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

for55@669%@¥&F%ﬁuﬂ?@§rséﬁWEBﬁﬁ%c?%erEQQﬁYS?ﬁ§1SPﬁCél1100ﬂ

t heahdghethe®Fof progaueeheciy oni cs the manufacturers

of sem conductor wafers silicon have devoted

t hensel ves, particularly to the task of keeping away

15 gbedisvemrbiny wmtiatesstoi a4 semicomichercondert opmposed

waf ge !s!i‘l%‘dn?h WHIRHC RREE A UGS | P08 neelLet RN b%rtlcularly

one SIS rovided., Defects attributablet
Cnt PRRCRE cro RSP ET (617 o PBEPEPEF s baase it
vachaslem» &ggiqmemata&lﬁntaﬁaglaSPandlskﬁmhtag.mﬂuad as
the Q{ ?ﬁé&&?t %Qoo:[]g}?éést‘ecﬁé ol Ilnéc't od for
conpara e to t ent o e snallest conponén

strBE@@NQ%Fﬁnsqcérgeﬁem{EQRQRQ§Q§fWa@gronerated silicon
1g nterstitials which are surrounded by a network of

di s],ocation_| oops and whi ch have an.exte in the 25
I '%”o%‘?:res I?E:’:mgZ]D‘?51‘5?‘Jém’ilé’\gérreé?\{fto HQCKOSSFEH‘%“’&S the

Lplmamhﬁ&uuura?SIamge eﬁmhcpndudedmctmaﬁerﬁTmfmmposed of
defsﬁi r}f&«?' ! hmkeaccerahgﬂséiv@é » déa! lia,
ich are forne can be

g onmer at ed vacanci es an
detRRFSFY G 1¥x &fp |t@6a aglPofekeeping " evgst dpfects rated

1501 | 8 na&eduﬂa{ﬁg ches"Jead® bin means fedithy ased thasedems -
ScaLbeletl ket oTRIGARLY e Aol pLatedoany s lang.
st refet urq.ﬁl@ctronlc 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 component 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



According to Voronkov's theory, the validity of which

35 is supported by experinental results, the
concentration of point defects in the single crystal

is essentially determned by the ratio V/ G during
crystal lization of the nelt, where V denotes the rate
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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 crystal cannot be utilized because they have defects
that cannot be tolerated.

US2003/0008479 A1l describes a method for producing
single crystals composed of silicon according to the



- 3 - Czochral ski nethod, in which the presence of a
“hal ogen getter" in the nelt |leads to a purifying of
the nelt, which brings about an attenuation of

nmet al -i nduced defects, COP defects and ot her defects,
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The invention is based on the insight that fluorine
20 interacts with intrinsic point defects with the
result that the latter are no | onger available for
form ng aggl onmerates. In relation to an excess of
vacancies, this nmeans that the formati on of vacancies
aggl onerates no | onger depends crucially on the
concentration of the 25 fr&e wvacanci es i ncorporated,
but rather on the concentration of the free vacancies
that are not already bound to fluorine. According to
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vacanci es whose di aneter 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

|l east 1 *101 atons/ce, preferably at least - 5 -
1*1011 atons/cnB and particularly preferably at |east
1*1012 atons/cnB. The upper limt of the fluorine
concentration in the single crystal, for various
reasons, shoul d not be higher than approximtely 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 ogical difficulties during 10 the
crystallization, because volatile SiF4 deposits on
hot surfaces and deconposes to form |l ayers of

anmor phous silicon. This affects particularly the
surfaces of the growing single crystal and of the hot
graphite parts of the crystallization device. If

t hese anorphous | ayers 15 becone too thick, therm
stresses and ultimately material chippings occur on
account of tenperature differences. Chipped-off
particles that fall into the nelt generally cause

di sl ocations in the growing single crystal. Moreover,
excessively high fluorine 20" concentrations in the
single crystal involve the risk that fluorine atons
will also precipitate during the cooling phase of the
single crystal to formlarger aggregates, which then
for their part formundesirable defect centres. This
is the case when the aggregates 25 becone so | arge
that, in a manner conparable to that in the case of
Lpit defects, they bring about dislocation |oops or
networ ks of " such di sl ocation loops in the single
crystal. Despite this, such aggregates shoul d
perfectly well be regarded as advantageous as |ong as
30 they are small enough to be able to be broken down
by a thermal treatnent of the sem conductor wafer at
|l east in the region of a zone near the surface. After
the thermal treatnent, a defect-free zone ("denuded-
zone") then forms which reaches fromthe surface to
preferably



35 at least 10 gminto the bul k of the sem conductor
wafer and is best suited to the inplenentation of
conmponent structures, and in the bul'k of the

sem conductor wafer there remains a zone having the
aggregates as defect centres Ehlch bind netallic
inmpurities as an internal getter. A prerequisite

for this advantageous effect is that the fluorine
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The invention is based on the insight that fluorine
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 vacancies 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 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



of high oxygen nore than 5*1017 atons/cre, to
‘suppress the formation of oxidation induced stacking
faults (OSP).  Moreover, the nelt is preferably also
doped with at 30 | east one electrically active

el ement, for exanple with boron, phosphorus, arsenic

or
advant ageously used irrespect
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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 form 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



The doping of the nelt with fluorine preferably takes
pl ace via the gas phase, that is to say by nass
transfer fromthe atnosphere surrounding the nelt, a
gaseous fluorine source being fed to said atnosphere,
10 into the nelt. The fluorlge concentration in the
single crystal is preferabl'y“controlled by way of the
partial pressure of the gaseous fluorine source in
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3¢ 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
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 alsc be supported by targeted feeding of oxygen.
Cne method suitable for this is described for example



15 sem conductor wafer is intended to formthe
substrate. The critical dianeter is, for exanple, 60
to 40 ramor 40 to 20 umor, 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
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pressure of the gaseous 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 togethar with

silicon in order to provs.de the melt.

By way of example, SiF,, HF, Fz, BF;, PFs and mixtures
20 of these compoﬁnds are suitable as the gaseous fluorine
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
25 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
30 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
35 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



wi ndow i s of particular econonmi c inportance, which,

for a given gradient G nakes available a w der range
of - 9.- pulling rates within which the single

crystal that arises has exclusively the specified
defects. The practical inplepentation is expediently

ef fected by determ ning in"a®test what amount of the
fluorine source is at | east necessary in order that,
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_order that no vacancy aggl onerates rated as too 'l arge
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arise. - 10 - The invention .is denonstrated bel ow
usthiy tRertéxadpreseconomic 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, primai:ily the considerably larger process
window is of particular economic importance, which, for
a given gradient G, makes available a wider range of



Exanple 1: A single-crystal rod conposed of silicon
was pulled in 5 accordance with the FZ nethod, to be
"~ precise firstly in an atnosphere conprising argon.
The nmelt was doped neither with nitrogen nor with
hydrogen. After a pulled rod |l ength of 10 cm having a
nom nal di aneter,-Si F4 as fLugane source was
conducted into the atnosphere and 10 the
concentr r.ation as |n0éease .C ntlnuously fromO0.6 _1/h

to FPYHTGp THSF puitFeg” gthe ofS1851em CTRftaTer that
10 cmisksr bdz| englturiveds thensp&&jﬁmédwﬂéﬁedtsSupply

of SiF4 and with a stationary gas atnosphere. The
entire single crystal remained free of_ 15
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andlggglet &gmgg apannof eyeakeds yaioﬁ Lt s, by way

def e present 1n the ed glon 0

si nGfe SFYWIE. oF sHHPSLE eGrVFERL 2REDORET COP d@flelc:togl is

1prepenledin Adun:GHRN etbegiid \WicehpeleNgediethod wlth a
froqma r gt h of 40

det ect abl tarti d

2 SOMBRF AL RN Bkt SRR Do A o Betdgebor/F, Whicn
| i meausést be baghl ysr:sseleofce'aganam ok nate$s. Ahide the
EVe@lﬁ{;iéfcI:P&éPpPA Yo UwiSef;4 ahad yBeene eBQ@Pce | aL gf‘éd to

gl onerat es” no onger arqQSe, .evidently because du
to FH@ SERPFRPRFS FHT M EGhdte 2895 fhei epEhial pressure
13| ueFi BaipafFluaifs escur@: angl ddrtdinmosblili ¢henéaddi. The
fluorlnf conc ntratlon mecnufalntaln d in_the nelt
SS

whi € gon d—’ﬂt oorsugp re ar i %@S of a‘?zéoé?‘ it are
pOi ﬁub@@c&wtlaggl Gmerlayced. Thathari vasarxdystwd  vacancy

pOSh&?P&ﬁeMe@"‘ ;y&rs%n%nalsxﬁ%wdm Sanpagardst @ thely ig
defect density were sub e uent nmeasur e

absbtl tlﬁﬁFa%%YtlﬂQcha§ aﬁl %n;ﬁﬁx§ﬁaﬂ|n@n§hog%ﬁ cut
20 nt snsf&cyewvasreoratrm]@ts&«ﬂ W tacairey f hgglomerates will be

fgg?&‘“ﬁcﬁ a&h%é‘ef‘”@f 0&%@% b&?%gé“a]r?;e%{l's cgélrl:%anca:]*}l the
neagy@bngsmqqd@e axial position :Ls linked to a specﬁ:.c
partial pressure of the fluorine source, it can -be

. decided straightforwérdly what partial pressure is at
25 least necesSary in order to be able to pull, under
otherwise identical conditions to those in the test, a
single crystal which contains no COP defects rated as

too large.

| 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 ana-lysis 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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The results of the investigations are illustrated in
5 Figures 1 to 3. Figure 1 shows the COP defects
found as a function of the axial position in the
single crystal. The peak density (pd) of the COP
defects found is plotted against the axial position
in the single crystal, aP, 1the pairs of values in
each case beingl 10 relative to 100% A great

demee agfrent ibhei SQRlantbires sanoReyohseruRd Sarbhes.
l ength of the single crystal increases. Figures 2 and

4 show by way of exanple how the radial defect
diBtamipet lon al so changes with regard to the COP

dﬁ ectdy enSIIJtyB'tB:LdgESCE%&EéQ#VSf 25 50005, LGS é@.ﬂled in

ect ts_and Lpit d
asERGRECRONIBE ERR Fadrahhosesitel &8, prpcisn fhestly in
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in the si ng st al the ql__ vaI UG%E%I kew s

| AT casegbgl %ﬁo‘? atfvet Tt e? o?ﬁlea
t hepds dreing t20 cfordductiohawafigr ai szogulneét ddameteP, -51F4 as

109%0r3Rd tR12E06sS Hrldkef P thd Bedd et e3 and
plt&t; the associated intensities of the scattere

i SYaE TBErLChef BEE, WRFER2EPE sPoRF ety from
hioglse /in tiches dgde wgf tgpi & galtefisrocdwileggth bifeisd cm.

Si a c ef

tBrpbdand el 16 C28 SECHE R00MSELS A LfNcncar
deeply |19f | 8ifu ewhswikha® ot atFHicpans @a%nat@osznhere
aqth%f di Ry rendi %ih?lepl todptegts lfexﬁathﬁléﬁge #19Q ON oF

defects jin centre regi.on 0
e TERatires  n, Sharieng | YRS (ke megazg to
Camries defdicng bdtfrgdeecd é’ochthy aksahl posspecnicaP eand

% | 1 AL 6
adr ey oBRnt 5 S0 KRR by taflarel et Gt
tH&Hhﬁaé‘%‘lqglrﬁpbeeﬁsaéﬂeépe&nﬁrlé'ﬁﬂéugleylﬁﬁ &b -thP gLl

h%@edlf&@ﬂp%&@%anﬁﬁa&ﬁﬁ@i* eM2t s SMﬂgi@; Caiydt @helting,
GiARaTer TY3bEE R Saa ISR (T LSCEar dHACLE N ¥ PTHERE
CZnmetheodeddai regidy ofil yoher goimoles coyshech edisapdeared
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 agglomerates 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



t hrough the pulling device. The nelt was doped
neither with nitrogen nor with hydrogen. After a
pulled rod | ength of 20 cm having a nom nal dianeter,
Si F4 as fluorine source was conducted in addition to
argon 5 through the pulling device and the SiF4 flow
rate was increased contindomusly from30 |I/h to 300
1/h. In this experinment, too, the increase in the

f 1t | BReSOPE Bl BbdQULdn tHE $hHRgls, B y%ﬁ/alm@eﬁ%'ggt a
about _t he suggresm o Lpit defects and”COP defects

i LTS PeRUp BRI AT P0d 130 patent Claims: 1. A

sem conduct or wafer conprising nonocrystalline
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concentration e| ng at Ois/ ¢
whiigines fr Ee Bof Fh@'g?%n]ersé% ither FRBi defehe found as

d%f amzﬁ:twaﬁsafdtaaeaﬁal spcwl@:%ar 1hhaﬁe0rslﬁgyéll chPsthl.

|etn gﬁgn%t EPCSO g n%egeé g atfggsee‘?ﬁscoﬁa}i%?orls

vvaﬂextt@ﬁ ctaaamlat V\hlmelaxltaﬂe Pbeotioe cbmcetihe atsiomgle
Srlyath10n 40 1t %é?f@”’é{fc'%lueg 3 48 ﬁh casg tbelng

sem conduct or’ clarm rern t
diEhetdi e F@slw)f hi® rRRty siegEearesipothe GAF dens ifyies
Semmdﬁwuﬁbgérv&ﬂ ebsofthel aléﬁgl:.h wher ehs tdigguef efrystal
f%r%ca%%%.gg%?%‘h%&%?%?g §H894 55:1 Btr%%_en g‘ ye(%(ran%ie how
the radial defect distribution also changes with regard
to the COP defects and Lpit defects. Figure 2 shows the
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 values likewise in each
case being relative to 100%. The centre of the semi-
conductor wafer i1s gituated at rP = 100%, and the edge
' is situated at rP = 0%. Flgure 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



5. The semni conductor wafer of claim1, wherein at
| east one of boron, phosphorus, arsenic and anti nony
is contained in the wafer. 206. The sem conduct or

~wafer of claiml, conprising a "denuded zone" and a

10

"bul k zone" with fluorine-containing defects which
bind netallic inpurities.-71The sem conduct or waf er
of claim1l, further conprising an epitaxial |ayer.

th%z%ugﬁt had £0h1PRQIHE! NG SefhLondct Pl V\@&?é@ neither

conposéd, of nonocryStal|ine silicon of claiml
COMED SPHGF BT B g V4 Efrel 1 EGRASPY siPHE S | caiHRACHd
| Sedojed ®ft f2of Icmorhmngﬁnd ctigsirall | i agetdre, nolir, t &g

05yl W2 L 4

er i Fibeg UKiiAg sleadeeapng rtdiee HFwHilew rate was

'aqﬁ&%agéae@oheiﬁhmg r PRikdi siefread s:&aalomg/tme In this

t .di aget ter 30 th
 Brger B RRE: ortBhoul o AT sc 1P SPPhor b abiE dopHITiTe

m&m@c@nspansem mntmheamdngéaamawmm@lsénmmghduet@mt the

| m%fu%%gﬁtesg%ght oe §_|pqgl e c%% i Cﬁ %chtﬁorl ne suc% ﬁlhadlmy

t FESECHSr i ne concentration in the single crystal is
1110" to 1*1015atons/cnB. 35 -14- 11. The nmethod of
claim 10, wherein a dianeter within the range of 5 to
40 nmis regarded as the target dianmeter. 12. The
met hod of claim@8, wherein the nelt is crystallized
according to the :
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5Czochral ski nmethod. 13. The nethod of claim 8§,
wherein the nelt is crystallized according to the
fl oati ng zone met hod. 101%3The nmet hod of cl aim 8,
wherei n a gaseous quorih%{%ource is used for doping
the nelt with fluorine. 15.The method of claim 14,
wherein the gaseous fluorine source is selected from
Patgmi&af®up consisting of SiF4, HF, F2, BF3, PF5, and
m xtures thereof. 15 16. A nethod of claim 8,

wherein a solid fluorine s LS ; i
D et SrEb AR AR T satd drcreaigas
LML MiokiRecdricaaratn bemorictd T to 158l cterasicmT. gl thien is free

group 20consi stin f NHAE, (. i 1to a
of agglpmymted intEHRRIC ﬁ?‘??‘é&‘é@s R 8?%%'5‘% ?e‘il 529 rel%%rt?ﬁo%@gf
targSi dhr(Br wHIERGha i diahdteri Tes alitbip thiofsede @f € p 60 -

nitrogen, hydrogen, or with both nitrogen and

hydrogen. 2519. The method of claim8, wherein the
5> Mehhelssmidehbliesr viparest cwih 1, aherindbe fleatie sprReeniAYR) ify

active el ement,which is selected fromthe group

1'1Q§1ciﬁ§i'g3t1|ﬁ"i@j“§19mboron, phosphorus, arsenic, antinony
and m xtures thereof. 20. The nethod of claim

8, wherein the sem cqonduct,or Yoy ithig
3. S0MbABeTERRRIVAE! o S erar ST ERS G R AEs ik,

the Rimde of 5 iP4dAR0 C.. to forma

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, arsenic 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\producing semiconductor wafers composed of monocrystalline

silicon of claim 1, comprising providing a melt 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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"denuded zone," and a "bul k zone" having
fluorine-containing defects which bind netallic

i mpurities. 21. The gethod of claim@8, wherein
~an epitaxial |ayer is'depa i'ted on the 35
- sem conductor wafers. -15- 22. A nethod for :

produci ng -sem. conduct or . waf.e ' ; ;
11 ronbes FE0aR Bl FRTS T HEBIPOf S T T e og 76 0 40 !
regBfded g titdtafyet@hinetpposed of silicon which is doped
with a mninmum concentration of fluorine or nore than
said m nimum concentration, .and crystallizing the
12.Mel $hd QethBa BY @aifii § Grerdin jretmélt intiystaliced redonding taibei ne
within the 5range of 1-1010 to 1.1016atons/cnB, the
Czeahaitkametieing t aki ng place at a rate which in the
absence of fluorine in the nelt, would lead to the

formati on of aggl omerated intrinsi '
13 havTrRmeRes oEget o ameiids F B7 Groeplps Ko BhERite, o
floatiR-GREEbr wWafers from the single crystal, the

m hi mum concentration of fluorine being determned in

a test experiment in which .a test crystal is

14.PT OFEREinbd eneiam® Whetdima tdaseousdiubri $dursr is meed for doping
concentration under otherw se identical conditions,

_the el WitheflugER§ ne concentration is identified as the

“m ni rum concentrati on which, when reached, produces

el 85 A 35 RS o

| ko i bfiSite, Hest,, 8Fy RR) and mikiresSkeieobnduct or
the%gcfﬁgﬁﬁﬁ%tt g , 2

conposed of nonocrystalline silicon and nethod
for producing it Abstract: _
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.
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The invention relates to a sem conductor wafer
conposed of nonocrystalline silicon, which contains
fluorine, the fluorine concentration being 1*1010 to
1*1016 atons/cnB, and whi'dR-is free of aggl oner at ed
intrinsic poi nt defects whose dianeter is greater

t han or val to . a critic di apet er ' :
22.a1 1 f mpashost egprp@ucanqiﬁ%wdﬁs R %°”ii’é’y§‘§i’ri‘@}én EYS%'“E

s:iié’éﬁfo? bk 9 ngrigfpré\f idie@ ﬁ’ie}‘t&i)ﬁipbsse’daof&iibmrcwhiph is doped
onprising provi a nelt conﬁosed of. ﬁ‘ %Qetemon
Wity PTEMTET ws@iiraiiipﬂ R Ryciio PhEOore AN 89% DPRMHSONEERE
ancﬁ}kétai ifnd Q{erﬁié?{ il 8 si@ibi}éii'ﬁtai wrvi’mccbntamilstﬂabm thhin the
orine thin the range of q %} f ewh!chm
range ohs 1@ 148" atomgicen awemsailzggdﬁ 'Pﬂa? e 4 RIS VST
the %B&éﬂce%?ii&&in% 4 M8, wokld ibacRl th@lfcmeﬁceirofagg lamet=tedjer
aneter would arise if fluorine as %@ﬁnt W%&g#
rnﬁms@m@m%édéW$ﬁﬁW"aﬂwf§6ﬁ%¢§Fﬁﬁ§°§8ﬁ?@% cEBY ers
seriCHIUERP witehDh 6in e/ Sh@k crysfal Ghe tinimum concentration of fluorine
being determined in a test experiment in which a test crystal is produced from a melt
with a varied fiuorine concentration under otherwise identical conditions, and a
fiuorine concentration is identified as the minimum concentration which, when
reached, produces aggiomerated infrinsic point defects whose diameter is greater

than or equal to the target diameter disappear in the test crystal.



