Monocrystal | i ne sem conduct or wafer conprising defect- reduced regions
and nethod for producing it The invention relates to a nonocrystalline 5
sem conduct or waf er having regions having a very |ow and honbgeneous
density of the GO -relevant defects. The invention also relates to a
met hod for annealing GO -relevant defects in a nonocrystalline
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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 qualiity 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
25 extremely low-defect single crystals (e.q.
EP0972094B1), thermally treated semiconductor wafers
(e.g. EP0829559B1l}) 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), assoclated

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



poor reliability of the conponents lead to failure.
conprehensively and extensively in the literature, for exanple: 5 It
t hus described that ingrown vacancy clusters lead to problens in the
reliability of the gate oxide [K Yanmabe, K Taniguchi, Y. Matsushita,
the Internat. Reliability Phys, Synp., |EEE, NJ, 184 (1983)],
isolation faults [M Miranaka, 2K:" 10 Makabe, M Mura, H
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trenches [E. Dornberger, D. Temmler, W. v. Ammon, J.
Electrochemical Society 149, G226 -G231 (2002)]. These
problems are aggravated with increasing structure
miniaturization - particularly when the vacancy
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
very thin silicon films, and thus “killer defects™

[G. K. Keller, S. Cristoloveanu, J. Appl. Phys. 93,
4955 (2003)].

The semiconductor wafers mentioned above can only
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.

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

components.

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

can atsudn dadgpustely seet the
future %ﬁeratlons of conmponents, in particular as

Ttt1es Bivs he @t ect! Hdmodhheil8f are



0.1/cnZ and occupy overall an area proportion of 10 % to 100 % of the

pl anar area of the sem conductor wafer, wherein the renmaining regions of
t he sem conductor wafer have a significantly higher defect density than
5 the defect-reduced regions. The term"GJ -rel evant” defects denotes al

defects which adversely affect the qualjty of a gate oxide produced at

the correspondi ng | ocation. The densify:%F'lo the GO -rel evant defects is
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cause GOI defects. Thus, in contrast to the known
15 GOI-tests, even very low defect densities of O.l/cma

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 adnhering to the surface, are also detected. On the
other hand, in the production of micrcelectronic
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) .



According to the invention, the defect-reduced regions of the

sem conduct or wafer occupy a proportion of 10 % to 100 % of the planar
area of the sem conductor wafer. The term planar area denotes the entire
region of the 5 substantially parallel areas of the sem conductor wafer.
Said region is utilized maximally for the production of mcroelectronic
components. By contrast, the planar afeh does not include a beveling or

roundi ng general ldﬁ. pr&se at, the e_%%g, i.e. in the 10 circunferenti al
regi on of thé&SERCHUIG FSndfe=ENt e Fredefrstuceduceyl divgivare a
very | ow and ofpridifee rsaim iy cextucaros] waterogerepys adenisidor taforGds 1relzevant
defects. Prefer o t ensi.ty of the 1 -rel evant, def ects devi ates
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than the defd@der-e$aded neggioons.s mrafldegll paxtine ldandiory téfe  t he

GOl -1 el evant cdefReits dn e il QRINIAAG I8 Mdplotedt s 5§ as great
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to the i nventifén PLaréfe fdifdy dofde o tddmichedel &t dearldpgest, rouadiag
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changes abrapt Ty S HE b IGTdE &5 EAWSERICREIYEFSLt ¥RdGtced regi ons
and the renmai ning regions of the sem conductor wafer. Preferably, the
density of the GQ.-Aeley quf t. h es by at l.east factor of 2 at
the boundaries between t%%glcﬁe er%%-l?)él u%gger ggi)(’gﬁg A ta‘ll?g1 35 renai ni ng
regi ons al on@re fegabilon exdvieng loy hemgigenefous) denstiyhatf GOds paral lel to
the planar aneasvahe! bRreeed.coMehab Il eheAlELnRTEheRY qylar to the
respective
P 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 regiocons 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 of the
semiconductor wafer and perpendicular to the respective

boundary between the defect-reduced region and the non-



boundary between the defect-reduced region and the non - 5

defect-reduced region. In contrast to sem conductor wafers in accordance
with the prior art which |ikewi se have regions having a relatively | ow
density of the GO -relevant defects and other regions having a 5
relatively high density of the GO -rel eyant defects, these different
regions in a sem conductor wafer according to the invention do not nerge

fluidly into ne_another, but.rather are sharp demar cat ed, from one
anot her. 10 E%?%%F-5%?Fﬁ?ge5eg?PPCoﬁniﬁanE%?éa%§eSﬁTfﬁo? BChPfor art
has a hi gh deasety oh gecyrdantt difkctbehpviog artdwhibehetiibéwiess than

30 nm auf. n t . Ne r nget he
i nvention aF%%GﬁagéQEggsvggylﬁga}dgﬁg?§§9%%¥?%§geégﬁg{ﬁydg¥eg¥é. In
contrast toGPherpievantrdeienbsseniicohtatt beghahersadtgarding to the

I nventions achpe¥ei R eNEEEY Qbnkhey GOk - tRECYGDL re U8T8RE SqOEc P O O/ cnd.
20 Preferabl the defect-reduced Tegions extend over the entire

t hi ckness ofgbﬁées@hféﬁﬁﬁﬁétBﬁghaﬂér?nTﬁe§em%ﬁ%?%F%F%rdW??%F
significantl yckBribhg teatHeeintentiohr @9 hbe sopyentienalyl omedef ect

| ayers at the surfagﬁ of Sﬁgicgﬂductor mgfeéi mglch are gr duced for
exampl e 25 b§SuPPEHPETt hBFfraf2b6ReEpPFExF AR LY hAGRar FRES egfﬂmo?nethese
known | ow dehmothéayers is generally only a few mcroneters. The
invention is described in nore detail belowwith 30 reference to

figures:ﬂﬁigure 1 shows GO -rel evant defects in the edge region of a
quadrant of Befeéticoptwmfieedastdidbnginoacherdangenyibh thatpweoe

measured Wt thg,aig gigﬁh@fﬂ§%99d0§5vgk§cgﬁ§fg 48rDEL98R361R4 1. The
defects are represente as |[1ght points.
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.



- 6 Figure 2 shows, analogously to figure 1, GO -relevant defects on a
quadrant of a silicon wafer that is not according to the invention. 5
Figure 3 shows a schematic illustration of an enbodi nent of the method
according to the invention in which the sem conductor wafer is scanned
helically by neans of the | aser beam 10 Fi gure 4 shows defects behind
the fracture edge of a silicon wafer éore irradiation by neans of a

| aser. Figure 5 shows the sane fracture edge as flgure 4, but after

brief irradiat.ionb ans_of_ a | aser I accor ne

preferred en‘gﬁlol(%urﬁaen%é orgf%ot"‘hsé %Weorﬁquosr}y ?Eﬁ) Jed:eg@d’aéﬁs occupy

subst anti al | Weflee tentdrr e pj\aamh:rara:red &f stlriacos:emacf@rxdltetair iwafmert. Thi s

shoul d be un JT83{) ably an area proportion of 95 %to
%ecr % or qle(;{/gcn to 1(2)18“’% gtf

| ess than 10 He pl anar area of the
sem conductor wafer. The advant ages of this enbodinent are the

honpbgenei y tfiafu can bﬁcﬁ@'@%enﬁat@&ﬁ%us‘:ﬁ'ﬁ'ﬂdnn dHhighy producti on,
maxi mum area utiljzation and 25 sinple production and process sequences.

One exanpl e GRAEGHAE Ff M&EHqd dsteaddd g ro fihgurd@ventigg 1n

GA - rel evant wigfRctih aveyeninRasiifcad WWdfert N8 aicdnefed e IMRIhAY, djyscl osed
in DE19835616A1. Tf}gf gcgbe gﬁ‘i re E)banar area of the represented quadrant of
t he mhcon% 0 Xhe invention is dark, i.e. virtually
free of defects. is only in the beveled edge region 6, i.e. outside

the plangp, arﬁ%ré thatsha%yﬁelaaehf[ vceésy btg t}lldd h%thr%%'{% tey O??n ef %I scer ned

35 at the nult icity o pol nt’s. is, figure
2 illustratesidigidn o\mfa/taft@rfqne lmﬁl@é;rl@el \lwt hnetahl@ plrﬁ er l@rStermaasured
by the sane nethod. In the case of this wafer, a relatively high

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
yvield 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 DE19835616Al. The
30 entire planar area of the represented guadrant 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. cutside 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 prior art measured by the same

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



- 7 density of GO -relevant defects can be discerned on the entire

pl anar area. In accordance with another preferred enbodi nent of the 5

i nvention, the defect-reduced regions occupy only part of the planar
area of the sem conductor wafer, preferably an area proportion of 10 %to
95 % of the planar area. 10 Preferably, the defect-reduced regions
coincide with the regions on the semi cohduct or wafer in which a hi gh

G quality igs i tant...-These are regi ons, in which,. conponents such as
transistors éjn%é{%n%%rof/{l Vi g:eezl,e‘?aa&ft Cge%aer?p e, A geprd&§§§g&e{§q r]f%e
accor dance wiarntitts plansgdiana#., the remai ni ng, non- defect-reduced
regions are situated at |ocations at which a high GO quality is not of

i nportance since no r@?ate oxide is produced in these regions. This is the

20 case for M@ EARe tHd iatehar wiedennes esdwddigedictdr thefer i s
cut apart s(" dirsiditJorff ttefe dRAUCTIQM R e ieppenetsy, Ady idart
appropri ate, :ghlnngggiback (e.g._grinding back), in order to "separate

t he i ndivi dud® & W J5H He Lo"r'?otsl’?é}l.c02"‘51”8’90-7% &edPdnt defects are
non-critical plefermiblihen |aea igytpoatt (W T i1t & genectss o ehappl i ed to
the sem conductor wafer. Further regions in which the GO quality is

uni npor t ant e, 2 561 exanpl e, test regions (apart fromfor a GO
test), contact regions or regions which carry a wafer identifier or are

provi ded f.or &gﬁ i.cat, r j r. alj neat mar Ks.
35 This r%&ansﬁl{%}?fat t_lé}:’pc;dshl%?io%fnfeo .tfﬁ?ug% e%te%e%glﬂsgggancggq%ns i's defined
by the arrandgéiferite@fontshen rilg cEmdcanshiat adoradisentis twiditcCharde hgigdduced

later on the@EeHondYrty W tadt! tiHesLEAirRALHY &hich

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 1s not of importance since no
gate oxide is produced in these regions. This is 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



- 8 invention, the intended | ater arrangenent of the relevant
conponents nust al ready be known at the tinme of producing the

sem conductor wafer according to the invention. 5 This enbodi ment of the
invention has two significant advantages: firstly, the density of the

& -relevant defects has be reduced only on part of the area of the

sem conduct or wafer, which increases the eéconomic 10 viability of

production. S$Secandl, the GO -relevant defects, in particular the BMDs
Chol k M oro pEveBedpn.' Be oraBeelr TasetontertuerRat PE Eh%ay that they
bi nd netal | irelievpoti coegonietit swhiush theesdyi bendnowar avatee tise

| nevi tably copt i aated  duricng the RLAANEL an ol Lhe jaigamgnepts and

which alter the conguctlon characteristic o?fgﬁe sem conductor “mat eri al
in an unconthgenédoand undesirabl e manner. The presence of BMDs in
regions ip which a high GO quality is not required is therefore
desirabl e. Consequently, both an 20 extrenely |ow and honp%eneous density
of the GO - F&L8vERPOdaFests oifn thge 18FRRLAAN Pagi WS argnaldesat
ge}tering Ca@@bhhkbﬁe@ﬁgfQ&%Q&?g5Eﬂethbﬁsgﬁydeﬁﬁﬂ%-GQTFQe%%?Bﬁ?”dUCtOV
waf er may conprise a sire sem. conduct or erial, but i

pref erabl y cgﬁEFFgés%%§u§§t§ BEEAy O Ha PR BAES ggytgﬁ P&58t °80tYs

silicon. Theesgrobandndtotrowadeter whdrnhaliaereaspsi saesebshantical |y pure

silicon whi.ch . t he tomary d n are, . ad . .30 The
senicondhgtoflég g?k cggr %ﬁéugglt e S%@gh?%gh 55 g@é‘ﬁ?@&&é@& by
sui tabl e irrdégifaciten oh pagénicodadutcher BMRaf éBuby Meams Okflkased, 35 The

LQ?@QELO?ntQﬁﬁﬁﬁg%fﬁgﬁiﬁfﬁﬁéakgﬂtggs? TRLRodsTen sgyneakingnE) pighevant

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
uncontrelled 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



sem conductor wafer, wherein defined regions of at |east one side of the
sem conductor wafer are - 9 irradiated by neans of a | aser, wherein each
|l ocation wthin the defined regions is irradiated with a power density
of 1 GWNnR2 to 10 GWnR for a duration of at |east 25 ns, wherein the

| aser emts radiation having a 5 mavelenqgh | yi ng above the absorption
edge of the sem conductor material of which the sem conductor wafer is

composed, and whenehRebng,! fEBALALY! & 9hsLhe AETLE 8”@38&% oPEghnr! Ses

by |l ess than 20 f the irra " aser .
10 Met hods folithéat LhE §§§ﬂ@§ﬁdﬁ@9épnﬁaﬂérParédb?tﬁéawsthoﬁ bawer

radi ati on ar eckngulyi Bet hegRyierearto /a0 ANy R4309BAL
di scl oses the |rrad| tion o silicon wafer by means of a [ight source,

for exanple al®8SFadar MSwh¥ @Fﬁlphé Fi §RFCLoGMEES] §afldabdornBREANY 2
however , smchwahauengtanuySn@ hbgheptagoabsamp@ﬁonm@mgbeagthﬁebelOMIthe
absorptlon edg% of _sil.i adiation i s absor?ed by

the silicon waF&r RRget ﬁe Wﬁfgflag Pﬁewgﬁﬁkhgg?eaepﬁC8P88Ft95 98 pFoduce
getterabl e deffeccompEP68094A2 whsckdsesha tamphodtiimewhifchha wafer that

has already b %RlegthEE%Q whPelkne; %8@t3§ 18E<C0 H?B”?BtKDEQdQCF5881£S
locally irra |ate F [aser “Fn order recrysta

pol ycrystal | i A& §b?lééﬁaﬁégﬁéﬁ§ by meeab 25 hBPt LAgeot sald regions. For

this purpgge, it is necessary to use a |aser whose radiation is absorbed
by silicon, thag is to say which emts |light having a _wavel ength bel ow
the absor pti oHe& 8@50¢°§|FF€6ﬁlnﬂ SPWé&88ﬁ89t86uBPEIrNél?AéylQ@é?shaV|ng

a wavel ength eft Saséazraﬁuaslu&edxef@hoenamaleheU§§16368981 diyssgh9ses a
il ar method. Liauhieh aBabbeady BaLtenoed cagmieedugton vater s

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 1is 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

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. US6743689B1 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



| aser in the course of conponent production in order to crystallize

anor phous regions by increasing the 35 tenperature to 1200 to 1300C. Al

t hese known net hods pursue the aimof greatly increasing the tenperature
of the sem conductor wafer - 10 locally through absorption of the |aser
radiation in order to achieve certain effects. By contrast, the nethod
according to the invention 5 operates H1 a wavel ength |ying above the
absorption edge of the sem conductor nmaterial. By way of exanple, the
absor ption elgeabiysthrewahisbaerptior\of therbspondiagisbienwarvel engt h

of approxi magehyr 10805 8M e vd e sl SOREEELOL material is therefore
substantially 10 transparent to said radiation, the latter being

absorbed by the sem conductor material only to a small extent. For this

reason, the Benpenatsse, théhﬁetﬁﬁﬂiﬁ@ﬁﬁﬂ@i@@ vef eferigesnbyohess than 20

K, f er abl by | 6, K, h di ation 15
by hoans bf VRETHGEErXC TR EF IF R0 Bhpbl SRarEoate  FES SURPEBRAU or wal or "

nmeans t he avedageofithke gémbabnduténpematﬂreabf Byewsgnmﬁcmmhmpbé waf er
The tenperat ; ] duet r.Ls.pr rably kept within
HQ§C;§£°§€§ gﬁ”&&g& ﬁg 911 L8ri4S, g £l g ghly kep

t he range of urrn Irra |at|on means of the |aser.
It is only af€orhespordéng| o arweﬁeé@@@tmo@éta@mrQX1mhbetbni@b%dmntor

wafer that tfige g@ﬁ%oﬁgﬁe%amg@efﬁmrfécbhéw@biécgunﬁ%yamggf val ues,
but it preferably does not rise above 8 Nevert hel ess ects

present ih tHéa%éﬂﬁé%ﬁHuE?o?alﬁa¥@¢l%5h0§urbk?si%@??rb%ehﬁﬁealed by the

irradiation aaggﬁbaﬁngyt@héhgemm&@ﬁau@ﬂomﬁﬁ&@@tlappéﬁpyabéya tRgleasi ng
the tenperature gg E gﬂlconductor npl e, COP
f ec?

defects and BRE® SR R T et e roF TR Cunion are

unavoi dabl e semlnosﬁuctystahfpnltisgspbpcbesesthang@eKrepﬂéﬂeﬂabyy

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 800°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



the irradiation according to the invention. The node of action of the
nmet hod according to the 35 invention can be expl ained as foll ows:

al though the sem conductor material itself absorbs little radiation,
the tenperature of the currently irradi ated volunme of the sem conduct or
waf er does not rise above 800C - 11 (which is insufficient for the
anneal i ng of defects) and the global t fper ature of the wafer remains
virtual l'y unchanged, an interaction betvieen the defects and the

radi ation doe?whﬂgﬁ’egst§K§u9f§8§en9af8k” #hd Ogﬁn éﬁaae%ﬁgpgf ature
i ncreases by a few 10, are loca ed to the defect are

possi bl e as  #B%gth’ gﬁ%bﬂéfé%@Pﬁé%t%E?l%ﬁlt%?d%%f?¥e§emﬁbﬁsdlffer from

t he surroundiﬂgrsbéippnunéﬁsﬂg@app@ﬁtiﬁﬁeaé@tb@@eﬂbt@@eﬁeﬂﬁ@néeb@atgg
di fferent I|gh refractaon and % surfgcgé of cavjties |n f
sem conduct or A8t EPF aF 29 M2 1800fC53 +RE°TRr ERYC R ?%%ol@%ﬁcu i xanpl e

in the case ofica OCPtbyedpétasupa dhcvasaasileg irﬁ@mth@ Q0P Kntleatt he

crystal Iatti gecor by Peacasg, pLys BVD DY BLLEUslon 8L oxygen, from the

BMD into the Crys I'ce he 0X asCifterstitial
oxygen), the bl@lﬁ@c@snbheodgéecéflﬁe@t@ptcml eprwgertiﬁau‘ahabndeﬁéergy is

not absor bed EPMmeBéh§ﬁ ?@gn?bﬁg é?f?&éﬂ 9§§éﬂ'§r8§ £€Feé0§§é'ggsed

i mrediately emts (ts thermal eperg rround |n8
senlconductorOQOIﬁﬁ%@PFahavﬁégad%§§ﬂ¥?n6fl%%%tté%%é?@Fh@@ @gdial i zation

that takeg pl agerhguedbat ehyitibe iﬂnﬁﬁéa§@ﬁ§cbﬁdﬁbﬁorrﬁﬂt@ﬂl@I the
former defect falls to the Lnitial Va|Uf %o ga |d|g Eat t he vacanci es
vefle E3boBrAER

cannot reaggr 8§aFe3f oD of AT S hedh® CERSS geh PotDrBAggretate to
form 25 a newfBMDCOFheyneibhodsacnoodi ngcincibe fryenthenCopkestot

possIbl e, L0, ByEesi g serieonductar yalgy agcerdkng agothy Tnvention

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 value
so rapidly that the wvacancies 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 crder to



30 & -relevant defects since every location of the sem conductor 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
met hods of the prior art. Said nethods provide for exanple particul ar
conditions during the production of the single crystal (e.g. by crystal
pul l'ing according to Czochral ski) in ortgr-to - 12 suppress the arising
of defects to the greatest possible extent. Local influencing cannot be
ef fected wi BAPCZeAet hbesabésangeofadefbryssyanbhei gakapesperty

d'Str'bUt'0”§o§5§b§b“@¥§eﬁ§taﬂbbﬁmegnfﬁﬁghéﬁﬁg5c99§§tbbb'éffé@té&cordance
wth the prior art, consists. in sub ectlngya nonocrystalline

sem conduct oM 1{iAf EF mREOPAS BEFaRarevantay eEY@m?ErécébeEFPPErEYze

dlStrlbUthﬂdQBdrdEﬁﬁLszthé hmeapalebt@ﬁlﬂsﬂédLnAn@tdef to anneal the
defects, at |east near ace, nho neltlggﬁof t he

O et ort e PERRIBE 1By Tl arBe et s na b P OBy aR e e e S s O neons

t enperature nneauhgattlhbreomenpcthetkhbmnenaemmdsndoctnntweﬁable t he

proper ties ofLhg seRiconductar waker Loipbe Lptlyencedslgeally, because

in the devel opnen sai S particu r at 1on was al ways
paid to proéé§§rméuéﬁpnrénéeﬁﬁééﬁﬁMcthamﬁh@F@alntaeéhmﬁﬂés%n possi bl e

time. In theogagg eb 5hﬁé€§|EMetBQQEégsseﬂkCQQQHEtQﬁ waigyser néQra very
| ow def ect (sq-call ed "denuded zone ) arises at the surface, while

defects ¢&n §%PIFuﬁéacaetéepéﬁogﬁn?ﬁéllépPﬁ Bhet RavsBAEE5hAlCEBRNRAS er .
By ContraStbetbbmprtémp|b@ﬁbbﬁ@a@&dtherﬁEﬁbﬁdbﬁCﬁohémagenéeubhe
i nvention, a, reduct de ec&g iﬁ achi eved ﬁS gver t he Entlra8
t hi ckness of ?W86§8 58n GEESPRES e 0T8TV REe FHE SBRYBONALEPEP RBfer is
not heated ghobakhgbila thkepmephediascofdthg semihendneventi eafetutbher
be influenced lcocally, 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, consequently, other types of
defect cannot arise or grow. Since no contamination
occurs at the surfaces, the charge carrier lifetime

remains virtually unchanged.



advant ages are afforded over the nethods of the prior 30 art: The

t hermal budget of the sem conductor wafer is not increased by the
treatment according to the invention. This nmeans that no nucl eation and
no diffusion take 35 place in the solid and, consequently, other types of
defect cannot arise or grow. Since no contam nation occurs at the
surfaces, the charge carrier lifetime }2mai ns virtually unchanged. - 13
Practically no diffusion processes take place in the globally cold

sem conduct or wafer. Dopant concentrations set during the production of
t he singl e Sprcagsiabklayendbhél éfostomapnbatneds unehangedce The tkehani cal

properties 0%15?%1?9”589 dQ@#?EoH@&%Eora%gfgkteﬁgg ither tenporarily or

per manent | Yy trea accor eln I on. For increasi ng
10 waf er dlaﬁ@ﬂ@ﬁ@tréﬁéﬁnasSQDOdﬁﬁibg hhghpro@@cgloeocfnhheaﬁdnqse mm

waf er d'aﬂEt@E?Etaﬂ”ﬁk@aﬁhageﬁeketmh@ﬁghﬂﬂéd @henRhQdyced in the supports
for thermal processes. In contrast to thi in the"nethod according to

the invention there is no risk of plastic defornatlon of 15 the
SeniCOﬂdUCtOThéﬁhQ&hthbaREEQ§pé@tﬂ@§BQE tRet Bemigbyatatokakhkee, In

t | t | Ge t t th
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reglons in theatmset beanramdgatounﬂethﬁvdetbcns Fﬁbnsﬁqnemsiyg 20 no
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significantly reduces e ris rac ure senlco%ducPor waf er
during and a&nér 4bRemmt vafenediangseThe, nenhvdaatoor dphgtt boadeéngavent i on

s generallyar@ppkbaqcaa §Hb§5éngh§§b¥t§0989 tH@PﬁgieEBSQ%séégiC@HductOr

waf ers. Preferab the starting naterial chosen sho
senlconductoFoﬁéFé?th59|HalaeféEtE e 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,

200 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.



whi ch on average have a diameter of less than 70 nm 30 since small
defects are resolved nore rapidly and the tinme expended on the nethod is
t hereby reduced. Sem conductor wafers having an average defect dianeter
of nore than 70 nmcan |i kew se be freed of the GO- relevant defects by
t he met hod according to the 35 invention, but longer irradiation tines
shoul d be <chosen. - 14 The concrete p%ﬁaneters of the laser irradiation

o curr ent 1 yPERGCABSESF ApBREAME CSEm Condatt bFochat 6FFat 2t Lonchgeend
is currently t c

paraneters aop dbecprbpdrtDES5o§|theoaembubnﬁhetappm§tar1ah ofinbe net hod
aCpor a1 0, L 0g A DERhTYEnELRReh £ DO nESREEL CLETo P! LERReohRLDE Cace of
sui tabl e, fomatganple cgocxeDGOppﬁameheass\sPrdl@dect‘ab@d)fon 064 pm

(Nd: YAG I@semlcgn12&9%@0&5{3\@1&@%%% ont%Om@tHb&Egcgé\ﬁdiggefé- The

wavel engths 1.064 pm and 4, are particularl ¥ preferr si nce
here there i§h§ hﬁ???EﬁPﬁrF? P8R1r35§6%§FF6ntPnsé LFeBn. In the case of
silicon, the power density of the Iaser beamlies within the range of 1
GNnR to 10 . The | aser bea referably.set . to :
non-divergenfML th cAavi A g grdirghete aa?r Bt ﬁ%lgnil?ﬂﬁagﬁgbpﬁtion of
energy (in W w8vplepgth|oﬁaﬂ fim the7 pmosseseciteblef fhe defmple that

is to say,to, tBE02§m5ﬂEg&g ggﬁﬁgaggggr whi |l e the vol une of the defect

i's proportlon e cu ‘radius. In order to fill the
defect with iePfi am éNér@QGdépeﬁuént on the volunme is required. The

cross section §s7thR lhghtaccapteLiNg quantity.
2.940 pm (Er:YAG laser).
The wavelengths 1.064 pm and 4.25 um, 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 pm to 10 pm.

The absorption of energy (in W) 1s proportional to the
cross section of the defect, that is to say to the

25 square of its radius, while the volume of the defect is
proportional to the cube of the defect radius. In order
to £ill 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.



30 The energy density therefore limts the size of the defects which can
be annealed. It is not possible to set an arbitrarily high energy
density since the sem conductor wafer nelts and the surface quality is
35 destroyed. |f an even higher energy density were applied, the

sem conductor wafer would be cut by the _|aser beam which is undesirable
here. - 15 Figure 4 shows frontally a ¥rdcture edge of a conventiona
defect-reducgd silico exam ned ffects usi ng the

nhvvaf ef J;
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and 5 Snel tiognvdapamal Tde feeparedt ded saipl eon awsfdr cont chvakes was

fractured 8'89%% ?&e£§£r89f9&£ cLi ony {%énﬁea§%¥f%§ ae§Ld Cegy1

per pendi cul ar anar sur aces. asurenent;, "1 ndi vi dua
defects Iy|n@l¢h0aDefaﬁgeA@ilQEeroM@ﬂ4ﬁhWbéﬁrﬂmlﬁh@smxdﬁxMI@geugé are 10

det ect ed ﬁ“dsﬁgﬁtln§055£b9ﬂh'STM'ﬁﬁébéE@dthé\§£$ eOfa §§19@$§Cts can be

di scerned as dark points e regions of the silicon wafer adjoining the
fracture edg%aﬁﬁFewa%uﬁééﬁb%ﬁ?ﬁyai??%dﬁa@%@f%&rﬁ%a%%r%@t%pma%%rtﬁ%r a

very short &tﬁ@taf'gﬂtﬁléeSFQE§eﬁﬂﬁc§E§? §@|i§9an@ﬁ£f ShtLscdd. this
treat nent. the 26, ori ects gres ur deiects are no

| onger det ectabt’d %ﬂ%s@gﬁ?gre?ﬁ%5t|$? H' b u%}r CEhS gt est™ &nd 5. To
resol ve all refigéhefd2detds30i mel behigdt tiee | Bir get ued eedge ard onger
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e o GOEGLLen LscneseestEy s 200A pem aldupior I e Bl i
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oxygen). The,poifl defechs ﬁ§9e99a3§09H£§§fEHéeﬁrééQE}éh@d&@”&&?@dUCtOr
wafer (in the case of_oxygen) or be reconmbined wth interStitial silicon
subsequently 1frradiated 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 longer 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
invention has by its nature a high density of non-
agglomerated point defects (in particular vacancies 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 1s necessary or advantageous
for the envisaged use of the semiconductor wafer. If

30 the free vacancies formed by the resclution of the COPs
are to be eliminated, the silicon 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 vacancies.

In the preferred embodiment of the method according to

the invention as illustrated in figure 3, the entire



(in the case of vacancies) by neans of a subsequent thermal treatnent if
this is necessary or advantageous for the envisaged use of the

sem conductor wafer. If 30 the free vacancies forned by the resol ution of
the COPs are to be elimnated, the silicon wafer, after application of
t he met hod according to the invention, .is subjected to a thernal
treatnent that is suitable for injedfi%% interstitial silicon atons

whi ch can 35 reconbin jth the vacancies. Ln the,preferre nbodi nent of
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t he met hod accoraan
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possi bl e. The naterial of tﬁe sem conduct or Warer°is argely transparent
to the | aser SSMpeaRFRCtFReWpASEr 1T 2ehast haePr hedt cFosEheetdfdh. In

order to §repbahhg. enhir eaakeapehmt hengeni coadustar crvakesedribhe
sem conduct or maf§%6can be rotated (4 about its axis. At tge sane tine,

the rel ati velPoSFEfontCoFTPatetns & ngﬁn?E%ﬁdﬁ t bRewaFB canfleckPhw v
shiftedhlo iﬁafhe Badthk 3ﬁm¢cbhﬁnc¢5i.w§hés tanpbef esabtyddone in  such
a way that t region ip.wi e l.aser, beam i mpi nges_on the.
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15 achi eyed i i m : S ni . L.h i t r line
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waf er can be excluded from,the irradiation gurlng_the scannlng. Regi ons
that are notPPRt 8RBeRSEB Hé2BBAGEr tBALPRt b2defectiFeghegl atter

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

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.



regions can |likew se be excluded. Since the irradiation 25 takes pl ace
locally, it is possible to produce both honbgeneous and in targeted
fashi on i nhonogeneous properties of the defect distribution. In any case
the relative novenment between | aser and sem conductor wafer is
controlled such that every location within a region 30 that is intended
to be converted into a defect-reduced_ { gionis irradiated at |east for
25 ns. In a further enbodi nent, the defect distribution on the

sem conductor wafer is neasured prior to the |laser 35 treatnent and the
paraneters of the |laser treatnent are adapted to the |ocal defect sizes,
etc. This al E8rthaprereserped: prbaghpabtanal neheenehleodcapepteingiability
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used in order to resolve COPs having a dianeter o t ha nmin a
silicon waf efize50Antherdafgetentaubat rencb¥edbre than 25 ns and a power
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order to destroy the_oxide |ayer on th inner wall o
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di aneter of 2bems &hana9Ponercasnbetgoapl ehel yagesobued ondeettibese

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 COPs having a diameter ¢f less than

200 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

25 time of more than 25 ms can be used for resoclving 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.



conditions. A power density of nore than 1 GWnR2 and an exposure 25 tine
of nore than 25 ns can be used for resolving BMDs. The nethod according
to the invention is able to produce all sem conductor wafers according
to the invention in accordance with clains 1 to 9, but is not 30
restricted thereto. - 18 - Patent cl ai 1. A nonocrystalline

sem conduct or waf er havi ng defect - redﬂi@d_regions, wherein said

def ect - reduc j 5 have a density of the GO -rel evant defects
wi thin the féagn%egﬂof %'/'"c%% to 0.1/cn2 and occupy overall an area

proportion of 10%to 100% of the planar area of the sem conductor wafer,

wherein the rens ni | ; }ﬁgﬁﬂy ; v _
significantlf”ﬂ?%ﬁgag¥%sgg%g?f9%%ﬁ§$?y pEan t eqﬁg%giﬁﬁgéﬂgﬁégﬂggﬁions.
2. The nonocriatiqd i Eleh ortiitom et def edtainpsncach rgwionst

wherein the depsd ty @ndihg, G -t exantre Jdefeat sid M ddie Ji&BiNivHg regi ons
is at least tw ce as éﬁﬁ%%eat &; in the defect-reduced regions. 3. The
monocr yst al | iTf%eff t 5P RaféfMasaf PRe®PY i tverdhbradfakeaims 1 and

2, wherein thergensiion off the 0106 evnrdhgeflecias dedateas @afe arbitrary

| ocations 20 wit.hin the defect-reduyced .regi.ons by .at., nost 10% frag t he
average val ue % é%g:r%ﬁ t‘giaéoefr’t HE'GE gtl}be\/arr?f‘yaldblfriagctrseqll?ﬁs iosfm
determ ned i thcheawefegtdudducethfardiarns.a 25 ghi fiamunodriygtead | i ne

sem cond tory éy'&ghé¥¢Pg%%ﬁ”ﬂhéﬂ&%ﬁgCéﬂfgdH% téégﬁoa@erein t he

def ect -reduce regi ons i case extend over the I're thickness of
the sem conductor wafer. 30 S. The nonocrystalline sem conductor wafer as

claimed in one fe GAGHdBr st Hhn VNI db A 1def eptrdeduced 4 g ons
occupy an area proportion of 95%to 100% of the
in claim 1, wherein the density of the GOI-relevant
defects in the remaining regions is at least twice as

15 great as in the defect-reduced regions.

3. The monocrystalline semiconductor wafer as claimed
in either of claims 1 and 2, wherein the density of the
GOI-relevant defects deviates at arbitrary locations

20 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.

25 4. The monocrystalline semiconductor wafer as claimed
in one of claims 1 to 3, wherein the defect-reduced
regions in each case extend over the entire thickness

of the semiconductor wafer.

30 5. The monocrystalline semiconductor wafer as claimed
in one of claims 1 to 4, wherein the defect-reduced
regions occupy an area proportion of 95% to 100% of the

planar area of the semiconductor wafer.

33 6. The monocrystalline semiconductor wafer as claimed
in one of claims 1 to 4, wherein the defect-reduced
regions occupy an area proportion of 10% to 95% of the

planar area of the semiconductor wafer.



pl anar area of the sem conductor wafer. 35 6. The nonocrystalline

sem conductor wafer as claimed in one of clains 1 to 4, wherein the

def ect-reduced regions occupy an area proportion of 10%to 95% of the

pl anar area of the sem conductor wafer. - 19 7. The nonocrystalline

sem conductor wafer as clained in one of clains 1 to 6, wherein the
density of the GO -relevant defects chagges abruptly at the boundaries 5
bet ween the defect-reduced regions and the remaining regions of the

sem conductor wafer. 8. The nonocrystalline sem conductor wafer as
claimed in claim?7, wherein the density of the GO-relevant 10 defects
changes by at’ | d&§t MeMOSEYGT ol 1P eqtS FHE BEWTI &¢ fiset vise s ligriaed

def ect - reducde 8@ @S ARdrishe YerBi ARG iQYIARS I A cFeqiHeoNn havi ng

a length of 5 t hat r aral.lel to the planar areas of the
seniconductofﬁa&ﬁégyﬁﬁﬁytpé#g§ i% A9 Ph&“ﬁ%&ﬁé@ﬁi&@e Wsidtd&Sy. 9.
The nonoctystradtviers séve cmfiuct-oredwafeer ragicinag ned tihe areadhiclg@inms 1 to
8, wherein itréﬁﬂgﬁg %ﬁ§é:&a|§gﬁﬁcon S%Bylda%%q. 20 10. A nethod for

e

anneal i ng GO -r€él evant ectsin a@ mnonocrystalline senm conductor wafer,

wherein defined regions of at |east one side of the sem conductor wafer

are irradiated By eans, Ol d1a56le JMIBIRINNELATE 42 Agcald 0N Wiy n the
ﬁa%et?vﬁﬁes “uggﬂ tyoefler?Qtolo

defined regions is irradi a power ns

GV N2 for a ddr &lidgm of Wreneddstthes degs e odi irheh &Q1agerd eamints

radi ationp haydmats WHelROWY lat Neaahove fihe AbsE pt iaan tedge of  the
sem conduct or. materi.al of which the seggconductor 30 wafer is, conposed,

and wher ei n RIS AOF S ¢ TOFETEES FE%PS 8¢ 9 ess
t han 20 K as renadsiiny refgitdies ialicadj at isectiynmeand nef a Nerd@sernt

0.5 mm that runs parallel to the planar areas of the
semiconductor wafer and perpendicular to the respective

15 boundary.

9. The monocrystalline semiconductor wafer as claimed
in one of claims 1 to 8, wherein it comprises at least
80 % silicon.

20
10. 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 irradiated by means of a laser, wherein each

25 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 lying above the absorption edge of
the semiconductor material of which the semiconductor

30 wafer is 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.

11. The method as claimed in claim 10, wherein the
35 semiconductor wafer is kept at a temperature within the
range of 20 °C to 50 °C during the irradiation by means

of the laser.



11. The method as clained in claim10, wherein the 35 sem conductor wafer
is kept at a tenperature within the range of 20 Cto 50 C during the
irradiation by means of the laser. - 20 12. The nmethod as clained in
either of clains 10 and 11, wherein the sem conductor wafer is
substantially a round, unpatterned sem_conductor wafer. 5 13. The net hod
as clained in one of clains 10 to 12,  Wherein the sem conductor materi al

conprises at .lea 80 .% sjlicon and erei.n.the | aser .emt.ss |light having
a wavel engt hlzg‘f s%le v\n}éc“\etrf’of1 hi é:nrlcf]‘fne%ﬁ(? rlé}[‘.erﬂ? T a@ A% med in
claim 13, wherlei wherein drpersmireergfudtive serfiegornductudrs treattardldly at t he

currently irragdiaf eqlrl?%:actérq{éd At dmnty C -+ The nmethod as cl ai ned
in one of cl a@s 10 16 14, 15 \%‘berlel n tcgc%i(}r Fﬂgﬁart'i on of the defined

regions of the at |east one side of the sem conductor wafer is effected

by scanni g tie defd RRAHROILNTIUSING 3d 33 oPeamimherely tihe defined
regions are cqonverted into defect-reduced regions which have a density

of the 20 GOMNSVarit! USTRECAIHHI 1S RIS 35 1@ and
occupy overaldo & snaadi Pl tWidr<ifin Hheo] dse rl(hi%ofl itdie: plaanarg ar ea of
t he sem conduwcat or emaftﬁ{a, \é@e rwei n the rerraOLnii ngr}regi ons of the
sem conduct or %é}g \7:'6f Si geheirfi]cém Ieﬁfl i'gher defect density than 25
the defect-reduced regions. 16. The nethod as clainmed in claims 10 to 15,
wherein g, ”gﬂp.c%set g.léek{(};eq Saeé“cgi%%ségf %1}1 "é@,‘;]a%n 3s; clal d e of
clains 2 to I's produce her eby. . e nondcrystalline
seni conduct ort ameesTatarr |l et damidaidn B otidrtE m alhe defhect - r educed
regi ons OCCURY,r &h@nea HLPUtd PN Qa3 1ig lASSddran gfif% of the
pl anar area of the sem conductor wafer.

15. The method as claimed in one of c¢laims 10 to 14,

15 wherein the irradiation of the defined regions of the

at least one side of the 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 the

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

0.1/cm® and occupy overall an area proportion of 10 %
to 100 % of the planar area of the semiconductor wafer,
wherein the remaining regions of the semiconductor
wafer have a significantly higher defect density than

25 the defect-reduced regions.

16. The method as claimed in claims 10 to 15, wherein a
monocrystalline semiconductor wafer as claimed in one
of claims 2 to 9 is produced thereby.

30
17. The monocrystalline semiconductor wafer as claimed
in claim 5, wherein the defect-reduced regions occupy
an area proportion of 95% to less than 100% of the

planar area of the semiconductor wafer.





