Process for producing p7--doped and epitaxially coated
sem conductor wafers fromsilicon The invention
relates to a process for producing epitaxially coated
sem conductor wafers fromsilicon, known as epi
wafers. Specifically, the invention relates to the
production of p--doped and epitaxially coated
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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



faults (OSFs) in a region of the sem conductor wafer 2
known as the OSF ring. Consequently, increased |evels

of | ayer defects also occur in this region on the
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generally requires the single crystal to be pulled at a
low and therefore uneconomical pulling rate. A further
particular drawback is that the segregation-related
rise in the nitrogen concentration is at odds with the
efforts to 1limit 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 is possible that insufficient
oxygen may be present to form sufficient numbers of

nucleation centers for oxygen precipitates.

Therefore, the object of the present invention is to

provide a process which is subject to considerably
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nucl eation 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 conductor wafers from silBcon, wherein a silicon
single crystal is pulled wusing the Czochral ski nethod
andfele s neesthiisctpidnsng is doped with boron, hydrogen
and nitrogen, and is processed to form p--doped

sem conductor wafers which are epitaxially coated. | _
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induced stacking faults. The result of this 1is that
there 1is 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 epi
wafer. Epi wafers produced in accordance with the
invention have a sufficient number 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.



single crystal is sufficient to control the radial

di stribution 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 ep

waf ers obtai ned therefromby epitaxial coating

require a special heat treatnemt at tenperatures of

1000C or above, during which the nucleation centers
carNegirttve f o t‘fkﬁi nwpéx%gle@dprse@hmémli;@@tom: tv&nﬁaedzgft tn&fdeh from
capacijty. Rather, this process takes . ac i ng.the
préﬁﬁ%V%%ﬁ 3#°F het 2o %nt§?§e§EeCPPF§éPF egéﬁrgéfom by
as epitdel £hseocatihhe neouduet i ®nspetibhe ezt teeetment at
gener.at i 0 0 n o oNnly brief he t.r eat t

ot et T nT ora lr 6F oftheicow CHUUE apgich the
enviszlget idn Acentelingean ghewi huefibronoxybhenp préopedtates
SemjGanduct gk waf eLsoRdey (1 oM BALE CONRLL HOAUARE takes
by pulling siTicon singfe crystal’ using the

Czachkaeg skidumdnigod Bl goidugtiitonni t afbortdre hyompgaents,

an &y ileahtiES eisng | AL thoygh quct i
proégiéLoi t|y€ %Y%e,l fn€%|&lndﬂ§%nu t aneous gosﬁﬁbuc o
Wit HyfRR OBt abeiCet t 9ORRRAtien aRdanERPBENFSkneowAy brief

as Higscri Retfdt s ex@npl ot Py ED 1l%§6téﬁ§eéhtukagsoEsbelow

ina different context, fromwhich the present
i Nl dn a5 9_%eri ved. Since hydrogen tends to
formmcro-bubbles in siliconif it is present in

relatively high oncentratjons, it shoyld he ensured
thaﬁcqorféll%ng%nftgﬁt IO S AT e dERBr Pt RECPSH mEgrogductor

M Giafeduibhleis | Srowt sxlkichad. sk speadubedr ebyaldylling a

cChl8Ye0n 06, LB Pustal DELTRULEY B! Borpod an

regropd i it heielf flectorof hydrogen afidsoppregennghtibe it is

RO Sy LYo AECROLR, 14 | BEBESLET e (AR eyve,

si dgive loriyst al siiswilfaneous doping with hydrogen and
nitrogen, is fundamentally known, as described for
example in EP 1 136 596 Al, this is in a different
context, from which the present invention cannot be
derived. Since hydrogen tends to form micro-bubbles in
silicon 1if it is present in relatively high
concentrations, it should be ensured that the
concentration required for the formation of micro-
bubbles 1s 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 1level, it 1s also no longer possible, by

additional doping with hydrogen, to prevent the epi



a range fromO0.2 to 2.5 nbar. Wth regard to the

nitrogen doping, a nitrogen concentration of 1 x 1015

CM -3 shoul d be considered the wupper limt. If the

ni trogen concentration is above this level, it is
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t he oxygen concentration In {he si'ngl e crysta 3 ]
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 if the rotational speed of
the crucible 1is reduced, if the gas pressure in the
pulling installation is reduced or if the flow rate of
a gasipassed 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 is



drops if the strength of a magnetic field is
i ncreased, thereby attenuating convection currents in
the melt. A simlar effect is achieved if the
rotational speed of the crucible is reduced, if the
gas pressure in the pulling installation is reduced
or if the flowrate of a gas passed through the
pulling installation and over the crucible is
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1 x 10 cm3.

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'° ecm™. The
number of layer defects is preferably less than 40,
referenced on the basis of defects which are larger
than 0.09 pm and an area of an epi wafer with a nominal

diameter of 200 mm.

The invention 1s 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



capacity to them The concentration of the BMDs forned

is at least 5 x 108 CM3 , preferably 109 to 1010 cm
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descri bed below with reference to figures and
exepupbmssqai d(fpedthslrl i com S|ﬁ1rgdne cpysi@bad wi tsiemd conductor

qg%E uc .t he
Czoc eeII[s qﬁo lp%oggce urt’her 9% orm of Fhe
p- -@R;pmbrsbmte@mduwaﬁerswafw@rr@ Faﬁdncbxmlfsion doped with

mgaﬁrf Ego fedt mhﬁémﬁwc%@ﬁlﬁ@ﬁahétwr ewahfers, in

nit rogen al one whi |
serﬁmmmccﬁ Watbr ghej A nvendgadancee vg t Rdghsionally doped

| nuenty Orhlﬂ%@eﬁddéﬁdonﬁ Jﬁ‘o?@ﬁedlnw' gh %'ofnfc%%%a%%n of
hydrogen 1 n congentration o appr ox. x 10 cm 3

Thea@él?ﬁ%ond]udt 0 vafBrs wehe éﬁﬂ‘tlé?)@lnﬁ’lulcﬂioéfoaﬁ”@é%@ were
as 4 ¥ VP Rl fPiaafSr$ive b ATRppkd @pli2wafers.

show the results of defect measurenent's «carried out
on the p--doped sem conductor wafers (Fig. 1 to 4)
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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 10Y” 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 1lowering the
nitrogen concentration from 1.3 x 10 cm™ (Fig. 2, 6
and 10) to 1.2 x 10" cm™ (Fig. 1, 5 and 9), this
reduction 1is not achieved in a boundary region, 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.



and 10), although it is possible to significantly

reduce the |l ayer defect densities by |lowering the

nitrogen concentration from11l.3 x 1015 cm' (Fig. 2, 6

and 10) to 1.2 x 1014 CM -3 (Fig. 1, 5 and 9), this

reduction is not achieved in a boundary region, in

which an OSF ring is forned. I8 the nitrogen

concentration is 1.3 x 1015 CM3 , an GOSF region
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g at 1.3 x 10 even the additional doping
with hydrogen no longer has the desired effect. If the
nitrogen concentration is 1.3 x 10%° cm3, 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).
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10 PATENT CLAIMS 1. A process for producing p -doped
and epitaxially coated sem conductor wafers from
silicon, conprising pulling a silicon single crystal
usi ng the Czochral ski nethod; doping the crystal with
boron, hydrogen and nitrogen during the pulling of
the crystal; controlling the.concentration of nitrogen
in the crystal in accordancé with an oxygen
concentration Co; processing the crystal to form

p- - 4opedis eYiagduct or - wafers; and epitaxially

coating the sem conductor wafers. 2. The process as
claimed in claim1, conprising pulling the single

1crys aércstr@besr @oﬁyﬁf@@mr@r;§1d@pedpraef@sLar;elt@fxﬁlzlyt Q@oated
2.5 c? Qe gcess ai clainmed in pne of clains 1
sgpreen Wﬁﬁﬂﬁw“ﬁ ﬁﬁp MG e hEHT t r OYEAT tdHEEnt rati on
to gpuidlivey of srieadrersirrdre lowy sHI4 wnidy artce | @sschralski
1 x 1015 cm 3. 4. The process as clainmed in one

Mot cl’aims 1 or 2, conprising reducing the inclusion
of oigrjery i hhe h@rs;fusﬁglle witystlpron n hyevagenl lkad vishtrogen

d&%%ﬂéﬂkﬂé“%dyﬂ|ﬂgﬂ%f°&hkh%r§beghe crystal 5. The
process as clalned in one cl ai s or

oS IGrS UGy PRI o i ergtrogen in  the

crystal in accordance with an oxygen concentration Cop;
processing the crystal to form p -doped semiconductor
wafers; and

epitaxially coating the semiconductor wafers.

2. The process as claimed in claim 1, comprising
pulling the single crystal under a hydrogen partial

pressure of 0.2 to 2.5 mbar.

3. The process as claimed in one of claims 1 or 2,
comprising
setting the nitrogen concentration to a value of

greater than 1 x 10 cm™ and less than 1 x 10'® cm?.

4. The process as claimed in one of c¢laims 1 or 2,
comprising
reducing the inclusion of oxygen in the single crystal

in a controlled way during the pulling of the single

crystal.
5. The process as claimed in one of c¢laims 1 or 2,
comprising

producing p/p -doped epi wafers.



