AYcdidftt'dre Rd9er © rm’ifh‘?lﬁﬁmtlffoﬁfiucmr

nogtfd¥%w th an edge exclusion of 2 nmm 30 The SO
wafer with thick sem conductor |ayer produced

20 Since the method according to the invention can also be

applied to SOI wafers with a thick semiconductor layer,

it also permits the production of SO0I wafers,

comprising a semiconductor layer and a base wafer, the

semiconductor layer having a thickness in the range

25 from 0.1 pum to 80 um, and the relative standard

deviation from the mean thickness of the semiconductor

layer amounting to at most 4% with an edge exclusion of

2 mm.

300 The S80I wafer with thick semiconductor layer produced
according to the invention is preferably even
distinguished by a layer thickness homogeneity of at

most 2% with an edge exclusion of 2 mm.

35 If the S80I wafer, as described above for S80I wafers
with a thin semiconductor layer, is produced by
applying the method according to the invention to the
donor wafer and the base wafer and then to the S80I

wafer, which 1s preferred, then the S80I wafer with
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according to the invention is preferably even

di sti ngui shed by a | ayer thickness honbgeneity of at

nost 2% wi th an edge exclusion of 2 mm 35 If the SO

waf er, as described above for SO wafers wth a thin

sem conductor |ayer, is produééd-by applying the

nmet hod according to the invention to the donor wafer
andht be base csalderctand Idet tis tddd SO onanier diwhiichuished

preferre en t he SO fe ith - 24. thic .

se 'co‘ﬁdﬂ%@%? %y o5 s "Radi £ P ohdl {9 oS iyt s%erOdRmaby e
GBhRasfiratmembstw Dnddw mceeda ars iSQRpf, 26 a 8 neasuiemgnding
Wi . Si ze incl uding i al .sj :
of PaE thbe BTN O (Rl Bige i TG arbEasE <2k BRion
ancédge mmol dndf Anoreddee febht o§fderoftle fwest ®iZlanof at

me ed kLn reqi - a f
ChaBHECS bl e FRee MSP L RN ek fin S0 B3 o
t hRWRYOE PR hhsemdesnddctde SOF Wayer -pr oduced

according to the invention preferably has a

nanot opogr aphy %peak to valley) in a nmeasurenent .

wi HesargEra snze0df waben Wil gfhigtk st thsnnApmiconductor

pr ehoeablyrofuddd masctco&dlmganeopamé culatdnyt iRref prabkyably
of at nmbst 2 nm wth an(e e excluilon of. 2 mm 15

Pr 8f&r Ped BYIGHIBRROS (B nePhdé &@é&rdﬂhgatﬂeﬁﬁérement
I nyeAtlb@an are geserizbed el owx whivgh esbodagenthsseanibenm,
used %o igirea%e the material renpval of the t hod:; 20bl

| "PERESEABEY 0P TSGt WBPErs® P B e b & nBF Sf G8EPLY
t oofnpromesthe hanogena by efigehexkayer dnhiotk reessn.but

to reduce the layer thickness toward a defined target

val ue by neans of the nethod according to the

i nPeafeoned| renhsd Donttext odf tle method agcooddnggt @5the

the LQM?%%OBF& N3 AR De aGhi eved, oy, @Q{?ﬁd%eﬁts. can be
uni Form posi tion-independent 1 Hcrease in the nmateria

r enpedl tobinrnedsentbeepstbyiandreyoviferd ahe aanndser

of possibilities for this: 30 By way of exanple, in

addition to step b), a further . '
In the case of S80I wafers, it may be desirable not just

to improve the homogeneity of the layer thickness but
to reduce the layer thickness toward a defined target
value by means of the method according to the
invention. In the context of the method according to
the invention, this can be achieved by means of a
uniform, position-independent increase in the material
removal obtained in steps b) and c¢). There are a number

of possibilities for this:

By way of example, in addition to step b), a further
oxidation treatment with a homogeneous, non-position-
dependent oxidation zrate can be carried out. This
further oxidation treatment can be carried out before
step b), between steps b) and c), or after step c¢). In
the first case, it 1is possible to remove the oxide
layer with homogeneous thickness analogously to step c)
before the position-dependent oxidation is begun in
step b). In the second case, the entire oxide layer

produced is removed in step c¢). The third case involves
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oxi dation treatnment with a honpbgeneous, non-position-
dependent oxidation rate can be carried out. This
further oxidation treatnment can be carried out before
step b), between steps b) and c) , or after step c)

In 35 the first case, it is-p6ssible to renove the
oxide |ayer with honbgeneous thickness anal ogously to

St@Qb@bqu@ﬁEQVEﬁémb&@ﬁétkﬁé(3ﬂ&ﬂEE5ﬁaDdeaﬁb0méy%r with
begun in step % F t he secoPd cas§ the entire aqxi %h
g@F‘OgﬁPSSH@edt SCFBREVePIA STRPS Y. Hhe 4% d Case e=¢
I ngokpes caﬁS<asubs&&ueméb¢atemnvangnmhbeﬁdddﬁiQnabs The
oxXi Wi t h epeou cknes analo Qus]y to
st%%gé§ n%%e§?ld% Q g ?mgn e $épe ?eg a nur%oOut tor
ti nresreahengadtdhel onanldamolcmtat ran et réarrreafvtarclahe bevith full
CALLERduoUt bR RrdCTEAS A Ne X dUEOD T AkBWLOLE,  the

e Wwth full ~exposure o e sem conductor wafér.
Howsidrtiphe rekidarhon rase che alsorbesiedcr basedubplying

SUBQE&HQl 1gxtﬁr&ﬁlééfd psgéﬂeedﬂp&?n@hént@@(f&g@c d dehamaer

enerati on sma al so I ncreases
oxﬂaat Béﬁer%lpﬁt ef Fhelanms rﬁaﬂts%nlmrwgehhﬁapxéﬁatlon
andsthinning may, however, also be carried out solely
by neans of steps b) and c) . In this case, the total
anount of material 15 which is required to be renoved

t OTh@aCd‘brﬁlB?n&l@;Sdalﬁ edor f iHsloddH i S | Sri@keninftiog may,
account int alculatloa of t he Iocang differen
) n

‘f’eVﬁFenéﬁ § nCEFERSH) CWhe WG dat Pén EEE can BEEPS
|nbreaﬁﬁw<:hoanenhﬂﬁﬁqasdfuﬁ?éStb@a$?Fmtﬁdﬁpeﬂﬂemhtyrlal
2Q position ns_o ener.a sin
Cheb iR e PR e ey Pt s YERe A Lepaty it [fesired
siﬁnhahnemwﬁqkmnﬁ$lynng exakenalIynmmodunﬂﬂnnnoneMM' the

assi stan he uige d
onF BAeTh PRl B B0 e Y AP OERED, ek shPBpaiey
25Iposstepn- beépendért exposurieref fredted ¢anth@e increased

S\;ﬁk?ﬁ&%&?ee%ﬁgﬂ)berthﬂ? appargl ugthat nis BAEREUNAT bY  the
position, by means of generally increasing the light
intensity, increasing the temperature, by
simultaneously supplying externally produced ozone or
by plasma assistance. The required dependence of the
oxidation rate on position is achieved by means of the
position-dependent exposure effected in the oxidation

chamber.

An apparatus that 1is particularly well suited to
carrying out the method according to the invention is

described below with reference to figures:

Figure 1 schematically shows the construction of an
apparatus according to the invention with a

multiplicity of individual light sources.

Figure 2 schematically shows the construction of a
further apparatus according to the invention with a

multiplicity of individual light sources.
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carrying out the nmethod according to the invention is
30 described belowwith reference to figures: Figure 1
schematically shows the construction of an apparatus
according to the invention with a multiplicity of

i ndi vidual |ight sources. 35 Bikgure 2 schematically
shows the construction of a further apparatus

aceoidi-eg 8o thewknvent raaiwit headicruktipl E@btﬂtl‘éf of the
i ndi.vidual |ight soqurces. - 26 Figure 3 s oms a radi

t hEekhESE draovre?lr eO6f 3'he SO w%myeé%# anl%aan&F nce

pr adugedhenpageer dance with the prior art. 5 Figure 4
shows the radial thickness profile of the silicon

| ayer of the SO wafer after it has been subjected to
theigerbod ashowdi nghéo tadiahvertidknesathairdisile of the
suitabl e fo carryl g out t neth d accordin 10 t.Q

t h&i nveﬂtlon |ﬁ pg? Qf :ﬁ appggﬁius orhaﬁh been
t r eabpentedf ta $@miU@mmmmi@mxxmﬁﬂmngStccmﬂnﬁ|Envqptrpn
measuri ng apparatus 11 for the position- dependent
nmeasurenent of a paraneter which characterizes the
seihebndsctori vdfles Hor 16arraangxiocddt itdre chablbed 6cferding

re 8' g EH@en%?%CofdeCEBr Condﬁ’azcongh' it facus for

hol di ng apparatus for the s ctor wafer 5 and a
syshentgepbmensuppl wi ﬁ@mmn@w@mr giedg 1t e SETERLA Y :

agent, gn Wﬁl ppapakuscughi chy compli sesh@ ABsition-
nultlpI|C|ty of t sources 2 arranged al ongsi de one

an8eReRdERt pI‘é‘ﬁ%sPWﬁ@nEar al?®l t & t hePplrafetst t hewhich

seph&pRdUEL QL WAt BE 5emh&%nbb&@brS@HE%%552 bei ng abl e
to be controllegﬁln i vidual | in gro s, and which

i s"arraffed PHISTERCR way"? ?rlt an f&pos&SGRd Vdige the
ZSS@ﬁi&Bﬁdﬁeﬁb@omﬁﬁr swaf@imgy i itridat ed Hcmdlheg apparatus
dat i chanper th a S|t|on dependent ht
nEShsi (e AMA SURGATFOT UAFISH0 T orfbnder BV The® for
VabupﬁlpinghEnd discharging the oxidizing agent,
- an exposure apparatus, which comprises a
multiplicity of 1light sources 2 arranged alongside one
another in a plane lying parallel to the plane of the
semiconductor wafer 5, the light sources 2 being able
to be controlled individually or in groups, and which
1s arranged in such a way that it can expose one side
of the semiconductor wafer 5 situated in the oxidation
chamber 6 with a position-dependent 1light intensity,
and
- a control unit 10 for converting the values of the
parameter determined by the measuring apparatus 11 into
instructions for controlling the exposure apparatus and

forwarding the instructions to the exposure apparatus.

The controllable exposure apparatus comprises a
multiplicity of light sources 2. These individual light
sources are arranged alongside one another in a plane
lying parallel to the plane of the semiconductor wafer
5 and can be controlled individually or in groups in
such a way that they can expose one side of the

semiconductor wafer 5 situated in the oxidation chamber
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paraneter determ ned by the neasuring apparatus 11 into
30 instructions for controlling the exposure apparat us
and forwarding the instructions to the exposure
apparatus. The controll abl e exposure appar at us
conprises a multiplicity ol birght sources 2. These

i ndi vi dual Iight 35 sources are arranged al ongsi de one

angt hey; din aapwgp%ltl h”@ panak %1%' tﬁiﬁgﬁ g%ﬂE‘QnQEtﬁ/he The

sem CQH uct or can cont _
i ndndigddrpy okight grsams:asfw memﬁﬂaafa/vayarhatwt hegrean for
expesgpeRe (Side Q{aéé@ é?%ﬁ@ﬁguc N a%f &br Sssitipatedped.

in the OX|dat|on chanb
poshei dri-cddperelehtesi @ﬁb’ Mﬂ%qwsﬂtl? sme fora veaudit fferent

|'i gBt-msourges ﬂﬁMﬁ%lvqug}pts dQimes fOremexammpbBt with a
ri ng-shaped, circular, are or strip-shaped. he

I|§ﬁf1§8ér88§eﬁa€nﬁaV@V' Tgide formor different 5

forms. The individual [|ight sources 2 emt light with a
defi ned power and mavelen Lo essure nercur
R e e R B e Paos O E B PR CWihcn emic
wavebenghhsioh W8y edrtha2d: rof mmyeheiused n&C:aSylbghuSed

sour.c for this ex g paratus
Bht- T

po&Pt i bt HepSTHETES | 4Pty OrCT leeslj—’lr Bgstors- The

t hposénioondapbadenaf et i&hpr e:frereatﬂyty i es wihéi mufeace of

5 Th
(1 Praa et BE VLS ho Phy SATIY chanBer Bl Bge o2
fi gange2pfop tm &0 m@dﬁeated housi ng 1 outside the

oxi dation chanber 6 (see figure 1). 20 Afilter 3 may

be arranged between the light sources 2 and the
seffeoddwdttor sparerss.2 THaY wieel Brgied r gagaest dipectly in

light camibechidt eradiyesaig fikter. fH%W%¥EQ"tor'Sln a
al so _possible to use a filter mhlch al | ows the setting

of 4t FaRSH s3PePiRBat! variceédden posi 1o A5 epsiddter ©
faegé@nflgggeeganple an LCD filter. It is also

possible to use both types of filters in conbination.

In the case illustrated in figure 2, the filter is

al sofsituat @d nidy tihe axidageanvehasber the 1light sources 2
and the semiconductor wafer 5. The wavelength range of
the light can be filtered by said filter. However, it
is also possible to use a filter which allows the
setting of a transmission that varies in position-
dependent fashion, for example an LCD filter. It is
also possible to use Dboth types of filters in
combination. In the case illustrated in figure 2, the

filter is also situated in the oxidation chamber 6.

In the apparatus illustrated in figure 2, the filter
protects the 1light sources 2, which are likewise
situated in the oxidation chamber, against overheating
by the thermal radiation emitted by the semiconductor
wafer. In the arrangement illustrated in figure 1, an
overheating of the light sources 2 can also be avoided
by means of a suitable choice of material for the upper
part of the oxidation chamber 6 facing the light
sources. By way of example, it 1is possible to use a

glass which is transparent to the radiation 4



30 In the apparatus illustrated in figure 2, the filter
protects the |light sources 2, which are |ikew se

situated in the oxidation chanmber, agai nst overheating

by the thermal radiation emtted by the sem conduct or
wafer. In the arrangenment illld$trated in figure 1, an

35 overheating of the |ight sources 2 can al so be
avdipdederbplyedis vddaasudhabkmichedcdyftivat éighk fsources
th%ﬁﬁpQﬁkmﬂ%gﬁeégs%geaggbgﬁg'gﬂeCW§ﬂ¥gdegfgﬁn92tQﬁdtted
light sources. By y of exanple, it is possible to
us®va tlt asemilsicetduiaran ans parentOvas hawet yrli &fi ophe 1ight

28 g Rekenably, ééﬂkéué§%@déﬁn$§e§ byot hegl bghthe 1ight
sources and sinultaneously absorbs the IR radiation 12

5 enisPrEg e shy fore es@mrdendie 2 nfafcdr 210y thédiHig of the
light sources 2 can also be avoided by a cooling of
the light 5 sources, for exanple by neans of air or

watlBf. FRESRALENsi Py oflEhel 1¥lght 2t (HE sEdAS Dt Ahe the

Sﬁ@;’ielﬁl_@&ﬁbh@h@to\&afv%[zf& d@pﬁ@ﬁénﬁﬁ bhe tg&efépiéﬁtlﬁﬁ@ gnﬁﬂe of

the light sources 2, on the distance between the .

10 CLEUICES S gt LonPloitio i VaRE B Ut aFEE gkt
10 t heoelreekr ixahndoldlagesapptoadutootrhevdfieght Ssowee. albe on
direction of .praopagation of the light emtted by the .

i GRE e38r eIt RaN k. Mg Lo 5 b obpliPRe, Tre
t hdigartace off t beopegiacdmductDr thaf eridght | pmotded tloy the
15-¢ r ffici atj_al Ut-i-Qn, .

e SR bRty et Bnipylar v

pr her abinfadravef atsmaldesicqusitse eperube dngl erder to
15paEBEBHEaH3@uf@f@iéﬂ€r%pb§'er?éﬁﬁggﬂﬁbﬂf” e di; 3H3RGQual

between |ight sources 2 and seni conduct or’ waf er ‘5. The
oveéibhp ofoutee02 i ght t¥enesxpPsure ianHakafus Prgherably

SOHEGES 2 Qﬂaimgstsﬁ@ééﬁﬁﬂgt9%e%@ﬁ§é ! dparticularly
preferably be restricted to the respective directl

‘ y .
adp’BeBnt PRIEghtl SsGurket 1ve Lo rkrsrde L behieve PRFyeept 1ight
| Sspasskhl @ hadusREWIRh & of enRsRSs o efTest 848rPhp of the

20 L RNLA0Me, Thesg add v onel 25 oot lcal, compencnts can .
or sgpscohdlicgbt sof€eess TaHyal | greferably be restricted
to the respective directly adjacent light sources. In
order to achieve this, it 1s possible to use suitable
lenses, reflectors or diaphragms. These additional
25 optical components can be used for each light source
individually or for groups of light sources. Typically,
the aperture angle 1is between 0° and 10° and the
distance between the light sources and the
semiconductor wafer is between 1 and 50 cm.
30
The 1light intensity emitted by an individual 1light
source 2 can be controlled by means of the electrical
voltage applied to the light source. Depending on the
geometrical boundary conditions such as the distance
35 Dbetween 1light sources and semiconductor wafer or the
aperture angle of the 1light sources, the light
intensity required at a specific position on the
surface of the semiconductor wafer is controlled by

means of the voltage applied to an individual 1light
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the aperture angle is between 0 and 10 and the

di stance between the light sources and the

sem conductor wafer is between 1 and 50 cm 30 The

light intensity emtted by an_individual |ight source

2 can be controlled by neans 6f the electrical voltage
applied to the light source. Depending on the .
geeasreecal - bdldaipdévadiveilonsoriuehl askt headibst apdévagual

be ' sqQur g he
&?@SE EngIEee g %ﬁ%fﬁéﬁﬁ@ﬁ% Ao V‘Q&?{ﬁ@é ENBighest

aperture_ang I ght sources, the lig

| nPeRSi Pyer Eqarlad ian o Hese )psEitingh Bhet heradiation.
subaeeeof tihe senmhgapdycdor; phaf efoi_:Sg_%@_ﬂfprsO'éiediHMividual
means_ of the voltage applied_to an individual |ight -
2911gBhbr E8UPCeFhEC REi FPaGAP1d6At FBHN6R Yeach i ndi vi dual
l'ight source is preferred in order to achi eve a hi ghest
possi bl e resolution (.sharpness duringgthe i rradiation.

HowBvE&Pe 19235% GF s&536Ssi B #BP2H7bY Soﬁci%&%\ﬁ%a"ro the
5 Lhgbhtsodr caghich beagent rolleskyied | y sdhentae ceddley  in

f ' t di to th [ ti
WhfURCEPE 111 GEFT ared SeREmatTeb Ty 19 Froée Ty s
2, caheufjatydcahe timet Has itshatf wase hiaaloed atetues dheained
?ﬁghiéﬁ%%%hgén€9§yE%g v %#ﬁ??o%k%bggqngtntét%ng)igbgntion

according to nventi on orresponds 't
t heonaespxndf t e poker s mditrive ©Adi theualpdwas of the

Soyﬁﬁﬁiﬁ%@nl&gﬁ&e slofir & eSmakdy le%rl'{ea:%h of thenbightveriap
cones, the power of the i'ndi vi dual I ght 15 source is_
prepotticondlohto €heess andsarmaitecopborbft gfdivkaual light

CoL588PONdNG, RAUIM: i dhdhe: r ayscahe bt Thenponent of
control unit 10 _can control further functions of = the
appBf afa5r BEBPAESNPhECERpoSlr ENBePraESEadRd MAtE 1220
appropriate, a controllable filter 3 (for exanple LCD

filter), such as, for exanple, the_loading and
unfBadig T lsefit e bndict 7 wePEES By Fisngedt tyncians of

orthde fpar-preh ey sbkeh delbe oxé datdpaiidecaigeite SUChm@S, if

Fol EXaIP! Set ePOLALULE { S BY1TBANS; OF L0 o ample LoD
filter), such as, for example, the loading and
unloading of semiconductor wafers by means of a robot
or the parameters for the oxidation treatment, such as,
for example, temperature (e.g. by means of the
heating 7), duration of the oxidation treatment and
flow rate of the oxidizing agent through the system S
for supplying the oxidizing agent.

The oxidation chamber 6 which is used for the oxidation
treatment can receive the semiconductor wafer 5 either
lying horizontally or standing vertically. In order to
achieve a homogeneous oxidation rate (apart from the
locally different 1light intensity), the semiconductor
wafer 5 can be moved. By way of example, it is possible
to rotate the semiconductor wafer 5, but this has to be
simultaneously complemented by the exposure apparatus 1
and, 1f appropriate, by the filter 3, for example by
simultaneous rotation. However, it is preferred for the

semiconductor wafer 5 not to be moved.
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25 heating 7) duration of the oxidation treatnment and
flow rate of the oxidizing agent through the system 9
for supplying the oxidizing agent. The oxidati on
chanmber 6 which is used for the oxidation 30 treatnent
can receive the sem conductor3@%afer 5 either |ying
hori zontally or standing vertically. In order to

achi eve a honbgeneous oxidation rate (apart fromthe

| OFakLYogELe ety | oL I Tenslty) . he sedt conuchar o
can bé noved It is possible
35hppogenare th@h@emtwmmwra/vaf erSlsmebut tiigi s pasdepion

betréaamgheneQH§lyg%QQH%aqgntegap¥léae EXPOSUTR  elevated
apparatus 1 and, if appropriate, by the filter 3, for

exBAPPET BYUTrSEauICAIRE ST rt B8RRI Hdweerbr¢feysed, which

prefecred ban dahe i g 019{1‘%@5% waf ef xfotat® Béntroller
noved. - 30 Furthernore, is possible to use cooling

t 08 ﬁBn%@eﬁ?i@Stﬁé F@ﬁp€P§F6Pé Ugﬂﬁcéothe oxi dat i on
treatnment is generally carried out at elevated 5

tenperatures however heating 7 is preferred, which
i sEcEMIEIT ed e ?ﬁe@qﬁﬁiﬁ%ﬂk g Zd ¢ GHEG1| epbich

8 @éleeﬂEaﬂ&dﬁoiﬂ&ﬁzmﬁﬁr&@eﬂ@ltnl@heAﬁﬁqﬁfﬁé@ ﬁoantlty,

PRFSFRETaguHt FHEHEYr oful r GPERGHIAY: | vt At r 1°

quabnngcteﬁ appthprbatdatubhrahambﬁr (3 connected to

t he oxi dation chanber 6. An in-situ nmeasurenent of the

t hi ckness of the oxide 15 layer is possible by the use
oannimnmégnatmdaﬂeasmehngcﬁ%yshenmhﬁCHnewwneﬁ ddse oxide

th S t -
| DERESase] pTRRRMIETE, Y et ATRALELDS gacurins
Ex%ﬁ@t@mAﬁlsal%WbFCha\ﬂa@gf at e améﬁé?néf "BEEHgment data

pr@QHC§HmQ&1aEEQQSE%V&b&%a%d%ﬁ'k%OQHéﬂHHanéﬁn@hﬁQn9é and
wafer to a base ' wafer, is treated. The thickness of

t erogfefefls 25 735 pm the thickness of the silicon
oxide layer is 80 nm and the target thickness of the

silicon, | ayer
Example y

An SOI wafer having a diameter of 300 mm, produced by
transferring a silicon layer from a donor wafer to a
base wafer, is treated. The thickness of the wafer is
735 um, the thickness of the silicon oxide layer 1is
80 nm, and the target thickness of the silicon layer

situated on the silicon oxide layer is 20 nm.

In step a), the thickness of the silicon layer is
measured exactly in a position-dependent manner by
means of an interferometer. The measurement with 2000
measurement points and an edge exclusion of 1 mm gives
a mean layer thickness of 21.9 nm with a standard
deviation of 0.7 nm and a difference of 2.8 nm between
maximum and minimum layer thickness. Figure 3
represents a thickness profile along a diameter, 1i.e.
the thickness tgo of the silicon layer, measured in the
unit nm, as a function of the radial position =,

measured in the unit mm. The thickness measured wvalues
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situated on the silicon oxide layer is 20 nm In step
a), the thickness of the silicon layer is 30 neasured
exactly in a position-dependent manner by neans of an
interferoneter. The nmeasurenent with 2000 neasurenent
poi nts and an edge exclusion ®f 1 nmgives a nean

| ayer thickness of 21.9 nmwith a standard devi ation

of 30e 75pBY-aRd ;& di IdRERNCE Ofnd &R helyeent 352 MB¥hHbkle
and m nimum | ayer thickness. Figure 3 represents a

t hP@Rne®eSpitdMse ‘4t Bhg2a Hicdtstrerlaycs. thdrénEfitkifesshis
t s@asef @H@eSihiCOHi@ﬁaﬁf,tﬂaﬁgﬂé@QnEn kﬁﬁpdﬂuﬂtnnmnaSthe
a function of the radi sition r, neasure%# n the

L. p
unP¥akmra e”Fﬁ%cMﬁés%gﬁEa Ly afFRISUrg ) LagEE Rutey 2t
| NtRegONPULEE i3NE, Camfetlied dfith@e & gliisoal femedpl rate is
Positions wth.a greater |layer thickness in this case
gi%%hheﬁ?ahe?ngrX%gﬁanﬁ?aconponent on the grayscale

map, so that higher exposure takes place at 5 these
positiaons nd _therefore .a higher remyv ra [.S :
o898 o (i e Yt aRE TR R e Jefhared e in
subseguent | y Wer rised owafem S&tephby .cIenskO hyaf éhe RCA
fr cl.ean 0 had .is ..ntro

i nr?%@lltl%d 1sa Q%tq)édg:u%%igﬁng%d tgl?é g)g(lu c}flrgr[ %lf’l%%er and

e oxi dation eat naer nltrogen to
t hee pfod esmdenperidingoerof to500€ Wrardastke peropesature of

t egpes @t ung,d;$ rt%%Ch%go LRE PIACESScihSe Sl tedalYey, the
swtching to oxygen th a flow rate of 0.5 I/mn at
at PoSphesi é Sprsyiired abd swiltehiing 1B opxyEenwhHgItdL a3 eflow

UVratd ugengt 5on /with 2 10eRldphe did irut Nt 8RS kWit Ming
array of | ow pressure nercur | anps is used as
exPdsuFle apphratusdrethe Wni titldgmig@rdi®Bngthl dt 185 harally

bei ngresed: The distancenhetweery dhe 1bwghtr ssireesmandury
the surface of the silicon layer 20 is 10 cm The _
gray8RaAl el frap“ca cuP&te&xﬁFEW%EUsﬁPHQ¥a§ﬂ§ﬁ)eﬁh?s ERLRCed
| megedl enfonht be s1gf ace bbihBe sidd .conhel ajest dnedreBasween
rii v BEAT y SBOCGRE T o Rhes b BgReaPe. ap. 1L T sl eer
ways tilve caur f abe afrdyheaslid | map |@lerulsted previously in
step a) 1is then imaged onto the surface of the silicon
layer by means of the light source array, the lamps
being driven individually according to the grayscale
map. In this way, the surface of the silicon layer is
irradiated with locally different light intensity. The
light intensity at the surface of the silicon layer
varies in position-dependent fashion between 1 and
30 mW/cm®. After an oxidation time of 60 min, an oxide
layer thickness of 6.0 nm (corresponding to 2.88 nm
oxidized silicon) results at the thickest position and
an oxide layer thickness of 1.8 nm (corresponding to
0.86 nm oxidized silicon) results at the thinnest
position. After the end of the oxidation time, the
oxidation chamber is purged with nitrogen and the wafer
1s removed from the oxidation chamber. The oxide layer
1s subsequently removed completely by means of
wet-chemical etching. This is done using an agueous
solution, which contains 0.5% hydrogen fluoride (HF)

and is buffered with 20% ammonium fluoride (NH,;F). The
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25 irradiated with locally different light intensity.

The 1light intensity at the surface of the silicon

| ayer varies in position-dependent fashion between 1

and 30 mWcnR. After an oxidation tine of 60 mn, an

oxi de layer thickness of 6.-03gm-(corresponding to 2. 88
nm 30 oxidized silicon) results at the thickest
posi-thepeaRd AROXide d ayel (i GknegSe 8f do8 NMbag to a
(corresponding to ~0.86 nm oxidized silicon) results at

t hBCRRIAABSE  POYPRFBANIAfRler Hige EHELBFCt Hef oxiltfat Sdd icon
ti meyethe oxidation chanber is purged with nitrogen

and the wafer 35 is renoved fromthe oxidation chanber

The oxide |ayer is subsequently renoved conpletely by
meghs Qfosﬂbfior@%@&ﬂezﬁﬁ chRihAagknEliss d}ishdg@e a5l hgor@nlayer
aqueou sol ution ich contains 0.5% rogen .

(U8 GEToR S RTEFE baPFehed HREH 20 mgdigm thickness
fl wersdeiNH3gthddheas Fx theatteninmwind. t The sotari dayer
dogfxigggel gadlé Oy %qaurn%blﬁitg'p#%h%@a% a?rfd tgeviation of
surtace 6f “t he siTT con | ayer. e posi |on-d%pendent

t hPcRhesw ehdt ke &ifliccmmdeays’ 0§65 timenberesen edhagaprimum
usi t t hi essy. - i ng-7et hogd . th -
begﬁ%niﬂg?§@ﬂg nggggﬁaygplg?ﬁégﬁhesgﬂgs ggﬁ?§8e%snn§r0flle
wi ehoagstaedathrarisat i bhoete @, 2shpmwsardica dl¢der éaveling
of . 8. 6RNI; between sthe maxi num 10 and m ni mum | ayer

t hi ckness. The thickness profile along the dianeter,
figure 4, shows the clear leveling of the silicon

| ayer. 33 - Patent clains 1. A nethod for the treatnent

of a sem conductor wafer, conpris- ing the follow ng
steps: a) position-dependent nmeasurenent of a paraneter

whi ch charac- terizes the sem conductor wafer in order

to determ ne the posi- tion-dependent value of said

par aneter over an entire surface of the sem conductor

waf er, b) oxidation of said entire surface of the

sem conduct or wafer



at a tenperature of 300 to 1100 C under the action of a
gaseous oxidi zi ng agent conprising oxygen and
si mul t aneous exposure of said entire surface to W
i ght having a wavel ength o% | ess than 250 nm thereby
produci ng a different quaﬁtiﬁy’of reactive oxy- gen
species at different positions, the oxidation rate and
Pattdnits cXdigng hi ckness of the resulting oxide | ayer being
dependent on the light intensity at the surface of the
sem conductor wafer, and c) renoval of the oxide
1. Fayethacheldr gifte i mensieyt | oif s@ epelb) C brilvgt pF edef ¢ hedcompris-
c o d itl.0n- ent manner in such a way that the
ln%ﬁ#féggﬁ%%ggpﬁggﬁg posi - tion-dependent val ues of the
a) prsmeter- Jrrsueatt iteastepergnarel 3 deRpeddehyr theich charac-

tePOSd 110k dependsi, Oxd dafd o0, r 8 e F@sHl £b NgefEBM nthene posi-
_position-dependent light intensity in step b) and the
ticqyseRendifdht fevat ofa theP dsdet tayerer matepteye surface of
thelhemeihed e €laifed in claim1, wherein the exposure
of the  sem conductor wafer is effegtﬁg b a,Ii%ht
b) soaa;f%etlzﬂm of 1934erenti1% et el Wieent t eS| Tght CStinceor water
at anddriie rsemeonduador waferqo the udddt ethdavingor of a gaseous
jg@fi.tion-de endent Jha{t transnissi%%ﬁx ngCh IS in a £
OX IHeA S T Ht i GHEHT P Wi PTREHGRT ¢ i it depdndent GaPtetre ©
saiaf ertthe gpananeter .t3.UVIhel qret oty asg cd avaredl émgtch ab less thar
rei,n _a grayscale.. I S, ul at it '
250%%6&&%3 r rﬁotaAnueClg%giat idolnif;frjléi e%%ﬁd%%%%&e@%fﬁ%%%ﬁve 0%y
gernparavstesy ateasiifedant gtapl m)gnandttcheox ekposer erafet ard thus
t heS @MiConAUCt o wafer, dd, step; B i s ef { 8ot 60 Yy 8ependent on
proj ection apparatus ﬁ%léh projects an imge of said
thegldpdicalle t opgp tohtes tHe sfiasee off tHe sefcotilictber water,
andwafer. . 34 4. The method as clained in claiml,
wherein the exposure of the sem conductor wafer (5) is
C) EPFEYPed By TmAREd i{GHSFof 1ight sources (2) which
theaﬂQg?lFr ?&g@&sﬁlt@n%ﬁ Ciﬁte?ﬁ&;)h)almiih_ﬁj mgacaemmfixh ya'z g@osition—
arallel to the plane of the semi cqonduct waf er : .
depBREENE, GRETSG RS G Ay “EontT | Sds il VISR 5® ofh | fe posi-
tiograependensucaluvasway tthed gdreandtgdt nedenstd yiracttag a) are
on_t.he surface af .the em conduct.o er_(5 h
e B s e dor e Al CoRs g s T g £rom
theppsitiitdrndeiperdeisn tvdlige tofi rtten pigramet ertep b) and the subse-

quent removal of the oxide layer in step c).

2. The method as claimed in claim 1, wherein the exposure of the
semiconductor wafer is effected by a light source and a filter
fitted between the light source and the semiconductor wafer, the
filter having a position-dependent light transmissivity which is
in a defined relationship with the position-dependent value of

the parameter.

3. The method as claimed in claim 1, wherein a grayscale map is
calculated with the aid of a computer from the position-
dependent value of the parameter measured in step a), and the
exposure of the semiconductor wdfer in step b) is effected by a
projection apparatus which projects an image of said grayscale

map onto the surface of the semiconductor wafer.



5. The nethod as clained in any one of clains 1 to 4,
wherein the oxidizing agent i s oxygen, ozone or a
nitrogen oxide. 6. The nmethod as clained in any one of
clainms 1 to 5, wherein the sem conductor wafer
conprises a material selecteél fromthe group: silicon
germani um and silicon carbide. 7. The nethod as cl ai ned

4.'@hé|ﬁéﬂhéd ﬁ@eEﬁmeEBe %e%u%Qquct%5er@§%e&h%0@@@d§%%e of the
ilicon. 8. The nmethod as clained in any one of clains

ste@@nducﬁﬁéréaﬁertﬁé pafafbtecties the ah&ldhtidéwviidni af light

sofhifeasa @?fWHﬁgh'Q§é|aerﬁﬁ%d 910hbe ioRt bod a9 lriimBt a plane
in any one of clains ,. Wheréin_ the sen conductor

lywageparalanlsop %@ﬁeplﬁﬁﬁcﬁfcéﬁﬁrﬁ@@écgngéﬁtorc&wéﬁai<ﬁ>r the

1l@ﬂyegogec@§ Bbeshr keakhky1iasukatiRgdeaniiveor 10, gips in such
nethod as clainmed in claim9, wherein th sen1conductor

a vayekh eBnﬁP?sé§gatnﬁpéﬁpéﬁtgeﬁgéﬂ@a PPomené Ygrées: o the
seﬁitbﬁ@ﬁcggf wﬁﬂ@kur(ﬂiandtslelabﬁofboﬁdl‘cﬁbﬁe islin Eheierf:atdm rela-
| ai me in cl rein t con or ayer
t1 ek PRE l i omoTiBt onaeRelb Tl S ES i e sy i er
of claims 9 to 11, wherein the paraneter is the
5.tPﬁgkﬁgégogfaghglgggggoggug%gro%gyof claims 1 to 4, wherein

the oxidizing agent is oxygen, ozone or a nitrogen oxide.

6. The method as claimed in any one of claims 1 to 5, wherein
the semiconductor wafer comprises a material selected from the

group: silicon germanium and silicon carbide.

7. The method as claimed in claim 5, wherein the semiconductor

wafer comprises silicon.

8. The method as claimed in any one of claims 1 to 7, wherein
the parameter is the height deviation from a defined ideal

plane.

9. The method as claimed in any one of claims 1 to 5, wherein
the semiconductor wafer is an SOTI wafer which comprises a semi-

conductor layer on an electrically insulating carrier.

10. The method as claimed in claim 9, wherein the semiconductor
layer comprises a material selected from the group: silicon ger-

manium and silicon carbide.

11. The method as claimed in claim 9, wherein the semiconductor

layer comprises silicon.

12. The method as claimed in any one of claims 9 to 11, wherein

the parameter is the thickness of the semiconductor layer.
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