Sem conduct or waf er conposed of nonocrystalline

silicon and nethod for producing it The invention

relates to a sem conductor wafer conposed 5 of

silicon, which contains fluorine and is particularly
~suitable for producing electronic conponents because

it has no agglonerated intrinsic point defects rated

as disturbing. The invention also relates to_a nethod
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1901 i g n@tedupeddd Ckes"Jeast in that region of the semi-
conductor wafer in which the construction of structures
of electronic components is provided. . Defects
attributable to intrinsic point defects (gilicon
interstitials and wvacancies) are generally rated as

20 disturbing when their largest spatial extent in one

' direction is comparable to the extent of the smallest
.component structures or larger. Defects of agglomerated
silicon interstitials which are surrounded by a network
of dislocation loops and which have an extent in the

25 wmicrometres range are referred to as A defects or Lpit
defects (“large etch pit defects”). These defects are
normally not accepted at all. Defects which are formed
by agglomerated vacancies and can be detected Ffor
example as COP defects (“crystal originated particles”)

30 by means of infrared laser scattered light tomography
are tolerated only as long as they are smaller than the

smallest compcnent structures.

According to Voronkov's theory, the wvalidity of which
35 1s supported by experimental results, the concentration
of point defects in the single crystal is essentially
determined by the ratio V/G during crystallization of
the melt, where V  denotes the rate of the
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not actually arise in the first place. Such control is
very complex in terms of process technology and not
very economic because a comparatively low rate V has to

be employed in this case. The process window available,

30 that is to say the rainge of wvalues within which the
ratio V/G must be controlled, is narrowly delimited,
moreover. For a predetermined G, the pulling rate V is-
normally permitted to vary only by +/-0.01 mm/min. This
last generally has the effect that parts of the single

35 c¢rystal cannot be wutilized because they have defects

that cannot be tolerated.

US2003/0008479 A1l describes a method for producing
single crystals composed of silicon according to the
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from the single crystal.
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aggl onerated intrinsic point defects having a

critical diameter or greater, and separating

sem conductor wafers fromthe single crystal, the
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a test 10 experinent in which a test crystal is
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| atter are no | onger available for form ng

aggl onerates. In relation to an excess of vacanci es,
this neans that the formation of vacancies .

aggl onerates no | onger depends crucially on the
concentration of the 25 free vacanci es i ncorporated,
but rather on the concentration of the free vacancies
that are not already bound to fluorine. According to
the invention, the concentration of free vacancies is
controlled by way of the concentration of fluorine
which is taken up 30 into the single crystal and thus
into the sem conductor wafer that subsequently
energes therefrom- The concentration of free
vacancies is reduced to an extent such that it no

| onger suffices to be able to form aggl onerated
vacanci es whose dianeter is greater than 35 or equa
to a dianeter rated as critical. In order to obtain
the desired effect of the fluorine, the fluorine
concentration in the single crystal should be at

| east 1 *101 .atons/ce, preferably at least - 5 -
1*1011 atons/cnB and particularly preferably at | east
1*1012 atoms/cnB. The upper |imt of the fluorine
concentration in the single crystal, for various
reasons, should not be higher than approxinmately 5
1*1016 atons/cnB, preferably not higher than 1*1015
atons/cnB and particularly preferably not higher than
1* 10u atons/cnB. Fluorine concentrations such as are
necessary for purifying the nmelt entail considerable
process-technol ogi cal difficulties during 10 the
crystallization, because volatile SiF4 deposits on
hot surfaces and deconposes to form |l ayers of

anor phous silicon. This affects particularly the
surfaces of the growi ng single crystal and of the hot
graphite parts of the crystallization device. If

t hese anor phous | ayers
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mat eri al chi ppi ngs occur on account of tenperature

di f.ferences. Chipped-off particles that fall into the
melt generally cause dislocations in the grow ng

single crystal. Mreover, excegssively high fluorine

20" concentrations in the single crystal involve the
risk that fluorine atons will also precipitate. during
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wafer that gsubsequently  emerges therefrom. The
concentration of free vacancies is reduced to an extent
such that it no longer sufficegs to be able to form
agglomerated vacancies whose diameter is greater than

© 35 or equal to a diameter rated as critical.

In order to obtain the desired effect of the fluorine,
the fluorine concentration in the single crystal should
be at least 1%*10"° atoms/cm®, preferably at least



25 concentrations of one configuration of the

‘invention, with fluorine and hydrogen and, if

nitrogen in order in addition, in of high oxygen nore

than 5*1017 atons/cre, to suppress the formation of

oxi dation induced stacking faults (OSP). Mor eover,

the nelt is preferably also doped with at 30 | east

one el ectrically active elenent, for exanple with

boron, phosphorus, arsenic or antinony.
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reasons, should mnot be higher than approximately
1*10*® atoms/cm®, preferably not higher than
1%10% atoms/cm’® and particularly preferably not higher
than 1*10™ atoms/cm®. Fluorine concentrationg such as
are necessgary for purifying the melt entail
congiderable process-technolegical difficulties during
the crystallization, because volatile SiF, deposits on
hot .surfaces and decomposes to .fbrm layers of amorphoﬁs
silicon. This affects particularly the surfaces of the
growing single crystal and of the hot graphite parts of
the cr'ystaliization device., If these amorphous layers

~become too thick, thermal stresses and ultimately

material chippings occur on account of temperature
differences. Chipped-off particles that fall into .the
melt generally cause dislocations in the grbwing single
crystal. Moreover, excessively high fluorine
concentrations in the single crystal involve the risk
that fluorine atoms will also precipitate during the
cocling phase of the single crystal to form Ilarger
aggregates, which then for their part foxrm undesirable
defect centres. This is the case when the aggregates
become so large that, in a manner comparable to that in
the case of Lpit defects, they bring about dislocation
loops or networks of such dislocation loops in the
single crystal. Despite this, such aggregates should
perfectly well be regarded as advantageous as long as
they are small enough to be able to be broken down by a
thermal treatment of the semiconductor wafer at least
in the region of a zone near the surface. After the
thermal treatment, a defect-free =zone (“denuded =zcne”}
then forms which reaches from the surface to preferably
at least 10 pm into the bulk of the semiconductor wafer
and is best suited to the implementation of component
structures, and in the bulk of the semiconductor wafer

- there remains a zone having the aggregates as defect

centres which bind metallic impuritieg as an internmal



method). In the case of the latter, the BMD formation
can al so be supported by targeted feeding of oxygen.
One nmethod suitable for this is described for exanple
in US 5,089,082. Irrespective of the production

nmet hod, the sem conductor wafers separated fromthe
single crystal can al so be “c8af ed, for exanple with

an epitaxial layer. S The doping of the melt with
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! n&r?rg}:éézlr almsde tTpl hcrolrfel Ccacl:!nflguratlon of the invention,

the melt is doped with fluorine and hydrogen and, if
appropriate, with nitrogen in order in addition, in
particular in the presence of high oxygen
concentrations of more than 5%10'7 atoms/cm’, to
suppress the formation of oxidation induced stacking
faults (OSF). '

Moreover, the melt is preferably also doped with at
least cne electrically active element, for example with

boron, phosphorus, arsenic or antimony.

The invention can be equally particularly
advantageously used irrespective of whether the melt is
crystallized according to the C(Czochralski method (CZ
‘method) or according to the floating zone method (FZ
method). In the case of the latter, the BMD formation
can alsc be supported by targeted feeding of oxygen.
Cne method suitable for this is described for example



35 dianeter is at least the dianmeter at which the
formation of Lpit defects nust be nentioned.
Consequently, the fluorine concentration in the

single crystal is at any rate set such that no Lpit
defects can be detected on the sem conductor wafer
produced. A - 8 - nore stringent stipulation defines
the critical dianeter in the case of aggl onerated
silicon . interstitials as the dianeter at which
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By way of example, SiF,, HF, Fz, BF;, PFs and mixtures

20 of these compounds are suitable as the gasecus flucorine
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gource. 8iF; and F; -ar¥e particularly preferred because
through them only fluorine as impurity substance passes
into the melt. HF is appropriate as dopant particularly
in order that the melt is additionally also doped with
hydrogen. Solids which are suitable as the fluorine
source are, for example, NH,F, (NH:.}HF., (NHy},SiF; and
)(N'H.;)BF‘;- '

The primary aim of the invention is not to permit any
agglomerates of intrinsic point defects whose diameter
iz greater than or equal to a critical diameter. The
diameter of the agglomerates is taken to0 mean their
longest extent in one spatial direction. In the case of
agglomerated silicon interstitials ' the critical
diameter is at least the diameter at which the
formation of Ipit defects must be  mentioned.
Consequently, the fluorine concentration in the single
crystal is at any rate set such that no Lpit defects
can be detected on the semiconductor wafer produced. A



as rapidly as is possible according to the process 30

t echnol ogy. The hi gh vacancy excess that is then

i nevitably established is reduced by a correspondi ng
amount of fluorine to an extent such that the

remai ni ng concentration of free vacancies no |onger
suffices to be able.to forn1§gg|onerates whose

dianmeter is rated as 35 critical. In addition to the

hi eee pustuingenst e iﬁiﬂﬂlﬁtéonpridﬁﬁihby t hehe critical
corskaecapl y idar genepr 0@@5?@ worfdowégg?l&ﬁemréd Culs§ﬁlcon
ecqQnom c. i rtance iven, gradi ent
TeRBLEES R T ik Ao GF AAFGECHY 2 geBifhi | 3G aideds B
wi deifacihhi ade ttheseipfigl e crystal that arises has

sexclusively the specified defects. The practica
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in@lenentatlon Is expediently effected det er m ni ng
Ret édponiae anBeRttEIticRe 1 Jdre n%lf@i% cerystat will

| eabénNeeassgiynt Iy OLEeE Ebatbe UHerChOSEN is set such
S PHRE PECh Ao ot B <) efoRGor BT REE RySygsPr
of wagkarnpbreduwresi.nglre wrey stamle cdnpogBdmefaselli vanansgies,
the critical diameter is the diameter which is rated as
too large in accordance with a stipulation. The
stipulation depends on the intended use of the semi-
conductor wafer, that is to say primarily on the widths
of the smallest component structures for which the
semiconductor wafer is intended to form the substrate.
The critigalidiameter ig, for example, 60 to 40 nm or
40 to 20 mm or, in the case of a particulariy stringent -
stipulation, 20 to 5 nm. The fluorine concentration in
the single'crystal is then comnsequently set such that
no defects of agglomerated vacancies having diameters
in the predetermined range can be detected on the semi-

conductor wafer produced.

The particular economic benefit of the invention
consists in the fact that the excess of vacancies that
arises during rapid 'crystallization of the melt no
longer has a limiting effect. Despite the wvacancy
excess that arises, the single crystals can be pulled
as rapidly as is possible according to the process
technology. The high vacancy excegs that is then
inevitably established is reduced by a corresponding
amount of fluorine to an extent such that the remaining
concentration of free vacancies no longer suffices to
be able to form agglomerates whose diameter is rated as
critical. In addition to the higher pulling rate
possgible, primafily the considerably larger process
window is of particular economic importance, which, for
a given gradient G, makes available a wider range of



10 pulled according to the Czochral ski nethod with a
conparatively high rate V and a quotient V/G which
" causes a high excess of vacancies to arise. Wile the
single crystal is growing, a fluorine source is fed
to the atnosphere surrounding it and the parti al
pressure 15 of said fluorine source is continuously
i ncreased. The single cryst al or sem conductor wafers
cut frogmit are subse uent sed with regard to
Vac ity T Sy aLehgocntt Ty ISy SPalfanpretak ghat
sl amnisesubaaxéatlygifvedm the spoagledr deffabtand t he
cut 20 surfaces are anal ysed, vacancy aggl omerates
w || be found whose size depends on the axial
posifiCoRTRAtLFRl sﬂrf@sblemnﬁ@élpﬁelax@:wewwo@fifgcted by
bi nkedetrpinispedid i g P@ééd akyhat esEimitof ot hecHd ueniuBeine
source, it can ge gec:lt estral ht f.or wa §I¥ a
par 5OAFCBr eESuPE | ST 28 0855? %e&éjsSSF ggjratfer pgder
be &ﬂﬂbeenoppddlhqrtimtde:onduhepmseaggﬂe:mtanaa;lescmadeﬂl anstoo
to t [ c t S
1%9&56?%&5@@1}? % fof Bg}LSe LXy gé?% gt §‘ way

ects ra as oo g
theotfesqx%f&gr%l > Bengte eCr¥atalicKorRaEed @Ifngepellcon is

16rypualeds aocft&dxeﬁnlgn a8 a&m@sm@@agmﬁhamdﬂ Gr?.th a
pro ortion, o ne . source nd_the uot .
i s %ﬁ%?%a%‘éldv%% %ﬁ%‘mﬁ&& y'i fereasi Myt g {; .‘%mh
Thecanakysis haght kacsengbé srysnelesnrtof asssaat sWh:.le the
seniyeaRauCLysMaf &fS Jidyidd)en rﬂ‘d%i‘h.né hgotpde Wi £y to

must not be ‘exceeded under the chosen condi tions in

or dEPet REFORRNSER RN NGG L oFe i4t 889 APEJPASTLRS PHEFRITE
1R 8€. san_dl@luozl'fﬁeelmﬁe ofs I(Sordﬂmﬁ:;&bl?t edcbfim “The

usi ng._t exa es rrp single-cr t rod -

conmoasl AT er BAHICRalice O SWREL S SISt Blo OfF are

t hesFZseguersdy t o mlwsédl sewﬁtlthst | yegardn at®osphieeancy

CONRELPoHE- A 30 the msl V%?r daped: lteher M gy
: mtr%%edr?] npfgvvl trtljﬁreh drtogF After a Eﬁ? d rlo Igsn %bh is
d

of FBEcniFiRARg &5Bni k PiRgter ¢ SFE as®Ffuorine cut
2B oUsaEeLf Aess camduc&mﬁys@kﬂo th&caﬁmspgglemarwtéls() wlileﬂ be

Lo EoTh bhSfk "Bht VGAAREL SENCIE BHEY SoEabey i tne

10 ehelof $u@pa é#gi ovierle pméﬁlgal Fedlinksbuto s%lp%P@lelC
ShFdiand %égufe s"o&t I @ﬁ@r ¥1aasind ma,ml%@ee {kecan be

3?2%1%@%33 O LT Vihal FerLial RTFSUFR £6 2t

24 pi lealef eabseatsey Saccm*cm:u:htby bel sakdle | hepeetlilon under

and, i 4., 4 ﬁeega)h#ntt‘ic%cgﬁﬁ%i&l@yté ”éﬂc?sr[ £y a%@% test, a

sca?tere tonmography using an anal ysi's

of %m%m% f%‘trﬁht fenfidradur@r MefnatsManteg as
andc el d+geg, E

.30 In principle, the test can also be effected such that a
gingle crystal is pulled in an atmosphere with a
specific proportion of a fluorine source and the
quotient V/G i1s increased by continuously increasing
the rate V. The anélysis.of the single crystal or of

35 itz semiconductor wafers will then reveal the rate
which must not be exceeded under the chosen conditions
in order that no vacancy agglomerates rated as too

large arise.
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20 Japan, revealed that the Lpit defects initially
present in the edge region of the single crystal

di sappeared first and the COP defects present in the
centre region were no | onger detectable starting from
a rod length of 40 cm Their size had accordingly
fallen below the 25 detection Fimt of the analysis
devi ce of approximtely 20 nm Even after the supply

ofridl Héhviaad ibaens eiélRshst-AkG8I bAaYGH ORI R} aSyd @d=RpA8E .
arose, evidently because due to the stationary gas

at nosphere a sufficient fluorine partial pressure and
t Mxsmpleuflfi ci ent 30 fluorine concentration were

ey Tdgiied dr%},sﬁ:?@ !ESJ:lt cofﬂﬁb&gi coAt L npied %é&@@ﬁfﬁeﬁd in

the arrsin def ect _aggl oner at
vé\qqsafgaéwswal:hp%ﬁrﬁ Metiideh tRePe BESFySedE Wt B35

r egar dtﬁi@sf.)i‘i}@.té deheet sd8gs Iatr)gdi\ﬂr eTeybseguentchY doped

b t
TEESEE Wi R m AR Madiua) iaeBefy cpsfly ipiiled
t hedf [Lgmgitiie cfonide oy deivangwas mml atliameBernt 3iF. as
Flfq%lraﬁe %%%r%@eﬁa%%y L6 Lekeat q%tlon diee M&sﬂ%ref and

ns of i mpl e measuring net hod The results
qrnﬂﬁﬂﬁ%ﬁ&FPEﬁ%nargaﬁlI&§FF%?%%d|nc@n¢4iﬁﬁ%%9¥Ltﬁfom
30 6 dyke th EdeBlhnf &thdgﬁeméﬁ todndeasth bENGH am.

of t XI 0S Si st e

denS|?y§ éﬂ %% QgiPﬁgé g%t goun éﬁ 1%%H1 fgﬁgﬁt
FaPPS Y tcn‘e &Fal agbswitbn 4 rfsttarreosaarrm egaﬁtraémcaﬁsphere

aEt'het he piire of s\éﬁbygs | Brpaeim Casﬁed@ﬁﬁkgil 10ree of

éhghfye to 1003%@ reat decreas QﬁP
FBE1P5R - b b u§§"t H&¢ Eh Yﬂt &SHRRYI &°
ciypdtaldeifectsaséser FEguceselclandy 4visoal binswsctofon and

I t _ di
cAam 2o 18 o BclBlacky YELLUA S ocored
déd Stopp@gﬁg v gﬁéﬁg BRe analysis device of the MO-4

type from the manufacturer Mitsui Mining and Smeliing,
Japan,’revealed that the Lpit defects initially presént
in the edge region of the single crystal disappeared
- first and the COP defects present in the centre region
were no longer detectable starting from a rod length of
40 em. Their size had accordingly fallen below -the
detection limit of the analysis device of approximately
20 nm. EBEven after the supply of SiF, had been ended,
larger agglomérates no longer arose, evidently because
due to the stationary gas .atmosphere a sufficient
fluorine partial pressure  and thus a sufficient
fluorine concentration were maintained in the melﬁ,
which continued to suppress the arising of larger point

defect agglomerates.

The various crystal positions which were analysed with
regard to their defect density were  subsequently
measured with IR absorption. in this case, an
absorption line whose intensity was correlated with the
fluorine concentration was found at 1206 cm™. Fluorine



15 defect densities dd of COP defects and Lpit
defects as a function of the radial position, rP, on
the sem conductor wafer at the axial position aP =
7.35%in the single crystal, the pairs of val ues

i kewi se in each case being relative to 100% The
centre of the sem - 20 condutter wafer is situated at
rP = 100% and the edge is situated at rP = 0%

F'&Hetﬁeﬁéwsbbhedé\:sé&@datﬁg ehensi iy €8, 0Tndd¥s of a
scattered |i hrg aqs per defect, which are

si YNt i &hef ri‘ﬁ‘g §eh9lt he case of Lpit defects,

owing to their size, than in the case of COP 25

- defect s.and £agst g%;eefﬂ{v%s*ag gﬁfgné%r@ s{j 1{{93%':%@ 89 in
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thetvvot)ieso I'n 0|n consider
FijAees21aka 3- afedves nglShawsditast §OEpﬁ§f§‘é1f—%cf@md1 as

t hae f.;tﬁ!ﬁft:LE:@_QbQ311:3?da;QEEE%c (iﬁfsqq;tl%nl Ant Egecgmﬁgge r €8F 1 .
e_sen conductor er ur _
|Iqh§stP3 é’rré%v%onafng“%o gPBurcie%%ﬁ fRgad is

amlaittﬁd& tag@mnai.@ =t1665. EB%niln pheitiogl eigr yshal .siAtgle
aRys &@118"@pth€h§05aﬁ§£ eeks ‘}arlﬂte@'ebeen Shar&gs%pll;elng

defects at the ed at had sti et ect

pr&HREAYPy tat 13@m ¥ g slpsrgrsgppBakle. COB Esttidlies
2 cah Slbdﬂgbbséf\yédl abscaifeoskshcthh sbi i €RB RAVMIHI@ acrystal

I d 0 [

Loeates” FrAPRE & 20E foaRovort; MR S e, how
wa;élecemdmeﬂ.edefecuzdl%maghnt hémuthmge@emtde refhrad
m?dot twase:@@pagf@@té ha@r!id mptlf& ﬁ'etféegﬁn ﬁ%uf\étf shows the

hydrogen., After cm having a
nGREREF Greﬁﬁé?é?s & raf a‘§ ?@%ﬁ% (efects s
cendbwicd.dmn afldicheonraddaar gmm&xbhrousm tdsue mhlel Igeghi -

dey ‘Ei%c@gg wQ e I élﬁ"{}&:{ﬂ&%g@@i}:@ﬁ £858%; 355 in the

conti nuously rom I'm this
ediaslremrysted, the ipRirnEasel lﬁal‘h%%fﬂmbﬁWhée in each

C%%%ntﬂe&hgorkél%ﬂl% sdndl gocr yshel c@ﬁ@f@hbfaﬁ%ﬂ Jhe -
“oglpess' PMugterPll SRLSH S AW B 990! Snd " thie? e
ig situated at rP = 0%. Figure 3 plots the associated
intensities of the scattered light signals per defect
which are significantly higher in the case of ILpit
defects, owing to their size, than in the case of COP
defects and can therefore be uged for distinguishing
the two types of defect. In Jjoint consideration,
Figures 2 and 3 accordingly indicate Lpit defects in
the edge régipn and COP defects in the centre region of
the semiconductor wafer. Figure 4 is an illustration
corregponding to Figure 2 for the axial position
aP = 66.18% in the single crystal. At aP = £6.18%, the
COFP defects in the centre and Lpit defects at the edge
that had still been detected previously at aP = 7.35%

"~ have disappeared.

Example 2:

A single crystal composed of silicon having a length of
1 m and a diameter of 300 mm was pulled in accordance
with the CZ method. Initially only argon was conducted



-13- Patent Clains: 1. A sem conductor wafer
conprising nonocrystalline silicon which contains
fluorine, the fluorine concentration being 11010

" tol. 10l16atons/cnB, and which is free 5of aggl onerated
intrinsic point defects whose dianeter is greater
than or equal to a target-dianeter wherein the target
di ameter lies within the range of 5 to 60 nm 2. The

S @il R U%%QrpM@ﬁ@thHeGi@éHT@hemﬂ§1@'£béfﬁb ddAUd NGer
concenfrationis 1 71 to 1 .1015atons/c

3.
THE te i HorRERY o’i‘mw?vaf“’é?: oftYdraeent, AftEtei A Pﬁé%e‘i rod
tareg@ﬁ:hdl afreer chi elsawiddi B tihenimigedbinsdten, 4GiFM as

ffl-[llg)?f i%m gc%ﬂ:dé'é:t %smaéc%gdd_&fteg a!LH‘ Lia %ro I t&heargon

furt her conprises W th ni

5 hydwogeh, e HEldgen ddchy dregdhe iFhdlow rate was

Samgeagugt @bnﬁ@fzﬁdsu@iy Ciedun do Mhere) ped 1l /@ﬁStIrpﬂﬂlls
of borgn, hosEEPrus rsenlc and antj non

cERPEEE N t HPXUaf eFRS 208 PFTE28EN] c‘&%du&x'P rovkrgrine
0&0ﬂc&nﬂr&tlcmnmnl$mﬂgsangdenudawta@nérqmmﬁtaabout the

suppression of Lpit defects and COP defects initially

10 present.
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"bul k zone" with fluorine-containing defects which
bind netallic inpurities. 7. The sem conductor wafer
of claiml1, further conprjsing an epitaxial |ayer.
258. A net hod for produ0|ng§sen1conductor waf er s
composed of nonocrystalline silicon of claiml1,
conprising proViding a nelt conprising silicon which
Patgng 8d with fluorine, and crystallizing the nelt to
forma single crystal which contains fluorine within

the range of 1.101 to 10
er fsf’teél“mnﬂi-'?f@r wafgi ﬁ‘fjmﬂﬂsg]cqer%(gr?é Wg&g% e 6@?;ch contains
ﬂuoﬁ%@ bR AbEEbricBhtAtivn ibeingdi- 11 tddf B tajoms(emn gnd méich is free
target dianmeter o te
of apalpgorte BEVPORL BRI B8 FFFIo S S i b el to 2
targ)é‘ﬁ{z&ngtb?\ﬂﬁé@ﬁ(ihé\’tdr@t damabterdigamithinrige soas ebhIRR HF-
ers fromthe single crystal. 9.The nethod of claim

8, wherein the nelt is doped with fluorine such_that

2 th%h&'s@&fdoﬁ&:c@&ﬂ@éﬁdf@tamn wherehnghe fluggine cencpsiration is
' 110" to 1*1015atonms/cnB. 35 -14- 11. The nethod of

1101 tgi 10l Rtom#{EFei n a di ameter within the range of 5 to
40 nmis regarded as the target dianeter. 12. The

3. ggtgrgggp%:oglgﬁqr?ya;%éﬁ; tWFlg \Tfthé Cérgc‘et‘afaYn%té}l ek 2/@fin

the range of 510 40 nm.

4, The semiconductor wafer of claim 1, wherein the wafer further comprises

doping with nitrogen, hydrogen, or nitrogen and hydrogen.

5. The semiconductor wafer of claim 1, wherein at least one of boron,

phosphorus, érsenic and antimony is contained inithe wafer.

8. ““The semiconductor Wafer of claim 1, comprising a “denuded zone” and a

“pulk zone" with ﬂuorine—contéining defects which bind metailic impurities.
7. The semiconductor wafer of claim 1, further comprising an epitaxial layer.

8. A method for producmg semiconductor wafers composed of monocrystalhne
silicon of claim 1, comprising providing a mett comprising silicon which is doped with
fluorine, and crystallizing the melt to form a single crystal which contains fluorine

within the range of 1-10"to 1-10™ atoms/cm®, the crystaliizing taking place at a rate
at which agglomerated intrinsic point defects having the target diameter or a diameter
larger than the target diameter would arise if filuorine as a dopant were dispensed

with, and separating semiconductor wafers from the single crystal.

9. The method of claim 8, wherein the melt is doped with fluorine such that the -

: * x4 n19 3
fluorine concentration in the single crystal is 1 10" o 1*10"° atoms/cm”.

10. The method of claim 8, wherein a diameter within the range of 5fo 60 nm is

the target diameter.
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13. The nethod of claim8, wherein the nelt is

crystallized according to the floating zone nethod.

1014. The met hod of claim 3:4 wherei n a gaseous
~fluorine source is used fdr ‘doping the nelt with
~fluorine. 15.The nethod of claim 14, wherein the

gaseous fl| l,ne source f ber 95P5Pnm is
1" con-g,’"’e‘s‘i.nf*"ili‘ﬁéil {d?; m&re'r':%d%gl-egé}%@g@ tﬁ%nmélbm xt ures
regb#b%ﬂ%@ftheﬂaﬁget éhﬁmeférmat hod of claim8, wherein a solid
| uorine source is used for doping the nmelt wth
fluorlne 17. A nmethod of claim 16, wherein the
19 1| Uptid MBHEOLS @ini & vietes trecélt isrrystedizet acqerding to the
20consi sti ng of NFAF, (NH4) HF2, (NH4) 2Si F6, (NH4) BF4,
Czephtrishi Meticds t hereof . 18. The nethod of claim 8,
V\herel n the nelt is also doped with nitrogen,

13.25 1‘[3;‘1013%2& ﬁ%{:ﬁ%\%%gq 5 tegqlmt ' o%%&:@@%il?ﬁ&'%@f@n? to the
ﬂgathé theme@pgd with at | east one electrically active

el'ement which is selected fromthe group consisting
of boron, phosphorus, arsenic, antinony and m xtures

14.1 hef%ethod of claif?s, wﬂé%lmtdaeéblmﬁluomw snuse inlieediondepiay
sem conductor wafers are subjected to 30heat .

themeliavithdhoriagR. a tenperature within the range of 550 C.

“to 1100 C., to forma

15.  The method of claim 14, wherein the gaseous fluorine source is selected from

~ the group consisting of SiF4, HF, Fz, BF, PFs, and mixtures thereof.

16. A method of claim 8, wherein a solid fluorine source is used fpr doping the

melt‘with fluorine.

17. A method of ciaifn 16, wherein the fluorine source is selected from the group

: consisﬁng of NH,F, (NHHF, (NH.):SiFs, (NH.)BF 4, and mixtures thereof.

18. The method of claim 8, wherein the melt is also doped with nitrogen,

hydrogen, or with both nitrogen and hydrogen.

19. Thé method-of claim 8 wherein the melt is further doped with at least one
electrically active element which is salecied from the group consisting of boron,

phosphorus, arsenic, antimony and mixiures thereof.

20. The method of claim 8, wherein the semiconductor wafers are subjected fo

heat treatment at a temperature within the range of 550° C. 1o 1100° C., to form a

“denuded zone,” and a “bulk zone” having fluorine-containing defects which bind

metallic impurities.

21, The method of claim 8, wherein an epitaxial layer is deposited on the

semiconducior wafers.



"denuded zone," and a "bul k zone" having
fluorine-containing defects which bind netallic

i mpurities. 21. The nethod of claim8, wherein
an epitaxial layer is depdSited on the 35

sem conductor wafers. -15- 22. A nethod for

produci ng sem conduct or fers :
22. o @¥8JRAHPY PrREUERY $LYRC clor WA r 8%%?[)1‘ moréocrystalhne
s:ild?n'h%‘f 'c%inﬁ‘g SniRising RORAREE nidit c%hipbsmhof\ahcaxrhwhish sojeped
m ni mim concent rati on thfl uar i rllr%mor c'gﬁ{r:%ntxtatﬂgﬁ'
wntrsaunummum sAnReEGHieR A Huprng AT MRFRiNET SAY FIHMY M

' okt iMioﬁftomaimts a]umma‘w;um ihee
and-r&%ﬁ?ihﬁ?%ﬁferﬁr@{nt% éc&?f @i ? Si’ﬁta

Q
range 9&1-201 toz1- h@g@f@msw pﬁhﬁc,"@’s*a%“'zé{‘g %‘f‘ég &fa?%t% 7 ei‘ﬁ't’ Bin

the B§§r{b‘éeofﬂuo P—.'eli'rQ{Hef}ﬁezt vchiligeselotthe fupnhithnl adgibmetated
ormati on o orrerated intrinsic

intrinaigipaipt tefects aﬁgeﬂ the taraet damgter g 8@?@? nﬁﬁ&?@f@ﬁf&f ating
sen%@éﬂo%%? WakeR! frMRTRT SindlE @Rfstdnens intghem @bmsm&btlort dfdiuorine

I mum concentration of fluorine bej eé Hlfrg% H%It
being dearnRsdionm ETPRRNATEHNCE 4 BSeHaH) BT

witt4 Q%Jriéifﬂjof’!ﬁé’@&r%eﬂﬁ’éﬂonm%ﬁ Stharvisy Hj@dlcéll drmd :ltmms anda

concentration under otherw .se |dent| bt ons,

flucdinel candentratidnrie ideatifiasiasthe MKMUE FOREHT FaF'P Wi

| g}aa\. égn%% anébtmm@ﬂamamdgmr
reaéﬂge{:;al : %’???ﬂﬁgl%gmﬁ%fﬁ? def ect \Mg se di aneter
thaih or gauphtocthe target damelgidiparrsat RN ??P’écé}’ %I anet er
di sappear in the test crystal. -16- Sem conduct or
waf er conposed of nonocryst al line silicon and method

for producing it



Abstract: The invention relates to a sem conduct or
waf er conposed of nonocrystalline silicon, which
contains fluorine, the fluorine concentration being
1*1010 to 1*1016 atons/cnB, and which is free of
.agglonerated intrinsic point defects whose dianeter
is greater than or equal to a critical dianeter. The
invention alio relates to a method figy- produci ng

sem conduct or wafers conposed of trionocrystalline

S'%én&%d%%ﬂ’@f' gk B8r PESMIcHaRY oF mehbcrpatpm]s]eldleofsz.llcon
sillcon %h IS %§$ed W, h fluOrine, and

5;}'55(z&'leltrh’Z’Fin OF B W1t % “form a single crystal,
mhlch contalns fluorine within the range of 1*1010 to
%b aloms/cnB, at a rate at which aggl onerated
r|nS|c ‘poi nt defects haying a critical diameter or
"larger dianmeter would arise if fluorine as dopant
V\Bﬂfé dinseensed wel Arednth sepETHCORGUSEHT CHHERIC (GGTPOsed

Wacffe r%gLéQ%é&%fﬁ@' g: eI yst al whibh9.cobtaine fluorine,
the fluorine congentration being 1#10* to. 1%*10%
atoms/cm®, and which is fzee of agglomerated intrinsic
point defects whose _diame.ter is greater than or equal
to a critical diameéter. The invention also relates to a
method for producing semiconductor wafers composed of
monocrystalline silicon, - comprising providing a melt
composed of silicon, which is doped with fluorlne, and
crystalllz:mg the melt to form a single crystal, which
contains fluorine within the range of 1%16%° to 1*10*°
atoms/cm’, at a rate at which agglomerated intrinsic
point defects having a critical diameter or a larger
diameter would arigse if fluorine as  dopant were
dispensed with, and separating s_emiconductor' wafers

from the single crystal.

Fig. 1



