-Process for producing p--doped and epitaxially coated sem conductor wafers
fromsilicon The invention relates to a process for producing epitaxially
coat ed sem conductor wafers fromsilicon, known as epi wafers.
Specifically, the invention relates to the production of p -doped and
epitaxially coated sem conductor wafers fromsilicon, which are
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semiconductor wafers, the desired ability to keep
metallic impurities away from the electrically active
region is inadegquate in the case of lightly boron-
doped, p -doped semiconductor wafers. In general, such
wafers form insufficient oxygen precipitates (BMDs,
bulk micro defects}) which are able to bond such
impurities and in this way act as what are known as
intrinsic getters. In the case of lightly boron-doped
semiconductor wafers made from silicon, nucleation
centers for oxygen precipitates are destroyed during
the epitaxial coating to such an extent that the
resulting p -doped epi wafers no longer have a
sufficient getter capacity, which is assumed beyond a

density of at least 5 x 10° cm® oxygen precipitates.

It is known that the formation of nucleation centers
for oxygen precipitates and ultimately also the getter
capacity can be increased if the semiconductor wafers
are additionally doped with nitrogen and/or carbon. The
nitrogen added by doping has the effect of making the
nucleation centers more stable at higher temperatures,
including at the temperatures used during the epitaxial
coating. On the other hand, however, nitrogen also
promotes the formation of oxygen-induced stacking

faults (OSFs) in a region of the semiconductor wafer



pronotes the formati on of oxygen-induced stacking faults (OSFs) in a region
of the sem conductor wafer 2 known as the OSF ring. Consequently, increased
| evel s of |ayer defects also occur in this region on the surface of an
epitaxially deposited layer, which can have a highly adverse effect on the
functionality of electronic conponents and should therefore be avoided as
far as possible. Layer defects (LPDs, |ight point defects) of this type are
rendered visible by optical nethods using scattered laser light. It is
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turn gives rigge L@miconductor wafers made from silicon which, with
regard to point defects, have a void-rich region (v-
region) with or without OSF ring over the entire wafer
surface. This method has the drawback that the required
boundary conditions entail increased outlay in terms of
monitoring and time when pulling the single crystal.
For example, the cooling rate has to be kept low in the
range from 1000 to 900°C, 1in order to alter the
morphology of the O0OSF nuclei. A low cooling rate
generally requires the single crystal to be pulled at a
low and therefore uneconomical pulling rate. A further
particular drawback 1is that the segregation-related
rise in the nitrogen concentration is at odds with the
efforts to limit the nitrogen concentration. The
nitrogen concentration rises greatly as the length of
the single crystal increases, and consequently can
quickly move out of the restricted range. Layer defects
may then still be avoidable if the oxygen concentration
is kept at a low level. However, this likewise requires
increased monitoring outlay and in turn gives rise to
the problem that it 1is possible that insufficient
oxygen may be present to form sufficient numbers of

nucleation centers for oxygen precipitates.

Therefore, the object of the present invention 1s to

provide a process which 1is subject to considerably



the problemthat it is possible that insufficient oxygen may be present to
formsufficient nunbers of nucleation centers for oxygen precipitates.
Therefore, the object of the present invention is to provide a process
which is subject to considerably 3 fewer restrictions. The invention
relates to a process for producing p doped and epitaxially coated

sem conduct or wafers from silicon, whergin a silicon single crystal is
pul l ed wusing the Czochral ski nmethod and during this pulling is doped with
boron, hydrogéewandrastrogehonand is processed to form p--doped

sem conductor wafers which are epitaxially coated. The epi wafers produced
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suitable for further processing to form large scale
integrated electronic components, on account of their

getter capacity and low layer defect densities.

The inventors have discovered that hydrogen
considerably attenuates the action of nitrogen with
regard to the promotion of the formation of oxygen-
induced stacking faults. The result of this is that
there 1s considerably more room for maneuver to
stimulate the number of nucleation centers for oxygen
precipitates by doping with nitrogen without at the
same time generating OSFs in the substrate wafer and
thereby causing a rise in layer defects on the epil
wafer. Epi wafers produced in accordance with the
invention have a sufficient number o©of nucleation
centers for oxygen precipitates yet nevertheless have
scarcely any layer defects. By using the v/G law, it is
preferable to produce a single crystal which provides
semiconductor wafers which do not have any agglomerates
of silicon interstitials. According to the v/G law,
suitable control of the quotient formed from the
pulling rate v and the axial temperature gradient G at
the crystallization boundary during the pulling of the
single crystal is sufficient to control the radial
distribution of point defects and agglomerates thereof

on the semiconductor wafer.



sui table control of the quotient forned fromthe pulling rate v and the
axial tenperature gradient Gat the crystallization boundary during the
pulling of the single crystal is sufficient to control the radi al
distribution of point defects and aggl onerates thereof on the sem conductor
wafer. 4 Neither the p -doped sem conductor wafers made from silicon nor
the epi wafers obtained therefromby eputaxial coating require a speci al
heat treatnment at tenperatures of 1000C or above, during which the
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According to the invention, the p -doped semiconductor
wafers made from silicon are produced by pulling a
silicon single crystal using the Czochralski method and
doping it with boron, hydrogen and nitrogen while it is
being pulled. Although a process of this type,
involving simultaneous doping with  hydrogen and
nitrogen, 1is fundamentally known, as described for
example in EP 1 136 596 Al, this is 1in a different
context, from which the present invention cannot be
derived. Since hydrogen tends to form micro-bubbles in
silicon if it is present in relatively high
concentrations, it should be ensured that the
concentration required for the formation of micro-
bubbles is not reached. This can be reliably achieved
by the single crystal being pulled at a hydrogen
partial pressure of less than 3 mbar. With regard to
the effect of hydrogen of suppressing the formation of
layer defects, it is preferable if the hydrogen partial
pressure during the pulling of the single crystal is in

a range from 0.2 to 2.5 mbar.

With regard to the nitrogen doping, a nitrogen

3 should be considered the

concentration of 1 x 10" cm
upper limit., If the nitrogen concentration is above
this level, it 1is also no longer possible, by

additional doping with hydrogen, to prevent the epi



the effect of hydrogen of suppressing the formation of |ayer defects, it is
preferable if the hydrogen partial pressure during the pulling of the
single crystal isin a range fromO0.2 to 2.5 nbar. Wth regard to the

‘ni trogen doping, a nitrogen concentration of 1 x 1015 CM -3 shoul d be
considered the wupper limt. If the nitrogen concentration is above this
level, it is also no | onger possible, bys additional doping wth hydrogen,
to prevent the epi 5 wafers produced from having nunerous | ayer defects in
t he regi on ofwdfwerOSprodaged THeopr eierieg nangeotisr laher nidfagen in
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crucible wally156 to be taken into account, by reacting to the
segregation-induced increase in the nitrogen
concentration during pulling of the single crystal by a
controlled reduction in the oxygen concentration. The
oxygen concentration in the single crystal should no
longer exceed a level of 6 x 10" cm™, preferably
5.5 x 10 ecm™ if the  nitrogen concentration, for
segregation reasons, has risen to 1 x 10*® cm™. During
pulling using the Czochralski method, a single crystal
usually takes up less oxygen as its length increases,
since on account of the decrease in quantity of melt
less oxygen passes into the melt via the crucible wall.
Furthermore, there are various options available for
reducing the oxygen concentration in a controlled way,
which can be combined with one another as desired. For
example, the oxygen concentration in the single crystal
drops if the strength of a magnetic field is increased,
thereby attenuating convection currents in the melt. A
similar effect is achieved i1f the rotational speed of
the crucible is reduced, if the gas pressure in the
pulling installation is reduced or if the flow rate of
a gas passed through the pulling installation and over

the crucible is increased.

The single crystal produced using the Czochralski
method and doped with boron, hydrogen and nitrogen 1is



Furthernore, there are various options available for reducing the oxygen
concentration in a controlled way, which can be conbined with one anot her
as desired. For exanple, the oxygen concentration in the single crystal
drops if the strength of a magnetic field is increased, thereby attenuating
convection currents in the nelt. A simlar effect is achieved if the
rotational speed of the crucible is redgced, if the gas pressure in the
pulling installation is reduced or if the flowrate of a gas passed through
the pulling idstadiécdt iohocamdferer. Tthies cisciple€eirabilpcrdzasedyiflhethaiengl e
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polishing at least one of the two side faces, and
rounding and polishing the edge. A thin film of silicon
is deposited epitaxially on a polished side face. The
thickness of the epitaxial film is preferably 1 to
5 pm. The epitaxial film contains a p-type dopant,
preferably boron, which means that it is also possible
to refer to a p/p-doped epi wafer. The boron
concentration is preferably from 2 x 10 to

1 x 10%° em™.

The epi wafers can form a large number of oxygen
precipitates in the bulk beneath the epitaxial layer,
corresponding to the bulk of the semiconductor wafer
prior to the coating, which imparts a sufficient getter
capacity to them. The concentration of the BMDs formed
is at least 5 x 10%® cm™, preferably 10° to 10" cm™. The
number of layer defects 1s preferably less than 40,
referenced on the basis of defects which are larger
than 0.09 um and an area of an epi wafer with a nominal

diameter of 200 mm.

The invention 1is described below with reference to

figures and examples.

p -doped silicon single crystals with a diameter of

200 nm were produced using the Czochralski method and



.1 X 1015 cm 1. The epi wafers can forma |arge nunber of oxygen
precipitates in the bul k beneath the epitaxial |ayer, corresponding to the
bul k of the sem conductor wafer prior to the coating, which inparts a
‘sufficient getter capacity to them The concentration of the BVMDs forned
is at least 5 x 108 cm 3, preferably 109 to 1010 cm 3. The nunber of |ayer
defects is preferably | ess than 40, refierenced on the basis of defects
which are larger than 0.09 gmand an area of an epi wafer with a nonm na
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as to give p/p_-doped.epi fers Figures 1 to 12 show the results of
def ect rreasu?gﬁﬁﬁf(s &a?r?@% & on #rﬂee P& YWifito ot WSts (Fig.

1 to 4) and epitheiplpy- dopeddepo waf evsgfifregp/b -dapdd®)ep BV TensSi ti es
after a heat treatnment conducive to the formation of oxygen precipitate for
16 hours at 1000C were neasured using an MO 4 |aser light scattering
measuri ng i n§tigumest lptodiedhoy NMhcsuiesults mgf atef<Sneindamira@8mtdensiti es

after oxidatigp, ipg thepresence,of ‘{é!at—ﬁéap%&p%eg&fc%%%@to% N, ¥Rl

measured using an optical mcroscope, and l[ayer defect
(Fig. 1 to 4) and on the p/p -doped epi wafers (Fig. 5
to 12). BMD densities after a heat treatment conducive
to the formation of oxygen precipitate for 16 hours at
1000°C were measured using an MO-4 laser light
scattering measuring instrument produced by Mitsui
Mining and Smelting; OSF densities after oxidation in
the presence of water vapor at 1100°C, 1 h, were
measured using an optical microscope, and layer defect
densities were measured using a particle counter SP-1
produced by KLA Tencor. The semiconductor wafers had
the same oxygen concentration of 7.2 x 10" em™ in

accordance with ASTM standard F121-83.

A comparison of the figures shows that when restricted
to additional doping with nitrogen (Figs 1, 2, 5, 6, 9
and 10), although it is possible to significantly
reduce the layer defect densities by lowering the
nitrogen concentration from 1.3 x 10* cm™® (Fig. 2, 6
and 10) to 1.2 x 10" em™ (Fig. 1, 5 and 9), this
reduction 1is not achieved in a boundary regicn, in
which an OSF ring is formed. If +the nitrogen
concentration is 1.3 x 10 cm™, an OSF region extends
over the entire wafer surface (Fig. 2). Although the
requirements with regard to the BMD density are
satisfied (Fig. 6), the requirements relating to the

layer defect density are not satisfied.



.densities were neasured using a particle counter SP-1 produced by KLA
Tencor. The sem conductor wafers had the sane oxygen concentration of 7.2 x
1017 cnB in accordance with ASTM standard F121-83. A conparison of the
“figures shows that when restricted to additional doping with nitrogen (Figs
1, 2, 5, 6, 9 and 10), although it is possible to significantly reduce the
| ayer defect densities by lowering the sgnitrogen concentration from1.3 x
1015 CM -3 (Fig. 2, 6 and 10) to 1.2 x 1019 CM-3 (Fig. 1, 5 and 9), this
reduction i slagerachebveis | arae bouesenly riegi bargen numiieats aoveBF ttheng i s
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waf er (Fig. 1%. Al t hough the epi _wafer still satisfies the requirenents
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A reduction in the layer defects over the entire
surface of the epi wafer can only be achieved if, as
prescribed by the present invention, an additional
doping with hydrogen has been carried out and the
nitrogen concentration has to be reduced to
1.2 x 10" em™® (Fig. 3, 7 and 11). It can be seen from
Fig. 4, 8 and 12 that if the nitrogen concentration is
too high, at 1.3 x 10*® cm™®, even the additional doping
with hydrogen no longer has the desired effect. If the
nitrogen concentration is 1.3 x 10" cm™, the OSF
region extends unchanged over the entire wafer surface
(Fig. 4). Although the requirements relating to the BMD
density are satisfied once again (Fig. 8), the
requirements relating to the layer defect density are
not. Large numbers of layer defects are present over
the entire surface of the epi wafer (Fig. 12). The
doping of hydrogen in combination with the reduction in
the nitrogen concentration to 1.2 x 10 cm™ has the
effect that an OSF region is no longer formed (Fig. 3).
Therefore, the detection limit for the OSF density of
30 cm™® is all that is shown in Fig. 3. The epi wafer
also satisfies the requirements relating to the BMD
density {Fig. 7) and now also the requirements relating
to the layer defect density. Only a small number of
layer defects (approx. 28 defects larger than 0.09 pm)

are found on the epi wafer (Fig. 11).



1.2 x 1014 CM -3 (Fig. 3, 7 and 11) . It can be seen from Fig. 4, 8 and 12
that if the nitrogen concentration is too high, at 1.3 x 1015 cnf3, even
the additional doping wth hydrogen no |onger has the desired effect. If
‘the nitrogen concentration is 1.3 x 1015 CM1 F the OSF region extends
unchanged over the entire wafer surface (Fig. 4). Although the requirenents
relating to the BMD density are satisfied once again (Fig. 8), the
requirenents relating to the | ayer defect density are not. Large nunbers of
| ayer defects are present over the entire surface of the epi wafer (Fi g.
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nunber  of |%T?éréjjﬁf19§t§o(%pr%crg§sgef %ctm}@gaéfgb@e 0.4 Apiage found
on the epi wafer (Fig. 11). Fig. 13 shows,” for various oxXygen an

nitrogen corftitr é]tydéﬁ’genhoﬁ/tad%h oD RPIIRE WECRCRPIEEGERT shiRes t he
ni trogen |imditg t&ahc@ﬁtrgx@@ﬁmdgh melqmdMaagbdea tantdxe fenmati on

of an OSF rin refore to _an crease ,in, |layer ts. By, doping
with hydr ogeneqh flef g‘?*’/‘i%r oRYygdR &H r d‘fa}?ldﬂl th e\é% ni eﬂ?(gaférrr JdhcEREr ati on
can be increaZethdtyial most antaleld i revoleetiot naa@nnténsie he chloseof

benefit to t Qprmtiion of st eat | on cent er The I boundary
| i ne, which :beoplfneserﬁ llneb’es"‘{hjf%ij fll#eje% r?t bed?ffa JD%IJI"I s%s %ﬁnt y smal |

synbol s, showkttshepmintrogemowhi kit S@T@Iiderﬂyrrmqlm v idvout tleednit oagéndopi ng
with limit concentration without additional doping with
hydrogen. The upper boundary line, which is a best fit
line for the data points shown by larger symbols, shows
the effect on the formation of an QSF ring 1if
additional hydrogen doping is used. The boundary lines
in each case separate a region below them, in which an
OSF ring is not formed, from a region above them, in

which an OSF ring is formed.
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ring if additional hydrogen doping is used. The boundary lines in each
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a region above them in which an OSF ring is formed. 10 Patent clains: 1.
A process for producing p -doped and epitaxially coated sem conduct or
wafers fromsilicon, wherein a siliconl€ingle crystal is pulled using the
Czochral ski  nmethod and during this pulling is doped with boron, hydrogen
and nitrogenFa&Rati §piBeéssed to form p--doped seniconductor wafers which
are epitaxially coated. 2. The process as clained in claim1, wherein the
single cryst%l is_pulled under a hydrogen partjal _pressure of 0.2 to 2.5

h 1 !
nbar. 3. The'procBssPERCeFai iﬁrEPIHgFrPQ F @Rgdn 2nd iRk R alh t rogen
conCﬁntrati oroafedr e%ﬁicf:&néiu&ﬂ&ﬂ ?\Afe?rﬁncfrloass slttmaaogla,x wRd be M aj3 is set
in the sem caonductor .wafers. 4. The, process as cl ai in one of clains 1
to 3, vvhereisﬁgtlﬁgni r?&nl?s}ieoncﬁs%%gygjeg PHEtSLﬁg élisﬁéllger%fysélﬁqcr}”f%{sf@duced in
a control | edmaayroduramy the ipigl | thgs ofoultiiegsi ngl elagreest ali thS. bdihmn process
as claimed ig,00850h gl didQdhn, WNELE N B/ PordRRedEPT BT e e

produced. .
p —doped semiconductor wafers which are epitaxially

coated.

2. The process as claimed in c¢laim 1, wherein the
single crystal is pulled under a hydrogen partial

pressure of 0.2 to 2.5 mbar.

3. The process as claimed in c¢laim 1 or claim 2,
wherein a nitrogen concentration of greater 1 x 10™ cm”
? and less than 1 x 10'® cm™ is set in the semiconductor

wafers.

4. The process as claimed in one of claims 1 to 3,
wherein the inclusion of oxygen in the single crystal
is reduced in a controlled way during the pulling of

the single crystal.

5. The process as claimed in one of claims 1 to 4,

wherein p/p —doped epil wafers are produced.





