Met hod and apparatus for the treatnment of a sem conductor wafer 5 The
present invention relates to a nethod and an apparatus for the treatnent of
a sem conductor wafer by nmeans of an oxidation with locally different
oxidation rate. 10 A sem conductor wafer, in particular a single-crystal
silicon wafer for use in the sem conductor industry, has to have a high
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posi tiveiand #1ag@s i ¥€ates that the SFQRu.x value of a semiconductor
wafer must be no greater than the line width of the
components which are intended to be produced on the
semiconductor wafer. In order to be able to integrate

the maximum possible number of circuits, the required

20 flatness must moreover be ensured as close as possible
to the edge of the front side, where the front side is
defined as the side on which the components are
intended to be produced. This meang that the
measurement of the flatness is to be carried out with a

25 very small edge exclusion and the specified flatness
values need to be gatisfied 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

30 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
35 flatness and local 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 pogitive and negative

40 deviation from a back surface-referenced ideal plane



40 devi ation froma back surface-referenced ideal plane - 2 for the entire
front side of the sem conductor wafer) which corresponds to the formally
customary 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 conponen® to be established thereon. It is
often expressed as the SFQR ("site front surface referenced | east
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the front side and on the rear. side of the sem conductor wafer. It can have
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| ocated at thamwdgadicddie wefer. M eHeechekl oFf fsPER, it is always
necessary to 1indicate the area to which the wvalue
15 indicated relates, for example an area of 26 x 8 mm® in

accordance with the ITRS roadmap.

A  further flatness parameter ig the go-called
nanotopography. This ig defined as the peak-to-valley

20 deviation in a predefined surface element, e.g.
2 x 2 mm’. The nanotopography is meagured  using
measuring units such as ADE CR 83 SQM, ADE PhaseShift
Nanomapper or KLA Tencor SNT.

25 The flatness in the edge region of the semiconductor

wafer is 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,

30 describes the measurement of the "Wafer Roll off"
(= BEdge 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

35 located at the edge of the wafer. An edge roll off is
disturbing in particular in the case of sgemiconductor
wafers which, for example to produce S80I wafers, are
connected (bonded) to a further semiconductor wafer,
since the edge roll off of the wafer surfaces which are



disturbing in particular in the case of sem conductor wafers which, for
exanpl e to produce SOT wafers, are 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 influence on the
bonding quality at the edge of the wafer3 At the present time, seniconductor
waf ers which serve 5 as substrate for the production of mcroel ectronic
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of at best 30 0.07 mare achieved. The PACE net hod, as proposed in

EP961314A1,IW%9E?%0 a deterioration in the roughness of a polished wafer,
whi ch can be partially reduced by an additi onal

In EP798766Al, a vapor phase etching step according to
15 the PACE ("plasma assisted chemical etching") method
followed by a heat treatment is inserted between stock
removal polishing and mixror polishing in the
conventional process sequence, in order to improve the
flatness of the semiconductor wafer. It is shown on the
20 basgis 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 pm. The document does
not give any local flatness data. Furthermore, it does
not state the size of the edge exclusion for the

25 flatness measurement.

EP961314A1 sgpecifies a similar method, in which, after

sawing, drinding, PACE .and mirror polishing, GBIR

values of at best 0.14 pm and SFQRp.x values of at best
30 0.07 pm are achieved.

The PACE method, as proposed in EP961314Al1, leads to a
deterioration in the roughness of a polished wafer,
which can be partially reduced by an additional
35 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 1s contaminated with the

decompositicon products of the gases used for etching,



35 hydrophobi zing step directly before the PACE. PACE has to be carried out
i n vacuo, which nakes the process conplex in terns of the equi pnent

technol ogy. Moreover, the sem conductor wafer is contam nated with the
deconposition products of the gases used for etching, - 4 which
necessitates an additional cleaning step as described in EP1100117A2.
Moreover, this process is not carried out over the entire surface, but
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the overlap positions. The larger the diameter of the

nozzle which is used to supply the etching medium, the

worgse the deterioration is. However, for economic

reasons the nozzle diameter cannot be chosen to be as

20 small as may be desirable.

Consequently, the methods which are known in the prior
art are unable to meet the geometry reguirements for
components with line widths of less than or equal to
25 65 nm, that is to say SFQRp.x values of at most 65 nm.
In this context, the most serious problems occur in the
edge region of the sgemiconductor 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
30 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 sgo-called
SOI wafers. These semiconductor wafers have a
35 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 distinction is drawn between the so-called '"thin



account when assessing the flatness. An additional problemarises in the
case of so-called SO wafers. These sem conductor wafers have a 35

sem conductor |ayer which is situated on a surface of a carrier wafer (base
waf er or handle wafer). The thickness of the sem conductor |ayer varies as
a function of the conponents to be processed. In general, a distinctionis
drawn between the so-called "thin - 5 layers"” (thickness |ess than 100 nn
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sem condtét ore}FE’d&E@r% depends on the |l ayer thickness. The neasurenent nethod
used to neasure the |layer thickness is pref erably spectroscopi c

el l'ipsometry, reflectometry or interferonetry In order_to be able to
integrate theg%xf”ﬁ%ﬁlrﬁos Bl éferﬁunﬁ‘@POB?a’é?r(ﬁﬂrc S Hﬁor%‘?@f LI Pdquired
| ayer microelectronic components. The semiconductor layer of

an SOI wafer has to have a very homogeneous thickness

15 =all the way into the outermost edge region. 1In
particular in the case of semiconductor layers having a
thickness of 100 nm or lessg, the transistor properties,
such as e.q. the threshold voltage, vary very
congiderably in the <case of inhomogeneous layer

20 thicknesses. The absolute thickness tolerance for SOOI
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.

25
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. Thig in turn

30 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 local etching methods
35 involving scanning the S80I wafer, a higher etching
removal being provided at places where the layer
thickness is higher: in accordance with
US2004/0063329A1 the surface of the S80I wafer is

scanned in a dry etching method by means of a nozzle



t hi ckness honobgeneity has to be ensured as close as possible to the edge of
the front side. This in turn 30 neans a very snall edge exclusion. Mthods

for the aftertreatnment of an SO wafer with the aimof inproving the |ayer

t hi ckness honopgeneity are also known. They are generally |ocal etching

met hods 35 invol ving scanning the SO -w&fer, a higher etching renoval being
provi ded at places where the layer thickness is higher: in accordance with
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15 gource or the nozzle, on the one hand, or the 80I

wafer, on the other hand.

Moreover, additional inhomogeneities in the layer
thickness occur particularly in the edge region of the
20 wafer, i.e. in a region up to 5 mm away from 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
25 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.

30 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
35 providing a semiconductor wafer with improved flatness
(in particular in the edge region) and nanotopcgraphy
which 1s 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



EP511777A1, given a |layer thickness of 108 nm a |ayer thickness
honogeneity of 8 nmis achieved, wthout any details being given as to an
edge exclusion. 30 Therefore, despite the conplex nethods, the required

| ayer thickness honpgeneities are not achieved, in particular in the edge
region of the SO wafer. Therefore, the Tnvention is based on the object of
35 providing a sem conductor wafer with inproved flatness (in particular in
the edge regivarferand Mandtlopogrgant ihitoh psowide adh eSOBr wahierpwothcti on of
conponents Ry g, dd Ne,yi At B3 0knas NHLAH éﬁéit I,”iﬂ?'?af@:[‘%@i%r ihhe term
"sem conduct or "waf er" al’so enconpasses an g - ‘7[ waf er. A further object
is to provi déien e89e WEEC Wi th i nproved | ayer thickness honmpgeneity, in
particular in the edge region. 5 The object is achieved by neans of a

met hod for th treat nent, of sem conductor wafer, co i sing the
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posi tion-dependent manner in such a way that the differences in the
posi ti on- dep&@d&dtr val ues of the

b) oxidation of said entire surface of the

gemiconductor wafer under the action of an oxidizing
15 agent and simultaneous exposure of sald entire surface,
the oxidation rate and thus the thickness of the
resulting oxide layer being dependent on the light
intensity at the surface of the semiconductor wafer,
and
20 ) removal of the oxide laver,
the light intensity in step b) being predefined in a
position-dependent manner in such a way that the
differences in the position-dependent wvalues of the
parameter measured in step a) are reduced by the
25 position-dependent oxidation rate resulting from the
position-dependent light intensity in step b) and the

subseguent removal of the oxide layer in step c).

The subject matter of the invention is a method for the
30 treatment of a semiconductor wafer by oxidation of at
least one of the surfaces of the semiconductor wafer
and removal of the oxide layer. In this method, the
surface of the semiconductor wafer (in the case of an
SO0I wafer, the semiconductor layer), unlike in the
35 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) is achieved by means of a

position-dependent growth rate of the oxide layer (also



paranmeter neasured in step a) are reduced by the 25 position-dependent
oxidation rate resulting fromthe position-dependent light intensity in
step b) and the subsequent renoval of the oxide layer in step c). The
subject matter of the invention is a nethod for the 30 treatnent of a
sem conduct or wafer by oxidation of at- Beast one of the surfaces of the
sem conduct or wafer and renoval of the oxide layer. In this nethod, the
surface of theSamabnducherenabéteti ast hexicdhadd cof @te)SOnwatep, bt he
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conprising silicon-germani umor 20 silicon_carbide. Apapl ication tq silicon
is parti cul ar&})y. The resultant measured values re used or

15 controlling the local light intensity.

The method according to the invention can be applied to
all semiconductor wafers, for example comprising
germanium, preferably comprising silicon-germanium or
20 silicon carbide. Application to gilicon is particularly
preferred. If the flatness of the front side of a
semiconductor wafer of this type is intended to be
improved, then the height deviation from a defined
ideal plane is suitable as parameter that is measured
25 in step a) of the method, as described above. Said
height deviation c¢an be determined by means of a

conventional geometry measuring unit.

If the global flatness (GBIR) of a semiconductor wafer
30 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 local elevations
35 and a low oxidation rate is achieved at positions of

local depressions.

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

gemiconductor wafer i1s intended te be optimized, in



preferred. If the flatness of the front side of a sem conductor wafer of
this type is intended to be inproved, then the height deviation froma
defined ideal plane is suitable as paraneter that is neasured 25 in step a)
of the method, as described above. Said height deviation can be determ ned
by nmeans of a conventional geonmetry neaS8uring unit. If the global flatness
(&BIR) of a sem conductor wafer 30 is intended to be optim zed, in step a)
t he devi ati orsteyd ahethef eteviraaniorsiaie thenmwafierdeadord anedelefromdalny t he

waf er rear Ssi |-S in nd.Ln st bh) th | I |ight _intensity is
controlled i nldcgeu%:% gﬁ%gl hggfegeﬂFSQ o%?jgatai} ons§%%%9|£§ a(r:rﬁ%é‘g&éj&ﬂlg [al ocal

el evati ons 35vigmbwa | oWpoxi daaipher abé i & ashizevedfat Jfosi td oms, of isl ocal

depr essi ons. ; tr b h C t ( i egnduct or
wafer is int e%%teedﬁ?lor%gie]' o‘%i?ciFl rr:IL It%e%lf’cjilignlgj- %ﬁés?‘ggéé) ﬂl: %Ekdg&itgtn is%ﬁ?‘()]fi 9’t he

wafer froft GYEYILHBNT| geah Bl #8¢ t&Rer endetplt oonl dpeiPri E2kBaddr enent

wi ndow, for exatidvwedfat 302810fe126/a¢ oA PandSa deher dkgst iandrbRest ep b)
the local Iight irl_'f.ensi y is 5 control Ifg in sgfh a way that a high
oxi dati on rat® iZF1HEHERY RAS1TEE & SN LERRFSE 1T oxi dation rate s

achi eved at positions of |ocal depressions. The nethod according to the

i nvent I on Canrha% S?nel%%ogloﬁacgggd%\%gt Ot§o tl’\{\gf eirr%rerinpic\!@i Cchar?a%ei tohebe
seni conduct or ayer of the f er “may “conprise ‘ger mani um” for ~exanpl e.
Appl i cat i6n tapsleimdoneu80dr whdperss denprhisimgeass | thensgedeendwetor sil i con

carbide is pr ed: i i si-Li,.con.l ti y.pre red. If
15 the |l ayer 1t icIrkng)s,fs Egr%og%#ei ?J%ftg(f} th‘é&seér}lo&é%ﬂpuct gfelg“%%%lrr&i sffi%%tended

to be inprovekanthen SRl j@aferon t e cReBsgonduapasutaiers SEBPrapisg t he
nmet hod accorghingd Jdend Ment ion. Jheitdhckagssigl the preferred;
application to silicon is particularly preferred. If
15 the layer thickness homogeneity of the semiconductor
layer 1is intended to be improved, then said Ilayer
thickness is measgured in step a) of the method
according to the invention. The thickness of the
semiconductor layer can be measured in a position-
20 dependent manner for example by means of an
ellipsometer, interferometer or reflectometer. In
subsequent step b), the 1local light intensity is
controlled in such a way that a high oxidation rate is
achieved at positions having a large layer thickness
25 and a low oxidation rate is achieved at positions

having a small layer thickness.

The required material removal is determined for each
point on the surface of the semiconductor wafer on the
30 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
35 the etching medium used achieves for the relevant
gsemiconductor material and which in turn defines the

material removal.



sem conductor |ayer can be neasured in a position 20 dependent manner for
exanpl e by neans of an ellipsoneter, interferoneter or reflectoneter. In
subsequent step b), the local light intensity is controlled in such a way
that a high oxidation rate is achieved at positions having a |large |ayer

t hi ckness 25 and a | ow oxidation rate -i ¢0%chi eved at positions having a
smal | layer thickness. The required material renoval is determ ned for each
poi nt on theZ@ur@&m@I@ﬂ,thehgenhumhductamdegqsiuﬁvnfupf Sﬁebaykgm@htthe

Teasur erent [k AP SloenBat Rl N eAULE eadYAI 0N Al | hengXy

treatnent and the require i nfensi t poi ni on the surface of
the sem condudtesT wafermeaxgiprineiat cpPansd fRQﬁﬁthﬂe? gepeadisoron af-éie

dependent on 4, | b8t nent@NSdemetl GBrdife { hByelall ng nedhiym uoedrachi eves

for the rel evant senlconductor mat erial and, whi ch in tyurn defines the
material PendiAS <f 16he| HegENEERNT R MFnbeF %n’(:l $OENti BAh BPenEassr enent
poi nts dependsft Ofthtehemé@%u&&ﬂgl’ effli vki oanE Thes oaXi (ByA @@mebn@hcm&suremnt

poi nts possibl e ends.on the., size of a rene t b way of
exanpl e, the B 19% Q?V%ﬂ% e adtPBRERY 8&0§%ﬂf§“ nﬁgﬁfng?% éggﬁ

t he neasur i ngsamidcndADE &5 06 {d o ksaewﬂlr@mdu:t:itametemafcafr SSdavammg. a di anet er of
200 nm and ADE AFS (for sem conductor wafers having a dianmeter of 300 mm).

10 The required local light intensity is subsequently calculated fromthe
measur ed1¥al e Aeavings e lnstadod lightdesatiebsd tel dw osublseabgsitd yof

geormetry dat ajcifratdPr £PGh! Bhél AR B R 1 SFR sQutabie fRERARE can

al so be applied nutatis nutandis to nanotopography data 15 or the |ayer
t hi ckness of i sédfehHert Belrdyer ithe hasishd ofeane’sro daFar. 1Tke

geonetry nmeasii# NgpHRink zHHES tthdreasure®nt spHrRbe but the method can
also be applied mutatis mutandis to nanotopography data
15 or the layer thickness of a semiconductor layer in the

cage of an SIO wafer.

The geometry measuring unit uses a measurement probe
having the size AxaA (typically 4 x 4 mm’ or 2 x 2 mm?)
20 to measure a complete mapping of the thickness t of the
semiconductor wafer having a diameter D. In this case,
the thickness t 1s strictly speaking the height
deviation from an ideal plane defined by the rear =side
cf 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 is then placed through the center of the
semiconductor wafer, a wvalue of the thickness, t(x,vy),
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) is 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)



havi ng the size AXA (typically 4 x 4 m2 or 2 x 2 mR2) 20 to neasure a
conpl ete mapping of the thickness t of the sem conductor wafer having a
dianeter D. In this case, the thickness t is strictly speaking the height
deviation froman ideal plane defined by the rear side of the sem conductor
waf er. These data can be 25 transmttedlds raw data fromthe geonetry
nmeasuring wunit to a conputer. If a systemof Cartesian coordinates is then
pl aced t hrough the center of the sem conductor wafer, a value of the

t hi ckness, t (X, Y): EXI for each point_ x,y..lLn thi ase n are 30
varied in thej?(f‘(f:jri)C 61 Jf%éeéhegsuferrsé’r?gmv]\ilnz osw %F%e,absvﬁill‘g enéng sn{?{tt_‘ﬁlétjlt\é t(x,y)
is to be undefsnaoibras tBeeneaksodfitehe melgrdknelss ofaerct hen sqaane, beef i ned

by x-A/2 to ai&i"l&ﬂBfec?ngf.%fé@]{ £nk0 XLEN1Z 1 THE SXPOSUT Ex 88 raty Pfeaaf%t%

resol ution of pI xe or exanple 1024 x 1024. T 5 co sponging

val ue from t heS or FEPhERLLYI clofesd aFat ribani sthasi gidd t BheacREAaErPL el ement
M (a,b) wth idecigldks ofgaa Lomuyt ei’;h:bntgﬁla 8hifBLrix hawd ngdde shzgeBxB:
Ma, b) = t(j-D2+a*Dy B(, I-D/2,+b*D/Bt) é Z - 11 .in_this case, gy olizes
the absol ut e FRGM UL FUHRIVE ThHe ablol uPEFLGATt udBERUNBEEEN O&n be

appl i ed sincezdheidgdsaltiti on of the exposure apparatus 5 is typically
greater than that of the original thickness data. If the opposite is the
case, just geonetric averaging of the original data need be carried out.
10 Fol | owmcng Hdili lsoviremns £bi pattiems fidenadatcn ar €hs noetthe dare Tiecavdedgi ng

radi us R exi a ni r ol el. . e_pi xel I r.di nat es
i,j is assi grslfé}c?je t%‘égrgrggﬁéf F‘S‘%%%ﬁ%re’% h‘LéX%)T"’g% ¥ c‘ﬁgﬁﬂég? nbg%gﬁ%gleglw th
radi us R ar ot t Bexpéi Araving phpoiasordipatiess 1njt Ke 183ssiges@ &heund i, j

preci sely whepedihertghl aingrheonditdion §8ifBt 1ie in a circle with
radius R around the point i,j. A point x,y lies in the
15 c¢ircle around 1,j ©precisely when the following

condition is met:
(i-x)*(1-x)+{(J-v)*(j-y) £ R*R (2)

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

which meet the above condition:

Marcorn (1,7) = mean (M(xq,v1), Mz, y2) s M{X3,¥3) s M{Xa,¥n)) (3)

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

parameter.

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

methods which are commonly employed in EDP.

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

35 matrix for the exposure of the semiconductor wafer:

Transparent component of the pixel i,]j =
(Msmooth(i i ] ) —MinM) * (MaxM—MinM) *100% (4)



(T-xX)*(i-x)+(jJ-y)*(j-y) < R*R (2) 20 The new value is calculated fromthe
nmean of all Mx,y) which neet the above condition: Ms,mr-,(i,]) =nean
(MxI,yi), Mx2,y2), Mx3,y3),... Mxn,yn)) (3) 25 Based on the original
system of coordinates, Ris typically between 0.1 cmand 2 cmand is used
as tuning paranmeter. However, in additil8n-to this geonetric smoothing, it
is 30 also possible to carry out all other standard snoothing nethods

whi ch are conmonl ylagk epepanereDRE e mieturh dalue MaxM and ni ni num val ue

M nM of the matrilﬁdmgoqmad:ﬂ,gjw_tmqlmgeqﬁggﬁ}qip@{hbgf*ltm grayscajsy 35 matrix
for the exposure of the sem conductor wafer: Transparent conponent of the

pixel i,j = (I"Ismooth(i, j) - MnM * (MaxMMnM *100% (4) - 12 black
conmponent of dHigs phXSbrithm=riPlesentcMp@etikullarly) tM b) pbslibasivsM nh)

*100s (5)_ Thi orithmrepresents rticularly thick position of the
sem condudt o ral bl aECTLARHHFERT, WBLFhataa nestriRRaR e SFe ERPbsed with
a high Iight the#eenspdyitByneontawmst , ekbestdli nnesth poai t itaigh ar éight
represented a nd eref or ann be _ex o] |y exposed
with a lowl ?Lgh'}tgn%ﬁti%éﬁy tByl f%n%ﬁgésl%rive%heontﬁéglg%%gseﬁgfg&t'alﬁgggepgggence of
the rate of rapasisfarndeskiatathlachk emnd | vrerefordecimrensbeyeapdsedher
wavel engt h of.theJi0he radialed v\ij]'?:h Thiy$ S_Lig‘?ﬁs%-itté‘?%:ﬂt'} concrete terns

[ silicon

bel ow on the basis of the 1I5 exanpl e of . However, “the invention can
al so be 18pplied to other sem conductor materials. The rate of thernal

oxi dation of 18id i t@fehisi ®@$SpRkES! ke det efnd ngdpBydbhckhef ofpat kaBeof
reactive oxidizi

in Z[C:),speci‘e , ,2% by the diffusion of said species . fromthe
waf er surfacé& osgﬁﬁl h?eﬂ’%ﬂ@% heER2SFEPRBN Shgthe intensity and
the wavelength of the 1light radiated in. This is
described in concrete terms below on the basis of the
15 example of gilicon. However, the invention can also be

applied to other semiconductor materials.

The rate of thermal oxidation of silicon is essentially
determined by 1) the formation of reactive oxidizing
20 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
25 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
30 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; Kaior et al.,
Applied Surface Science 54 (1992), pages 460-464).

35 The oxidizing agent used in step b) 1is preferably
gaseous. A particularly preferred oxidizing agent is
oxygen (02). Nitrogen oxides such as dinitrogen
monoxide (N,0) are also suitable. The gas atmosphere
may additionally contain further reactive gases such as



silicon oxide that is growng into the silicon wafer, and 3) by the
formation of silicon oxide at said interface. It is known that one or nore
of these 25 reaction steps and thus the rate of oxidation reactions can be
accelerated by radiating in light having a suitable wavel ength. The
i nfluence of the light intensity and wav&l ength and 30 al so the underlying
oxi dati on nodel s were descri bed by Young et al. and Kazor et al. (Young et

al ., Applied hiRiwsien LéHbEr x( MEr{ﬂ@SKﬁlzpa@adB%oﬂﬁﬁé@d‘:tﬁealga,sesAppI i ed

Surface Scien 1992 ages 0- 464) oxL.di zj ng ent ed in
step b) is prsg erab(sy né)ﬁsréj u% ,&ﬁ ar {1cu ar?y p e?erl’edi%mr%%’m ng%’g}gent IS

oxygen (02). ddntragermwakedesasorh HsD)dl-nlthmgens nefexirdd ¢N20n amésal so
sui tabl e. The,gas ag SpBeLe %%ﬁd%@@ O“&) é&‘gt ak,p f@k&ﬂ fel gkl ve

gases such as - 13 drogen or c and nonreactive gases
such as nbtr ogeriq than gRa3n obl &0 d%\%ééarﬂewthl"@dt cd¥fai n water vapor (H20)
- thisis referred toin this case as noist oxidation. By way of exanple
t he 50xidat|$n may al so pbe carried out with ai I f the oxidizing agent is

|
oxygen, then 1¥ridf RFHH W ER 2R1E | Rt ORAIFRg Egﬁﬁvél“’@ﬁ LRCIPTY ¥L&N han 250
nm | eads to by edkdlg n&vlihg ax wgaR1etgen domksa thahhesoeanl lebdst hat

hi ghly reactiyve Jon tomc en (0) and Qzone 3). aris Thi s_effect
i ncreases as the ﬁ%@gjr%%g?ﬁ éé'sgee?‘ 5 HHat %rﬁfg’ Jetlaf EPFgﬁt ﬁlg\ifl ng a
wavel engtth ofhdtesbighaw MGMVS prebetpedci foxoxyeen (03 used azonexi di zi ng

agent. Nonoat g exygen () andzone (A3)o18.8" e, sulslant akhe spronger

oxi di zi ng age mol ecul ar "oxygen ore, the oxidation rate
can be signi fdeerrasesc o etlaedthby e adf al Lohtwhenioy al waive Lemgthe

wavel ength rafge; gpat kaagd.2otink | 14 | JeBEErr¥@S 1¢eehiRad Dy Boyd ek al .
(Boyd et al’ogﬁgiéfgg agent. Monoatomic oxygen (0) and ozone (O3)
15 are substantially stronger oxidizing agents than
molecular oxygen (0;). Therefore, the oxidation rate
can be significantly accelerated by irradiation with UV
light in the wavelength range mentioned. This influence
was described by Boyd et al. (Boyd et al., DNuclear
20 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.
25 The oxidation treatment in step b) is preferably
carried out at temperatures of 100 to 1100°C and
particularly preferably at 300 to 500°C. At these
temperatures, the lifetime of the reactive oxygen
species mentioned 1s so short that an appreciable
30 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
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 algo achieved as a result.



20 Instrunments and Methods in Physic Research B 121 (1997), pages 349-356).
Ozone and nonoat om ¢ oxygen have a very short |lifetine, which decreases
further as the tenperature increases. 25 The oxidation treatnent in step b)
is preferably carried out at tenperatures of 100 to 1100C and particularly
preferably at 300 to 500C. At these tehperatures, the lifetine of the
reactive oxygen species nentioned is so short that an appreciable 30

di ffusion of said species does not occur after they have been produced. By

means of a pRfLhi ofsfdgpe e ﬁiaﬂfgagigty 1%8hqkhe Hé(vehgﬂgghsé} dLgherent
quantity of said reacttve oxygen 35 speci€s can be produced at different
positions. SPEEENgRBECEi f3lusitds oPxLEHL@Ppediads | QN phmadtcan ycan be

i nsi gni fi cangchepas wgonaéiﬁpgfldsﬁ_t in¥anyntg cﬁpwt]&é aph opnef Paiglk species
and hence a position- dependent ogxidation rate are al so achlevggfas a
result. -° 14°PPneF Y@ NPT i gRERAPPng FORYEFT nardtengtRetefbo, e eHependence
of the ;)xi dgt:iaﬁn 1:::68.'[ @bﬁaiﬁéai tHyonméans bef acdevetytiys \A%yal@fw as o rridm]lcj]?nce on
steps 2) and_3), of _5 the _oxidation reactiaon. However, the greatest effect
con’ be- nbr i B by e RRE T ave! BEJEls BORoRTosG i Ui CHOpHIE! ar
bel ow 200 nnthadetheonnttapnte ofheheobxbddastep tgaofibhe oxi dation
reaction. 10 The spectral dependence of the absorption is inportant for the

sel ection of a suitable light source for inplementing the invention. By way
of exanple, Fhe spawssadr dapiendanpud shedthy abbruad iopedts ukbmeerk ditgh

intensities, ghre. th@eyséi‘é‘cﬁ%ﬁgséfm &Y D& usete T ofidhie 1a,@XROSUF & Of

entire sem conductor wafers. T appropriate wavel ength range can be set by
using suit abMBlEMPRELEI( hilh- phiveentink pady) WaYprPhci pramPlaowed®s, it is
possi ble to usfpal ladd gBLcEOHEGESHBAOSS a broad spectrum and high
intensities, i.e. they can successfully be used for the
15 exposure of entire gemiconductor wafers. The
appropriate wavelength zrange can be set by using
suitable filters (high-pass, low-pass). In principle,
however, it is possible to use all light sources whose
light is suitable for obtaining the effects mentioned
20 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
25 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.
30
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:

35 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 Thaving ©position-dependent transmission or

mirrors having position-dependent reflectivity. The



light is suitable for obtaining the effects nentioned 20 above. By way of
exanpl e, |low pressure nercury |lanps or sodium vapor |anps, deuterium | anps,
excimer |lanps, lasers or LEDs are also suitable. If, when using oxygen as
oxi di zi ng agent, by neans of the position-dependent exposure, the intention
is primarily to influence the 25 arisi-ngsof reactive oxygen species (as
descri bed above), |ight sources are preferable which emt a portion of
their |ight beltoviza waeltEngt hcafc@bitenn cyraevenldel val268 nopnf obeexanpl e
deuteriumla ; i S I p r y ; ere are
a nunber of g%?%%?qﬁifgﬁ?ééﬁgﬁ%éﬁ?zgﬁ% %ﬁéﬁg%%dgﬁrgH%hgéagpépgﬁgtgg

posi ti on- depeide@it Buasticensi of stlep e¥rorurdcappakedugcovrdl nghe oatHe

i nvention: 3%y vy i exadpt feal taflsarpg?&%p& €ah@ HBErafoBXPBEULSed
apparatus_havi ng a si ng| i ght source, the dependence of the exposure on

e | )
posi tion Bei fPradth bingreahis dPcati @S HAVASRP 1061 t TioR- BBpéRaent
transm SfSi OR aill’ralri@e:’nfeﬂftg h@vbagfla@abu%ror&sﬁa@embaeninreﬁbﬁcta;jvws;]y. t?lihe - 15 ]
matri x of t cal cul ate ayscal e val ues can be _project shar onto the
surface of t @%e%‘f%%%%%c%r)é f%‘?mjb‘if)r}fi%%o%fw?ﬁ%re E‘&%ﬁr ésagb‘gré?us Wi th
the aid of arsusitteabl esopbimadedar aandenerdersudislher ebormodrei hisedoSetor
controlling I i Lptensity. heal . r LS
preferably dggﬁbne |$§S%§%f%8%byif%étﬁqgigaﬁa;zu%%éﬁ ?ﬁgfggg%%%naﬁctor
waf er whiigh ilesso han tf ddited i% Hxgos etk aso hbhbgenebasipgapopdsiPble over

the entire sydacgede errRRGHEERRLY Wit hndevihaLions 1o, 1Y | gssithap- 10% if

there is no filter_ having position- dependent transm ssion Or no mrror

havi ng posi t idSRSTEERN dER! 9T ey ReFvarst vidkh Hiht | gRerseuprte BRE the
sem conduct orgaaf@ndud AN alheenati wey exposwie edrioRRgenekkpesueaused by
the light source or the . ,
inhomogeneities caused by the 1light source or the
15 optical arrangement can be taken into account in the
algorithm for the calculation of the grayscale values

and be compensated for in this way.

In one embodiment of the invention, the measurement
20 results for a semiconductor wafer that are obtained in
step a) are used to produce a filter 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
25 the algorithm described above. The filter itself can be
produced in various ways, for example by producing a
filter film wusing a printing method. The filter is
provided, for the exposure of the semiconductor wafer
for which it was produced, in a suitable manner and
30 with correct orientation between light source and
gemiconductor wafer such that the filter is imaged

exactly on the semiconductor wafer.

As an alternative, it is also possible to use an LCD
35 filter in which the transmission can be wvaried in
position-dependent  fashion by application of an

electrical voltage.



15 optical arrangenent can be taken into account in the algorithmfor the
cal cul ation of the grayscal e values and be conpensated for in this way. In
one enbodi ment of the invention, the neasurenent 20 results for a

sem conductor wafer that are obtained in step a) are used to produce a
filter which is matched exactly to sa déeni conductor wafer and is then
used for the exposure of this one sem conductor wafer. The grayscale

val ues of theld iptiicigsle behawdeet at €Ul usypgs 25£t Belabgorrthmudesdiliebed

above. The filten can dJ o e | e by
pr oduci ng a.‘éﬂﬁ §$P+%$u§|t9%n8%rln#%% fl%ﬁﬁ#(§ﬁ?gﬁgf¥ 0 Fs ﬁg§EV|ded
for the exposind édflct‘fh@ s ond ckara wafegol ytgirorwhi ch it was produced, in a

sui tabl e manner and 30 with correct orientation between |ight source and

sem conductor_wafer_such that the filter is _imged exactly on the
seni conduét orl Wi AL ap afidFfist i RRViRg jleadkly pssidifseento &é@hén LCD

35 filter in pyHedmideiFTaASM Sgi onigan Hgs/ar bedsinlepostdi onigiepeadent

fashion by application,of an electric volta In princ
however , XH[)?ﬁﬁﬁﬁQﬁ nging iy arBrQEPFﬁgle per%?YlﬁgtPaﬁgﬁFEQVbn of

approxinatehﬂjfﬂaréﬂﬂmbeﬁmmtﬁﬂﬁxwya.SU|tabIe | ocal resolution. 5 Instead of
a filter having locally different l[ight transmssivity, it is also possible
to use a correspondingly produced mrror having locally different
reflectiioty.A 10l Yedr |orra oniaror rwbiciwhiah tanchcheashechseubedused for

j ust one se dﬁﬂ%g o wafar.d %ﬁk%.eﬁ%%%ﬁlvqstoveggo %?89535 t hi,g reason

the follow n I nment o t e I nvention for wavel nmis
particul arly Plfd?dz}%%ﬁ r eHor a téray seedrommpthes daldwwaimsy W@%d%lﬁ%n%u 8f15 of a

control unit,cHy ef grabl Vo €88PULSL1hE®mMst B 250 nm is particularly
preferred: a grayscale map is calculated with the aid

15 of a control unit, preferably a computer, from the
position-dependent value of the parameter measured in
step a). The algorithm described above can be used for
thie purpose. The expogure of the semiconductor wafer

in step b) is carried out by a projection apparatus

20 which projects an image of said grayscale map ontec the
gurface of the semiconductor wafer. In this case, the
exXposure apparatus is a projection apparatus which can
project the image of the grayscale map directly onto

the gemiconductor wafer, without the use of a fixed

25 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 1is deflected by means of a
drivable mirror chip (a matrix of many hundreds of

30 thousands of microscopically small mirrors on a chip
having a size of a few cm®). A projection apparatus of
this type, as is 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

35 a resolution of 1024 x 768 pixels. This results in a
dengity of approximately 6.5 points/mm®* on the surface

of a semiconductor wafer to be treated having a

diameter of 300 wm.



posi ti on-dependent val ue of the paraneter nmeasured in step a). The

al gorithm descri bed above can be used for this purpose. The exposure of the
sem conductor wafer in step b) is carried out by a projection apparatus 20
whi ch projects an inmage of said grayscale map onto the surface of the

sem conductor wafer. In this case, the l'éxposure apparatus is a projection
apparatus which can project the inmage of the grayscale map directly onto

t he sem condBotroslwafter, witdimigtthee ute paraifiked Feorf ivaerlengthisror. The

proj ection appapgt usnefer bl %q Oxgﬁéwgé§§iﬁ§§§9rgii'f$fc%ltthet@rif'l?lidp!a? of a
data or video projector (so-calle beaner™ ). In this case, the light from
the projecti @le-ah%ei afes et eddyy WEENSTEF aln driilidbl €3gEnr ottty (a
matrix of napy-bundigdsyof 3@vhhAeHsands oftHi croscopical lynsmalioddrrors on
a chip havi ng E, size of .a few (inﬂ i Aggrol ection apparatus of this type,

as is comrer EFAFPYCRGER| 4B &hgt 1aRBtplodensity kY, "%&Wegs % PbATHe, for
exanmpl e, to eénty ahultiplidtphy bFansiyIEsi yotyceéd arrangedofalsmyeiid o 100%
W th 35areso|utiontﬂ{ 1024 els. This results.in_a__de ty of

. on P t@ 768%Pi%ﬁ urces g T %4e
appr oxi mat el §'6. 5 POT 1S me “OF t he ST f af€P5%a sehf eonducter er to be
treated havi agmacoddaoeber wife300dmmectl7 orForhshagh emnweevdd emgtitesl, i n
particul ar Tof,yayel agal he;ohe! QWA MMrd { obickBINEAS Ay dddigpl Lo
find a suitable material %%r mrrors. In thrs case, 1t 1s particularly
advant agebusoro ig¥ ogeepehe i ogafhs adi waer heés the t heghtghintensdsity by

means of an grrayg ofhra naddn plpekiyigh | bght urcgs-agranged alpgsi de
one anot her, the ?I 8ht sources 1rradiating_the sem conductor wafer directly
or through afSBHEPRABREPY Mafesr . 1shdn iggriekhipdescdprs ioowtia) |vEdh

i ndi vi dual | yt&8 @bsiir&i@howéf@ememcmﬂd@yoﬁ hehet R ran@itler NieNsidted acting
at each position _on the syrtace of Ehf
in step a). An array o ight sources can also be used
15 1in the case of longer wavelengths, i.e. wavelengths

starting from 250 nm.

In each of the embodiments mentioned, the light sources
are to be chosen in such a way that the desired local
20 difference in the oxidation rate is sufficient to
enable a highly planar interface between semiconductor
material and oxide. The oxidation rate is dependent on
the temperature, the wavelength, the light intensity
and on the type and the concentration of the oxidizing

25 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

30 on the semiconductor material in such a way that the
oxidation rate exhibits a sufficiently great dependence
on the light intensity and wavelength. Typical
oxidation conditions for low temperatures (below 550°C)
are described by Kazor et al. (Applied Surface

35 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).



sem conductor wafer is in a defined relationship with the

posi ti on-dependent val ue of the paraneter neasured in step a) . An array of
| i ght sources can al so be used 15 in the case of |onger wavel engths, i.e.
wavel engths starting from 250 nm In each of the enbodi nents nmentioned, the
| i ght sources are to be chosen in suehi& way that the desired |ocal 20
difference in the oxidation rate is sufficient to enable a highly planar

i nterface between seniconductor material and oxide. The oxidation rate is

dependent on, t he .te erature, e wavel e th the |ight |nten|t and on
t he type and thgucci):n(@'r?tra"fl on o t B SXIdi i ng %5 agglnt eéoxél/oﬁ zi ng

agent or thetteapuositi oramnf h%edeaemsphér &y smeenige choserelimigmary nat i on

Wth the oo BRbeVSHERFROl s An0cUsed and.i . 4TRBREE . JEPSRERLIGon the

sem conductor terla in suc ation rate exhibits a

suf ficiertly{(§P8al . dBpEREACE -464; tﬁ@yrl. gl’o;t dint.e A8l e ah dl el e Tt h.

Typi cal  oxi dagi OnM@QHQH"si ongnf or P'k@%lfc%ﬁper@ééra%%r{ bel®w 560Q) 90 AN €
descri bed by Kazor_et al.. (Applied face 35 Science 54 (1992), pages

460- 464) andPRSAFKARE-8F6AF. (Jpn. J. Appl. Phys. 30 (1991) L661). The
dependence of the oxidation rate on the wavel ength was descri bed by Young

et al. (App ed P?¥§|cs etters ?0(%%F 1987 d g 1%%. - % U|table
set of para F‘eré: or THREFTXT daPfon edt 5‘8 et'@r ni“fed By neans of
prelimnrdry iexpetioents dq¥apor, et fal. , p]asei Sumfsacesﬁa:tah?te 54%5 (1992),
Pag, 450,y kg sy W) SR LOMIEAIEIL R, A B Do, P! o
accordi ng t osthacono |ﬁVenﬂﬁonSU@Pﬁg@ fcor @hﬁnﬂqxld3¥¥ﬂnteﬂhﬁmhﬁ¥
preferably at a flow rate of 100 to 1000 cm®/min,
preferably 150 to 600 cm’/min. The preferred pressure
15 range 1s dependent on the light wavelength. At a
wavelength of 185 nm or more, it is possible to work
under atmospheric pressure or reduced pressure., At
lower wavelengths, a reduced pressure, preferably of
less than 100 hPa, is preferred owing to the increased
20 absorption by the oxygen. The lifetime of the ozone
formed from the oxygen molecules under UV irradiation
ig 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
25 the shorter lifetime. 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 is
30 chosen such that the desired oxidation rate is
achieved. A local intensity of 0 W/cm® to 10 W/cm® (in
the case of lasers) i1is possible, 0 to 100 mW/cm? is
preferred, and 0 to 30 mW/cm® is particularly
preferred. A light source that is preferred for the
35 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



oxi di zing agent for the position-dependent oxidation of silicon. It is
supplied to the oxidation chanber preferably at a flowrate of 100 to 1000
cnB/mn, preferably 150 to 600 cnB/mn. The preferred pressure 15 range is
dependent on the |ight wavel ength. At a wavelength of 185 nmor nore, it is
possible to work under atnospheric pressure or reduced pressure. At |ower
wavel engt hs, a reduced pressure, preferably of |ess than 100 hPa, is
preferred owigrgidartidie itnreedased .20Aabsoaipd i cenpe tdtaimee,gerxifhéibnf et i me

of the ozone fro y. cul.es #ﬂggr i o]
| onger at re J%%%gaggsgu?%)ngﬁgﬁﬁgg ﬁgh?hgh 1ﬁ%pen%%%§§9%? Bﬁe ozone
concentrati orflgh ééghﬁlohﬂtgnsbévterI@eﬁﬂﬁbﬂ‘athtmﬁhbﬁ%¢ldﬂﬁre§§&ﬁé on

account of 254 shenteknkiskell mecypJhe %ﬁﬁﬁreﬁéuEQE it shoyl d 5
t herefore _be adapted to the qbjective. Dependin he ot her paraneters of

t he oxi daPi orf rﬁ%?ﬂﬁ%%n@urﬁﬁéopnﬂ%%s@PPESﬁlﬁﬁge%Wgh% r&i 4t PYEF i 4 30
chosen such tihafuihel desired oxidation rate is achieved. A local intensity
of O WcnR to 10 WenR (in the case of lasers) is possible, 0 to 100 mWcn®
is preferred, and O to 30 nWcn¥Z is particularly preferred. A light source
that is preféhredrdear tbeiﬁﬁreabdath&naﬂidﬂﬂﬂqnnrdﬁetﬂertbarpréssmse

bt ain’a aur i e Barake 5 v FRIAPE Ceno R e R0 T bt osaree

preferre&OduwIﬁg5ﬂﬁéC o léﬁﬂd@tlﬁwﬁﬂreatnéﬁk Aﬂogahdltembeﬁapﬁﬁéd

oxi dation ra$fssQfs 2 45028 nqh@gﬁ hou a@é@ passipde. depgpdi ng.ong the 1ight
intensity. In order_ to achieve th e "ox lﬁ%fr thlcknesses that are usually
required, a ?HR@&EWYW%QW%SQF}”& 1099 Hurs is required.

In order to increase the oxidation rate further, it is
Flow inhomogeneities of the oxidizing agent which
15 possibly occur, and which may lead to a deviating
material removal at the edge of the semiconductor
wafer, can be compensated for by means of a

corresponding correction of the local light intensity.

20 The oxide layer is subsequently removed in step c¢)}. The
oxide layer is preferably removed completely in step
c¢). This is preferably done by means of a suitable
etching method. The etching method may be a wvapor 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 semiconductor material
itself. If the semiconductor material is silicon, 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 gilicon.

Since the oxidation and the removal of the oxide layer
35 in each case proceed over the entire surface, a
time-intensive gcanning 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-



al so possible to use higher tenperatures in the range 10 of 500C to 1100C
(Oren et al., Journal of applied Physics 42(2) (1971), pages 752-756; Young
et al., Applied Physics Letters, 50(2) (1987), page 80). Flow

i nhonogeneities of the oxidizing agent which 15 possibly occur, and which
may |lead to a deviating material renova? at the edge of the sem conductor
waf er, can be conpensated for by neans of a corresponding correction of the
| ocal |ight dependeny. 12@htherbdarge thyayman i se sabseqguent emenbiweslyn step

c). The oxi I { S.pr y ve I Ly i n . €) +This is
preferably dgﬁ% §%$%%%_ _c§¥€§€§%t§%ﬁggle§8%ﬁ%g ﬁ%?%%ﬁ. ﬁ%%ﬁg%%ﬁiﬁﬁlnethod
may be a vapafcphdseceevihhinghfephsdr artecachbsi eupidedhi ng met hod or a 25
pl asma etching method. The conditions are preferably chosen in such a way

that the etching nethod attacks only the oxide, but not the sem _conductor
material O it$BEf. MaFhqdhe hagni EBRd AR tRGSer FRRL] siki Hadona (49 1lcan be
achi eved by H6+#8c8MngquRAUSNSAlyt tEN tee@NtidE NGf 3@ hby Hagaroidwaidle (HF)

In the absence_of oxidi zi ents, .,hydrogen .fl uori de attacks onl silicon'
oxi de, but KBESEi| S0orEhay ok ﬁ&qbl%irégt PR L 1 PEROERFCFR 1 oxi de
| ayer 35 intkachwefse pedgeed Drnerpdaheie@niar e simface, posdiles i Maensive

scanni ng of LR SYLI %R A0 DE-AYOLqellne oINS, TPl [0, AGHQLALAG Il Qi e

i nvention can eréfore be “carrie 'n acos fective manner. Since
the grddatian andggpagkalusiesnl uefon2 ofimt her postts on inPudigepertdent |i ght
intensity cap,bg;sel geted very finely, the overlap effects which occur
during scanning in accordance with the prior art can be avoided. 5 The

nmet hod has the advantage that it has a locally correcting action up to the

edge of the ggpal congliiey waker, s@itdstet heporaui r edogual itemdwiaghi eved
up to inhomogeneities in the semiconductor layer of an SOI
15 wafer and for removing inhomogeneities in a
semiconductor wafer, including edge roll off.
Therefore, the semiconductor wafers which have been
treated with the aid of the method according to the
invention are also eminently suitable for connecting

20 (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

25 compeonents. This has a particularly pronounced effect
_ in the case of 80T wafers, on account of the

gignificantly higher production costs.

In the case of an S80I wafer, the method according to
30 the invention is generally carried out only on the
front side (= the side which carries the semiconductor
layer), and in the case of a semiconductor wafer
without a layer structure, the method according to the
invention is preferably carried out on the front side.
35 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 casge, the method can be applied to the
front side and rear side sequentially or to both sides

simultaneously.



the wafer edge. In particular, it is possible to achieve the required
flatness or |ayer thickness with 10 an edge exclusion of 2 nmor |ess,
including the partial sites. The nethod is suitable both for renoving
i nhonogeneities in the sem conductor |ayer of an SO 15 wafer and for
renmovi ng i nhonogeneities in a seni conduétlor wafer, including edge roll off.
Therefore, the sem conductor wafers which have been treated with the aid of
the nethod according to the invention are also emnently suitable for

connecting 2 bopdi u er. seqj Sfey el r, %%;Pf t bondi ng
quality, in %aét?%ulﬁﬁfa%%%eé eggg, Illls E%:g?gggﬁ eldt%ﬁgfgfhec g?&\l/algglgs and by
the edge rol [afgigr thaj setleenamcortieht bgeshpeditEntiathe ki gR&der

avai | abi ity ft t heowabieg el acend or Fi henpEgdueld om £fe RS ¢aARRAGBES. This
has a parti cu..i?lqarl%rf)r,onounced effect .in_the case of. SO wafers, on_account

of the sPgni SR RGP IF-odGREFERULBELE. R tHRe c43P%f %n 8B wafer,
the nmethod aceof«langhtoind0 dilel ddtvenbiyen ithigonersddy ©&r riesk oghaanl y on

the front side (= the sjde which c i.es the sem copductor .| ayer and in

the case of a s"é‘ﬁn Jb%cﬁfij[ﬁ%%ﬁe%oa‘% oGt CATT RS rogpruﬁfu EPSFﬁ “HEt hod

accordi ng to gdileishimeent ien isepuefed ablfprcarreddeong ortltdhe bBuomtcsi de. 35

It the edge r&ldagpkﬁ](ésé s glso43,,h9 rﬁQ“C%’?&é‘j[%@eedr%rthS'adesmgg?zgg%t hod
pli . 1hn thod ¢c

al so has to be . ed to the rear S de| thi's case, t he met an be
applied 16 thwssildm seuevahdbrearolsisteingquimt Paley dro tvebain Shdes

simul taneousi arnedls dt #i%e PEGEELAD! 61 T Ofie "MACROLERDE PG L@ PReCARELEd Out

after the nethod according to the invention, in Order “not to degiade the
flatness or IWy&tigfitkness 5 honmpgeneity again. Particularly in the case of
Sa

In the case of an S80I wafer which has been produced by
15 transferring a semiconductor layer from a donor wafer
to a base wafer, the method is carried out after the
wafers have been joined and the layer has been
gseparated from the remainder of the donor wafer. In the
case of an S80I wafer, the method according to the
20 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.

25 The method according to the invention allows the
production of semiconductor wafers with an
outstandingly flat surface and of S80I wafers with an

outstanding layer thickness homogeneity.

30 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 in a measurement window with a size of 26 x 8 mm?
including partial sites of at most 0.05 um with an edge

35 exclusion of 2 mm, and an edge roll off on the front
side of at most 0.2 pm, measured in a region between
1 mm and 3 mm away from the edge of the semiconductor

wafer.



waf ers having silicon layer thicknesses of less than 1 m no polishing
shoul d be carried out. If subsequent polishing is required for reducing the
surface roughness, it should be associated with a smallest 10 possible
removal by polishing, in order to retain the flatness of the surface or the
honogeneity of the layer thickness. Fn2he case of an SO wafer which has
been produced by 15 transferring a sem conductor |ayer froma donor wafer
to a base wafferefdarwdliyet Hde: | serckronddtont wdfers theodwaeér schavdibgen

joined and the layery 41,353.1 g%p a]_s%p@\;@ﬁ e&llégﬂ%_tl cco%ngﬁrsgéﬁ’gﬂe ;Honor

wafer. In the case the e
i nvent i on car® DecaBiER TRt Wi Rdene odr an?ize hef nak Xpﬁo@@ssé@@b}ﬁl@ﬁoot hi ng

the surface Qfarftdlair litfedy GiNGat thesHOND NGy Of £€h a8A/ BEgW ERc00816h NDre
oxi dati on trefﬁt nments for thinning the sem conductor |ayer. 25 The nethod

accor di ng®t 0 ¢the iMArention all ows the production of seniconductor wafers
with an outstandingly flat surface and of 50 wafers with an outstanding

| ayer thickness hom) en . 30 1n part ular, t.he nmethod according.to the
i nvention p tst Jo%hc Whduct’st waberst ﬁ\ gﬁt si des

of which havesewi@lrﬂunftoai mﬁér@ Oahm famntSFE ey O amma:sdumna w ndow

with a size qf, i i I tes i with an
edge 35 excl Slsflt?)oﬁz%fo%fr%y aﬁjdéaﬁ %’ég‘g&ﬁrf%}?} ojfsllt1 g m%% f?D%ron géo{g} at
most 0.21fh mdasar 8dzen of r2gkoh BBt webnatl mﬁﬁtanéIGBHWﬂm\Eéy EFTF oﬁdgﬁe edge
of the sem cQAUGIOlon Waf & . 22 Preferably, the sem conductor wafers

produced according to the invention are even distinguished by an SFQRmax in
a nmeasurenment wi ndow of a size of 26 x 8 MR including partial sites of at

nmost 0.03 m widy anl gd0&a@xcddsdi®ror wafers produced according to
the invention, in particular composed of single-crystal

15 gilicon, are sgsuitable for use in the semiconductor
industry, in particular for the fabrication of

electronic components with line widths of 65 nm or

less. They are also particularly well suited as donor

wafers or base wafers for the production of bonded SOI

20 wafers, in particular since the flatness including edge

roll off 1is ensured even with a wvery small edge

exclusion of just 2 mm.

The invention also allows the production of SOI wafers,
25 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
30 in the thickness of the semiconductor layer is also

referred to below as the layer thickness homogeneity.

The S80I wafers produced according to the invention,
given a layer thickness of at most 100 nm, are
35 preferably even distinguished by a 1layer thickness
homogeneity of at most 1% with an edge exclusion of

2 mm.



5 of 2 mm The invention also allows the production of sem conductor
wafers, the front sides of which have a nanotopography (peak to valley) in
a nmeasurenment wi ndow 10 of a size of 2 x 2 nmmR of at nost 16 nmw th an edge
exclusion of 2 mm Very flat sem conductor wafers produced according to the
invention, in particular conposed of siRgle-crystal 15 silicon, are
suitable for use in the sem conductor industry, in particular for the
fabrication dft efephtraicaleelgonerdfemtdd Fbope thedthstiobd 65caprdingl ess.

They are als articul arly well -suited as_ dpnor fers._or base wafers for
t he producti gcncpol::h oric gfaeré:donzof\:}\/ﬁ é(rfg, at|°n ;B)Sr t&}pcp\tljflaer sFﬁcet Gﬁedfjpg ness
i ncl udi ng edgeafaml lamst f tite edsgreed wafer woelicaevekthesmeal Wadgge exel usion

of just 2 mnedife ddentd O&Pél éﬂo@héﬁ?\,’\’stﬁqgﬁ Sie ttq{ét ﬁ%a@é wokepalgEs, 25

conprising a sem conductor |ayer and a base wafer, sem _conductor | ayer
bei ng | es§ t Hdif 1EWRAMEK AN 1a¥RE r ef@t ihR stapdBrEedevE&PTMonthPom t he

nmean thi cknesgemfnddie semwaRNAYcHEF kAYer beimy aheastrtd3% Wdh apne edge
exclusion of 2 "M™m The r Iacélve standard deyiation 30 .in the thlckBess of

the semi condior Vh§er W cl} shas besry dreeRE odfast 1+ Mayert®? hPEkness

honogenei ty. subiedt@d wad efise pliothsd da@ecod thdigcd ot hBeihneanti banoncgi ven a

| ayer thickness .of at _nost 100 nm .are 35.preferably even distinguished by a
Kby e o8

| ayer thi ckne@salrﬁonﬁaen%ﬁl?roftoat F19AR t @8 uston8F 2 mm
- 23 1t1Ds patiicuicardorprieherr edud 080T hea et hpdodcced dingthie whg,
invention firstly 40, 2pRld edyo Ea% donqrL o "‘%ﬁ%'%ﬂ%dt hgppgae wager

bef ore t hese \A/af ers are connect ed to gne anot her, fl en for the base wafer
with 5 the sehisdomfiwisdred dgiera t@BHe skpalk anest f ¢ ol #heand an SFQRqax

in a measurement window of a size of 26 x 8 mm’
including partial sites of at most 53 nm with an edge
15 exclusion of 2 mm, and an edge roll off on the front
gide of at most 0.25 pum, measured in a region between
1 mm and 3 mm away from the edge of the semiconductor

wafer.

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
gemiconductor layer having a thickness in the range

25 from 0.1 pm 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 ta the invention ig preferably even
distinguished by a layer thickness homogeneity of at

most 2% with an edge exclusion of 2 mm.

35 If the S0I 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 1is preferred, then the S80I wafer with



remai nder of the donor wafer, and thereafter for the SO wafer which has
been produced in this way to be subjected to the nethod according to the
invention once again, in order to honogenize the thickness of the 10

sem conductor |ayer. An SO wafer produced in this way, in addition to the
properties nmentioned above, is distingdfshed by a GBIR of at nost 0.1 m and
an SFQRmax in a neasurenent wi ndow of a size of 26 x 8 nmm2 i ncl udi ng

parti al site$hdbkawaminoﬁﬂmGUDnMldy&ulhﬂg@ddftﬁamahkyodietiﬁgnﬁﬁhadd an
edge roll of fbyon t hegfgronts side glrat ympst Q. 25, ¢ Cﬁg in;a rggion
between 1 mm'and 3 mm away fTom the edge of "t he sem con et or waf er. 20

Si nce the neﬂﬂ@@@ua’@@@m n\gln@OWh@ﬁ n@erﬂlf% &n ¥ s6 %éﬂmapanéHd%BGSO

wafers wth atﬂillgli SEN LHONFECHRr rA@gtems hh RLSA Ref redgsetéﬁcpﬁgﬂ@ﬁtl on of
SO wafers, r|S|n8¢a sem conduc yer and a_base wafer,

senlconduEtoP I i haV¥ n§a STk % Pﬁ%tHQr%ﬂ%e ﬁgnFrﬁﬁQ?J9%1?B 80 m
and the rel atrioee St.andar,d medairaid dm fd ared ivn meagwddn Cknessandl & hem

sem conduct or unting t 4% w th an edge exclusion of 2
nm 30 The S&" QME%EPWM & g%%&fﬁg%ﬁc 6fSFayer produced according to
the invention is preferably even dlstanU|shed by a | ayer thickness

homogenei ty %r%‘ti)wg@s%r?(@d’ﬁ %%Cfé}mﬁfl% e@‘}?l ﬁtlfu& 00 23 Jiufﬁ&? SO

waf er, as descr dbove tor H sem cond | ayer,
is pr oduted By yeappbyeAgcede mqmrm:cbpduﬂgetonmmtulwenpr@ﬁer@bme donor

wafer and the-Base Malerogiddfien (PesRecSOva1uRlSr i chebsupeatatr od,

then the SO wafer with hICk senlcondugtor | ayer is addltlonally
di sti ngui shed1m6{p¥a GﬁlRaofS&Feno§ﬁ 021X rh BARd aff SFERmaRCPh alf ndBsur ement

wi ndow of a gregeohid® Y8 #MPmbBEl 8dihRY and particularly preferably
of at most 2 nm, with an edge exclusion of 2 mm.
15
Preferred embodiments of the method according to the
invention are described below, which embodiments can be

used to increase the material removal of the method:

20 In the case of SOOI 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

25 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 numberxr

of possibilities for this:

30 By way of example, in addition to step b), a further
oxidation treatment with a homogeneous, non-position-
dependent oxidation rate 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

35 the first case, it is possible to remove the oxide
layer with homogeneous thickness analogously to step c)
before the position-dependent oxidation 1is begun in
step b). In the second case, the entire oxide laver

produced is removed in step c¢). The third case involves



partial sites of at nost 55 nmw th an edge exclusion 5 of 2 mm and an edge
roll off on the front side of at nost 0.3 m neasured in a region between 1
nmand 3 nm away fromthe edge of the SO wafer. Mreover, an SO wafer
with thick or thin sem conductor 10 |ayer produced according to the

i nvention preferably has a nanotopograpghy-(peak to valley) in a neasurenent
w ndow of a size of 2 x 2 mmR2 of at nost 16 nm preferably of at nbst 8 nm
and parti cul andbsgupefrerlabl yemotriagy mhst 2ddiniowdh amiddgel exet usiodh of 2
mm 15 Prefer ' e rding g0 th in Lon are
descri bed belk{oo\?\%q%nr}%%%ﬁgen%%%ic%ﬁ%g c%ﬁggégoﬁggg ?ll'ogi nsti:tre asg)t'he)ffﬁr%%%ri al
renoval of tiEaRst hean 281¢#a thre cebeadiedsOr warmper iaf miinss.de¥heabl e not

just to inproyg dike Nonpeeast { ¥n ok rehemkayerc 4 skness- Ay 4@ reduce the
| ayer thickness toward a defined_ target value by neans_of the nethod

accor di ng®t o HWEFeqTIEht FBR. PRLdREIBntT@He of OFheeFitlibd 3HESY dfHglto 25

the inventi orxdddurecanbe aedhi eyai @ndRansr of waretni f Bbfever, the
posi tion-i ndgpengent i ncrease in the_\L mat eri al, rem)vgl gbt ained.in steps b)
and c). Ther F W& of 3PosSiFl | PPesIPGFERRPS 8Y BfURByYoF9exanpl e,

in addition textsremll)y prédutdér ozexiedaintom theatowidatidih ahbmbageneous,
non- posi ti on-.dependent, .oxi dation fate c be.carried out, L . Urt her

oxi dati on treTe)ﬁer’rt% necraant je- cogfr rg e%:[%su ab% i eln"é%%‘lfl)g%?, E%%t %ggﬁagﬁ'é%s b) and
c), or alfer =ttep c) . In 35 the first case, it is possible to renove the
oxide layer wth honogeneous thickness anal ogously to step c) before the
posi tion-dependent oxidation is begun in step b). In the second case, the

entire oxi de Theyerompivatden i afr drpearnizalgn c andrnéhimndddca®8Yi nvol ves
- 25 subsequpRidwerd enViéddntheaddidd enal Xidey! ayemaddd of steps
b) and ¢). In this case, the total amount of material
15 which is required to be removed to reach the desired
final thickness is taken 1into account in the
calculation of the locally different 1light intensity.
In step b), the oxidation rate <can be increased
homogeneously, that 1is to say independently of the
20 position, by means of generally increasing the 1light
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
25 position-dependent exposure effected in the oxidation
chamber.

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

30 described below with reference to figures:

Figure 1 gchematically shows the construction of an
apparatus according to the invention with a
multiplicity of individual light sources.

35
Figure 2 egchematically shows the construction of a
further apparatus according to the invention with a

multiplicity of individual light sources.



honobgeneous t hi ckness anal ogously to step ¢c) . These steps can also be
repeated a nunber of times. The additional oxidation treatnent can be
carried out for 5 increasing the oxidation rate for exanple with ful
exposure of the sem conductor wafer. However, the oxidation rate can also
be increased by supplying externally-pEéduced ozone into the oxidation
chanber. The generation of a plasma al so increases the oxidation 10 rate.
The conbi nat ikdguwfe hénogérivaat izon rawdd aflhi thicgneey, plrodeder, odfl sohbe
carried out y S e t t ot al
anount of rratssg'rlﬁa r£i) 15;2@9 QI%{S %%q;&?rleg}??é%eﬁ%g%\%g Pioﬁréggﬁrdﬁ%ﬁesi red
final thicknéssh $healkgidmtartaccount in the calculation of the locally
different light intensity. |In step b), the oxidation rate can be increased
honngeneously that is to say independently of the 20 position, means of
general | y>i ndHeREand t FBOMEghthei nFafdsat y, ERIIRess nguHd kemddr aiY~B by
si mul t aneouslgi 1siiepl yilrgeext eEnathy psoducetEozongr byt phasmabassi st ance.

The required dependen of .t he xigation rate on S|t|on |s achi eved by
nmeans of the E?)gj%g?&gletch:r? d%}?erﬂ%?ﬁocg N e tetf W YHE S dat i on

chanber. An apparatus that is particularly weII suited to carrying out the
nmet hod accor to,t t i Qe]g b nce to
figures: Fi gﬁ\*rﬂe;%&l sch%&ﬂfl ca |§8gh°\§ﬁ‘§ S’he conet ruc |1§%€%\I # Egcégﬁgﬁgt us
accor di n§0t o ttchethavdmviemt iwirt hiz, Aol tHPPpefulans andua,@mmwss gIﬁtDrsour ces.

35 Figure 2 sghemld Galdnt HOUS ddif KORRIJHGE WFDT 2 ddi éziﬂesrl Rpparat us

according to the invention wwth a multiplicity of i ndi VI ual Tight sources.
- 26 - a measuring apparatus 11 for the ©position-
dependent measurement of a parameter which
characterizes the semiconductor wafer 5,
15 - an oxidation chamber 6 for ©receiving the

semiconductor wafer 5, comprising a holding apparatus
for the semiconductor wafer 5 and a system 9 for
supplying and discharging the oxidizing agent,
- an exposure apparatus, which comprises a
20 multiplicity of light 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
is arranged in such a way that it can expose one side
25 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
30 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
35 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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The light sources 2 may be fitted either directly in
the oxidation chamber 6 (see figure 2) or 1din a
dedicated housing 1 outside the oxidation chamber 6

(see figure 1).

A filter 3 may be arranged between the light sources 2
and the semiconductor wafer 5. The wavelength range of
the light can be filtered by said filter. However, it
ig also posgible to ugse 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 wuse both 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 light sources 2, which are 1likewise
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 is possible to use a

glass which is transparent to the radiation 4

35
| to the
ly or in



sem conductor wafer 5 situated in the oxidation chanmber 27 6 with a

posi tion-dependent |light intensity. The individual |ight sources may have
various forms, for exanple ring-shaped, circular, square or strip-shaped.
The light sources may have the same formor different 5 forns. The

i ndividual light sources 2 enmit |ight wlBh-a defined power and wavel engt h.
Low pressure nercury | anps, for exanple, which emt |ight having

wavel engt hs cﬁptﬁfénahinHﬂVnnadhayibe)usmdttéd &y |tilght 1 s9bit cesucker this

eXpoSUr € aPpafat Usim e osil pnadenendenhel bahtydtanalid vy onoble.surface of
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the light can be flltered by said filter. However, is also possible to
use a filter i ch IIo the,. setti a transmn ssi t hat varigs in

posi tion 25 end&nt P I¥| oftt gfl gjn%}?% &t %%lefl IStLg&aqet i ‘éﬁ
possible to mawﬂmmﬂduqmms'wﬁférlSedependscombMMﬁ|aperﬁmr¢hengheeof
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chanber 6. 30@1&c %}&ap%%ég e ilzfl g{sjtrzl[ éﬁ%t%;‘nlt gureé‘iw%lial ﬁfl Fgghkprot ects
the |ightOsowses Hhpod dike | PRewFerdustpgamad sth § he aow oFaHQJnO@harrber
agai nst over hea! idigcdpy dde ferded (Fﬁhfﬁdcﬁbeﬂhétfﬂgﬁv Lbgrsem epaduct or

wafer. In the arrangenent illustrate ure 1, an 35 overheatlng of the

li ght sour ceSiFes&Ha ot bé’r%%&onbyoﬁmé § oflhSuPPAbEEICHST cBlBf
material for tikgtuppRircg@rt ghotile ®d datideart ichanpesebpéasiaglihetcbi ght

the surface of the semiconductor wafer 5. In order to
15 ensure a sufficient spatial resolution, the individual
light sources 2 of the exposure apparatus preferably
have a smallest possible aperture angle, particularly
when there is a relatively large distance between light
sources 2 and semiconductor wafer 5. The overlap of the
20 light cones of the individual light sources 2 on the
semiconductor wafer 5 should preferably be restricted
to the respective directly adjacent light sources. In
order to achieve this, it is possible to use suitable
lenses, vreflectors 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 is between 0° and 10° and the
distance between the light sources and the
semiconductor wafer is between 1 and 50 cm.
30
The light 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 light sources and semiconductor wafer or the
aperture angle of the 1light sources, the 1light
intensity required at a specific position on the
surface of the semiconductor wafer is controlled by

means of the wvoltage applied to an individual 1light



sources. By way of exanple, it is possible to use a glass which is
transparent to the radiation 4 28 (preferably UV radiation) emtted by the
| i ght sources and sinultaneously absorbs the IR radiation 12 emtted by

t he sem conductor wafer. Overheating of the light sources 2 can also be
avoi ded by a cooling of the light 5 sodPces, for exanple by neans of air or
water. The intensity of the light at the surface of the sem conductor wafer
5 depends on stchiercgpelt urdhangheliofidusie toghtodowftesazh ohndhwidiiglance

between the hLisght: Js%&%lér é%rto t]{1 ﬁ‘?%fc?é’@“%oécl‘g?é\% 2 h?&l He§£50 on

t he electrlcal voltaea e |1 ght source |rect
propagat i on @fosm@lla gcrﬁsczalmttﬂt% Wameﬂs JghrusHF clelae 21§ﬁédllatb@n

essential ly perRrerd cu@r k0 41the sidd acks 0%0%%@%@30%@%@&\@@{1@1 5 1In
order to 15 (ins re a sufficient spatial resolyti the individual |ight

sources 2°of LeBooLee &shata t&roélé‘rdalil%?nt é(ve a smal | est possible

aperture angle, partl cul arl y when there is a relatively | arge di st ance

bet ween 1i gh urces 2 a% sem con](%juctor t he 20
al¥

"Toht conea GF tHEE | RaFe: Baaioaifsh: Ca8 reRe St iHeRh e om hh R b vat o 5
shoul d pr ef erjalbrleylth@nr esvhiched arteo t heluespetcedve stieeetticaddjyacenn | i ght

sour ces. 5& er.dq acgyl ve th| ?(Pétl 0(% ?)p%géigl e L@, 4yse s&ﬂét?bl Eas | enses,

reflectors or ragns hesé a opti cal ~conponents can be used
for eachlfi gmalwdra@@d iondibfied i 9ie ot fidie greupesred vaghessobkeened

Typically, the apeptune Qﬁglt@lé smbehygen L00.andh4l0:and he; ndiat ange

between the Iight sources and the sem conductor wafer is between 1 and 50
cm 30 The | CGRESISROSRS tytcém*%lﬁ%d BYCERXi nBfvi ¢HE  IRYMTS sovk cetBecan be

control | ed bynwmadsivell theiel edurdded. wald agea@ppld edl s@albeoleghsipsource.
Dependi ng Onggm%he light cones, the power of the individual light
15 source 1is proportional to the transparent component of

the corresponding point in the grayscale matrix.

The control unit 10 can control further functions - of
the apparatus besgides the exposure device 1 and, if

20 appropriate, a controllable filter 3 ({(for example LCD
filtery), 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

25 heating 7), duration of the oxidation treatment and
flow rate of the oxidizing agent through the system 9
for supplying the oxidizing agent.

The oxidation chamber 6 which is used for the oxidation
30 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 light intensity), the semiconductor
wafer 5 can be moved. By way of example, it is possible
35 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

gemiconductor wafer 5 not to be moved.



geonetrical boundary conditions such as the di stance 35 between |ight
sources and sem conductor wafer or the aperture angle of the |ight sources,
the light intensity required at a specific position on the surface of the
sem conductor wafer is controlled by neans of the voltage applied to an

i ndi vidual light - 29 source 2. The indfvidual control of each individual

| ight source is preferred in order to achieve a highest possible resolution
(sharpness) during the irradiation. However, it is also possible for groups

of individualg,,3dghf-sS0urces tq be,gontyell ed | oiﬂﬁggy. é&bf?ﬁg cagsg of
usi ng the apparatuses according to the I nvention iIch are i1l lTustrated
schemat i cal | PIUPIFH es theandtomperrt yrayscaiidgmt r ithe hapxhgdation

cal cul ated onddtna®i s 96 t hfer@asured vahyesgobtained ad N sigpadrqgof the
nmet hod according to the invention corresponds to, the Q?trix of {he powers

of the indi FFRRATAGIFRS sREEEET WidnNERELBSI § o ST FLBVEFRapVRoFit he
| i ght cones, idhecqonesl nddtaechadi viyduabnki @It sl5ssparaeei sopcepdieironal to

the transparent_c onent of he carrespondi.n oint in the grayscale
matrix. The gsgrﬁrr gﬁry)ﬁ'}%a&nslﬁfcé: T S L‘ﬁri]‘rjfegoguncti ons of the apparatus
besi des the exposure device 1 and, if 20 appropriate, a controllable filter

3 (for exanplse il ter su . for a - I i apd. ~ynl oadi ng
of senicondué%o%ggg%gréfbéoﬁéaﬁgbé?y%&foggé m%%f?h%bg rgﬁg#g%s Qg%cyhe
oxi dat i ohOt r etl¥sifrs siitth axidirénrderarple int difpereeumsre@. guabByifEans of

the 25 heati RgtBni M ahiionyef1 e QtirdathoRob+ £2E &Nt 13t fdow rake of the

oxi di zi ng agent thrdugh the system 9 for supplying the oxidizing agent. The
oxi dati on ch&BEIEE Smhitéh the wedatdon kdagasdatti-on 30 treat ment can
receive the sem conductor wafer 5 either |ying horizontally or standing
Vertlcally'lﬁhc{g?éiég measurement of the thickness of the oxide
15 layer is possible by the use of an integrated measuring

system 11, in which case the present measurement data

can immediately be forwarded to the control unit 10 and

processed.
20 Example

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
25 735 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
30 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
35 maximum and minimum layer thickness. Figure 3
represents a thickness profile along a diameter, i.e.
the thicknesg tgy of the silicon layer, measured in the
unit nm, as a function of the radial position r,

measured in the unit mm. The thickness measured wvalues



achi eve a honogeneous oxidation rate (apart fromthe |locally different
light intensity), the sem conductor wafer 5 can be noved. By way of
exanple, it is possible 35 to rotate the sem conductor wafer 5, but this has
to be sinultaneously conplenented by the exposure apparatus 1 and, if
appropriate, by the filter 3, for exanpPé by sinultaneous rotation.

However, it is preferred for the sem conductor wafer 5 not to be noved. -
30 Further nge stonesl possi brampwr ek arbdotdrETioed hbnbgeni geavieale

tenperat ure. maigicepd e @ glalien o readdmit 1 sygenetaldneear riedepus at
el evated 5 tenperatures, however, a heating 7 1s preferred, which is
control | ed ei®¥& 1§ ¥ean? oftgh8Epat&{PESPERErS | SCTRPTE Ny MRankPBf the

control unit gkQyshadystedp 9 Eor t$applyidiget hexpsbdiréi ngkageplavhi gb 10

delivers the oxidizing.,agent in required quantity netering and quality
(if appro ri§%$%%I39%;ﬁ§¢ %'i%?étgﬁﬁﬁéﬁéﬁft?fh*éb%&i%%T?%%fcﬁ%ﬁ%e}SG. An

i N-situ neaswodneviedof alte vtildeckmass .of the oxide 15 layer is possible by
the use of an integrated nmeasuring system 11, in which case the present

measurenent data can inmediately be forwarded to the control unit 10 and
processed. 2CGhExanplda s reatrenhavengubseauratdy ofarzoidmyupr sduced by
transferringac.sj | ,¢0n +ayeredy omgJoner wai 6r Lo.8,-Hass, Wakher , ptg
treated. The tﬁ?tkn2$s d?gthe wa gréis 258735§n1f$%e_? i cKkness of the
silicon %i d@etiper is BO-FRrAUGER (REC aFget VHIdAGYs shamhersi #R€on | ayer

situated on thetsd | GAAeOXi W tEYSE kS 20n8@Mphdbsd£P thn thftleckpess of
the silicon |layer_ i

means of an i9 OéF?ef@ﬁ%geﬁ?%gﬁégﬁﬁgé%$él ngﬁgF gébgggnﬁﬁgggggﬁgthgg?ﬁ[sby

and an edge extelcesison Hf sdanvedi WS switching to oxygen with a flow
rate of 0.5 1/min at atmospheric pressure and switching

15 on the whole-area UV illumination with a locally
different intensity. An array of low-pressure mercury
lamps 1is used as exposure apparatus, the emitted
wavelength at 185 nm being used. The distance between

the light sources and the surface of the silicon layer

20 is 10 cm. The grayscale map calculated previously in
step a) is 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

25 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/cmz. After an oxidation time of 60 min, an oxide
layer thickness of 6.0 nm (corresponding to 2.88 nm

30 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

35 is removed from the oxidation chamber. The oxide layer
is 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



a nmean | ayer thickness of 21.9 nmwith a standard deviation of 0.7 nmand a
difference of 2.8 nm between 35 nmaxi nrum and m ni num | ayer thickness. Figure
3 represents a thickness profile along a dianeter, i.e. the thickness tsoi
of the silicon layer, neasured in the wunit nm as a function of the radial
position r, neasured in the unit nm -TR@ thi ckness measured val ues - 31
are stored in a conputer and converted into a grayscale map. Positions with
a greater |ayeeathecknessitiin tiliiss caslertgiore aldeghenott r abspdr end cénponent
on the Oraysealde e SeohBAbalhghals EXPRSULE,EEKES P aeqcAl 5By bERC
positions, and therefore a |gﬁer renmoval rate Is achieved, and vice versa.
The oxi dati od-a¥i€&at nent i s subsequently carried out in step b) . The SO
waf er freshly cleaned by the RCA 10 nethod is introduced into the oxidation
chanber and heated upder nitrogen to the process_tepperature of . 500C. Wen
Che brocoss AOfparatHh Lo7 CAPEaiEn: EHECKBEGBodt | ChBy a5, LA7EEN ng o

oxygen wth asf| oer ateeaéubed lhgubnat uatif@sSphdld ¢ gamssutkiakdesyi t chi ng
15 on the whqole-area Willumnatio ith | ocalll different i ity. An
array of Iowmﬁr SSure n%‘?%%% alsan%%v‘?téeu;%ee la{lsnler}/ 'osE'{rj% éToep%ar% a?%gg%t he
emtted waveélhdeginesat 185nowm Béi.AgruseditiThe eitsindacel bgwesmion hefl i ght
sources and the;sykf ace of cii'}?fe%;édcc@fl# Y& s afh | Setfe tﬁ@e?gfc%ﬁ al e map
calculated previously in step a) Is then inmaged onto the surface of the
silicon 1Pay@ndby maBdRerof leerl | hickoarse akhay, thhekpafps prefabedriven
individual |y ;aeeer dimg §PahdeeH! a¥s§ake 4MBhold ItHeS MBYart heveuihgce of
the silicon layer is 25 irradiated with locally different light intensity.

The light ifteddt ¢idt e S0 ace of the silicon layer varies in
posi ti on-dependent fashion between 1 and 30 mWcnR. After an oxidation tine
of 60 mn, an oxide



| ayer thickness of 6.0 nm (corresponding to 2.88 nm 30 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 tinme, the oxidation chanber is
purged with nitrogen and the wafer 35-i33renoved from the oxidation chanber.
The oxide layer is subsequently renpoved conpletely by neans of

wet - chem cal etching. This is done using an agueous sol ution, which
contai ns 0. 5%hydiogqen jkisuoride (HF) and is buffered with 20% amoni um
fluoride (NH3F) . The - 32 treatnent with this solution does not lead to a
nmeasur abl e rougheni ng of the surface of the silicon layer. 5 The

posi tion-dependenty thiekpasscof tdres Sidrc@mdrtyebr i s t BenisBAgUEEdragai n
usi ng the_sane _t hi ckness , neas |n% qithod as _at the beginning. The nean
| ayer th?ckW@§§rPscﬁ@®r2§?f9hﬁhﬁ RLa ¥ 5HdSFEPGévi ation of 0.21 nmand a

di fference of)0.puks inmdietdegemdeare: Maxs suredéhandf manipamanheyer vhickness.
The thi cknessargille 2l.ong the i Amebef, . /doure A shays Lhe £l eas

| evel ing of e silicon”l ayer. - ent clans 1. nethod for the
treat nent of detsemivenducther powaftern-deppnising tielfiel | oofng stePps: a)

posi ti on- depeadeplcapasyyeenh dnid JATATEE flo BEChnLhaLact shhgesoL e

sem conduct o In or eterm ne the position-dependent val ue of
said pat@net@tesver an entire surface of the sem conductor 10 wafer, b)

oxi dation of psai degAtik@onur f age obzthe &8Pk sandustioEauaf eroundegné he
action of an o S Ald. o2950 £ 20d ST tangous qeprsyie o SaidisrfLre
surf ace, semicondut g
agent and simultaneous exposure of said entire surface,
the oxidation rate and thus the thickness of the
15 resulting oxide layer being dependent on the 1light
intensity at the surface of the semiconductor wafer,
and
c) removal of the oxide layer,
the light intensity in step b) being predefined in a
20 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

25 subsequent 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
30 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.

35 3. The wmethod as c¢laimed in claim 1, wherein a
grayscale map 1s calculated with the aid of a computer
from the position-dependent wvalue o©f the parameter
measured 1in step a), and the exposure of the

semiconductor wafer in step b) 1is effected by a



the oxidation rate and thus the thickness of the 15 resulting oxide |ayer

bei ng dependent on the light intensity at the surface of the sem conductor
wafer, and c) renoval of the oxide layer, the light intensity in step b)
being predefined in a 20 position-dependent manner in such a way that the
differences in the position-dependent -v83kues of the paraneter neasured in
step a) are reduced by the position-dependent oxidation rate resulting from
the positioprdgeendent apphtatusensiilch ipr@j@@t.‘b) aandithlge 2H sshséquent

renoval of the Q4 | a in . step.c as_cl ai e claim1l,
wherein the 98X os?%‘lig o%g?h X (%gr%u%‘tl a?/\%f rr%l ggeffg%?eaoﬁgucgofl ght
source and awkiflerer fitted between the |ight 30 source and the seniconductor
wafer, the filter having a position-dependent |ight transm ssivity which is
in a defined rel atlonshlg with the position-dependent value of the

3|

paranmeter® 3%-3. The nBeRBEdasie| Alddeh &Rai tralmuier efhexsigr afBeal e map

i's calcul at e@}éﬁﬂorslﬂlr%h%@| @h@fsémﬁédmauétorf ﬂvQHéEhGXSQOSlsI l@ﬁf@@ﬂé@:ﬂ]dlsyt val ue
of the paraneter sured in_s

e an Xposur.e of

Qe contactof VERATH S 0 *L Buf) sebedeny @7 e A P FERPIRar at us
whi ch pgol ectaioaa@fsumege)rm‘ aebtthegr dy sgabe amep 19ritngy tﬁm:&]wré]aﬁ oth¢ heh
sem conduct or_, _waf er, as ¢ a| erein the
exposure of lp&?ns?er% tﬁ‘(?ucﬁe&l({%}%urcck(qﬁ F@t e&kb?/ ijag I??%Fc%fty of
i ght sol¢ cebe@z,t_; wintral kedr uadgedduaﬂdlggsndelnnegmmmeml rewlpl ane |ying
paral el to the hlane.pl ;Lpgh%erﬂn%%@l%ya&@lf 5,68 e lLail soproos 10

d-1 ndi vi s 1n

bei ng controll i'n grou at the |ght
i ntensity actihsy sanidendurtercevwsfer at eaCh POSlthﬂ is in a

defined relationship with the position-dependent wvalue
of the parameter.

15
5. The method as claimed in one of claims 1 to 4,

wherein the oxidizing agent is gaseous.

6. The wmethod as c¢laimed in c¢laim 5, wherein the

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

7. The method as claimed in one of claims 1 to 6,

wherein the semiconductor wafer comprises a material

selected from the group: silicon-germanium and silicon
25 carbide.

8. The method asg c¢laimed in claim 6, wherein the

semiconductor wafer comprises silicon.

30 9. The method as claimed in one of claims 1 to 8,
wherein the parameter ig the helght deviation from a

defined ideal plane

10, The method as claimed in one of claimes 1 to 6,
35 wherein the gemiconductor wafer is an S0I wafer which
comprises a semiconductor layer on an electrically

insulating carrier.



the sem conductor wafer (5) at each positionis in a defined relationship
with the position-dependent value of the paraneter. 15 5. The nethod as
claimed in one of clains 1 to 4, wherein the oxidizing agent is gaseous. 6.
The method as clainmed in claim5, wherein the 20 oxidizing agent is oxygen,
ozone or a nitrogen oxide. 7. The nethod>as clained in one of clains 1 to 6,
wherein the sem conductor wafer conprises a material selected fromthe
group: silicdd-.geMimenimatnd sid i coaim@8 ciar brdleim8.1The winetrisdah ashel ai med
in claimé, el éggpd ; e 1;S8S Si1d&0Ly . The
met hod as cl g%ﬁnégb?lr?h%%g%?@ | ai rrgl:sl&&g%%&%é gm%%r%%ifﬁ%?heéé%ér anet efp?lz t he

hei ght devi atifén 9Fes:a sidétionegsraeaiiup ane. sid1icrre ¢ -as claimed in
one of clains 1 to 6, 35 wherein the sem conductor wafer is an SO wafer

whi ch conprises a_sem condyctor |ayer on an electrically. insulatjng
carrier. 2 3@2'11¢h?hém%%?%§daﬁ% EfLaimed it cFARAMLOLY whdhErFifhethe

sem conduct oehdyendeenmpi Jayex RBhpiiidlesseliegies.from the group:
silicon-germani umand silicon carbide. 5 12. The nmethod as clained in claim
10, wherein the sem conductor |ayer conprises silicon. 13. The nethod as
clainmed i n oAé.of Ttlkaims-H tos 12 1lainhdr énn drive par afreties 19 tthe 1hi ckness

of the 10 sem uct | ayer AN par.at.us r eatdren f a
seniconducto%gb%gggf (§§? c%%%?ﬂ%ﬁﬁﬁé afﬁeaéﬁﬁlngég£%%$§?%s ?fq? #%g t he
posi ti onl0 15 sgapentcncteradaverent of a paranmeter which characterizes the

sem conductor wafer (5),

14. An apparatus for the treatment of a semiconductor
wafer (5), comprising:
- a measuring apparatus (11) for the position-
15 dependent measurement of a parameter which
characterizes the semiconductor wafer (5),
- an oxidation chamber (&) for receiving the
semiconductor wafer (5), comprising a holding apparatus
for the semiconductor wafer (5) and a system (9) for
20 supplying and 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 1light sources (2)
25 being able to be controlled individually or in groups,
and which is 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 light
intensity, and
30 - a contrQl unit (10) for converting the wvalues of
the parameter determined by the measuring apparatus
(11) into instructions for controlling the exposure
apparatus and forwarding the instructions to the
exposure apparatus.
35
15. The apparatus as claimed in claim 14, wherein the
measuyring apparatus (11) is an ellipsometer,

interferometer or reflectometer for measuring a layer



an oxi dation chanber (6) for receiving the sem conductor wafer (5),
conprising a holding apparatus for the sem conductor wafer (5) and a system
(9) for 20 supplying and discharging the oxidizing agent, an exposure
apparatus, which conprises a multiplicity of light sources (2) arranged

al ongsi de one another in a plane lying3parallel to the plane of the

sem conduct or wafer (5), the light sources (2) 25 being able to be
control | ed i hdivkdaak| prom i geqgnauns, measdr g chnis forampstsuniglich a way
that it can I h I du (5) situated in the
oxi dati on chgégggg(%ggafﬁkgg g%gbt?oﬁggéggﬁdgﬁ%gFigﬁ%ﬁéfntensity, and 30 - a
control unit (10) for converting the values of the paraneter determ ned by
t he neasuring apparatus (11) into instructions for controlling the exposure
apparatus and forwarding the instructions to the exposure apparatus. 35 15.
The apparatus as clained in claim 14, wherein the neasuring apparatus (11)
is an ellipsoneter, interferoneter or reflectoneter for neasuring a | ayer -
36 thickness or a geonetry nmeasuring unit for neasuring a height deviation
froma defined ideal plane.





