1 Epitaxially coated silicon wafer with <110> orientation and method for producing it 5 The present
invention relates to a method for producing a silicon wafer with <110> crystal orientation, and to a
silicon wafer produced in this way. Prior art 10 Monocrystalline silicon, in particular in the case of
silicon rods having large diameters (> = 300 mm), isygrown by means of the so-called Czochralski (CZ)
method. In this case, a seed crystal is brought to the surface of silicon melted in a quartz 15 crucible
and is slowly pulled upward. In this case, firstly a neck is produced, then the pulling rate is reduced
and a conical region is formed which merges into a cylindrical region of the crystal. The orientation of
the crystal lattice with respect to the pulling axis of the crystal is usually 20 predetermined by the
crystal orientation Epiarded ryseatefetddieam BaiaTimtibn S BuaK 5R5kt 08 1A Ly stal
pulling direction or perpendicular to the coetgspidnEbarg mrpdabphend bf a cross section of the rod
perpendicular to the crystal pulling direction. 25 Numerous types of crystal defects can arise during the
growth of the single crystal during the CZ method. It is desirable to grow crystals which have as few of
such defects as[fossible. Particularly important defects are sli diglof%e};[ionrsdg.uch 30 dislocations can

arise at numeroti& pAmEIRthe BN REAMSaIiRG 15 6R8sE blit Wi B erdouritered partcalarly during a
first part of the pedlirigprotedscatisdd BY1d teFPErafreiffERiTce BBtwEBA the Mefstrf and the
seed crystal. Dislagatiops atedabmamic-aned teag.to propagate in directions of 35 minimal free energy in
the crystal lattice. During conventional crystal growth in which a <001> crystal orientation is desired,
dislocations ofteg Rrop e in 2 directions that are inclined relative to the pulling axis, since these
directions represent paths of minimal energy. This is disclosed in JP 03-080184, for example. Through

suitable lengthening of the thin neck, said dislocations propagate to .
Monocrystalline silicon, in particular in the case of silicon

rods having iarge diameters (> = 300 mm), is grown by means of
the so-called Czochralski (CZ) methoed. In this case, a seed
crystal is brought to the surface of silicon melted in a guartz

15 crucible and is slowly pulled upward. In this case, firstly a
neck is produced, then the pulling rate is reduced and a
conical region is formed which merges into a cylindrical region
of the crystal. The orientation of the crystal lattice with
respect to the pulling axis of the crystal is usually

20 predetermined by the crystal orientation of the seed crystal.
The crystal growth direction is usually parallel to the crystal
pulling direction or perpendicular to the corresponding crystal
plane of a cross section of the rod perpendicular to the
crystal pulling direction.

25
Numerous types of crystal defects can arise during the growth
of the single crystal during the CZ method. It is desirable to
grow crystals which have as few of such defects as possible.
Particularly important defects are slip dislocations. Such

30 dislocations can arise at numerous points in the crystal
pulling process, but will be encountered particularxly during a
first part of the pulling process, caused by a temperature
difference between the melt surface and the seed crystal.
Dislocations are dynamic and tend to propagate in directions of

35 minimal free energy in the crystal lattice.

During conventional crystal growth in which a <001> crystal
orientation ig desired, dislecations often propagate in



5 the neck surface and disappear there before the conical part and then the actual cylindrical crystal
piece are produced. Dislocations which propagate closer along the crystal growth axis but not parallel
thereto are predominantly eliminated by thinning the neck to a relatively small diameter, that is to 10
say producing the so-called thin neck (also referred to as dash neck in the literature). The teaching of
US 5,828,823 includes growing a long neck having a diameter of approximately 10 mm in order to
reduce dislocations, and furthermore producing a neckthat can bear a corresponding weight of a long
crystal. 15 For some applications it is desirable to provide silicon wafers having crystal orientations

other than <001%; L2pe QfthesgAltarpative-qrierdations-s 1<id Oz Tis grystad ogientation is
advantageous owing.to,its bighgr, hole; mability, iniet.alia, 2048 Gystals grawnawithgs1 10w gsientation,
the crystal planes of [ow energies are {11}%)(% ré:s, tgat IS to sa erq‘ggglc%arsto. %a(%} ) plane. The
dislocations thefsfofe propa§ate th A dirdct 63p falleito tﬁ}e{sﬁéﬁ crystal axis. Thus, these 25
dislocations canktdeenAfifatld By reRiiRgReEsnyERtoN & Tede 8inte hSeCaRIGEtidiS, which lie
parallel to the nebk axéiskatiwer than aten dbspetesaid hxise doefotpropmyatentodhe fdfsce of the
neck. From this gach:siligopnuates prodused: fiam asingle arystalpidles rthipwayuwetld contain 30
dislocations. In geder to.avaid. this, prablerm, JB.03:080184. propases.tizing:a sesd eysialith slight

misorientation, such that the directloqig low energy in which

) he.dislqcations. pra S5 are
inclined slightly P&ia%ivE1b R gRHiH a%is. AL A Fasultof tﬁﬁw%é%%aﬁ%% |8n§rhz %8vr€a%_%aedtrzl§(with respect
to the growth axisitFeidis| SERiGHRSPréSagatettfihe sdiasddt the HEMRESAd arB&limimatéd before the
cylindrical etystaepiepedgud produceds 8%, 169, 9t toveickcdrdanaifthnhé dimifatiBiebf axially
propagating diskesations inrrel 10> wrianted)crystads cEhimisiyackiewedhy 2idtirg the sebdderystal and
thus tilting the <110 dicection(gormak 9,41 101 plane) frayndbe srystalaxis awbioh aliowshen,
dislocations to progaga}:e to tt&e gecg.SLirfa%%ilnn%II 02;1%9 uertlegglgmlg%%wgzi,g éﬂg ipl)%oraagegk
misoriented W sHicon smcglg%r?st%l |slspr8 uce&hwherel.n the misorientation Is e.g. 2-5 (US 5,769,941)
or all angles betiEEh §7& <PRAS AndCHEEP YRS NEIP I3 D8R BEAected for this. JP
63-123893discloses a crystal with a misorientation of 0.2-40. 15 It has been shown that the extent of
the misorientation greath inflijances propetiesief thessitiabn svaferspreddeed theérefroms feissoften

desirable to proyjde.a silicanwafer,with,an epifaxial Ja¥er. chan <001>. One of these

alternative orientations is <110>. This crystal orientation is
advantageous owing to its higher hole mobility, inter alia.

20
In crystals grown with <110> orientation, the crystal planes of
low energies are {111} planes, that is to say perpendicular to
a {110} plane. The dislocations therefore propagate in a
direction parallel to the <110> crystal axis. Thus, these

25 Qdislocations cannot be eliminated by growing a conventional
neck since these dislocations, which lie parallel to the neck
axis rather than at an angle to said axis, do not propagate to
the surface of the neck. From this each silicon wafer produced
from a single crystal pulled in this way would contain

30 dislocations.

In orxder to avoid this problem, JP 03-080184 proposes using a
seed crystal with slight misorientation, such that the
directions of low energy in which the dislocations propagate

35 are inclined slightly relative to the growth axis. As a result
of tilting the directions of low energy with respect te the
growth axis, the dislocations propagate to the surface of the
neck and are eliminated before the cylindrical crystal piece is



20 It was shown in EP 1 592 045 Al that the surface roughness of the epitaxial layer of a
<110>-misoriented wafer depends on the angle of inclination (angle between normal to wafer surface
with respect to real <110> direction) and is less than the 25 roughness of the polished silicon wafer
(without an epitaxial layer). This effect can be observed at angles of inclination of 0-8. AFM
micrographs show steps and shoulders in <110> orientation on the epitaxial layer. According to EP 1
592 045 Al, the width 30 of a shoulder can be projected directly from the angle of inclination and the
distance between two steps. If the angle of inclination exceeds 1, the width of the shoulder between
monoatomic layer steps is 10 nm or less. 35 A misorientation (angle of inclination) of 0 is practically
unattainable ev%ﬁol?ﬁg%%pts are made to completely reduce the misorientation again after CZ pulling
by means of suitable measures (e.g. by oriented wire sawing). During wire sawing, the misorientation
of a semicondugsorsrath@vigddut thecheginrinperitheddvidresytis usbiryretiberdisy auiable’
orientation of theregshpiacmee@mpstedn11 a:sawng<airip-relative tethe mire gang Tfarmeid from sawing
wire - .of a wire é&g\/&vgg]%amvyjﬂggs@pec%@é@vgh@cgﬂe@E@@I ggmp]g@x gy@cgu@ngﬂ@.latively
small inaccuracles canngt be preduded, g yisorientalion of gxagily QWL be-aghieved gniwin rare
cases. Therefore: Wien cfystals or wafers wit misorientation of O are iscussed. in the context of this
invention, it shGttd FbEREKER THRFAELGHL HatERRRARY Enfill GBGidHTHS SHUF IS approximately 10
minutes or 0.2 (also cf. JP 63-123893) should be taken into account. A correction of the misorientation
of individual rodrpieces 15 dikingndhedee Rawing proesss basdheaaonsequernce-timtihe sawn silicon
wafers havg anqval wafer shane singedthe wiresawgang fopms-anangle w3 99-withdbesevindrical

outer surface of.the rod piege, T ives fis sential -to twg ngglg&gégagljl@ terps of prgduction
engineering: fir&fy,%@éaﬁeiﬁo@%%ngé'v%?‘jrspgrigg as a tesult of the obliqu%cut at both rod piece

ends, and maké& KirpSESIHEhP e Warets 18T Sy TAR PRuSTMEREAR) f3hn tHhe Rarbon strip
usually used, ad@, $§8cdadg? haltemplesity duriFedgetotiddissiiricatthPihtéased since
special technolggigs4tave to be 25 made available for the rounding of oval wafers. What is more,
transporting oval, unrounded wafers in commercially available cassettes can lead to an increase in the

probability of edde ghipAiad.ocching, whichwould feaitdn the alels belng eiesied, 3 Moreover,

the manual handling o moon wafers" Is associated with an gcreased afeg/ @ﬁk r.the operators

on account of tH& SRS PEAYESt BRY Pibtion=35 THE 8Bt o the TRVSITST is Aehieved by means
of a method for Brodlacwiyan ebteidainl eoatePSMEbAAVATet e ERNEERFCMirATL, &omprising the
following steps:ejijusfiing a ddigen. 5
20
It was shown in EP 1 592 (045 a1l that the surface roughness of
the epitaxial layer of a <l1l0>-misoriented wafer depends on the
angle of inclination (angle between normal to wafer surface
with respect to real <110> direction} and is less than the
25 roughness of the polished silicon wafer {without an epiltaxial
layer). This effect can be observed at angles of inclinaticn of
0-80.
AFM micrographs show steps and shoulders in <l110> orientation
on the epitaxial laver. According to EP 1 592 045 Al, the width
3¢ of a shoulder can be projected directly from the angle of
inclination and the distance between two steps. If the angle of
inclination exceeds 1°, the width of the shouvlder betwesen

monoatomic iayver stepg is 10 nm or less.

35 A misorientation {angle of incliination) of 0® is practically
unattainable even if attempts are made to completely reduce the
misorientation again after CZ pulling by means of suitable
measures (e.g. by oriented wire sawing}. During wire sawing,



single crystal with <110> orientation according to Czochralski, using a seed crystal with <110>
orientation, the geometrical axis of which is inclined by a specific angle relative to its real <110> crystal
axis, such that the pulled <110>-oriented 5 silicon single crystal also has a slight misorientation of its
geometrical axis relative to its real <110> crystal axis; b) oriented cylindrical grinding of said silicon
single crystal by determining the misorientation of a silicon single crystal that results after pulling,
suitably orienting the single crystal 10 clamped in between pressure members in a grinding machine,
and grinding away an outer surface of single crystal until the latter has a specific, uniform diameter and
the misorientation that results after, uIIir:tg of the sir&q}lg ch%taI isoﬁh nge 53}312%%19 wafers from the
cylindrically groﬁﬁa ﬁﬁﬁf’eréfsy%?gl?%%ﬁo ur?l"léc’r?ﬁ‘rj’occesslfﬁg of such slice warers by means of
mechanical, ch&RFEEIHEh &R0 - FREMERRER meth Jd¥ay YndS W 6PN HEh SHORRRAET, the misorientation
of the surface remains: frjety ahchhagedd ) preferapheapplying an epivaxial &ydrto a wafer that has
been processed-itharia this veay,wiherefanp the sl diresticnis fiked pveay byfhe angle 0 from
the normal tp the wafer.syiface and the praiegtion,of thediltege<110z.fitection-forms ap angle o with
the direction <-110> i%the V\éaferf_)lane d e IS 'veggé/c%<88 i<e'?§ aggngg <g Q%Q,Q%Eggéld
symmetrically e§iivalarit &iteclions): 25 A’slightly misoriented seed is Sreterably Used. Said seed is
preferably fittedFaSSEeERefderPreferBity the MissiientahBnicFthevasedetysthf usESs 5 30 or
less, preferably GaselessTespetially, préferalslyy® v lesorT e fewer iribistimpedasEee péquirement
of dislocation-freg prling angi by #ae e ckolefigeh ¢bus eequised £ n he misareatation isprefedably
gif]f;C_tte_d in %E‘tﬁ %@q:%af §§_él§eé&3¢r&|§£ <é@9€6 %f&éﬁ?&@nﬁn&iﬂim%ﬂmée%rdl%p the "
efinition of the crystal directions anes). 6 corrgsponding misorientation,. Si rysta
preferably has aaﬁérn%%éara §I?g Iyl?l'r%]crrnégggqég %a%wgmzsn% v%%ﬁsr%s%bt ?og tréé eris?f;gegﬁ in%lgfﬁgrﬁ/eter of 5
150 mm, 200 mRf FEFFAM-GCA505FFhe desired final diameter is only achieved during later edge
machining steps (edge grinding, polishing), on silicon wafers. 10 In order to be able to pull a
dislocation-free erysiakdbeidask heckingninethpeisamployet] inthiat adterlthecsegd ergstal has been
brought intescongact withthe pelysilicon: melisitiated n-a crugble, figiy.ahin fieek isrulled, which

1 the prior art OF R0 g S e 0 el B M AR Qe e queponcs
misorientation, BEGANTRTEHFEN GRS Are Prefét by iReth o “The By st %‘F@cg ’1’5%?5 i
of the rod piece. This gives rise essentially to two problem
areas in terms of production engineering: firstly, so-called
20 “halfmoon wafers” arise as a result of the obligque cut at both
rod piece ends, and make it impossible for the wafers to be
singulated automarically from the carbon strip usually used,
and, secondly, the complexity during edge rounding is
significantly increased since special techneologies have £ be
25 made available for the rounding of oval wafers. What is more,
transporting oval, unrounded wafers in commercially available
cassettes can lead to an increase in the probability of edge
chipping occurring, which would result in the wafers being
rejected.
30 Moreover, the manual handling of “*halfmoon wafers” is
associated with an increased safety risk for the operators on
account of the razor-sharp edges.

Description

35
The object of the invention is achieved by means of a method
for producing an epitaxially coated gilicon wafer as claimed in
claim 1, comprising the following steps: a) pulling a silicon



20 ground cylindrically parallel to a defined crystal direction. In this case, the single crystal piece is
arranged in such a way that the desired crystal orientation is defined by the pressure members applied
at the ends. 25 The crystal orientation is determined by an X-ray goniometer. A corresponding method
for oriented cylindrical grinding and a suitable device are disclosed in the European patent
specification EP 0 962 284 BI. 30 The single crystal is preferably ground cylindrically to a uniform
diameter of in each case somewhat more than the final wafer diameter. 35 The oriented cylindrical
grinding makes it possible to set a desired misorientation of the rod piece or to correct the

misorientation result_[ng from ‘Plﬁ!llr&g rab fg_argaggltlé%% 9{_& ggn@gr@;ggggg{gﬁge pulled

crystal is reducednt?y €.g Igpprommat(}e]l ]? such or example for the case WhereI e magnltude of

the misorienta ifiafef pafiffly 574 n’ﬁ’a‘i@l }%0 AfSSTeRatSR withs 8 magnrtu‘c:ie of
approximately @5t restitsvafiehthes cyhdhiealy #Pﬁdﬁhgsﬂmr‘éfe?éﬁlf’&ﬁﬂrﬁlg-’ e biERtéd cyFndrical
grinding, the misgsierntation acepsdiay xC. isstilted tinthe direction IBiselghtirrtaremsed production

engineering, that is; to,sa% £-g1 10 thedirgstian &f thedearest st lnigorlearplase (6f figwe 1). The

magnitude and direction. of the misorientafic %cggnggsaggigsggig Tgﬁ,gyqugggléy grgund rod piece
is subsequentl sloce into wafers y means of a wire saw. T IS, Ii pre erabl fﬁ‘ected in that of the

single crystal, tRE15R&EFR ﬁ%éd%%ré%%ﬁlﬁﬁlﬁﬁb“ﬁté’cf r&RtTe 16 1HE Wi

A& Wiré gangraﬁ‘st &' Wiré saw in
such a way thafitfesairinaféieh e ard6raes \With e nfsdtientea FLOS try SEY Piare tedined
according to magaitude axitkdireptian ikigwenern ikisvespecialhi prefehedsfordhe desisdd 25

sisorientatign tq. bg-achieyadisalelyday the aulling ebihe single ciystal ancky theisibspauent oriented
cylindrical 9ro“”d'”zgai‘ﬁgeév?ar';?eé’na%%‘é%r surface of single crystal until the
latter has a specific, uniform diameter and the misorientation
that results after pulling of the single crystal is changed; c)
slicing wafers from the cylindrically ground single crystal; d)
15 further processing of such sliced wafers by means of
mechanical, chemical or chemo-mechanical methods, by means of
which, however, the misorientation of the surface remains
largely unchanged; e) preferably applying an epitaxial laver to
a wafer that has been processed further in this way, wherein
2 the <110> direction is tilted away by the angle 6 from the
normal to the wafer surface and the projection of the tilted
<110> direction forms an angle © with the direction <-110> in
the wafer plane and & is given by 0 < 6 < 39 and 45° < ¢ < 90C°
{and all symmetrically eguivalent directionsj.
25
A slightly misoriented seed is preferably used. Said seed is
preferably fitted on a seed holder.

Preferably, the miscorientation of the seed crystal used is 5°
30 or less, preferably 3° or less, especially preferably 2° or

less. The lower limit is limited by the regquirement of

dislocation-free pulling and by the neck length thus reguired.

The misorientation is preferably directed in the directicn of
35 the nearest <i00> or <111> plane (cf. figure 1 with regard to

the definition of the crystal directions and planes).

As a result, the single crystal pulled in this way also has a



In this preferred embodiment, no or at most marginal changes in 30 the misorientation (of magnitude
and direction) occur during the wire sawing step, which is effected in accordance with the prior art.
The sliced wafers thus have a misoriented <110> surface that 35 can be expressed by the solid angles
co and G. 8 Particularly preferably, p = 55-85 and 0 = 0-2.50 (and all symmetrically equivalent
directions, figure 8), and especially preferably, p = 60-80 and 0 = 0.1-1.5 (and all symmetrically 5
equivalent directions, figure 9). After the wafers have peen sliced from the crystal, machining steps are
effected, which have the goal of globally leveling the wafers and providing them with smooth, defect-
and 10 particle-free surfaces and edges. These are preferably purely mechanical methods such as
single-side or dERPTERIEGHRRIITY FEBEHHE “Boarse and/or fine grinding), and/or lapping, chemical
methods such as etching 15 (acidic or alkaline) and cleaning steps, chemical mechanical methods
such as single-sigle andginuieside remeval:polishing{SSRIBSPYar chsmlval mesisasizatfaze-free
polishing (CMP)..Ne£hanges; inihe pisarentations ofthe £dd Opisirfacesase 20 provided in these
mac,jhlnln.g sstep§5,8\t mc!)sa@gr%lrgfal EH@”&?%‘%C%Q}W&Qh are unaquablg in te|I|t§ of process
engineering. The warer's fachined in this way are preferably provided with an epitaxial layer. 25 The
roughness of the deposited epitaxial layer is crucially influenced by the previously set misorientation of
the <110> surfdteeofits spiakittalb3tenetsn SENRISFIRCREINGE 5 2Fe FoKHibEPM more detail
below. Crystal glaltingr<it0s ténstly ( adkibcom sikglegcrystdl ispiodicedbysasingoa séelie3s crystal in
which the <110> crystal direction is inclined at a predetermined angle with respect to the axial direction
(nuso”enuﬁ}seﬁg)brder to be able to pull a dislocation-free crystal, the
dash necking method is employed in that after the seed crystal
has been brought into contact with the polysilicon melit
situated in a crucible, firstly a thin neck is pulled, which
prevents propagation of dislocation lines.
15
After the pulling of the singie crystal, which corresponds to
the prior art of Czochralski-pulled crystal apart from the
measures for setting the desired misorientation, beginning and
end cones are preferably sliced off. The crystal piece is then
20 ground cylindrically parallel to a defined crystal direction.
In this cage, the single crystal piece is arranged in such a
way that the desired crystal orientation is defined by the

pressure members applied at the ends.
25 The crystal orientation is determined by an X-ray goniometer.

A corresponding method for oriented cylindrical grinding and a
suitable device are disclosed in the European patent
specification EP C 962 284 Bl.

30
The single crystal is preferably ground cylindrically to a
uniform diameter of in each case somewhat more than the final

wafer diameter.

35 The oriented cylindrical grinding makes it possible to set a
desired misorientation of the rod piece or to correct the
misorientation resulting from pulling.



A quartz crucible with a silicon melt for pulling the crystal 9 is provided for this purpose. The seed
crystal, which ised on a seed crystal holder, is dipped into the silicon melt. The seed crystal holder is 5
subsequently raised and silicon is ground while the seed crystal holder and the crucible are rotated in
the same direction or in opposite directions. In the CZ method, the axial longitudinal direction of the
seed 10 crystal corresponds to the pulling direction. A narrowing process (reduction of the cross
section) of the diameter of the silicon crystal is prefergbly carried out after the seed crystal has been
brought into contact with the melt surface (dash necking). A dislocation network consequently forms,
caused by the thermal shock. The growing of the thin neck prevents the dislocations from propagating

into the subseqRrefsrpbied CHiStaBREC TR TRE $86d BHANAFEISHSSTUETtF REisBd ffther and a
silicon rod compesgedaaf monoeiystading/sikicon isguoducedtFhe pulledsiticor@d firally comprises an
upper part, whigh was forrpedhetha.dashnacking Hrasgss. wu st aightueydingiiioat 2mbady@and possibly

also an end piece part, i | e g@@ duced. This resylts.in-a.state i whigh the direction
of the tilting of t%%t%flsgg%'?gl%recﬂpn%v?%%%%ﬁggt to tr&? axial 30 direction of .thg si%%q crystal is

the direction ofzfﬁérﬁe%l%%t P11 BPRRSRAMRAR dlongsidé SRe {TTof éryetal Tace That Is to say in the [001]
direction. Furthexwoeféthe direction of the tilting of the <110> crystal 35 direction with respect to the
axial direction of the seed crystal can be the direction of the {100) crystal face alongside the (110)

crystal face, thatig #e,say1 ip, the.1-A40] giteciionentQPrefarably heginaingandgenditenes are then

sliced off. misorientation according to CZ is tilted in the direction

10 sought in terms of production engineering, that is to say e.g.
in the direction of the nearest <11i> or <100> plane (cf.
figure 1). The magnitude and direction of the misorientation

change as a result.

15 The cylindrically ground rod piece is subsequently sliced into

wafers by means of a wire saw.

This is preferably effected in that of the single crystal, the
latter is fixed on a sawing strip tilted relative to the wire

20 gang of the wire saw in such a way that the sawn wafers have a
surface with a miscriented <110> crystal plane defined

according to magnitude andé direction.

However, it is especially preferred for the desired

25 misorientation to be achieved solely by the pulling cf the
single crystal and by the subsequent oriented cylindrical
grounding as described above.

Iin this preferred embodiment, no or at most marginal changes in

30 the misorientation (of magnitude and direction) occur during
the wire sawing step, which is effected in accordance with the
pricr art.

The sliced wafers thus have a misoriented <110> surface that
35 can be expressed by the solid angles ¢ and 6.

The misorientation of the sliced wafers is 8 = 0-3°, ¢ = 45-50°
{and all symmetrically equivalent directions).



Oriented cylindrical grinding 5 The oriented cylindrical grinding makes it possible to set a desired
misorientation of the crystal or to correct a misorientation resulting from pulling. 10 Preferably, the
misorientation of the pulled crystal is reduced by approximately 1, such that for the case where the
single crystal has a misorientation of approximately 1.5 after pulling, a misorientation of approximately
0.5 results after the cylindrical grinding. 15 Preferably, for this purpose the crystal axis is oriented in
the desired manner and then pressure members are fixed, e.g. adhesively bonded, to the ends of the
crystal. The crystal is clamped in at said pressure merfibers during grinding in a 20 grinding machine.
The single crystal is subsequently ground until it has a predetermined, uniform final diameter. Wire
sawing 25 The cylindrically ground single crystal is subsequently sliced into wafers by means of a wire

saw. During wirg sawing, a multiplicit fers are. sliced fr rystal-pieee |p.one.work operation.
30 138-5,771,8 3 %%%%%eérs e%%%%g%%\?%ﬁnéiplgs c?f ,S%l?)(%h éQHQ%féaC saw, Wiée! Saws E\aailf a wire
gang formed by%ﬁﬁﬁé‘fﬁi}éfﬁfh&ﬁ?ﬁ@m}néi%ﬁﬁﬁacf%’orgv FESwive guide o defiection rollers.

The sawing wireoeafexabbate® witban Hbtasn@ Eoatifgl 11 Whed ki Wiy BRREHEANYYsawing
wire withoutsfixegly: besidect abiasive gram, abrastee §rain in the form of a slurry is supplied during the
slicing process. 5 During the slicing process, a crystal piece fixed on a table penetrates the wire gang,

in which the sawing wirg, s arranded in the farm of \wite sectighsduing-patalle] algpaside;ope another.
The penetration'o the wire gang Is brought about b a%O relative rPOVfr%%ntlbe vg%%r#%gle and wire
gang which is reiRY BY nEAAE DI &N a%&ﬁg‘in%aa'é R i¢

AV vice arfd W ich g%lé)es crystal piece toward the
wire gang (tabletddvaiéer sr de\ Oy ARGBWaIFtHE Cy sERqRERe, defect- and

10 particle-free surfaces and edges.

These are preferably purely mechanical methods such as single-
side or double-side grinding (8SG, DDG, coarse and/or fine
grinding), and/or lapping, chemical methods such as etching

15 jacidic or alkaline) and cleaning steps, chemical mechanical
methods such as single-side and double-side removal polishing
(88P, DSP) or chemical mechanical haze-free polishing (CMP).

No changes in the misorientations of the <110> surfaces are
20 provided in these machining steps. At most marginal changes

sccur which are unavoidable in terms of process engineering.

The wafers machined in this way are preferably provided with an
epirtaxial layer.

25
The roughness of the deposited epitaxial layer is crucially
influenced by the previously set misorientation of the <110>
surface of the epitaxial substrate.

30 some of the method steps are described in more detail below.

Crystal pulling <110>

Frirstly, a silicon single crystal is produced by using & seec

35 c¢rystal in which the <110> crystal direction is inclined at a
predetermined angle with respect to the axial direction
imisoriented seed).

A gquartz crucible with a silicon melt for pulling the crystal



15 Preferably, the single crystal is fixed on a table that is tilted relative to the wire gang of the wire saw
in such a way that the sawn wafers have a surface having a misoriented <110> crystal plane defined
according to magnitude and direction, that is to say that the misorientation that results after 20 oriented
cylindrical grinding can be corrected further. However, it is particularly preferred to carry out the wire
sawing step without altering the misorientation, that is to say without tilting table or sawing strip relative
to the wire 25 gang. Wire gang and sawing strip (or aguide edge of the sawing strip) are intended to
form an angle of 90, such that the crystal orientation of the sliced silicon wafers corresponds to the
crystal orientation of the single crystal after cylindrical grinding. 30 The procedure can be illustrated on
the basis of theifgllewing dx@niplaryteisbodipert /A 300 mm crystal was pulled by means of a slightly
misoriented 35 <110> seed according to the Czochralski method including dash necking, and the
beginning and end cones were sliced aft and.the.r. lece.was diyided,iptq indivi od;segments.
12 On the rod ;%ge ﬁﬁ%ﬁer}é%lﬁagésﬁ%%ge% 114%] fﬁo%%%h%eg gt%%? %%fgrpgi?%e %n%iint;ﬁ)n
between the gefirRfitat P58 pilte Bkis 5RA ME$110: ‘?"dirsee"c?f%ncr <'determined as 8 = 2.14 and 5
The goal fof thesehe gretiiet Wae AR ERALIBHIGFO= 6% FHGHhorobd. Witerthitoriented

cylindrical grindingethelsitvatier wasi\Wise= ©:52 idrick 9ar 88:3: A4 Standard-WireSsieging process without
tilting of table orssawing striprelativedehe:-wireigang resulted in further, marginal alterations of the
off-orientation, these being caused by process-technological fluctuations. 15 The off-orientation after
the wafers had been_singulated was d%ermine a

Ie 8 =.0.54,and 9= 81.4 (alsoCj ,t%bl - last row).
The predetermiri@d tafy&trdPIHESH-orentarT: moffﬁxel%gfl ot 500 %e%nb Sk

on Wwafer surface o .6 was able to be fully
achieved wRhincrystal corresponds to the pulling directiomn.

A narrowing process {reduction of the cross section) of the
diameter of the silicon crystal is preferably carried out after
the seed crystal has been brought into contact with the melt

15 surface (dash necking). A dislocation network consequently
forms, caused by the thermal shock. The growing of the thin
neck prevents the dislocations from propagating into the
subsequently pulled crystal piece.

20 The seed crystal is subsequently raised further and a silicon

rod composed of monocrystalline silicon is produced.

The pulled silicon rod finally comprises an upper part, which
was formed by the dash necking process, a straight cylindrical
25 body and possibly also an end piece part, in which the diameter

was reduced.

This results in a state in which the direction of the tilting
of the <110> crystal direction with respect tc the axial

30 direction of the seed crystal is the direction of the nearest
{111} crystal face alongside the {110} crystal face, that is to
say in the [001] direction.

Furthermore, the direction of the tilting of the <110> crystal

35 direction with respect to the axial direction of the seed
crystal can be the direction of the {100} crystal face
alongside the {110} crystal face, that is to say in the [1-10]
direction.



20 the bounds of the production tolerances known for the prior art (delta e = +/- 0.2). The tolerances of
p that can be achieved in terms of production engineering are greatly dependent on the magnitude of
B and, 25 for an angle 0 of approximately 0.6, can be estimated as delta 9 r +/-10. Mechanical and
chemo-mechanical machining steps 30 Preferably the following machining steps are effected after the
wire sawing: rounding the mechanically sensitive edges, carrying out an abrasive step such as
grounding or lapping. 35 13 The final flatness of the $310>-oriented silicon wafer is produced by one
or more polishing processes, which can possibly be preceded by an etching step for removing
disturbed crystal layers and for removing impurities. A suitable etching method 5 is known for example
from DE 19833257 Cl. The group of chemo-mechanical machining steps comprises polishing steps by
means of whichmthetsirdade is sadathathanddesidiiatdamage of thersusfacee$ @oved by partly
chemical 10 reaction and partly mechanical material removal (abrasion). While the traditional polishing
methods that wark: an.one épﬁgmggisi e.palishing”) generally lead to poorer plane-parallelisms,
polishing methods that act on both sides I5("double-side polishing™), make it possible to produce
wafers having improved flatness. After the grinding, cleaning and etching steps, the surface of the
wafers is smootEal 15y terfeihl POISRG. ARithe dast b¥ 207%61R§ el 5idRPFSSHiIRg (B SPBf: Wafers are
held during machkesitgednrtheaeaesice dDrna chrtieepltatediyameans-of cemearttvacuum or adhesion. In

the case of doublgsside-pelishing F3R) theqwafess are mirggluced loosely into a thin toothed disk and
are polished on the front and rear sides simultaneously in a manner

10 Preferably, the misorientation of the pulled crystal is reduced
by approximately 1°, such that for the case where the single
crystal has a misorientation of approximately 1.5° after
pulling, a misorientation of approximately 0.5° results after
the cylindrical grinding.

13
Preferably, for this purpose the crystal axis is oriented in
the desired manner and then pressure members are fixed, e.g.
adhesively bonded, to the ends of the crystal. The crystal is
clamped in at sald pressure members during grinding in a

20 grinding machine. The single crystal is subsequently ground
until it has a predetermined, uniform final diameter.

Wire sawing

25  The cylindrically ground single crystal is subsequeﬁtly sliced

into wafers by means of a wire saw.

During wire sawing, a multiplicity of wafers are sliced from a
crystal piece in one work operation.

30
Us-5,771,876 describes the functional principle of such a wire

BAW .

Wire saws have a wire gang formed by & sawing wire that is

35 wound around two or more wire guide or deflection rollers.

The sawing wire can be coated with an abrasive coating.



25 "floating freely" between an upper and a lower polishing plate covered with a polishing cloth.
Furthermore, the front sides of the silicon wafers are polished in a haze-free manner, for example by
means of a soft polishing 30 cloth with the aid of an alkaline polishing sol; in order to retain the
geometry of the semiconductor wafers produced up to this step, the material removals are in this case
relatively small, e.g. from 0.05 to 1.5 um. In the literature, this step is often referred to as CMP
polishing (“chemo-mechanical 35polishing"). zpitaxial,goating 14 The monocrystalline <110>-oriented
silicon wafers are subsequently provided with a monocrystalline grown layer of silicon of the same
crystal orientation, in a so-called epitaxial coating. Such epitaxially coated silicon wafers have 5 certain
advantages over silicon wafers composed of homogeneous material, for example the prevention of
charge reversalyindaipetamc M@ Secisaiuits fellowed dautheyshant einelithafthefdoreponemrdatch-up”
problem), lower,defect densities, (foxigxample duced aumberehGORS 4 carsiakpriginated 10
particles")) and the absence of an reciable tent, whereby it is possible to preclude a risk
of short circuit a8 gp?%%ﬁélo?uorxlf e%e%ﬁ%%ggﬁ%%%%ént-relevant regions. For this purpose, in
the epitaxy teactor, one or more silicon 15 wafers on a susceptor is or are heated by means of heating
sources, prefer@lyimng nidans bt Clpe IR Rifer Realing SBLrBe§ R e ApRFIdpE B amp banks,
and then exposggrieta-gassnixarericemposed dhawoirbe gas (Siwbes) ebnsprisingzr siticeh
compound, a cafgier.gas-forexampleudroges and,ih 20 @ppropeate adiepinggas.éor example
diborane). The epitaxial laxglds steianly denositedaceardingie e G¥Dpeihad gehapical vapor
deposition") wher€, as source gas, silanes, for example trichlgrosilane (SiH( 3,.TC§% re lQ(,_;ilssed 25
to the surfdBe of tH& SHEDTREFEERRd M fiPo5EH thef& Gt BMperatifel 51600 To 1 %%chto form
elemental silicorameenmtid Fproduereand fBRY: 6 epraaiy irewhSiicthfayd G He silicon
wafer. The epitaxiaklayeswanibeundoped gamippeckinia takjetedeananner gy meangafguitable doping
gases, 30 with hokpn, Phagphoris: aIsenier antimony in order to set conduction type and
conductivity.
15 Preferably, the single crystal is fixed on a table that is

tilted relative te the wire gang of the wire saw in such a way

that the sawn wafers have a surface having a misoriented <110>

crystal plane defined according to magnitude and direction,

that is to say that the misorientation that results after

20 oriented cylindrical grinding can be corrected further.

However, it is particularly preferred to carry out the wire
sawing step without altering the misorientation, thet is to say
without tilting table or sawing strip relative to the wire

25 gang. Wire gang and sawing strip {(or a guide edge of the sawing
strip) are intended to form an angle of 90°, such that the
crystal orientation of the sliced silicon wafers corresponds to
the crystal orientation of the single crystal after cylindrical
grinding.

30
The procedure can be iliustrated on the basis of the fcllowing
exemplary embodiment.

A 300 mm crystal was pulled by means of a slightly misoriented

35 <110> seed according £o the Czochralski method including dash
necking, and the beginning and end cones were sliced off and
the rod piece was divided into individual rod segments.



Methods which are suitable for optimizing other important geometrical parameters of an epitaxially
coated silicon wafer 35(SFQR, GBIR and edge roll-off) and which relate in particular to pretreatments
of the silicon wafer during the epitaxy process (H2 bake process, HC1 etching treatment in order to
remove native oxide) and pretreatments of the susceptor are 15 described in the applications
DE102005045337 Al, DE102005045338 Al and DE102005045339 Al and are preferably also
employed in the method according to the invention. F'égures Brief description of the figures Figure 1
shows the definition of the crystal directions. Figures 2 and 3 show the definition of the solid angle
range of the misorientation.  Figures 4-6 show solid angle ranges for specific misoriented, n
epitaxially coateg wafers andothe-assaciatet A RMdMicregrashs skiglte Zusehdmittic allprettows
roughness valugs afeRifaxialiy cealed waters fenspecifisanisorienjations r2QThe-bentiareis
explained below with reference Jo.figures, Figure. 1 shows the defipiiian,ogthe grysial grigntations in a
two-dimensional feprésentation. 25 Figure 2 shows the definition of the solid angle range of the
nisorientation of&4wafer 1. The angle 6 indicates the angle of inclination in the <100> direction. The
additional iddication of the angle p is necessary for the angle of the actual misorientation. 30 Figure 3
shows, supplenmeetasity 1o fagurh, ¢hel definition ofidse solidangisarseehirethid irvehtfdh #ddescribing
the nasorientatignifa thregydimensional representation. 35 Figure 4 shows a schematic illustration of
the crystal orientation of an epitaxially coated semiconductor wafer 13 having a notch 23 in the [-110]

direction. The area of the semiconductor wafer s aﬂmiso‘riegted <110> crystaLface,
After the oriented cylindrical grinding, the situalion was

10 8 = 0.52° and ¢ = 88.9°. A standard wire storing process
without tilting of table or sawing strip relative to the wire
gang resulted in further, marginal alterations of the off-
orientation, these being caused by process-technological
fluctuations.

15
The off-orientation after the wafers had been singulated was
determined as 8 = 0.54° and ¢ = 8L1.4° {(also see table 1, last
row) . The predetermined target for the off-orientation of the
wafer surface of 6 = 0.6° was able to be fully achieved within

20 the bounds of the production tolerances known for the prior art
{delta € = +/- 0.29).

The tolerances of p that can be achieved in terms of production
engineering are greatly dependent on the magnitude of & and,

25 for an angle & of approximately 0.6°, can be estimated as delta
@ = +/-10°,

Mechanical and chemo-mechanical machining steps

30 preferably the following machining steps are effected after the
wire sawing:

- rounding the mechanically sensitive edges,

- carrying out an abrasive step such as grounding or lapping.
35

EP 547884 Al describes a lapping methed; grinding methods are

claimed in the applications EP 272531 Al and EP 580162 Al.



16 expressed as solid angle 0 = 2.28 and p = 4.01. The rotation by p = 1.010 is illustrated by the
reference symbol A in conjunction with the solid angle definition from figure 2. An AFM micrograph of
the surface of the semiconductor wafer can 5 additionally be seen. The resulting surface roughness
was AFM RMS (1 um x 1 um) = 0.736 nm. Figure 5 shows a schematic illustration of the crystal
orientation of a semiconductor wafer 14 having a notch 24 in 10 the [-110] direction. The area of the
semiconductor wafer is a misoriented <110> crystal fj’:_l e, expressed as solid angle G =1.48and 9 =
264.6. The rotation by p = 264.6 is illustrated by the reference symbol B in conjunction with the solid
angle definition from figure 2. An AFM micrograph of the surface of 15 the semiconductor wafer can
additionally be seens Tinelresidting ssirfacecroughindss- wasehR M RM Sidopnir iggnd = 0.089 run.
Figure 6 shows 2 sehegaatic iIkstraiomet-the slysiak agepiadiosseta seminamdrmntopwaéebld having a
notch 25 in 20 {he L0l dleclons e aieag thepemieondugloralerds aBisodenipth 110> crystal
face, expressed as solid angle 9 = 1.18and p.= 68.0. The I‘O%até%ﬁ] é)ézb9e= gg.qllmsnlgu%%[\ﬁﬁ%% by the
reference symb]o"’}y@ﬁ? c%ﬂﬂJrF&ﬁ)nr\?vﬂ%vh%qséﬁn& 1é’ﬁl‘,fel definition from ﬁguré DIARA micrograph of
the surface’of Z5tHe 8EmiéBAdEERTRYE I BRditthik e Sten. The resulting surface roughness
was AFM RMS (1 um x 1 um) = 0.054 nm. Figure 7 shows a summary of the results from table 1. The
reference symbgls A;B@nLE frapfigteamd-f ase aleensad:30 beses 1dohableséH(0] 913 9*[0]
(Convenedtth%E%§ﬁ¥¥¥€§%Eps by means of which the surface is smoothed and

residual damage of the surface is removed by partly chemical

10 reaction and partly mechanical material remcoval (abrasion).

While the traditional polishing methods that work on one side
(vsingle-side polishing”) generally lead to poorer plane-
parallelisms, polishing methods that act on both sides

13 {(*double-side polishing”}, make it possible to produce wafers

having improved flatness.

After the grinding, cleaning and etching steps, the surface of
the wafers is smoothed by removal polishing. In the case of

20 single-side polishing (88P), wafers are held during machining
on the rear side on a carrier plate by means of cement, vaguum
or adhesion. In the case of double-side peolishing (DSP)}, the
wafers are introduced loosely into a thin toothed disk and are
polished on the front and rear sides simultaneously in a manner

25 “floating freely” between an upper and a lower polishing plate
covered with a polishing clioth.

Furthermore, the front sides of the silicon wafers are polished
in a haze-free manner, for example by means of a soft polishing

30 cloth with the aid of apn alkaline polishing sol; in order to
retain the geocmetry of the semiconductor wafers produced up to
this step, the material removals are in this case relatively
small, e.g. from 0.05 to 1.5 um. In the literature, this step
iz often referred to as CMP pceclishing {“chemc-mechanical

35  polishing®).

Epitaxial coating



AFM ENS [nm] (1 pm x 1 pm) 0.24 14.6 14.6 0.182 0.75 224.0 44.0 0.142 2.28 4.01 4.01 0.736A 0.35
44.17 44.17 0.136 0.98 266.5 86.5

14

The monocrystalline <li0>-oriented silicon wafers are
subsequently provided with a monocrystalline grown layer of
silicon of the same crystal orientation, in a so-called
epitaxial coating. Such epitaxially coated silicon wafers have

5 certain advantages over silicon wafers composed of homogeneocus
material, for example the prevention of charge reversal in
bipolar CMOS circuits followed by the short circuit of the
component (“latch-up” problem), lower defect densities (for
exarmple reduced number of COPs (“crystal-originated

10 particles*})) and the absence of an appreciable oxygen content,
whereby it is possible to preclude a risk of short circuit as a

result of oxygen precipitates in component-relevant regions.

For this purpose, in the epitaxy reactor, one or more silicon
15 wafers on a susceptor is or are heated by means of heating

sources, preferably by means of upper and lower heating

sources, for example lamps or lamp banks, and then exposed to a

gas mixture, composed of a source gas (silanes) comprising a

silicon compound, a carrier gas {for example hydrogen) and, if
20 appropriate a doping gas (for example diborane).

The epitaxial layer is preferably deposited according toc the
CVD method (“chemical vapor deposition”) where, as source gas,
silanes, for example trichlorcesilane {SiHCl;, TCS), are passed

25  to the surface of the silicon wafer and decomposed there at
cemperatures of 600 to 1250°C to form elemental silicon and
volatile byproducts and form an epitaxially grown silicon layer
on the silicon wafer. The epitaxial layer can be undoped or
doped in a targeted manner, by means of suitable doping gases,

30 with boron, phoesphorus, arsenic or antimony in order to set
conduction type and conductivity.

Methods which are suitable for optimizing other important
geometrical parameters of an epitaxially coated silicon wafer
33 (SFQR, GBIR and edge roll-off) and which relate in particular
to pretreatments of the silicon wafer during the epitaxy
process (H2 bake process, HCl etching treatment in order to
remove native oxide) and pretreatments of the susceptor are



0.086 1.49 264.6 84.6 0.089B 1.99 267.7 87.7 0.081 0.49 4.67 4.67 0.307 0.93 1.8 1.8 0.408 0.38
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15
described in the applications DELI02005045337 Al,

DE102005045338 Al and DE102005045339 Al and are preferably also
employed in the method according to the invention.

Figures

Brief description of the figures

Figure 1 shows the definition of the crystal directions.

Figures 2 and 3 show the definition of the solid angle range of

-the misorientation.

Figures 4-6 show solid angle ranges for specific misoriented,

epitaxially coated wafers and the associated AFM micrographs.

figure 7 schematically shows roughness values of epitaxially

coated wafers for specific misorientations.
The invention is explained below with reference to figures.

Figure 1 shows the definition of the crystal orientations in a
two-dimensional representation.

Figure 2 shows the definition of the solid angle range of the
misorientation of a wafer 1. The angle & indicates the angle of
inclination in the <100> direction. The additional indication
of the angle g is necessary for the angle of the actual
misorientation.

Figure 3 shows, supplementarily to Figure 2, the definition of
the solid angle used in this invention for describing the

misorientation in a three-dimensional representation.

Pigure 4 shows a schematic illustration of the crystal
arientation of an epitaxially coated semiconductor wafer 13
having a notch 23 in the [-110] direction. The area of the

semiconductor wafer is a misoriented <110> crystal face,
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expressed as solid angle & = 2.28° and ¢ = 4.01°. The rotation
by ¢ = 1.01° is illustrated by the reference symbol A in
conjunction with the solid angle definition from figure 2. An
AFM micrograph of the surface of the semiconductor wafer can
additionally be seen. The resulting surface roughness was AFM
BMS {1 pm X 1 pm} = 0.736 nm.

Figure 5 shows a schematic illustration of the crystal
orientation of a semiconductor wafer 14 having & notch 24 in
the [-110] direction. The areaz of the semiconductor wafer is a
misoriented <110> crystal face, expressed as solid angle & =
1.49%and ¢ = 264.6°. The rotation by ¢ = 264.6° is illustrated
by the reference symbol B in conjunction with the solid angle
definition from figure 2. An AFM micrograph of the surface of
the semiconductor wafer can additionally be seen. The resulting
surface roughness was AFM RMS (1 nm x 1 um) = 0.08% nm.

Figure 6§ shows & schematic illustration of the crystal
orientation of a semiconductor wafer 15 having a notch 25 in
the [-110) direction. The area of the semiconductor wafer is a
misoriented <110> crystal face, expressed as solid angle b =
1.18%nd © = 68.0°. The rotation by ¢ = 68.0° is illustrated by
the reference symbol C in conjunction with the solid angle
definition from figure 2. An AFM micrograph of the surface of
the semiconductor wafer can additionally be seen. The resulting
surface roughness was AFM RMS (1 um x 1 um) = 0.054 nm.

Figure 7 shows a summary of the results from table 1. The
reference symbols A, B and C from figures 4-6 are also used
here.



0.055C 0.54 98.6 81.4 0.083 A clear relationship between the roughness values and the solid 5
angles 0 [0], p [0] can be seen from table 1 in conjunction with figure 7. The angles p were mapped
onto the first quadrant. This results in the angles p*, which are also plotted toward the right in figure 7.
10 The object of the invention is achieved by means of an epitaxially coated silicon wafer, comprising
a plane misoriented relative to a (110) crystal plane as wafer surface, wherein the <110> direction is
tilted away by the angle 0 from the normal to the wafer surface and the projection of the 15 tilted
<110> direction forms an angle p with the direction <- 110> in the wafer plane and B is given by 0 < 9
<30and 45 < %< 900 (and all symmetrically equivalent directions). Particular preference is attached

to such epitaxi ﬂ?&&a?ed 18 silicon wafers having misoriented (110) crystal planes as wafer
surfaces, characterized by p = 55-85 and 6 = 0-2.5,and all symmetrically equivalent-direetigns. 5

Likewise special pr®fe[emce!is attgcHed to epitaxially epfaté@ Silicon waferpERvREEMIs®ented (110)
crystal planes as wafer surfaces, characterized faxfpez 688 anehe =|0.1¢1. wrard Blks)mmetrically
equivalent directions. 10 The epitaxially coated siljcqn wafars,aegording to the invention are
distinguished byparticutartytfowToughness-vatues accorging 10 AFM RMS©f -8.()%%—0.089 nit. Such
low roughness velues-Vere-hot-achievable-ntthe-prior :}n,'c.. EP-1592-845-Atfigure-9(comparison
values: 0.10 and 15®.13 um). Mo#@dvér, it was assumédirPthe prior art that thé-aRdle 0 was crucial
for the roughness valugs obtained syt values for 6 of 048 @te suitable The presefitvehntion for the
first time discloses thatthe 20 insights in the prior art ajg inepmplete and solid @ngies have to be taken
into conS|d_er§1t|0f1 |gstmn§$|nv E[Lgig\%‘% .ogmmTliczrlneﬂr:]Eq W?g%r_%ur’ralc_esl. The relatlgr_@gl@ with thﬁe angle C
as shown in flgU E—akeStSetreat—ZoTRgSoftentaronNsS WMt WETE EXPIeSSeuds SOl angIeS in
the context of this_ inkeffion fan liké#ik be designated¥y-the "Millerindices tha&te Well- known to
the person skilled inthesart. 267.7 87.7 0.081

0.49 4.67 4.67 0.307

0.93 1.8 1.8 0.408

0.38 270.0 0.0 0.245

0.5 266.6 B6.6 0.081

0.51 5.6 5.6 0.248

0.54 179.8 0.1 0.289

.54 184.3 4.3 0.275

1.18 68.0 68.0 0.055 C

0.54 98.6 81.4 0.083

A clear relationship between the roughness values and the solid

5 angles & [°], © [°] can be seen from table 1 in conjunction
with figure 7. The angles ¢ were mapped onto the first
quadrant. This results in the angles ¢*, which are also plotted
toward the right in figure 7.

10 The object of the invention is achieved by means of an
epitaxially coated silicon wafer, comprising a plane
misoriented relative te a {110) crystal plane as wafer surface,
wherein the <110> direction is tilted away by the angle € from
the normal to the wafer surface and the projection of the

15 tilted <110> direction forms an angle ¢ with the direction <-
110> in the wafer plane and € is given by 0 < 6 < 3° and 45° <
© < 90° (and all symmetrically egquivalent directions).
Particular preference is attached to such epitaxially coated



_19 _(71_1 702 6), (712 701 4), (713 701 1), (713 700 0) Further examples for converting solid angle
indications into Miller indices: 6=2,p=-90 (681 731 0); 8=1.5, p=-90 =(688 722 0); 6=1,p=-90 a (694
719 0); 8=10, p=-45 =(698 '

18

silicon wafers having misoriented {110) crystal planes as wafer
surfaces, characterized by ¢ = 55-85° and & = (0-2.5°, and all

symmetrically egquivalent directions.

5 Likewise special preference is attached to epitaxially coated
silicon wafers having misoriented (110) crystal planes as wafer
surfaces, characterized by ¢ = 60-80° and & = 0.1-1.5°, and all
symmetrically equivalent directions.

10 The epitaxially coated silicon wafers according to the
invention are distinguished by particularly low roughness
values according to AFM RMS of -C.055-C.089 nm. Such low
roughness values were not achievable in the prior art, ct.
EP 1 592 045 Al, figure 9 (comparison values: 0.10 and

15 0.12 nm}. Moreover, it was assumed in the prior art that the
angle & was crucial for the roughness values obtained and

values for & of (-8° are suitable.

The present invention for the first time disclicses that the

20 insights in the prior art are incomplete and solid angles have
to be taken into consideration in the investigation of
misoriented wafer surfaces. The relationship with the angle ¢

as shown in figure 7 makes this clear.

35 The misorientations which were expressed as solid angles in the
context of this inventicon can likewise he designated by the
“Miller indices” that are well known to the person skilled in
the art.

30 Examples:

@ = 1.5° and ¢ = 43°, 60°, 80°, 90°¢, expressed in Miller
indices:
(719 696 18), (722 690 13), (725 688 4), (725 688 ()

35
& = 0.5° and ¢ = 45°, 60°, 80, 3%0°, expressed in Miller
indices:



715 1); 8=10,p=450 E (715 698 1). 20 Claims 1. An epitaxially coated silicon wafer, comprising a
plane misoriented relative to a (110) crystal plane as wafer surface, wherein the <110> direction is
tilted away by the 5angle 8 from the normal to the wafer surface and the projection of the tilted <110>
direction forms an angle ¢ with the direction <-110> in the wafer plane and 6 is given by 0 <9 < 3 and
45 < ¢ <90 (and all symmetrically equivalent directions). 10 2. The epitaxially coated silicon wafer as
claimed in claim 1, characterized by ¢ = 55-85 and 0;5 0-2.5, and all symmetrically equivalent
directions.

(711 702 6}, (712 701 4), (713 701 1), (713 7CC 0O)

Further examples for converting solid angle indications into

Miller indices:

@=2°9,¢=-90° = (681 731 0); ©=1.5°, @©=-90° =(688 722 0};
@1°, @=-90° = (694 719 0); ©®=1°, p=-45° = (698 715 1);
@=1°, @=45° = (715 698 1).



15 3. The epitaxially coated silicon wafer as claimed in claim 1, characterized by p = 60-80 and B =
0.1-1.5, and all symmetrically equivalent directions. 20 The epitaxially coated silicon wafer as claimed
in claim 1, characterized by a roughness value according to AFM RMS < 0.09 nm 25 5. A method for
producing an epitaxially coated silicon wafer as claimed in claim 1, comprising the following steps: a)
pulling a silicon single crystal with <110> orientation according to Czochralski, using a seed crystal
with <110> 30orientation, the geometrical axis of which is inclined by a specific angle relative to its real
[110] crystal axis, such that the pulled <110>-oriented silicon single crystal also has a slight
misorientation gf its,geometrical axis relative to its real [110] crystal axis; 35b) oriented cylindrical

grinding of sai%:silico&sigﬁgﬁ cﬁré{%tﬂ byc%%t%%niniggitgg %q@’tagggggggﬁli%o §Q}Qe crystal that
results after pulling, orien ng? e sm&l_e crysta csIampeéjln between pressure mem ersina 21
grinding machine, alt§RRARTY 8 asFaft Tutsr EBrfﬁcél&fO[ﬁecsﬁPfﬁ’I%aéry%%ln infitheTafter has a
specific, uniform diarsetdfiaasd thisenrsarictatichiRat FASRGaRSr pallirtlerhedmy ¥rndtal is
reduced okthe desireghbmiserientatianis setma) skeinghbeveiedricatfagreusadsingke crystal into
wafers by means of & Wire.sa¥s of the tilted <110> direction forms an angle ¢

with the direction <-110> in the wafer plane and 8 is

given by 0 < & < 39 and 45° < ¢ < 90° (and all

symmetrically equivalent directions).

10
2. The epitaxially coated silicon wafer as claimed in claim

1,

characterized by ¢ = 55-85¢ and 6 = (-2.5°, and all

symmetrically equivalent directions.

15

3. The epitaxially coated silicon wafer as claimed in c¢laim
1,
characterized by ¢ = 60-80° and 6 = 0.1-1.5°, and all
symmetrically egquivalent directions.

20

4. The epitaxially cecated silicon wafer as claimed in claim
1,
characterized by a roughness value according to AFM RMS
< 0.05 nm .

25

5. A method for producing an epitaxially coated silicon wafer
as claimed in claim 1, comprising the following steps:
a) pulling a silicon single crystal with <110> orientation
according to Czochralski, using a seed crystal with <110>

30 orientation, the geometrical axis of which is inclined by
a specific angle relative to its real [110] crystal axis,
such that the pulled <ll0>-oriented silicon single crystal
also has a slight misorientation of its geometrical axis
relative to its real [110) crystal axis;

35 D) oriented cylindrical grinding of said silicon singie
crystal by determining the miscorientation of the silicon
single crystal that results after pulling, orienting the
single crystal clamped in between pressure members in a



d) further processing of such sliced wafers by means of mechanical, chemical or chemo-mechanical
methods, by means 10of which, however, the misorientation of the surface remains largely
unchanged; e) applying an epitaxial layer to a wafer that has been processed further in this way,
wherein the <110> direction is tilted away by the angle 8 from the normal to the wafer surface and the
projection of the tilted <110> direction farms an angle 9 with the direction <-110> in the wafer plane
and e is given by 0 < < 3 and 45 << 90 (and all symmetrically equivalent _ _ directions). The method
as claimed in claim 5, wherein the dash necking method is employed in that after the seed crystal has
been brought into contact with a polysilicon melt situated in a crucible, firstly a thin neck is pulled,
which prevents propagatiist dRfidaton #iSs STREFRBIGIEE AZinfEdTH aMyFSPagRiIMS 5 to 6,
wherein the single crystakisreylmdricgdiyagroundifo shaiforrtdiarhaerrofinesddh ase somewhat more
than 150 mm, 200 mp; 308:Ma 2450 mina Thieemetked dsmlaimed intanty okeslaims 5 fo&; wherein,
prior to the misorientad, ylieieal grinding, the misorentation sleiaimipedhiy magnsaf an X-ray
goniometer. The method as claimed in any of claims 5 to 8, wherein, during the oriented cylindrical
grinding, the 22 misGHERTAFOBFIRE pulled Erystal is reduced by approximately 1 and the direction of
the misorientation, aftér e}iifdRgariAnaiid NETiER A Frechon SagH. 896 “Frie Téthod as claimed
in any of claims 5 to 9 fiehereiy, derng the sawiigeofsthe single crystal, the latter is fixed on a sawing
strip tilted relative to e mire gangebthe wireySaw igusiich: a way thattthes sawnmwafersdiave a
1osurface with a misgrignted 1102 goystal plane defingd-acauding.to maaniude apdidiseetion.
10 of which, however, the misorientation of the surface

remains largely unchanged:

e) applying an epitaxial layer to a wafer that has been

processed further in this way,

wherein the <110> direction is tilted away by the angle €

15 from the normal to the wafer surface and the projection of

the tilted <110> direction forms an angle ¢ with the

direction <-110> in the wafer plane and ¢ is given by 0 <

B8 < 3° and 45° < ¢ < 90° {and all symmetrically eguivalent

directions).
20

6. The method as claimed in c¢laim 5, wherein the dash necking
method is employed in that after the seed crystal has been
brought into contact with a polysilicon melt situated in a
crucible, firstly a thin neck is pulled, which prevents

25 propagation of dislocation lines.

7. The method as claimed in any of claims 5 to 6, wherein the
single crystal is cyiindrically ground to a uniform
diameter of in each case somewhat more than 150 mm,

30 200 mm, 300 mm oxr 450 mm.

8, The method as claimed in any of claims 5 to 7, wherein,
prior to the misoriented cylindrical grinding, the
misorientation is determined by means of an X-ray

35 goniometer.

9. The method as claimed in any of claims 5 to 8, wherein,

during the oriented cylindrical grinding, the



11. The method as claimed in any of claims 5 to 10, wherein the desired misorientation is effected
solely by the 15pulling of the single crystal and by the subsequent oriented cylindrical grinding and no
or at most marginal changes in the misorientation occur during the wire sawing step and during
subsequent machining steps. 20 12. The method as claimed in any of claims 5 to 11, wherein the
sliced wafers have a misoriented <110> surface, wherein the misorientation is 8 = 0-2.5 and p = 55-85.
13. The method as claimed in any of claims 5 to 11, wherein 25the misorientation is 6 = 0.1-1.5 and p
= 60-80. 14. The method as claimed in claim 12 or 13, wherein the sliced wafers have a misoriented

<110> surface, wherein the <110> iolanegs thted in.the directign 9f a nearest 3(9%111> plane or in the

on o e pulled crvs is reduce
direction of a nearest éd:ff> P Y
approxamately 1¢ anéd the direction of the misorientation,

after cylindrical grinding, is tilted in a direction
sought.

10. The method as claimed in any of claims 5 to 9, whereiln,
during the sawing of the single crystal, the latter is
fixed on a sawing strip tilted relative to the wire gang
of the wire saw in such a way that the sawn wafers have a

10 surface with a2 migoriented <110> crystal plane defined

according to magnitude and direction.

11. The method as claimed in any of claims 5 to 10, wherein
the desired misorientation is effected solely by the
15 pulling of the single crystal and by the subseguent
oriented cyiindrical grinding and no or at most marginal
changes in the misorientation occur during the wire sawing

step and during subseguent machining steps.

20 12. The method as claimed in any of claims 5 to 11, wherein
the sliced wafers have a misoriented <110> surface,

wherein the misorientation is 8 = 0-2.5° and ¢ = 55~85°.

13, The method as claimed in. any of glaims 5 to 11, wherein
25 the misorientation is B = (0.1-1.5¢ and ¢ = 60-80°.

14. The method as claimed in c¢laim 12 ox 13, wherein the
sliced wafers have a misoriented <110> surface, wherein
the <11.0> plane 1s tilted in the direction of a nearest

30 <11l1l> plane or in the direction of a nearest <011> plane.



