Sem conduct or wafer conposed of nonocrystalline silicon and nmethod for
producing it The invention relates to a sem conductor wafer conposed 5 of
silicon, which contains fluorine and is particularly suitable for producing
el ectroni c conponents because it has no agglonerated intrinsic point
defects rated as disturbing. The invention also relates to a nmethod for
produci ng such a sem conductor wafer. 10 Since the begi nnings of
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VI G during cPy&EEPRi zatPoif of devoted  themselves, "inter  alia,
particularly to the task of keeping away defects rated

15 as disturbing at least 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 (silicon
interstitials and vacancies) 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
gilicon interstitials which are surrounded by a network
of dislocation loops and which have an extent in the

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

30 Dby means of infrared laser scattered 1light tomography
are tolerated only as long as they are smaller than the

smallest component structures.

According to Voronkov’'s theory, the wvalidity of which
35 1is 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



the nelt, where V denotes the rate of the - 2 <crystallization and G denotes
the axial tenperature gradient at the boundary between the nelt and the
growi ng single crystal. According to the theory, there is a specific ratio
V/ G at which the concentrations of 5 silicon interstitials and vacancies are
identical. Belowsaid ratio, the inter8titials are present in excess, and
above said ratio, the vacancies are present in excess. |If a dom nant type

OL _ poiur;t def eeysBhl Bi Aot iSHPEISR! W alie@Brdl | PHeCORiAD, RGP LS of
this type

of .poipt defect can arjse. | onerates of _vacancgies ("voids")
becone al tﬂﬁa@g?ﬁgr,a*f het‘i'feong’éi’mdltaﬂféf rggi%&l’@ﬁﬁle Hﬁ?at?‘%%tdu?l? g ling in
the tenperagnoeingngeénofl et heryfaraiat izncdmehiper ator ehef thaiody ,agdlearer at es.
One strategy.for avoi di |.st.ur hi vacancy, agal onerates .t herefore
consists in ﬁ%o@i %&qf{l%r %f%sﬁ%&}e@t&%oggf’gﬁeﬂl si%éfé1 C X drati 6n c?f'(r)l t he
range of5 theilocomti ontezspécanlee, amdi ciaicsnaiesnd akE00CG,derturdaly cool i ng.

However, sin ry, Sn.haﬁ?l"i g I.a 3 cannot be
cool ed 20 ar%%??grié‘%/féapl ly(?’ V\nt'?lﬁ FE%QEEEEFF%?ES%?% %Ssle%%%{ti ?rlpr}gsed on
control ling exeespzeanfl abpeet saby awlol nghet Fecegsiigencesdmades in the

case of such;si RglRssCr V&t 8k SdoARARAET Al SOYpRYAEUGR Fle Al iR Dins
controlling the ratio V/IG as far, as posSible such_that 25 a signifjicant

excess of on8UPHBEBETRBIAR dBtetd dGOeLinG aPTAPPGTaErS8e PR tHELS i rst
pl ace. atmh_@ygérobfiSpd&thy'Cdé@@ | Baf €r 816k . Pr agegSmeaeteel ogyr and not
very econom c because conparatively low.rate V has to be enployed in this
case. The prBRESECHERdIWVAIES" bl}?e‘?c%@atﬁ%l{l itg"e[ o{]%’é@e]fhetﬁﬁn%qgeR/aI ues
within whichthBe febiGeMt& nudtrdeicont rdbthty | scosiimy y del i ieed,
o eover . Fop Anprefsiermned Ge Uhe PELLEDS; £3' BelpbBaclhmald Yo Ry m o
agglomerates. One strategy for avoiding disturbing
15 wvacancy agglomerates therefore consists in providing
for a shortest possible residence duration in the range
of the formation temperature, which is around 1100°C,
during c¢ooling. However, single crystals having
diameters of 200 mm or greater cannot be cooled
20 arbitrarily rapidly, with the result that limits are
imposed on controlling the size of defects by limiting
the residence duration in the case of such single
crystals. Another strategy pursues the aim of
controlling the ratio V/G as far as possible such that
25 a significant excess of one type of point defect does
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 1is to say the range of values 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 utilized because they have defects
that cannot be tolerated.

US2003/0008479 Al describes a method for producing
single crystals compogsed of silicon according to the



| ast generally has the effect that parts of the single 35 crystal

utilized because they have defects that cannot be tol erated.
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AR Bwafers composed of silicon, and to open
up particularly economic access to such semiconductor
wafers.

The invention relates to a semiconductor wafer composed
of monocrystalline silicon, which contains fluorine,
the fluorine concentration being 1*10'® to 1%10'°
atoms/cnm®, and which is free of agglomerated intrinsic
point defects whose diameter is greater than or equal
to a critical diameter.

The invention furthermore relates to a method for
producing semiconductor wafers composed of
monocrystalline silicon, comprising providing a melt
composed of 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®, at a rate at which agglomerated intrinsic
point defects having a critical diameter or a larger
diameter would arise 1if fluorine as dopant were
dispensed with, and separating semiconductor wafers

from the single crystal.

The invention moreover relates to a method for
producing gemiconductor wafers composed of
monocrystalline silicon, comprising providing a wmelt
composed of sgilicon, which is doped with a minimum

concentration of fluorine or more than said minimum

or
a nelt

ic 30
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di spensed with, and separating sem conductor wafers fromthe single
crystal. 35 The invention noreover relates to a nethod for producing

sem conduct or waf ers conposed of nonocrystalline silicon, conprising
providing a nelt conposed of silicon, which is doped with a m ninum
concentration of fluorine or nore than 4ard mninum- 4 concentration, and
crystallizing the nelt to forma single crystal, which contains fluorine
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to the critical diameter disappear in the test crystal

is identified as the minimum concentration.

The invention 1s based on the insight that £luorine
20 interacts with intrinsic point defects with the result
that the latter are no longer available for forming
agglomerates. In relation to an excess of vacancies,
this means that the formation of vacancies agglomerates
no longer depends crucially on the concentration of the
25 free vacancies incorporated, but rather on the
concentration of the free vacancies that are not
already bound to fluorine. According to the invention,
the concentration of free wvacancies is controlled by
way of the concentration of fluorine which is taken up
30 into the single crystal and thus into the semiconductor
wafer that subsequently emerges therefrom. The
concentration of free vacanciesg is reduced to an extent
such that it no longer suffices 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



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 equal to a dianmeter rated as critical
In order to obtain the desired effect-0% the fluorine, the fluorine
concentration in the single crystal should be at |least 1*1010 at ons/cn8B,
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the crystallization device. If these amorphous layers
15 Dbecome too thick, thermal stresses and ultimately
material chippings occur on account of temperature
differences. Chipped-off particles that fall into the
melt generally cause dislocationsg in the growing single
crystal. Moreover, excessively high fluorine
20 concentrations in the single crystal involve the risk
that fluorine atoms will also precipitate during the
cooling phase of the sgingle crystal to form Ilarger
aggregates, which then for their part form undesirable
defect centres. This is the case when the aggregates
25 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
30 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 zone”)
then forms which reaches from the surface to preferably
35 at least 10 pum 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

centregs which bind metallic impurities as an internal



25 becone so large that, in a manner conparable to that in the case of Lpit
defects, they bring about dislocation |oops or networks of such dislocation
| oops in the single crystal. Despite this, such aggregates should

perfectly well be regarded as advantageous as long as 30 they are snal
enough to be able to be broken down by6a- thermal treatnent of the

sem conductor wafer at least in the region of a zone near the surface.
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fluorine, the concentration of free vacancies is so low
15 that the BMD formation becomes inadequate, which occurs
approximately when fewer than 1%10° BMD/cm® can be
produced in the bulk of the semiconductor wafer. A
nitrogen concentration in the semiconductor wafer of

1*10%* to 5+*10** atoms/cm® is particularly preferred.

20
In accordance with one configuration 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
25 concentrations of more than 5*10' atoms/cm?, to

suppress the formation of oxidation induced stacking
faults (OSF).

Moreover, the melt is preferably also doped with at
30 least one 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
35 crystallized according to the Czochralski method (CZ
method) or according to the floating zone method (FZ
method). In the case of the latter, the BMD formation
can also be supported by targeted feeding of oxygen.
One method suitable for this is described for example



I n accordance with one configuration of the invention, the nelt is doped
with fluorine and hydrogen and, if appropriate, with nitrogen in order in
addition, in particular in the presence of high oxygen 25 concentrations of
nore than 5*1017 atons/cnB, to suppress the formation of oxidation induced
stacking faults (OSF). Moreover, the nelt is preferably also doped wth at
30 | east one electrically active el ement,” for exanple with boron,
phosphorus, arsenic or antinony. The invention can be equally particularly
advant ageousihy Ussed 099, a8®Ectimegafemhietdhesf titee netédistiSh eeysda) | i zed
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pressure of the gaseocus fluorine source in the
atmosphere. In principle, the gaseous fluorine source
can also be conducted directly into the melt. Moreover,
15 a fluorine-containing solid can also be used as the
fluorine source, said solid being melted together with

silicon in order to provide the melt.

By way of example, SiF,, HF, F,, BFs3;, PFs; and mixtures

20 of these compounds are suitable as the gaseous fluorine
gsource. SiF, and F, are 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

25 hydrogen. Solids which are suitable as the fluorine
source are, for example, NH,;F, (NH;}HF,, (NH:).SiFs and
(NH,) BF;.

The primary aim of the invention is not to permit any
30 agglomerates of intrinsic point defects whose diameter
is greater than or equal to a critical diameter. The
diameter of the agglomerates is taken to mean their
longest extent in one spatial direction. In the case of
agglomerated silicon  interstitials, the critical
35 diameter 1is at 1least the diameter at which the
formation of Lpit defects must be mentioned.
Consequently, the fluorine concentration in the single
crystal 1is at any rate set such that no Lpit defects
can be detected on the semiconductor wafer produced. A



By way of exanple, SiF4, HF, F2, BF3, PF5 and m xtures 20 of these
conpounds are suitable as the gaseous fluorine source. SiF4 and F2 are
particularly preferred because through themonly fluorine as inpurity
substance passes into the nelt. HF is appropriate as dopant particularly
in order that the nelt is additional ty8atso doped with 25 hydrogen. Solids
which are suitable as the fluorine source are, for exanple, NH4F, (NH4) HF2,
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15 semiconductor wafer is intended to form the substrate.

The critical diameter is, for example, 60 to 40 nm or

40 to 20 nm or, in the case of a particularly stringent
stipulation, 20 to 5 nm. The fluorine concentration in

the single crystal is then consequently set such that

20 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
25 consists in the fact that the excess of vacancies that
arigses during rapid crystallization of the melt no
longer has a 1limiting effect. Despite the vacancy
excess that arises, the single crystals can be pulled
as rapidly as is possible according to the process
30 technology. The high vacancy excess 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
35 critical. In addition to the higher pulling rate
possible, primarily the considerably larger process
window is of particular economic importance, which, for
a given gradient G, makes available a wider range of



15 semi conductor wafer is intended to formthe substrate. The critical
dianeter is, for exanple, 60 to 40 nmor 40 to 20 nmor, in the case of a
particularly stringent stipulation, 20 to 5 rim The fluorine concentration
in the single crystal is then consequently set such that 20 no defects of
aggl oner at ed vacanci es having dianmeters in the predeterm ned range can be
detected on the sem - conductor wafer “pPoduced. The particul ar economnic
benefit of the invention 25 consists in the fact that the excess of

vacanci es thahllangsesates i ng otap dwhiyst athezagingief dihestel t v | onger
has a limtin .effeﬁt. EESfite t?e vacanc .gxq&g& %hat arises, the single
crystals can“beSphI 1130 SES PApYatY RS SPTots Y 9Lt fing to the process

30 technol ogy. The hi gh vacancy excess that is then inevitably established

ol oed Dng GSEEPRONCHAGICAERVAL G ThIGLLAR LAY REEN SUGY (DE1 tDe

remai ning concentrafion o €e vacanci es no iCeés tOo We able to
f or m agglPonedatesnivhbiee dian#t efceiss r ahat agma@Bnerief caihe | fladdiiteon to the

hi gher pulligg,tate ; POSy bhe,pri H@Eggga&ge gﬁygip&égfltmarg%{nd%&ocess

w ndow i s of particular econom c inportanc a given gradient G
mekes avai |l aBresenvwpredusbhge epndigiops) | paglractatapt BRkedhiech tase singl e

crystal tha?laf{;ésﬁu‘%etﬁﬁe@?c'd&iﬂ@iYaE*ﬂ@esaﬁ‘}i Figthdief eshgs, The RiACtI cal
i npl enentation Ts expedienily effected by. 5 determning in_a f{est "what

amount of t heff |SFEMHE sBurtidlIle afTVERSL RIERERY Ph of HEECPRmatis under
chosen rlroodulsﬁip@dcom&&f@m% agg| oy atEfoditA%1aS R hdAr geyN ee sely do

10t 201 0€ ANohSnIgt Ty By vy, of oAbl e, 8. SL1gle et el pgrposed o
conparati vel ygahsgh mattedih amtkesguofi enkavkGeshiteh athsseswaibeghhexcess of
vacanci es tOs ﬂéfg'c¥$gkgltqg growing, a fluorine source is fed to
the atmosphere sgurrounding it and the partial pressure
15 of said fluorine source 1is continuously increased. The
single crystal or semiconductor wafers cut from it are
subsequently analysed with regard to vacancy
agglomerates present. By way of example, if a slab 1is
cut axially from the single crystal and the cut
20 surfaces are analysed, vacancy' agglomerates will be
found whose size depends on the axial position in the
glab. Since the axial position is linked to a specific
partial pressure of the fluorine source, it can be
decided straightforwardly what partial pressure is at
25 least necegsary in order to be able to pull, under
otherwise identical conditions to those in the test, a
gingle crystal which contains no COP defects rated as
teoo large.

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

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

large arise.



single crystal is growing, a fluorine source is fed to the atnosphere
surrounding it and the partial pressure 15 of said fluorine source is
continuously increased. The single crystal or sem conductor wafers cut from
it are subsequently analysed with regard to vacancy aggl onerates present.
By way of exanple, if a slab is cut-akliatly fromthe single crystal and the
cut 20 surfaces are anal ysed, vacancy agglonerates wll be found whose size

depends on the axiehtpPesi Lk08ehdntheatrshabel SNGEihHerXi @kaRpsition is
linked to a specific partial pressure of the fluorrne source, it can be

deci ded straightforwardly what partial pressure is at 25 | east necessary in
order to beEaampleéolpul |, under otherw se identical conditions to those in

t he test which t def
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rate V. The ana yS| § S6n condue or waf er s
wi |l then reedbherhwitht aitwbpeh most with bydevgesdedfiederm thel letbsen

condi tions t C I S t I e ari se.
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si ngl e- crysfhPOFéﬁecﬁﬁﬁﬁﬁﬁjWﬁSsFPn@BﬁtﬂésH&ﬂqe%h@natgoéﬁbéréaﬁﬁéimnth t he

FZ methad, tRebePheentealtiibst | Ywdd ﬁﬂbﬁéﬂ@é@heﬁénﬁﬁﬁﬁbh§&?g aapn. The
melt was do ed either_w th nitrogen noy_w.th hydrogen er a pulled rod

length of 1 n%RBV|ﬁbE% dhi ¥Rl t&i Svebetl a%lF@d équRﬂw?%e 58oiite was
conduct ed i mhethbe atomesphefe radd Iéndtie c;@m@erﬁﬂe'ﬁlpﬂlm@a ivicdteaged

ContIHUOUS|¥upp?}m of 8iF, and with a stationary gas atmosphere.
The entire single crystal remained free of

15 diglocations. The subsequent analysis with regard to
Lpit defects after Secco etch by wvisual inspection and
with regard to COP defects by infrared laser scattered
light tomography using an analysis device of the MO-4
type from the manufacturer Mitsui Mining and Smelting,

20 Japan, revealed that the Lpit defects initially present
in the edge region of the single c¢rystal disappeared
first and the COP defects present in the centre region
were no longer detectable starting from a rod length of

40 cm. Their size had accordingly fallen below the

25 detection limit of the analysis device of approximately
20 nm. Even 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

30 fluorine concentration were maintained in the melt,
which continued to suppress the arising of larger point

defect agglomerates.

The various crystal positions which were analysed with
35 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



0.6 1/h to 5 1/h up to a pulled rod length of 60 cm Another 10 cmof rod

| ength were then pulled without supply of SiF4 and with a stationary gas

at nrosphere. The entire single crystal remained free of 15 dislocations. The
subsequent analysis with regard to Lpit defects after Secco etch by visual
inspection and wth regard to COP def®ktts by infrared | aser scattered

| i ght tonography using an anal ysis device of the MO4 type fromthe

manuf act ur epaM tiswdrdbpi B@ andeSPELAI NGy 28Japamk ngyedledt hgk the Lpit
defects |n|tLalhé Bresen in the edge region of the single crysta
t

t
di sappear edS*fP SATUFRBICEPLERAect s present in the centre region were no
| onger detectable starting froma rod Iength of 40 cm Their size had

accordingly,fallen | ow_the .25 detection lLimt of the_ analysisg device of
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suppress thEharigeag oferlsdrtger (pdi ntof deflect Caggl deéeatss. fdlwed varrs ous
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density wer ubseque measur e apsorption. Tn thi's"Case, an
absorption FrrétaheosaéBnt bhsi DAl ¢br vellatesd Wit leadie céabeorbaiag

concenty@ti pa1wesvEOHBd19h512R6 ¢@aL. qELYRLLRE 13 the @ ! Sy fe detected
in the bulk by neans_of a S|np?é measuri ng netﬁb . The results of the

i nvesti gati 6A8 &% PPpasvedt & | hhes Imngitesol ttdie3. singlee CEYEéMs t he COP
defects foupdcasasasf urghiu@Rsofa tdieg axi ahoRoy '\9&9}7' Bt @%aﬁlip'igs! Gqckfystal .
rhe. peak dencity o) ol e G deLeetsal 20nd hablet LGI0AgT, the @i
position intthe’8thgle g g
to the COP defects and Lpit defects. Figure 2 shows the
15 defect densities dd of COP defects and Lpit defects as
a function of the radial position, rP, on the semi-
conductor wafer at the axial position aP = 7.35% in the
single crystal, the pairs of wvalues likewise in each
case being relative to 100%. The centre of the semi-
20 conductor wafer is situated at rP = 100%, and the edge
is gituated at rP = 0%. Figure 3 plots the associated
intensities of the scattered light signals per defect,
which are significantly higher in the case of Lpit
defects, owing to their size, than in the case of COP
25 defects and can therefore be used for distinguishing
the two types of defect. In joint consideration,
Figures 2 and 3 accordingly indicate Lpit defects in
the edge region and COP defects in the centre region of
the semiconductor wafer. Figure 4 1is an illustration
30 corresponding to Figure 2 for the axial position
aP = 66.18% in the single crystal. At aP = 66.18%, the
COP defects in the centre and Lpit defects at the edge
that had still been detected previously at aP = 7.35%
_ have disappeared.
35
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



crystal, aP, the pairs of values in each case being 10 relative to 100% A
great decrease in the COP densities can be observed as the length of the
single crystal increases. Figures 2 and 4 show by way of exanple how the
radi al defect distribution also changes with regard to the COP defects and
Lpit defects. Figure 2 shows the 15 def2ct densities dd of COP defects and
Lpit defects as a function of the radial position, rP, on the sem -

conduct or V‘@lﬁ%uﬁlﬁ the @i&ﬂ.ihn@oﬂeﬁv'l%ré afhe n3PY0 18t RBpedi M@ Helystal , the
pai rs of val ues kewi se in each _case being reI atlve to 100% The centre of

the semi 20"tehdBATSCIREY eROT s Wittt ah¥aragerp ARy, 2anettteded@s is
situated atlefgeh0%f Fioguice 3hpl 0hg tile meEesilat adamlenteQDSI ties efs the
scattered I%ﬂfllt S|%nal s _per defect #_4 g are sug&fl cant | 5\11%%%2 in the
case of LpiITUQEREt SOWBGhg oS t REPAYUSESE, HRarfdM tH ¢

def ects mndthmghethéom]ﬂan@e@eﬁme dandi ndue sﬂ:u]ﬂg flde ruoet yaes of

def ect . copsideration gure rdingly. i ate Lpit
defects | n l]f?'#le e%l% eg#%ﬁugﬁalw Z‘J'cotzsﬁrn ?@gn?{% réal %ﬁllo t he

sem conduct expemfmwent Fi gire 4 i $hen i Ilhuseaael oni30 ddrg esgdndimaget o Figure
2forthe P 6,18 LN hn t t 3R = 66.18%
t he :‘?63{:%19‘?%é%%e cé?ﬁ rtglegnd % gg?e(t::%% g%f?%}y%dgiemuéhat ehad still
been det ect%lélp}pr@%b@lsl pLatlrr —def%% pade (IR appéackd. l%tléaérim e 2. A
si ngl elq)ryslgf% gposed of silicon having a length of 1 mand a dianeter of
300 nm was fed In accordance wth the CZ nethod. Initially only argon
was conduct ed - 12 through the pulling device. The nelt was doped neither
with nitrogen nor with hydrogen. After a pulled rod |ength of 20 cm havi ng
a nom nal dianeter, SiF4 as



fluorine source was conducted in addition to argon 5 through the pulling
device and the SiF4 flowrate was increased continuously from30 1/h to 300
1/h. In this experinent, too, the increase in the fluorine concentration
in the single crystal brought about the suppression of Lpit defects and COP
defects initially 10 present. - 13 - Patent Clains: 1. Sem conductor wafer
conposed of monocrystalline silicom ¥hith contains fluorine, the fluorine
5 concentration being 1*1010 to 1*1016 atons/cnB8, and which is free of

aggl oner at eBataht i 0satmpoi nt defects whose dianeter is greater than or

equal to a critical dianmeter. 10 2. Sem conductor wafer according to C aim
1, <characterized in that the fluorine concentration is 1*1011 to 1*1015
atons/cnB8. B, Sefembdndudtotomafeafecccoralipupdd i mohamryeﬂﬁldiaiem 2,

characteriz Fligo%hat ‘hlgfc rlté&%ag{ﬁarretﬁ Illneas W t t}ﬁ ge of 5to

60 nm 4. enlco tict or "'waf er accor a|n13 c arac erlzefl n that
the criti catorfenerationekeiwahl hl0730 tphé. *ﬂ@ﬁgeattﬁmﬁqrm A@nemwis.ch

Sem conduct g5 water i 859156et8:88Y 10k @'1%3 boidt derebpLaghygzed In

that nitrogen or nitrogen an en i s containe
Senlconduct@%amﬂﬁé¥ aé%orﬁrﬁgtﬁé aﬁgaéf Qralﬁﬁuﬁ t 05, ach&mddtiedlzed in
that at | eagtagee=gl ement from the group forned by the el enents boron,
phosphorus, arsenic and antinony is contained. 30 7. Sem conductor wafer
according to any of Clains 1 to 6, conprising a "denuded zone" and a "bul k

zone" 10 2. Semiconductor wafer according to Claim 1,
characterized in that the fluorine concentration is
1*10* to 1*10*° atoms/cm®.

3. Semiconductor wafer according to Claim 1 or
15 Claim 2, characterized in that the c¢ritical diameter
lies within the range of 5 to 60 nm.

4, Semiconductor  wafer according to Claim 3,
characterized in that the critical diameter lies within

20 the range of 5 to 40 nm.

5. Semiconductor wafer according to any of Claims 1
to 4, characterized in that nitrogen or hydrogen or
nitrogen and hydrogen is contained.

25
6. Semiconductor wafer according to any of Claims 1
to 5, characterized in that at least one element from
the group formed by the elements boron, phosphorus,
arsenic and antimony is contained.

30
7. Semiconductor wafer according to any of Claims 1
to 6, comprising a “denuded zone” and a “bulk =zone”
with fluorine-containing defects, which inherently bind
metallic impurities.

35
8. Semiconductor wafer according to any of Claims 1

to 7, comprising an epitaxial layer.




wi th fluorine-containing defects, which inherently bind netallic
inpurities. 35 8. Sem conductor wafer according to any of Clains 1 to 7,
conprising an epitaxial layer. - 14 9. Method for produci ng sem conduct or
waf ers conposed of nonocrystalline silicon, conprising providing a nelt
conposed of silicon, which is doped wit$h fluorine, and crystallizing the
nelt to forma single crystal, which 5 contains fluorine within the range of

1*1010 to 1§1016Me@h@ﬂsféﬂﬁpréﬁu@1h§t%e%ﬁc@ﬁﬁﬁ@t%QQW@f@fgfabd sic
poi nt defectg haV|ng tical glaneter or a larger dianete mou d arise
i f fluorine®as™aBpShY SR ln@l?b hSER - WFPRPT 2841 ge PAPALCRE % éhitshduct or

wafers 10 Eoeposbd sifnglid icioyst athiclD. idvedbpedd aws endifngidrand,aidnd,
characterized

at., the nelt .is doped with fluorine in uch .a y that
Che' “T1 uor | feYEERLLREIRE: ERE Metire W FGTER cfySLAPIPS CYEGEL . 18 1+ 1015
at ons/ criB. ¢dntdbebbhod lacxdne mmﬁhnﬁjahat&amgdjé&nlimolocharae&etﬁzed in
that a dia hi he ral 60 n |s regarded .as. the critica
di aneter. rT%E%ES% ’hogg:accorgq%g %t &he:{“:%m 139 ?%?LI f‘éﬂ:ﬁw tShat a
di anet er wi phintt ldefemige bivbngoad4cmimical r égamdédrasalt he drangesal

di aneter. Zélgﬁeté@t hggugacora@ %% tci@”ﬁfﬂftoﬂx‘?é s O%’%fnsk Iae;:]t erized

in that the I's crystallize according to the od. 14.
Met hod accotﬂasﬁgneedan‘ylbhi Cl 2ii%s LRAFaping 3@%@4@@1@&@% wWafeansat the

mel t |qipryggghltggdSIggg@rgf?gtgp_the floating zone nethod. 15. Method
according to any of d ains o 14, <characterized in that a gaseous
fluorine source is used

10. Method according to Claim 9, characterized in that

the melt is doped with fluorine in such a way that the

fluorine concentration in the single crystal is 1*10%
15 to 1*10*° atoms/cm’.

11. Method according to Claim 9 or Claim 10,
characterized in that a diameter within the range of 5
to 60 nm is regarded as the critical diameter.

20
12. Method according to Claim 11, characterized in
that a diameter within the range of 5 to 40 nm is
regarded as the critical diameter.

25 13. Method according to any of Claims 9 to 12,
characterized in that the melt is crystallized
according to the Czochralski method.

14. Method according to any of Claims 9 to 12,
30 characterized in that the melt 1is crystallized

according to the floating zone method.

15. Method according to any of Claims & to 14,
characterized in that a gaseous fluorine source is used
35 for doping the melt with fluorine.

16. Method according to Claim 15, characterized in
that the gaseous fluorine source is selected from a




35 for doping the melt with fluorine. 16. Method according to C aim 15,
characterized in that the gaseous fluorine source is selected froma - 15
group of compounds which consists of SiF4, HF, F2, BF3, PF5 and

conbi nati ons of these conpounds. 17. Method according to any of Clains 9 to
14, 5 characterized in that a solid-ag5fl-uorine source is wused for doping
the nelt with fluorine. 18. Method according to Caim17, characterized in

that the fl upfduie @ﬂuéﬁﬂpbﬁn§§| fated CoARHatgr 4D spif ,1@rrconmpoungs whi ch
consi sts of HF2 éNH4 2Si F6 and gNH4 BF "and ‘combi nat’i ons of

F
t hese conpo dsahfgco ¢H5G 1R0EoPEi FYSFE SAYPEENERaims 9 to 18,

characterized in that the nelt is doped with nitrogen 15 or hydrogen or

with nitrog an ge od according n 9 to 19,
characterlzgg7|anﬂ%ﬂ&f géﬁéﬁél n%Ded Wen % ég§% éIoné C%@ct |caIIy
active eﬁemammmmc;ehact@w& r am 261 2d gragupf Toomede bysdioram, is

phosphor us, i f these elenents. 21.
Met hod for pro u0|ng S nﬁg% uctor Fg%géﬁgﬁéga of nonocrystalline

silicon, conprising providing a nelt 25 conmposed of silicon, which is doped

with aninimam coRGERd Ablen:Afiob Ueki ney oy M t i S AT AU

concentration, and crystallizingthe melt tqo forma single crysta whi ch
contains fl ddlatnethpt Ailomiae rigigecof 18+ rrleated*ivas a EoEmBofat a

speci fi ¢or atcongbuMtis hwhil chhecsh it €s coyst,F,i n (k) @RsengRuof Jilsyorine in
the nelt, woul Igﬁ? %o th formption of %g €$onerated I %r|n5|c poi nt

def ect s havi Bfe ottt d?%ﬂ%%%@t%ﬁn%r t eSS AP ERPE ST i ng seni conduct or
wafers fromthe single crystal, the mninmm 35 concentration of fluorine

?f;ggadeterqduujﬂékhoéeaaccor fﬁérngn ]éhymlcp aciast crgstgl |§8produced

characterized in that the melt is doped with nitrogen
15 or hydrogen or with nitrogen and hydrogen.

20. Method according to any of Claims 9 to 19,
characterized in that the melt is doped with at least
one electrically active element which is selected from
20 a group formed by boron, phosphorus, arsenic, antimony

and combinations of these elements.

21. Method for producing semiconductor wafers composed
of monocrystalline silicon, comprising providing a melt
25 composed of silicon, which is doped with a minimum
concentration of fluorine or more than said wminimum
concentration, and crystallizing the melt to form a
single c¢rystal, which contains fluorine within the
range of 1*10'° to 1*10' atoms/cm®, at a specific rate
30 which in the single crystal, in the absence of fluorine
in the melt, would lead to the formation of
agglomerated intrinsic point defects having a critical
diameter or greater, and separating semiconductor
wafers from the single crystal, the minimum
35 concentration of fluorine being determined in a test
experiment in which a test crystal is produced from a
melt with a fluorine concentration that is continuougly
increased at least occasionally, and under otherwise

identical conditions, and that fluorine concentration




melt with a fluorine concentration that is continuously increased at |east
occasional ly, and under otherwi se identical conditions, and that fluorine
concentration - 16 - | is identified as the m ni mum concentrati on which,
when reached, neans that agglonmerated intrinsic point defects whose
dianeter is greater than or equal to the -critical dianeter disappear in the
test crystal. 5 22. Method according to any of Clains 9 to 21,

characterized iAehBatrikhe szenireondieiMimvebaeentrsrisubiegied tadieat
treat nent at aﬁ{t_l%(gperature within the ran%e of . 550C to 11006, for the

pur pose of Fo# a FFatfenutlat zoREIIoMEr2 050l k1R hEVi P tuori ne-
cont ai ni ng defects whbek Wdiiathetetralisd oyragues tilesn 33. eifbhodcaaty ding to
any of C ains

ig.éo 25 cEaraﬁterized In tg{élt an epitax%a{( | ayer is
deposited 15 bhCEhe s3FEohddEEOPPTAT et B9 to8hi CBREtetor wafers conmposed
of nonoc&rystalline silicon, obtainable by a method according to any of
Caims 9 t°2§3- Method according to any of Claims 9 to 21,
characterized in that the semiconductor wafers are
subjected to heat treatment at a temperature within the
range of 550°C to 1100°C, for the purpose of forming a
10 “denuded =zone” and a “bulk =zone” having fluorine-

containing defects which bind metallic impurities.

23. Method according to any of Claims 9 to 22,
characterized in that an epitaxial layer is deposited

15 on the semiconductor wafers.

24. Semiconductor wafers composed of monocrystalline
silicon, obtainable by a method according to any of
Claims 9 to 23.






