Monocrystal | i ne sem conduct or wafer conprising defect- reduced regi ons and
nmet hod for producing it The invention relates to a nonocrystalline 5

sem conduct or wafer having regions having a very | ow and honbgeneous density
of the GO -relevant defects. The invention also relates to a nethod for
annealing GO -rel evant d«if ects in.a manocrystalline senm.caonduct waf er,
wherein at | eastOBRE*YSEE &anhgegﬁﬁngﬁﬁﬁe oVaferﬁPEPrﬁ§1PP}?ﬁ&%?&ﬁ by
means of a | aser. Senrexdunckrdtosgivherand imetiasd i ot gpreducimg ivafers, are
general ly used for producing mcroelectronic conponents. In the

sem conductor industry, and in 15 particular in silicon technol ogy, which has
advanced very Thar isoiegritiidn calllatesnd alas manecinystedildald y, the requirenents

made of the.quall i fi 1 ! - ers, | - f r..and further
on account (S)f t eg{l)ég\?lgrucf‘%%rrfng%%ggl%g}ég{gngﬁ%q%e&%qfﬁgﬁ% e‘}é'rsglJz]glso‘"gf the 20
m cr oel ect r oni @nsompyegenesous darddrt v @ fingdre G8se aleguintedafiesst ssever al
types of the ry sl fect i r # r - polished
sem conduct or &gﬂfexe/rléwgn(;‘cgl?gle(?lf%?}?n{e}%%%ge%tor\gane }F%IO\(%\II- eﬁ‘cegg}\flleésaﬁﬁg e crystals
(e.g. EP09720%8B1)e liefvamraldef aatsatiad as eranoswdisdtadrl el evegni qoaagyctor

EP0529599B1) 01o3RH CORiRhitr MahRs g an (pidaxidilie iged silicon
| ayer. 30 It has energed, however, that even the best sem conductor wafers
known at tHe pradeft itS deiseateast &l @mansn ofpécilfiserappl i cations, such as,
for exanple, SO (Silicon On Insulator), Strained Silicon or sSO (strained
Silicon On Insul ator), associated 35 with |Iine widths (design rule) < 100 nm
durihg productiedi O GLOFg "SF&TRi o PR IHEUdGFpEHEHEN WRISTS /| édfage
currents, shorigegidrGUiltys usdeyifir pedlirde g elard@iidistdnd curves, hot spots,
gate oxide failure or : , .

components. In the semiconductor industry, and in

15 particular in silicon technology, which has advanced

very far scientifically and also technologically, the

requirements made of the quality of the semiconductor

wafers increase further and further on account of the

ever further decreasing smallest feature sizes of the

20 microelectronic components.

In order to meet these requirements, several types of
the very low-defect semiconductor wafers were
) developed: polished semiconductor wafers produced from
4) 25 extremely low-defect single crystals {(e.g.
EP0972094Bl), thermally treated semiconductor wafers
(e.g. EP0B29559Bl) or semiconductor wafers having an

epitaxially deposited silicon layer.

30 It has emerged, however, that even the best
semiconductor wafers known at the present time pose
problems in specific applications, such as, for
example, SOI (Silicon On Insulator), Strained Silicon
or sSOI (strained Silicon On Insulator}, associated

35 with line widths (design rule) < 100 nm during
production or during operation of the components. Thus,
leakage currents, short circuits, deviating diode

characteristic curves, hot spots, gate oxide failure or
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- 2 poor reliability of the conponents lead to failure. This is described
conprehensively and extensively in the literature, for exanple: 5 It is thus
descri bed that ingrown vacancy clusters lead to problens in the reliability
of the gate oxide [K Yamabe, K. Taniguchi, Y. Mtsushita, in Proc. of the

Internat. Reliability Phys. Synp., |EEE, NJ, 184 (1983)], conponent
i sol ation faul g w K 5@Q$, ra,. H t S. Ide, H
Iwai, M Kawa %g%wl?N¥§%§%ﬁ%prfI§%¥hggh, ?nﬁgeM%%§;£d1ﬁ§$14%e' Appl

Phys., 37, 1240hipod®) desed ifogd toomprahemsiye ltyr emches el s iDwlbdrger, D.

Termlier, W v.tﬁ@nqqte%atuggec%rqugﬁ&&a@:Society 149, &X26 -&31 (2002)].
These 15 problens are aggravéteé’mﬁt I'ncreasing structure mniaturization -

particularly when the vacancy clusters reach the magnitude of typical

conponent  gagRitt Ydes hHHUC AT S HEd MR ISRFNS VRGNS Gl 1dgad to
tiny pits in 501 structures and to holes i1 20 very thin silicon filns, and
thus "killer déPefPreblemg ip the |reliadildtvsiod] dVi€awi@te) o%4518 . Phys. 93,

4955 (2003)]. The semapenduct atarefiehs ,ment mned s2Reke Gan Y. <O
i nadequately nmeet the denmands |np%§ed_g¥ future, generations_ of _conmponents,

in particul ar &85 dRtednadte RGidaPLiidY JdWs prigérvi 6L 55h the d&ect

honpgenei ty ar@ 9ganger RRehpoenEoisRAWRADNY .f alune sOlgMEC tMiseinaMes to provide a
sem conduct or @g{er in_which theégroblens described do .not occur even upon

further m APat fER2RE ol of & Eonparient £+ I8erhél odi"&d % achi eved by
nmeans of a noneempsiualal,i e Teenkdgnauctieh iwafrer, ITavikeg rdefeet, raguced

regigns, wherglnsaig def eql rqdycrd 'R "SR A (18NS Werry

trenches [E. Dornberger, D. Temmler, W. v. Ammon, J.
Electrochemical Society 149, G226 -G231 (2002)]. These

15 problems are aggravated with increasing structure
miniaturization - particularly when the wvacancy
clusters reach the magnitude of typical component
magnitudes such as e.g. gate lengths. Vacancy clusters
lead to tiny pits in SOI structures and to holes in

20 very thin silicon films, and thus “killer defects™
[G. K. Keller, S. Cristoloveanu, J. Appl. Phys. 93,
4955 (2003)1].

The semiconductor wafers mentioned above can only

25 inadequately meet the demands imposed by future
generations of components, in particular as far as the
areal and local properties of the defect homogeneity

are concerned.

30 Consequently, the object set was to provide a
semiconductor wafer in which the problems described do
not occur even upon further miniaturization of the

components.,

35 The object is achieved by means of a monocrystalline
semiconductor wafer having defect-reduced regions,
wherein said defect-reduced regions have a density of

the GOI-relevant defects within the range of 0/cm® to




the GO -relevant defects within the range of 0/cn2 to - 3 0.1/cnR and occupy
overall an area proportion of 10 % to 100 % of the planar area of the

sem conductor wafer, wherein the renaining regions of the sem conduct or

waf er have a significantly higher defect gdepsity than 5 the defect-reduced
regions. The term "G -rel evant” defects denotes all defects which adversely

affect the quadifyci¥ 2 0IRPY Penaduced rdls HhepoiesPYIdimg ¢ ocation.
The density of 10 the GO -rel evant defects is preferably neasured with the

aid of the metHOdY! ¥ REJke 1M anrt ey thi stamseRNve B 9esto6AL,

since this metWgrenabiies rémd gered efedideetdond JuRciselyctdose defects
whi ch cause GO _defects. Thus,.|in cont§§$£ to the_known 15 GO -tests, even

very | ow def ectalfndiiVes® cfrhiteantl et ¢S HeY ebtihed

quanti tati el yhBydebait-asddustderegiodesct i on met hods such as e.g. |aser
scanni ng nmet hods by which the entire wafer surface is 20 exam ned for
defects are significantly less well suited since although the defects

det ect ed by sdittk nettwdSGeRreleathtd defadt sirdernites canpoeidctd hey need not

necessarily | . 1.0 such failur fects that have no _Jinfluence on the
& -quality, gﬁglhé%saé’e‘?egr.gep%* t?%eecg_'ez %ﬁ%a}m‘laln%y tC%)j‘!atEheg%J%frzfc%t}(‘;:le@e are al so
detected. On thwodwtdiratharts d¢ortdep@aidurtliorntfom ctloeldensony oof

conmponent s,, n 1 C - ] tor | so a
certain | a13(/)er Octbhe%)g&vg]i he sﬁgrg%e&?gc%{]ﬁslsg@dé@%@ maené'(s\g%‘ﬁ%? bv'gfevgcti on
met hods whi ch ©rd ya BY aikarigane tleodvad eriBudcicel rort e tepi haplay pendi cul ar to

the surface that ls,da £9¢ I notp1dH principle,
findiall & -re %%%%t dgﬁgg?%. %§§§re bé%ﬁ?x%e ectgﬂiﬁgg or é?ﬁ%%|e vacancy

clusters 35 ("@yataren idpeeerpot irtestseloorhare Ayt prwhich
cause GOI defects. Thus, in contrast to the known

15 GOI-tests, even very low defect densities of 0.1/cm?,

for example, can be determined quantitatively.

By contrast, other detection methods such as e.g. laser
scanning methods by which the entire wafer surface is

20 examined for defects are significantly less well suited
since although the defects detected by said methods can
lead to a failure of a component, they need not
necessarily lead to such failure. Defects that have no
influence on the GOI-quality, such as e.g. particles

) 25 adhering to the surface, are also detected. On the

other hand, in the production of microelectronic
components, not only the surface of the semiconductor
wafer but also a certain layer below the surface is
utilized. This means that detection methods which only

30 examine the wafer surface or a depth perpendicular to
the surface that is inadequate for the later component

cannot, in principle, find all GOI-relevant defects.

GOI-relevant defects are for example vacancy clusters

35 (“crystal originated particles”, COPs or Voids) or
oxygen precipitates (also called “bulk micro defects”,
BMDs} .
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oxygen precipitates (also called "bulk mcro defects", BMDs). - 4 According
to the invention, the defect-reduced regions of the sem conductor wafer

occupy a proportion of 10 % to 100 % of the planar area of the sem conductor
wafer. The term planar area denotes the gntire region of the 5 substantially
paral |l el areas of the sem conductor wafer. Said region is utilized maximally

for the produgtbgRaphqher eaLeEhtORL SofiomPRBEAl fo by EaTEERSLegibhE Pl anar
area does not include a bevelin roundi ng generally present "at the edge,

i.e. in the 10°€|FE%nﬁ%@éﬁPPﬁchgﬁlﬂﬁf%F PREUBENT CBRADEE 61 ChaPér 10 ¥he

def ect -reducedtegpong bavena peaNatomrandor Prigt esabl ¥oBahiEERR! aROFDIENCOUS
density of GO - relevant_defects. Preferabl the density, of the 15

GO -rel evant dBR@cEETMeRIAPRE aFCarBFRPEES f%%a?PBhge GEERPR PRethe

defect-redupedsusgt@nﬁlbylﬁtpﬂ@§11é99é£é9§1ofheh@vgémg@oﬁahueo@f the density
of the GO-—reIeﬁg g cts that ,is determ.ned |n ige -reduced
Fhi ngt 729

efec%
regi ons. The r# gF 855°Bf 18 hEL S e ED BB FeFPfRave a

significantly ﬂjrgdj]ﬁditﬂ@ﬁecf ﬁe@soéyetha@nlt heodigbeeht s edBgedoneghovs.

Preferably, th deng g evagtddefﬁﬁts in t he renala g regi ons

is at least t n Fe%fe%s ?ﬁstHE defectof eBuRBEC r&QP oS, T8 Fh

def ect -r educedgergrahsy agcesdnngat othbeedgeeniien ipreherably have a defined

| at eral extent, .| ed extent .p raIIeI to the surface of the

ser conductr saFefne e dtl ol Eaf T IRa Bh8, et Gl OBREE FRES aansi (v of the
Ga -rel evant defects changes 30 abruptly at t he boundari es between the

defeﬁt-reduce éeg Qétand§Q§ ggﬁigégfhgggevan?9§de ecggg1conductor

waf e Prefera e densi -re s changes by at
| east a factorp@¢fgr@blyh@xtremely homogeneous density of GOI-

relevant defects. Preferably, the density of the

15 GOI-relevant defects deviates at arbitrary locations
within the defect-reduced regions by at most 10% from
the average value of the density of the GOI-relevant
defects that is determined in the defect-reduced
regions. The remaining regions of the semiconductor

20 wafer have a significantly higher defect density than
the defect-reduced regions. Preferably, the density of
the GOI-relevant defects in the remaining regions is at

least twice as great as in the defect-reduced regions.

- 25 The defect-reduced regions according to the invention
preferably have a defined lateral extent, i.e. a
defined extent parallel to the surface of the
semiconductor wafer. This is manifested by the fact
that the density of the GOI-relevant defects changes

30 abruptly at the boundaries between the defect-reduced
regions and the remaining regions of the semiconductor
wafer. Preferably, the density of the GOI-relevant
defects changes by at least a factor of 2 at the
boundaries between the defect-reduced regions and the

35 remaining regions along a section having a length of
0.5 mm that runs parallel to the planar areas c¢f the
semiconductor wafer and perpendicular to the respective

boundary between the defect-reduced region and the non-




boundari es between the defect-reduced regions and the 35 renmi ning regions

al ong a section having a length of 0.5 mmthat runs parallel to the planar
areas of the sem conductor wafer and perpendicular to the respective
boundary between the defect-reduced regign_and the non - 5 defect-reduced
region. In contrast to sem conductor wafers in accordance with the prior art

whi ch |'ke“ﬁS&efBéﬁeréﬁﬁb@HSrBSYbﬁg @nr@BHEEMEEyt50§%ﬂ§96h5ﬁc95rthe

GO -rel evant defects and other “regi ons having a rel at |venﬁ high density of
the GO -rel evdAfe88f &Bt §CCOrAageedriftBr ERe pégpéngrtnwal§é ésadietor wafer

according to hh@ei P¥ENLHANHEQiRGt aMREUgtEEL Y YolnHens9RE BrOtRer, but rather
are sharply denarcated fromagne  another, 10 Defect-optimzed silicon in

accor dance wi FRITRBLBYRBE dﬁﬁ?cﬁésaathﬁﬁeéeﬁ§Eﬂ9n§fhégﬁﬁgsﬁalI def ects

having a ﬁlaagngtleélyeﬁighha@na@tpnbautheBMOqoebnasbnttBefe&@glconductor
waf er accordln to thg i nvention, al so ,has 15 ré ow e35|ty of these
smal | defectst ﬁecgh £85ENT gePhaNpr L Br aF?mlFﬁBd ERPEoNBEELOr wafers

according to atberdmmgntboﬂhachh@éﬁtaoﬂeﬂélhMtoﬁekb@ E0L1iHelevamnb defects of
up to 0/cn. 20 Pref ably fect- red ced.regi ons extend over
hrbonane f
ohd eld

entire thickn88§ 8?0 ErSe £6r Anaf & ar?ﬁ@y *PALFEFS PPfBPe

significantl yanathbrs feature, too, fromthe conventional |ow defect |ayers
at the sugiace of sem conductor wafers which are produced for exanple 25 by
suitable thermal or epitaxial nmethods. The depth of these known | ow defect
| ayers i s genbe@kty-optymazedwsikicponmeherscoTHentaventhonhiespdescri bed in

more detail bglow,ukth ;30n" QLRLERGCOEOVELYULREI1 defects having a
‘ diameter of less than 30 nm auf. By contrast, the
semiconductor wafer according to the invention also has
15 a very low density of these small defects. In contrast
to the prior art, the semiconductor wafers according to
the invention achieve a density of the GOI-relevant

defects of up to 0/cm?®.

20 Preferably, the defect-reduced regions extend over the
entire thickness of the semiconductor wafer. They
therefore differ significantly in this feature, too,
from the conventional low-defect layers at the surface
of semiconductor wafers which are produced for example

) 25 by suitable thermal or epitaxial methods. The depth of
these known low-defect layers 1s generally only a few

micrometers.

The invention is described in more detail below with

30 reference to figures:

Figure 1 shows GOI-relevant defects in the edge region
of a quadrant of a silicon wafer according to the
invention that were measured with the aid of the method

35 disclosed in DE19835616A1. The defects are represented
as light points.




Figure 1 shows GO -rel evant defects in the edge region of a quadrant of a
silicon wafer according to the invention that were neasured with the aid of
the net hod 35 di sclosed in DE19835616A1. The defects are represented as
light points. - 6 Figure 2 shows, anal gg?uyy to figure 1, GO -rel evant
defects on a quadrant of a silicon wafer that is not according to the

invention. 5 Fhglre. Sﬁ?%saasr@f%&%%&%irﬁﬂ@nl ofG _rgf%g‘%i‘gent of the

nmet hod according to the invention h” t'he’ sem ‘conduct of er is
scanned hel i calgiediis greansqwddrdnt ebar diebmon ovdHgurighat shwwodef ect s

behi nd the fragtyre gige oftite Siddeoibyafer before irradiation by means of a

| aser. Figure 5 shows the sane fracture edge as figure 4, but after brief
irradiation by nmeans of a laser. 15 In accordance with one preferred

enbodi ment sof #iffird MY &Hdwd, a tdenddRf€d - T eduned ¢ 89l oS gecupy _
substantially the entire planar area of the _sem conductor wafer. This should
be under st ood SPIREERETO D Fe? B ReHh 3FRU DHdrQ i i ok YN e 1kss t han

100 % or evenyiixcH Ghdondmtdendlaed s ofs tdieansedi wondect oy waf er. The
advant ages of this enpodi nent are the honbgeneity that can be achieved, a
hi gher yield I‘i“?’?%i%bp? U, 5% num area utilization and 25 sinple
production and process sequences. One exanple of this enbodinent is

i d of | the e HiEH el b1 DIUE ¢ TR GbIREI . e TR BT 5T v ar ea of the
represent ed quadriasidn ofafidre bestd i« anr wed et radoomt args tef theladwention is
dark) i.e. virtually free of defects. It is only in the
- Figure 5 shows the same fracture edge as figure 4, but
after brief irradiation by means of a laser.
15
In accordance with one preferred embodiment of the
invention, the defect-reduced regions occupy
substantially the entire planar area of the
semiconductor wafer. This should be understood to mean
20 preferably an area proportion of 95 % to less than 100
% or even to 100 % of the planar area of the
semiconductor wafer. The advantages of this embodiment
are the homogeneity that can be achieved, a higher
- yield in chip production, maximum area utilization and

,) 25 simple production and process sequences.

One example of this embodiment is illustrated in
figure 1. The GOI-relevant defects were measured with
the aid of the method disclosed in DE19835616A1. The
30 entire planar area of the represented quadrant of the
silicon wafer 3 according to the invention is dark,
i.e. virtually free of defects. It is only in the
beveled edge region 6, i.e. outside the planar area,
that a relatively high defect density can be discerned
35 at the multiplicity of light points. In comparison with
this, figure 2 illustrates a silicon wafer in
accordance with the pricr art measured by the same

method. In the case of this wafer, a relatively high




bevel ed edge region 6, i.e. outside the planar area, that a relatively high
defect density can be discerned 35 at the multiplicity of light points. In
conparison with this, figure 2 illustrates a silicon wafer in accordance
with the prior art nmeasured by the same _ nethod. In the case of this wafer, a
relatively high - 7 density of GO-relevant defects can be discerned on the

entire planar gegaithnozceerdaneewhihqarether cRheber hedceraed pankhef the 5
i nvention, the defect-reduced regions occupy only part of the planar area of

t he senlconduc?BFlﬁﬁfEﬁanﬁFeﬁéﬁébly an area proportion of 10 %to 95 % of the
planar area. 10 Preferably, the defect-reduced reglons coincide with the
regi ons on the senlco%guctor wafer in_which ality is inportant.

These are regi GAs@FROWARBRE EéﬁﬁoﬁgﬁF§e§uEﬁe§§rF%Qn@W?P@ﬁgeéﬁdOéeﬁBPy

devices, fos exaspkeonar eéhpr ddyeed- réaubada@@grlda@cacwubly bhily eakedi ment,
t he renalnlngcgﬁogngde ect -reduced _regi ons_are at ed | ocati ons at

whi ch a hi gh | PLGRRE AGF3PT SrFSW&EOE HE Ofo"d §Fe oxide is

produced in thpsefeegbtpsanThirgali prober2@onase f0r sexanplse sab@nghhe |ines at
whi ch t he senl onductor wafer is cut apart ("dicing") after production of
the conponent sPafid® i f &Bpropriate, thinning back (e.g. grinding back), in
order to separate the i ndi vi dual m crochi ps fronlone anot her. 25

"t er connedt s aF 8- B3P a A% He TEar candaa: bF Suarar COLOFLRS g on
gions in

whi ch the G{ﬂ'qnalreglossunnnpbetanmlcsﬂdaceprfwafexanpl@hltesa heghons

(apéDt fron1f0&o§ Sﬁglity is important. These are regions in which
components such as transistors and memory devices, for
example, are produced.

15
In accordance with this embodiment, the remaining, non-
defect-reduced regions are situated at locations at
which a high GOI quality is not of importance since no
gate oxide is produced in these regions. This 1s the

20 case for example along the lines at which the
semiconductor wafer is cut apart (“dicing”) after
production of the components and, if appropriate,
thinning back (e.g. grinding back), in order to
separate the individual microchips from one another.

25 GOI-relevant defects are non-critical also at the
locations at which interconnects are applied to the

semiconductor wafer.

Further regions in which the GOI quality is unimportant
30 are, for example, test regions (apart from for a GOI

test), contact regions or regions which carry a wafer

identifier or are provided for the application of

serial chip numbers or alignment marks.

35 This means that the position of the defect-reduced
regions is defined by the arrangement of the
microelectronic components that are produced later on

the semiconductor wafer. In this embodiment of the
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test), contact regions or regions which carry a wafer identifier or are
provided for the application of serial chip nunbers or alignnent marks. 35
This means that the position of the defect-reduced regions is defined by the
arrangenment of the mcroelectronic conpogents that are produced |ater on
the sem conductor wafer. In this enbodinent of the - 8 invention, the

i ntended | aterlr%ér?d]&ﬁﬂmﬂhé)flr{ﬂ'é@ldé@l%\@lt SHRRSS MBSty ready be known
at the tine 'F}ﬁ produ0| ng the sem conduct or wafer according to the
5 é%ﬁﬂ

i nventi on. NGt § RS AEfiS Y REs KRS iagni T dnitee

advant ages: fldﬁtﬁmdddleagdeﬂﬁé taendifcdrittn B r el fvaniccdlef ot sshasnde reduced
only on part af th area of the sem conductor wafer, which increases the

econoni ¢ 10 vidBi9tty production. Secondly, the GO -relevant defects, in
parti cul ar 5t he BI\/Ds (Bulk Mcro Defects), act as gettering centers, that is

to say that t n tallic inpuritie whi.ch the sem co ductor waf er
is inevitably #ﬁﬁb‘?%ﬁ qf%e”bvedﬁdcq Softhe 1EH! r]Cent s and
which alter tmiwamchgas orflnﬁ*lﬂnactte*re sierrsmj‘y tdfe ’dmn(}ﬁmrdtﬁ:]teo:rarrtat erial in

|l
mi Cﬁngom :El(f)\ e%ncdﬁ Lh%dse oetae{1 reqw rlé/d i pfanrnge Ford! d &Y el\éD%if e ons 1n

Consequent ly, Slmtm:oardtmcm(twm,y wl"awfamdldxmamm efeTEIAC of t he
“ensar ag : d t bi lit
o cvaft, el ip 40 orddocols | s onmyan o erdSeiiging, cobel |ty

are ensur e His e may conprise any

desired 25 sered@fdifot om maEriicilahdihe BMitef @wEd Wicoipriskerts) ,
subsyanti al |y 5dihals i ttQ Sty %ed@e?&l 89 & WSUhy i S8 FdRet or

waf can al so conpri'se substantiall
metallic impurities with which the semiconductor wafer

is inevitably contaminated during the production of the
15 components and which alter the conduction
characteristic of the semiconductor material in an
uncontrolled and undesirable manner. The presence of
BMDs in regions in which a high GOI quality is not
required is therefore desirable. Consequently, both an
20 extremely low and homogenecus density of the
GOI-relevant defects in the critical regions and a good

gettering capability are ensured in this embodiment.

The semiconductor wafer may comprise any desired

) 25 semiconductor material, but it preferably comprises
substantially, that is to say at least 80 %, silicon.
The semiconductor wafer can also comprise substantially
pure silicon to which only the customary dopants are
added.

30

The semiconductor wafer according to the invention can
be produced by suitable irradiation of a semiconductor

wafer by means of laser.

35 The invention therefore also relates to a method for
annealing GOI-relevant defects in a monocrystalline
semiconductor wafer, wherein defined regions of at

least one side of the semiconductor wafer are
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pure silicon to which only the customary dopants are added. 30 The

sem conduct or wafer according to the invention can be produced by suitable
irradiation of a sem conductor wafer by nmeans of |aser. 35 The invention
therefore also relates to a nethod for _an&e_aling GO -rel evant defects in a
nmonocrystalline sem conductor wafer, wherein defined regions of at |east

one side of th ] or fer are,-. 9 _ irradiate .of a |aser
wherein each | ggzrt%irg&%%%\?\inu%ﬁ FENE det ianelgsreergi (‘)qr%%rieslrﬁ %rala%éll g?%g&vﬁot% a power
density of 1 Gwinimo the Gwinieidoreyidursatiison rofaddatedeadtthi?® mowasherein t he
laser emts ragiati;Qn r&%viln%w%ﬁ %vgbeagzﬂzlﬁgpga e ihe spEption edge
of the seniconductor material "of Wwhich the sem conduct of water  is conposed,
and wher ei n t héegspebamsnre voe relie  thenilessdu emart swakeii atiises hawings € t han 20
K as a resust aleiBggehl adiiald Aboe RS HAo-E da%ige HE Midods Tor
treating sem conductor matérials by means of [aser radiation are known in

the prior art. SBLg@Rrdust oax ytles iapDpfooddah dihsclsegdsongagtiaradiadsiton of a

silicon wafer by mRapssel,adnidihesRUCend Yen®saiRhe e okd taser, wherein the
light source is to be chosen, however, such that it emts a high proportion
of  wavel engt h§SBECARIITE A ¥GTHT I SEFyEYofl oS itd@R 240h K Srdér Tasatltt he

radi ati on i s absorbed iByaldie tSidn mewafel-farthet h@swaf er is thereby heated
in order to 20 produce getterable defects. EP68094A2 discloses a nethod in

which a waft8r that has al ready been patterned in the context of conponent
production is Metaldy floi adicaltdd Py ciBannddictdr asteriRle @8 rans

) of laser radiation are known in the prior art. By way
of example, DD249998A1 discloses the irradiation of a
silicon wafer by means of a light source, for example a

15 laser, wherein the light source is to be chosen,
however, such that it emits a high proportion of
wavelengths below the absorption edge of silicon, in
order that the radiation is absorbed by the silicon
wafer and the wafer is thereby heated in order to

20 produce getterable defects. EP68094A2 discloses a
method in which a wafer that has already been patterned
in the context of component production is locally
irradiated by means of a laser in order to

recrystallize polycrystalline silicon regions by local

p——

25 melting of said regions. For this purpose, it is
necessary to use a laser whose radiation is absorbed by
silicon, that is to say which emits light having a
wavelength below the absorption edge of silicon. A
frequency-doubled Nd:YAG-laser having a wavelength of

30 532 nm is used, for example. US6743689Bl discloses a
similar method, in which an already patterned
semiconductor wafer is irradiated locally by means of a
laser in the course of component production in order to
crystallize amorphous regions by increasing the

35 temperature to 1200 to 1300°C.

All these known methods pursue the aim of greatly

increasing the temperature of the semiconductor wafer

LR




recrystallize polycrystalline silicon regions by local 25 nelting of said
regions. For this purpose, it is necessary to use a | aser whose radiation is
absorbed by silicon, that is to say which emts |ight having a wavel ength
bel ow t he absorpti on edge of silicon. A iéeguency-doubled Nd: YAG | aser
havi ng a wavel ength of 30 532 nmis used, “Tor exanple. US6743689B1 di scl oses

a simlar ”Etﬁﬁﬁalgg %ﬂ&%ﬂgﬁ”aBE%§§9XoB?B%eEHSd1a§8¥‘%§893%38£ fer is
irradiated | ocally means of "a SEr in"the course of component production
in order to cpydeal kbzechierphoastregi efiebysi.ncreasing the 35 tenperature
to 1200 to 1300C. Al these known nethods pursue the aimof greatly

i ncreasing the tenperature of the sem conductor wafer - 10 |ocally through

absorption of BHecPasspstadthei mathad ecgerdibgathi ehe éBWEALACBffects. By

contrast, the gpthadeacser dingvkachieni Dyeab aBovE eRE' abesBkigpuavel ength

| yi ng above the absorption e Sem conductor material. By way of

exampl e, the 8898rpfi bheccagBispndpriesnmpsegial . 1By\waycekr 85pBRdENg to a

wavel ength of appraxkpRbel¥nlBagendr sThecsgnigonduet orfaterial is therefore
substantially 10 tranégarent tosaid radiation, the latter beingg absor bed by
0

the sem conducEBFIREPBPHANI0APY 3t H2ZCLRRALD Bkt BRPTORSPALRLY AE380R™ t he

tenperature of Thhesemgfbaandyetomnavatenlr igseshbyekesse thBetiddtKaipyef erably

even by less than 6 K, as a result of . the irragiaﬁion 15 bﬁﬁneans of the

| aser. Theller F2PERPEFEEUFE SR1ENEAALENCBNdLBE o 2GREr PEBENs the aver age,

i.e. global, ubspebatiubg ehet bemseshdandvet paatwafiel. ohhe tenpesatiliie of the

senffonductor waf er isﬁgregﬁrablé kept &%th'n t he, range of , 20C to 50C during
0 an 8 efl€

the 4 rradi ati oh*b§"2 of tH&SPHs | ESPBEBAFY &t Ofh&Eurrent I'y

semiconductor wafer rises by less than 20 K, preferably
even by less than 6 K, as a result of the irradiation

15 by means of the laser. The term “temperature of the
semiconductor wafer” means the average, i.e. global,
temperature of the semiconductor wafer. The temperature
of the semiconductor wafer is preferably kept within
the range of 20°C to 50°C during the irradiation by

20 means of the laser. It is only at the currently
irradiated location of the semiconductor wafer that the
local temperature can reach significantly higher

values, but it preferably does not rise above B800°C.

25 Nevertheless, defects present in the semiconductor
wafer can surprisingly be annealed by the irradiation
according to the invention without appreciably
increasing the temperature of the semiconductor wafer,
By way of example, COP defects and BMD defects in

30 monocrystalline silicon wafers, which are unavoidable
in most crystal pulling processes, can be resolved by

the irradiation according to the invention.

The mode of action of the method according to the

35 invention can be explained as follows: although the
semiconductor material itself absorbs little radiation,
the temperature of the currently irradiated volume of

the semiconductor wafer does not rise above 800°C




irradi ated | ocation of the sem conductor wafer that the |ocal tenperature
can reach significantly higher values, but it preferably does not rise above
800C. 25 Neverthel ess, defects present in the sem conductor wafer can
surprisingly be anneal ed by the irradiagigg according to the invention

wi t hout appreciably increasing the tenperature of the sem conductor wafer.

By way of examl e, def ect.s .and def in_30 nonqcrystalline silicon
waf ers, mhichngﬁﬁiﬁﬁgpé|&§BP£ lcﬁeﬁgwgofr aFnBGFﬁﬁﬁg 5 ogé§§§§ 'can be
resol ved by thed thadgabbai aempedamgrbooﬁhehenwemékomemﬁhasnnde of action

f th hod b I d f II
o e TeChod g5g0iging |9 iRgedE LIVSILLON-Gan DELGrpLAL U5l an daklowe

al t hough the sém con r teri'a t he
t enperature ofanﬂetharmeduhylpnrddeateddeehuﬁakefplahe séaﬂcaddmabos waf er

does not rige e C IC fficient for i ng of
defects) a%d gﬁgngggQ tem#%éﬁ%ﬁ%reqnf§eﬁg%g %g rg%glgg b@ﬁr?ﬂ%ﬁ?&
unchanged, an Breefdactildl Heflweénethéodéhectsfeandatrkepradiistliicomsdoes i ndeed

take place CaigHbabbonne shaw:thal HETRELA! UEBoLNEiEaseRaly cdshey 10,000 K

that are locally~“de |n1te toth ct are ible as long as the defect
has optical prépemt ites sharodntiiag SﬂﬁéﬁpﬂheS§Ghr@ﬁﬁ@ﬁﬁ§l§ﬁlﬁé@nbasaéh

properties areohased; a8 hsgaaasd*i@§b@gnq' il ghent:olri-gt sp8f raetion and 10

surfaces of cavitieS in the sem conductor materi al soon as the defect is
resol ved, fibr &xafpresi Aft Ravésdes én éhecpewycenﬂpe§pénmé¢e¢a@éncﬁés from

the COP into thenCr¥stak hé&bb%el@rrb@oub@dcaigrOExamgw@ By, t@ef busieon of
oxyg%n fromthe BMD |nto the crystal 15 lattice (the ox&gen beag% present as
r

intedstitial &tyg§ehRPr PﬁedaéﬁééﬂoﬁoOﬁoﬁééﬁnéﬁﬁéc§§°§c§ fefPRg1ntRadi ati on
energy is not ahsocbedtanylhurtber ogndnt BBe case of a BMD by

diffusion of oxygen from the BMD into the crystal

15 lattice (the oxygen being present as interstitial
oxygen), the defect no longer effects scattering.
Radiation energy is not absorbed any further and the
locally greatly heated location immediately emits its
thermal energy to the cold surrounding semiconductor

20 material. As a result of the temperature equalization
that takes place immediately, the temperature in the
region of the former defect falls to the initial wvalue
so rapidly that the vacancies cannot reaggregate to
form a new COP or the oxygen cannot reaggregate to form

25 a new BMD.

The method according to the invention makes it possible
to produce a semiconductor wafer according to the
invention with a very low and homogeneous density of

30 GOI-relevant defects since every location of the
semiconductor wafer which lies in one of the desired
defect-reduced regions can be fitted under absolutely

identical conditions.

35 This is not possible with the methods of the prior art.
Said methods provide for example particular conditions
during the production of the single crystal (e.g. by
crystal pulling according to Czochralski) in order to




| ocal ly greatly heated | ocation inmmedi ately emts its thermal energy to the
col d surroundi ng sem conductor 20 nmaterial. As a result of the tenperature
equal i zation that takes place immediately, the tenperature in the region of
the fornmer defect falls to the initial value so rapidly that the vacancies
cannot reaggregate to forma new COP of tlﬁe"oxygen cannot reaggregate to

form 25 a new BMD. The gethod accordln% to the invention nakes it possible
to produce a sEWPESRFFCLOE REFS e &dr FEtG s e ERendFRE ST Mith a very | ow

and honobgeneoupodensiliey ekfted® .Chod=al a\n&rlme(ﬂl@fm@t %a&ﬂn@ﬁe evernfdaeat i on of
the sem conduct fer ghl ch. lies in one t he desired . defect-reduced

regi ons can be F dﬁbgﬁpﬁﬁéﬁyrapdé Yc &Y FlGInSIoBEF i s i s not
possible with ﬁhetm&bh&dSnefa&heaamays @B&ablS&hddﬂE%h@d&eﬁrOV|de for exanple
particul ar conditions uri.ng the roduct i, t he .sin crystal by
Crystal pul fingoseaBidiny t8 ErSORARG Ytk ShaePBide S5 Sitess’ he

ari sing of defeutsubgethengreamembcrg@&&dbhaeembmntomdmuﬂonlﬂdﬂmmC|ng cannot

be effected W%Eng% ﬁﬁih%gﬁeg%%Qh%%f% q%aH y s%ggg %ﬁ agl%roperty

di stributions are alPways éstabl not her °5 Sibi1ity 1 n accordance
with the prior daISﬂirlb@ﬂISIOQt snd desusdjtgcttiong &hewmadr yrstealtimemd den conduct or

wafer having Golrielevanhdaf efLs ddrarapegil e 8izq, di stijdutian and

density to a thermal treatnment ¢ o anneal t he | east in a
| ayer near 140 the surface. ﬂ@lﬁ@ﬁﬁ@@@@llttll@§ off the raw mtt@ml@ll e:@m@tt be

conpl et el y cONBENSALEd oAl oYM A RRAMIENEGLN KD AL ddigat ment .

Mor epver, the known et hods not enable the properties of the

sem £onduct or ﬁﬁﬂ@ﬁrﬁéur@etﬁﬁﬁﬁﬂﬁﬁéedMPé@@WPF Bécakdewinn mefrd ogisy elcopment  of

not enable the properties of the semiconductor wafer to
be influenced locally, because in the development of

15 said methods particular attention was always paid to
processing entire semiconductor wafers in a shortest

possible time.

In the case of thermally treated semiconductor wafers,
20 a very low-defect layer (so-called "denuded zone")
arises at the surface, while defects can still be
detected in the depth of the semiconductor wafer. By
contrast, through application of the method according
) to the invention, a reduction of defects is achieved

25 over the entire thickness of the semiconductor wafer.

Since the semiconductor wafer is not heated globally in

the method according to the invention, further

advantages are afforded over the methods of the prior
30 art:

The thermal budget of the semiconductor wafer is not
increased by the treatment according to the invention.
This means that no nucleation and no diffusion take

35 place in the solid and, conseguently, other types of
defect cannot arise or grow. Since no contamination
occurs at the surfaces, the charge carrier lifetime

remains virtually unchanged.
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15 said nmethods particular attention was always paid to processing entire
sem conductor wafers in a shortest possible tine. In the case of thermally
treated sem conductor wafers, 20 a very |ow defect |ayer (so-called "denuded
zone") arises at the surface, while defects can still be detected in the
depth of the sem conductor wafer. By contrast, through application of the
nmet hod according to the invention, a reduction of defects is achieved 25
over the entire thickness of the sem conductor wafer. Since the

sem conduct or BgEarigal hiothhebt iyl obat1gce spe s Het ketlotcaicidoridieng to the

invention, furdigys1advaditaogas,arsaidsded Qver ddig et hods of the prior 30
art: The thernmal buddet of the sem conductor wafer 1s not increased by the

treat ment accHUIGRI{IG HIRS ahtdWHing THis rredictinr b WirIEIBh and no

di ffusion tsake: St acGed R £old itk a GRS el gad Ot her types of
defect cannot arise or grow. Since no contam nation ©occurs at the surfaces,

the charge carrier lifetime remains virtually unchanged. - 13 Practically

no diffusion processamartiaka Paseitidher gmbaldni coldhsent cangiet or waf er.

Dopant concentrations set during the production of the single 5 crystal are
t her ef ore mai rit'di r‘?e]ntetﬁﬁcﬁaﬂﬁg]eﬂ?eghtee i Yalorprﬁ?pré?atr?eé%t]ohg Bphe

sem conduct or Wwafaymersy eacddetigty ned tdrey frergayison | W jpefreaweinid y by the
treatment . CC%%?QI? (%ioat e i nventci on, IZ:?%O i ncrea iin(%f 10 {\/afer éjq'(ﬂmaters, such
as 200 mmor Hi S S00 mHChRP A Heter$) ,” 1 ndfeasi ng

poi nt | oadi ngsandards pmod weeitk ¥ rd tdnes tsuppor timdreya £ dhvey med 1 pr dloessigsys | n

conthast to this, Jihd e qme g, ACGRreing, 10, N8,d AN ALt i no 1 sk
p¥astic defor ion o
contrast to this, in the method according to the
invention there is no risk of plastic deformation of
15 the semiconductor wafer that leads to damage to the
crystal lattice, in particular to slip. Generally, slip
cannot propagate in the cold semiconductor material.
Thermal gradients are locally delimited to the regions
in the laser beam and around the defects. Consequently,
20 no global thermal stresses occur in the semiconductor
wafer. This significantly reduces the risk of fracture
of the semiconductor wafer during and after the

treatment.

) 25 The method according to the invention is generally
applied to substantially round, unpatterned
semiconductor wafers. Preferably, the starting material
chosen should be a semiconductor wafer having defects
which on average have a diameter of less than 70 nm,

30 since small defects are resolved more rapidly and the
time expended on the method is thereby reduced.
Semiconductor wafers having an average defect diameter
of more than 70 nm can likewise be freed of the GOI-
relevant defects by the method according to the

35 invention, but longer irradiation times should be

chosen.




15 the sem conductor wafer that |eads to damage to the crystal lattice, in
particular to slip. CGenerally, slip cannot propagate in the cold

sem conductor material. Thermal gradients are locally delimted to the
regions in the |aser beam and around thf defects. Consequently, 20 no gl obal
thermal stresses occur in the sem conductor wafer. This significantly

reduces the ripk 8bnbractupe,.oLcLbs SPTLAENIYSLOT s palal dubhng.godaal ter the

treat ment. accordrng € rnvention i's ral applied to
subst anti al | yonotine, puapartéepedt tbﬁiaemﬁqonducmgremstepmeﬂerébnye t he

starting mategial oﬁh9§egu§98H£9beh?e§8H£CPHS@SE%%;“%%ﬁEcBﬁ&hEQO efects

whi ch on aver age ave a dianeter s than since snmall defects
are resol ved WaEertapi dcgnagngtehparanaeesgpentedesnrihednéphod is t hereby

reduced. 559”b§99€8ﬁt OBu‘é’aEﬁéS gsyaegtﬁenaafreﬂg H@ERSH deagehghg ph more
than 70 nm can ew se free A - relevant defects by the nethod

according to Ehe BBV?HVéﬁﬂléﬁ ngtt reshgeetedr bai aif 6R8°0i nes shoul d be
chosen. - 14 The concrete paranmeters of the |aser irradiati on depend on the

properties of _the sem conductor material. Since silicon . is currently the
most i mpor t anfNsERE cERBBCPBr S1HAERRT al 258 BACYBLEN paRhkel é88taPaVaREcri bed for

5 silicon, bui #&¢edpRGtRaAbEON tbe7n§hh99ea§§959bmg t @ort BRalpyENtion is
not restrlcteg ég85|ll on, In_t o ﬁ1 of silicon, | asers which emit | i ght

having a'%a t Aot 125pfFF o #geLlitable, for exanple 10 1.060 pm
(InGaAsP di ode. basenn, (HdOBAGPIu M) YAG | aser), 2.127 pm (Ho: YAG | aser),

gfp pm (Er: Eﬁf&%aser)ﬂo YAG laser),
2.940 ym (Er:YAG laser).
The wavelengths 1.064 pm and 4.25 pm, are particularly
15 preferred since here there is a particularly low

absorption in silicon.

In the case of silicon, the power density of the laser
beam lies within the range of 1 GW/m? to 10 GW/m®. The
20 laser beam is preferably set to a non-divergent beam

having a diameter of 3 um to 10 pm.

The absorption of energy (in W) is proporticnal to the
cross section of the defect, that is to say to the
n) 25 square of its radius, while the volume of the defect is

proportional to the cube of the defect radius. In order
to fill the defect with melt, an energy dependent on
the volume is required. The cross section is the light-
capturing quantity.

30
The energy density therefore limits the size of the
defects which can be annealed. It is not possible to
set an arbitrarily high energy density since the
semiconductor wafer melts and the surface quality is

35 destroyed. If an even higher energy density were
applied, the semiconductor wafer would be cut by the

laser beam, which is undesirable here.




The wavel engths 1.064 pmand 4.25 pm are particularly 15 preferred since
here there is a particularly low absorption in silicon. In the case of
silicon, the power density of the |aser beamlies within the range of 1
GWn2 to 10 GNnR. The 20 |aser beamis;preferably set to a non-divergent
beam having a dianeter of 3 pmto 10 pn1 The absorption of energy (in W i
proporti onal C S t ks.to say to the 25
square of its rgg?§s4 éﬁgﬁe g%&h@g;?&eg ? gﬁ%ﬁg%fgggé E proportlonal to the
cube of the depeeentadnad. defiestdseduceds BLlicha aéf@@twhﬂph wWekt, an energy
dependent on e&Qﬁlﬁghuﬁgr'éeEQGQBrﬁglngh@hgrﬂ§§sﬁfihpoeeb§thGBhith'
capturing quantity. 30 The energy enS|t{ therefore Fimts the size of the
def ect s whi chMégrCbReAfREalBALYEETI ¥OnddlpodErpmeMibsudeMinangr BRgrarily high

ener gy densi tS!mé!LE‘Qﬁgt hQapﬁﬁE" CQBdBEEBEr‘éﬁEﬁé BBhbseand theisuhface quality
is 35 destroyed. If an even gher _energy density were applied, the

senlconductorwﬁéﬁérwﬂéufaaﬁéuéﬁg By CPHed Pﬁ@é?rﬁéﬁnﬁlﬁﬁpéﬁoﬂsO§n88§|rable

here. - 15 Ftgyksead §BQ‘Q‘.V§ECEVQéﬁrgbhkﬂléuﬂéﬁctw@tgdﬁﬁaﬁﬁrasu‘éga‘é@@t'Ona|
def ect-reduced silicon wafer which i{g%or def ects using the

measuring devPEEingyfRe WPEFBIBE‘FQ& AHQW%@Pa Aectpr L¥ATM £8uf M ning and
5 Srelting, Japage. ofo2prepaBe hfiebsanpHetha Srhit€qhe waber awas fractured

al ong a p ferred rectlo of _the ystal |atti r pendi éar toits
pl anar su acggg gﬁglﬂﬁd eﬁﬁa?ﬁ?éﬁéﬁ? l?nHFéPﬂEéFggefgch% R§ in a
range of 20 t®6308epacbehtad bhedfisaetned adgdaakepémndetewhedragdohhelr

posivtion is visu z A tot f ef ec C diiscerned as dark
points. The reglghs Sgllcon wgkeg ad301glng Eﬁe %rac ure e%ge were

subsequently irradiated by means of a laser for a very
short time. Figure 5 shows the same silicon wafer after
15 this treatment. Of the 26 original defects present,
four defects are no lconger detectable. These are
identified by arrows in figures 4 and 5. To resolve all
of the defects, including the large defects, a longer

irradiation duration is necessary.

20
A semiconductor wafer produced according to the
inventicon has by its nature a high density of non-
agglomerated point defects (in particular wvacancies and
interstitial oxygen). The point defects can be
) 25 outdiffused from the semiconductor wafer (in the case

of oxygen) or be recombined with interstitial silicon
(in the case of vacancies) by means of a subsequent
thermal treatment if this is necessary or advantageous
for the envisaged use of the semiconductor wafer. If

30 the free vacancies formed by the resolution of the COPs
are to be eliminated, the silicen wafer, after
application of the method according to the invention,
is subjected to a thermal treatment that is suitable
for injecting interstitial silicon atoms which can

35 recombine with the wvacancies.

In the preferred embodiment of the method according to

the invention as illustrated in figure 3, the entire




| of the silicon wafer adjoining the fracture edge were subsequently
irradiated by neans of a l|aser for a very short tinme. Figure 5 shows the
same silicon wafer after 15 this treatnent. O the 26 original defects
present, four defects are no |onger deteggable. These are identified by
arrows in figures 4 and 5. To resolve all of the defects, including the

l'arge defectsguarla@R08T the aUmdARudAt LaFelrS 3N86eS3 e LB A
sem conduct or wafer produced according to _the invention has by its nature a

hi gh density 8faRénCfagglésetatled IH6i mirydftegeous msgartfi culPdiitpdddici es and

interstitial @fygarkrsThe RAisk pefQdii% . CahcbeaZe raulididdf uged fromthe
sem conduct or wafer (in the case  of oxygjrn) or be reconbined with
fHCi

interstitial SPPLEORAUGERT: & IEZsd Sofl AFE LESnsSpR Ipgdnd fthe dds§dquent
thermal treat meaim f. trhies lia$ereeRSgANY hAlk adWaFiageiows osfs0rlsddte vi saged use
of the sem conductor wafer. If zg‘ the free vaca\r;\e&i 2&1 formed by the resol ution
of the COPs aPe9F8ehe T8l ithieRLt &S ERE1EE RI6R Ref &M éfeﬁfﬁrcor’éiﬂy‘pﬁtioéati on of

t he met hod aceartdirng,t ahkhecmivenduentor wafeubjcadt & trotatdierml treat ment
that is suitabk}e for injecti 5\& interstitial sil h{éon t Qs whichtcan 35
reconbi ne wit RPCHE ¢aCafdids. Hn Hife S5&r &rF8d eRbodithdtt VS R fhéthod
accordi ng to offhéaiseveit aon asmildomstucated warfefri gurie 31dWie esttiifited 16

surface of,the _semn_.caq t.or, .waf er. i,$.,SC d.hy ns.qof a laser 1. The
si mul taneé%s g?e%g:e é:g(élli%rlaﬂlﬁ%&&fo%l é?@r's%i%g%allgo pﬁ%rﬁbg‘.y 'ﬁ?en%rrgtneri al of
the sem condweuichr anakgr thetl dahgelnggticanspaméncht ahtehd dsasebemnb@am 2. The

of the sen coRtbitars vt ores HnEeRdittor VAR pEbeld B8 d ol Ty ©
than one beam diameter in the radial direction after
one rotation. A whole-area treatment can also be
15 achieved in a similar manner by scanning the
semiconductor wafer line by line. In this case, the
rotation 4 of the semiconductor wafer 3 should be
replaced by a second linear movement, preferably

directed perpendicular to the movement 5.

20
Edge regions of the semiconductor wafer can be excluded
from the irradiation during the scanning. Regions that
are not intended to be converted into defect-reduced
regions can likewise be excluded. Since the irradiation
.J 25 takes place locally, it is possible to produce both

homogeneous and in targeted fashion inhomogeneous
properties of the defect distribution. In any case the
relative movement between laser and semiconductor wafer
is controlled such that every location within a region
30 that is intended to be converted into a defect-reduced

region is irradiated at least for 25 ms.

In a further embodiment, the defect distribution on the
semiconductor wafer is measured prior to the laser

35 treatment and the parameters of the laser treatment are
adapted to the local defect sizes, etc. This also
improves the throughput and hence the economic
viability of the method.
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about its axis. At the sane tinme, the relative position of laser 1 and

sem conductor wafer 3 is slowy shifted 10 in the radial direction (5). This
is preferably done in such a way that the region in which the | aser beam 2
i npi nges on the sem conductor wafer 3 gngﬁs_by not nore than one beam
dianmeter in the radial direction after e rotation. A whol e-area treatnent
can al so be 15 achieved in a simlar manner by scanning the sem conductor
wafer line by line. In this case, the rotation 4 of the sem conductor wafer
3 should be Feptheedpbyfarsedordbbdimentsoeénthe, mpthbdr abkprddngect ed

perpendicular éotbgelgg epent % ﬁQtEg gmrggggﬁgtgf t@g §gglconductor waf er

can be excl ude ron1t eirra ion ur|n e scannlng Regions that are
not i ntended poobert@ﬁveDfeuhEnsemdebeducteduweﬂerrbgfoms thrm |i kew se be

excl uded. Si ng eEPﬁehEVQQESEQQHﬁzﬁot%K%Séﬂkéﬁﬁlbﬁcﬁhhyalkb L% RAgsible to

produce both onbgeneous an ashio onbgeneous properties
of the defectdﬁBsrﬁﬁbptpgﬁrtﬂﬁsaﬁﬁt@as@aﬂﬁetrﬁétmﬁhﬁe ﬁﬁv@ﬁéﬁﬂCbéﬁmeen | aser

and seni condughar puRLer aohs18QNbEOLhed syeh bhah earynkosaglonqui thin a

region 30 that 1s inten be converted into a e ect-re uce region is
irradi ated atdpgasionopfo2shpsirradaatippharcebddnaenby the aépécﬁnd

distribution gn;thgs §gg\gg@ggggogomggegebglggasured prior to the |aser 35
treatment and the paraneters of the laser treatnment are adapted to the |oca

defect si?®s, etc. This also inproves the throughput and hence the economic

VIablllty of Bhewspt bedexampie, FHAt heraRi gt ebhedueabedhment moek thanmet hod
accardi ng to t he |nvent|on result fron1adaﬁtat|on to the _properties of the

sem konduct or 2valér 2pef 8r BOFRE density of laser beam of between
5 and 10 GW/m? are used in order to resolve COPs having

a diameter of less than 90 nm in a silicon wafer.

15
An irradiation duration of more than 25 ms and a power
density of the laser beam of between 7.5 and 10 GW/m?
are employed in order to destroy the oxide layer on the
inner wall of CQOPs having a diameter of less than

20 1250 nm. COPs having an oxide layer and a diameter of
less than 90 nm can be completely resolved under these

conditions.

A power density of more than 1 GW/m?and an exposure

ﬁ) 25 time of more than 25 ms can be used for resolving BMDs.

The method according to the invention is able to
produce all semiconductor wafers according to the
invention in accordance with claims 1 to 9, but is not

30 restricted thereto.




5 treatnment according to the invention and also to the desired properties
after said treatnent. In particular the power density of the | aser beam and
the required duration of the irradiation are defined by the type and size
of the defects to be resolved: 10 By way &f exanple, an irradiation duration
of nore than 25 ns and a power density of the | aser beam of between 5 and
10 GWnR are used in order to resolve COPs having a dianeter of |ess than 90
nmin a silicon wafer. 15 An irradiation duration of nore than 25 ns and a
power density of the |aser beam of betmﬁ 7.5 and 10 GNn2 are enployed in
order to destroy the oxide |ayer on t h&5 her wal | of COPs havi ng a di anmeter
of less than 20 1250 nm COPs having an oxide |ayer and a dianeter of |ess
than 90 nm can be conpletely resol ved under these conditions. A power
density of nore thap 1 GV nrand.an exposure 25 tine of re th s can be
used for resol vilng %Nﬁ?pocﬁ%%arré%?l%ds Ceort |ur{fg°fo ke nr?\%gﬁpgo%{éfgeggbl eto
produce all seridioaduceoionsaf ethsrate osalichgdefeatheedigedemeigénns$ nhaee o2 dance
with claims,1daedey DUt koot eatidabedthes ety Mgl Marhcy
nonocrystalline Sem conduct or waf &F havi ng defect _reduceciJ regi ons, wWher ei n
sai d def ect - r el €l andgperipshaverall sndarss tgroppromn ol éfante déPeceE wit hin
t he rane ﬁf Ofhaef panad ld€dn apd mpyam\mfnahtt?m aaev\ﬁr,prenefiirongné 10%t]9
100% o the planar area t he sem ¢co ctar er erein th sity o
& -rel evant eeflésé& Pg Fﬁ%rregrerg?% n%egeecélsoﬁg \(I)é%e trﬁ'ga}s%lrﬁgcorr?gﬁg %rgglaf er is
at | east tw cethes sgnéendgscton waker 16 def deast doicedas egianis.as in the

10 defect-reduced regions.

2. The monocrystalline semiconductor wafer of claim 1,

15 wherein the density of the GOI-relevant defects deviates at
arbitrary locations within the defect-reduced regions by at
most 10% from the average value of the density of the GOI-
relevant defects that is determined in the defect-reduced

regions.

20
3. The monocrystalline semiconductor wafer of claim 1,
wherein the defect-reduced regions extend over the entire
thickness of the semiconductor wafer.
25 4 The monocrystalline semiconductor wafer of claim 1,

wherein the defect-reduced regions occupy an area proportion
of 95% to 100% of the planar area of the semiconductor wafer.

5. The monocrystalline semiconductor wafer as claimed claim

30 1, wherein the defect-reduced regions occupy an area
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2. The nonocrystalline sem conductor wafer of claim1, 15 wherein the
density of the GO -relevant defects deviates at arbitrary |locations within

t he defect-reduced regions by at nost 10% fromthe average val ue of the
density of the GO - relevant defects that 'f's deternmined in the defect-reduced
regions. 20 3. The nonocrystalline sem conductor wafer of claiml1l, wherein
the defect-reduced regi ons extend over the entire thickness of the

sem conductor wafer. 25 4. The nonocrystalline sem conductor wafer of claim

1, wherein thgreefeebnr egticedar eghoNgsHCCHPY tAB apBdhad ORREL | b @he95% t 0
100% of the planar area of the sem conductor wafer. 5. The nonocrystalline
seni conduct or WEFEPTFECEILMAEG cl aim 30 1, wherein the defect-reduced

regi ons occupy an area 19 proportion of 10%to 95% of the planar area of the
sem conductor wafer. & The nonocrystalline sem conductor wafer of claim1,

5 wherein the depsity of the GO-—reIevant,dﬁéfcts changes brﬁ tly. at the
boundari es betwe&n {The JEFOEFY$teddirg G EPRAUCERY Hﬁg%Fe T ni© gu?e rons of
t he sem conducwivsraimf ethe 7.dehbétyrordcr yisé alddInree samintondetdarrs wafargesf cl ai m

6, 10 wherei ”at%ﬂ%tggfﬂigt%eo‘cbq%@ﬁa?%é {k%%ég@te% eleks chandes byl |east a

factor of 2 at ndari es ween reduced regrons and t he
remmi ni ng regi 8 tdlongnaindagt regiongaof ridiea sprirpnfueton YR Egm t hat runs
parallel to the planar areas of the sem conductor wafer and perpendicular to
the 15 respective boundary. 8. The nonocrystalline sem conductor wafer of
claim1, which conprises at |east 80%silicon. 20 9. A nethod for annealing
QO -rel evant def det §hen nenogpyigialydnal [Semécerdictonduaier veff eclpim obder to

produce theyy npROGINSEAL | ddii$9Nh e oA rubdpintaae i EnhAgsd dymat,
least a factor of 2 at the boundaries between the defect-
reduced regions and the remaining regions along a section
having a length of 0.5 mm that runs parallel to the planar
areas of the semiconductor wafer and perpendicular to the
15 respective boundary.

8. The monocrystalline semiconductor wafer of claim 1,
which comprises at least 80% silicon.

20 9. A method for annealing GOI-relevant defects in a
monocrystalline semiconductor wafer in order to produce the
monocrystalline semiconductor wafer according to claim 1,
wherein defined regions of at least one side of the
semiconductor wafer are irradiated by means of a laser,

25 wherein each location within the defined regions is irradiated
with a power density of 1 GW/m' to 10 GW/m' for a duration of
at least 25 ms, wherein the laser emits radiation having a
wavelength 1lying above the absorption edge of the
semiconductor material of which the semiconductor wafer is

30 composed, and wherein the temperature of the semiconductor
wafer rises by less than 20 K as a result of the irradiation
by means of the laser.

i T ok AR e ek et S 123 - . [ ¥ PR PR T



wherein defined regions of at |east one side of the sem conductor wafer are
irradi ated by neans of a | aser, 25 wherein each |ocation within the defined
regions is irradiated with a power densiEy of 1 GWmM to 10 GWn for a
duration of at least 25 ns, wherein the I'aser emts radiation having a
wavel ength |yi ng above the absorption edge of the sem conductor material of
whi ch the sem conductor wafer is 30 conposed, and wherein the tenperature of
t he sem conductor wafer rises by less than 20 K as a result of the
irradiation by neans of the laser. 20 10. The met hod of claim9, wherein

h d K h 0'C
e 5o conductojg aft i g R Sy ATPRSLALE e Dok LR, FOBR,er?0.C Lo

or 10 , wherei hst kepseat cendamp@tratuwaf @ithén stﬁ&taﬁnﬁaquy 20 Fourrd, 50C

unpatterned segh£oRAYCLON: 1t WBhSy mk@ndZor Hae TRidod of claim9 or 10, wherein
the sem conductor "material conprises at |east 80%silicon and wherein the

| aser emts light having a wavel ength between 1 gmand 7 /m . 13. The net hod
of claim 1235 wherein the tenperature of the 15 sem conductor naterial at the

currently irradi gt ednkogdtidN oleSc1Mm PS80, Gildhei hendreidiadoRiudoai m 9 or

10., wherein the irradiation of. the defined regions of the at |east one side
of the 20 senV%@ﬁquéForS%F%?tJiasllé{ff%ctrQHn‘E’yy SERANISTGSEh S FBFPRBI T gi ons
using a | aser heesn. whereby the defined regions are converted into

def ect -reduced regi ons which have a density of GOTI-rel evant defects within
the range of O/cn to 0.1/cm and occupy overall an areal proportion of 10%
to 100% of the 25 planar area of the sem conductor wafer. 15. The

monocr yst al {oi ne 12eniraenekericdlr ofateLin0f9 clogi 19 / fwherd3@nwhies eddmitbfductor

def ect - reduced %gngﬂs ﬁ%%ﬂ%gsaat {éggt %b%pg fféﬁ% and wherein the laser

emits light having a wavelength between 1 m and 7 pm.

13. The method of claim 12, wherein the temperature of the
15 semiconductor material at the currently irradiated location is
at most 800°C

14, The method of claim 9 or 1§, wherein the irradiation of
the defined regions of the at least one side of the
20 semiconductor wafer is effected by scanning the defined
regions using a laser beam, whereby the defined regions are
converted into defect-reduced regions which have a density of
GOI-relevant defects within the range of 0/cf to 0.l/cd and
occupy overall an areal proportion of 10% to 100% of the

25 planar area of the semiconductor wafer.

{5, The monocrystalline semiconductor wafer of claim lh

30 wherein the defect-reduced regions occupy an areal proportion




