1 Epitaxlally coated silicon wafer with <110> orientation 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), is,grown 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 gf the Qﬂs&r@@ﬁgﬁeﬁz&@é@rwﬁ&ﬂi@mﬁnﬁmmmwﬁ?twryﬁw
pulling direction or perpendicular to the c&&g&&&n@&g &M&{@@q_@f 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 numeroyg PQints:ihthe srysialipulling proeess.chat witkbe@ntotrtsr panitdtarly during a
first part of the pulling progess, caused by terapesatsire slifference: betweerd the meltsLiaee and the
seed crystal. DiSlocations are cg;énamict%g_g tegg to propagate in directions of 35 minimal free energy in
the crystal Iatticgéﬁﬁ?ir%rgoﬁ\%ntiolr?al crystaﬁr growth in which a <001> crystal orientation is desired,
dislocations often propagate in 2 directions that are inclined relative to the pulling axis, since these
directions represefitpatg-of minimal energy. This is disclosed in JP 03-080184, for example. Through
suitable lengthening of the thin neck, said dislocations propagate to 5 the neck surface and disappear

there before theyfa%r})iggbg@gﬁqq@eglgllqt@ﬁt,uagixgygjaeﬂga{ﬂwtahpieﬁe aresprontficedl Distocations

which propagate closer alpng the crystal growth axis but parallel thetstaaiedar imantly
eliminated by thﬁﬁﬁﬁgl}ﬁglﬁ tkgoxggref%ﬁ%gf;%rg £-0U! BRLPREA ek SEGUR

small diameter, that is tQ .
rhe so-callied Czochralski (CZ) meéhoa,a$n gﬁls case, a seed

ecrystal is brought to the surface of silicon melted in a guartsz

15 erucible 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 ecrystal 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 cf 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 C2 method. It ig desirable to
grow crystals which have as few of such defects as possible.
Particularly important defects are slip dislocations. Such

30 diglocations can arise at numerous points in the crystal
pulling process, but will be encountered particularly during &
first part of the pulling process, caused by & 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 is desired, dislocations often propagate in



10 say producing the so-called thin neck (also referred to as dash neck in the literature). The teaching
of US 5,826,823 includes growing a long neck having a diameter of approximately 10 mm in order to

" reduce dislocations, and furthermore producing a neck that 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>. One of these alternative orientations is <110>. This crystal orientation is
advantageous owing to its higher hole mobility, inter ala. 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
dislocations carnetbeselimincted by-growintiaednventshaEtk Sttt disfBtdtions, which lie
parallel to the nggk-axisiatherithan-at anangietesaid axes; o N6t propatoleaBaREYsuTacE of the
neck. From this, each ggicgﬁna(?/aﬁr Rroducesk om a siaglessiystalepuliesi-isuifiis waytwolid contain 30

dislocations. In"order to avoid this problem, JP 03-080184 proposes.using a,seed-srystalvith slight
misorientation, SERETHEEHHE direc |oﬁst§}llféwngﬁ%r'gy%%lwhich the dislocations propagate,35 are
o Lie co? C £

inclined slightlytetatiisto e §RORHIFARISRSRREENIL B}f‘?ﬁ?ﬁ]gb € frec ions of Tow energy with respect
to the growth asisathe.dislobatiens propagatetriradudays bt the HER &1 ard BiniRdted before the
cylindrical crysta) piess;is; &-Rreguced. A5 76990411 deerissGoncerped withihe lel#virtation of axially
propagating dislocati%r{lsainné%lgi-x%rﬁrggdtg%g@é_ This is;>-achigveddy tikingnthe seédprystal and

thus tilting the <aﬁ;’(§> direction (normal to (110) plane) fr crystal axis, which.allQws he
dislocations to proFEYAE thtfe ecég is:ﬁrfécé. nggﬁ“g%%hygr%ﬁ%%]?gf known in the prior art,a..,

misorientedd 10 sHicoprsifyis-efySthfisTsrottttd wherBif e ‘miSorientation is e.g. 2-5 (US 5,769,941)
or all angles bepwegn the =G0 T Badac1@tS diffetionsqIP 008D 18%) telirbe %?e&fé‘ﬂl%%ﬁis. JP
63-123893 disclgsgs: acrystabnithadnisesientation of S-ded Soif vaschen BALWY tHé e dRtent of
thernSOHenEH@Qég?agx reduce dislocations, and furthermore producing a neck
"that can bear a corresponding weight of a long crystal.
15
For some applications it is desirable to provide silicpn wafers
having crystal orientations other than <00l>. Cne 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
75  dislocations cannot be eliminated by growing a conventional
neck since these dislocations, which lie parallel to the neck
axis rather than at aﬁ angle to said axis, do not propagate £o
the surface of the neck. From this each silicon wafer produced
from a single crystal pulled in this way would contain

30 dislocations.

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

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



influences properties of the silicon wafers produced therefrom. It is often desirable to provide a silicon
wafer with an epitaxial layer. 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 shoulager 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 betwegn ngopgatomic layer steps is 10 nit or less. 35 A misorientation (angle of inclination) of
00 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 grientgd wire ing: IngLWwirg1sawing,

the misorientatiBh ofd &8nfiéondi@or rof (\:/\ﬁfh%%ﬁ%?eg b@a%%n?%geaéglgggl g%?gg)uéf%u@y rg\élvuced by
suitable orientationmsfant o FeeeTEMEATR o & daWing §ﬁ?59?§%ti:\:/rex[% 1He wire gang - farmed from
sawing wire - obhawiieersavSinte @ sawig stistar never b bricHied cﬁ&ﬁlé’f@y%&cﬁ *3Ad
relatively small inacauragies eanagtibe prechudedy aamisorientatioheofensith 08 Wil bedéRfeved only
in rare cases. TgﬂeggsreEili/)ge&gyg&léiq;n\gat%slyg%gbigggeetatmoﬁ@&fareﬁisaussed in the context
of this invention; 1t should be taken into account that relatively small deviations of up to approximately
10 minutes or 0.2 (also cf. JP 63-123893) should be taken intq account. é CO{%ec?xthQn%fe@e
misorientation ckindividudl reepiBeERRFIATFMEWTE Safirfd procéds has the consequence that the
sawn silican wagarsikave atmoial wafestsHapessipte HesHire Ry Yah oS &7 arghie T2 Gbo with the
cylindrical outer;surface of the rqgipiece.cBhisgives tiselassentially tostwsprolsiern 8033 ifterms of
prodgction engigfgdqjgg%rrsékytfgﬁ%qll ] .Q@Lr@gg@g\@fegghagge@édesultmﬁhemt%ique cut at both
rod piece ends, and make it |mp033|blg for thae'\évaf%rg 10 be singulated automatically fom the carbon

strip usually usetf, aﬁ*?’d’,@e“’&ﬂ?dl;‘?f‘t%% cgr%’?blexnyrgurlng edge rounding is significantly increased since

special technoldbiés fave to be made available for the rounding of oval wafers. What is more,
transportingsoval, unrounded wafers in commercially available cassettes can lead to an increase in the
probability of edge ¢hipping-Aceuking, sxaichsseultkresntt inthehwalsrsdrsiag rejdqedekRsetYer, the
manual handlin% gj@"@ag@é}g%\é{%eerz_sﬁ&s%iaggg vgim.g@a@c\{gm@ qﬁew&ﬁfwﬂhemors on
account of the razor-sharp edges. 4a agijmrggr IAC():‘(;gg%lng to.an aspegt oL the present invention, there
is provided a méthobfo? PrEBulRy &R epiaxially coated silicon water, comprising the following steps:
a) pulling a silicemrShrgtéarys@f With <110> orientation according to Czochralski, using a seed crystal
with <110>o0rientation, the geometrical axis of which is inclined by a specific angle relative to its real
[110] crystal axigsyghsthaidhe pullesb<118ssoriated silitere shiglessryses alsehabeRfisBfientation of

its geometrical a%k% relative 10 1ts rea) {11 Qkcrystalaxis h)serieateckaylindrical gringing ofsaitisilicon
single crystal by etermlning thf,misg{iegt?g%n 9; t%eegwgglq single, crystal.that regults after pulling,
orienting the singRF&R/Tal GiBRpatin Betwéen pressure me bers.in.a grinding nachige, and grinding
away an outer sWifaetfREEingR 5@%@%&%@%@%@? &pecitic, uni grm%gmeter, and the
misorientatien thatugnksaftef pulingot tsdethgié SARIAI KHRIuCEH bREME dRBirBE fsbifentation is
set; ) slicing the gylindricafiy: graunksinglasrysiabintewaiérs bysmabes offa Wircl $aRE tyFuRther
processing of su&_hgsJi_ced wafers by means of mechanical, chemical or chemo-mechanical methods,
by means of which, however, the misorientation of the s ' rgely upchargednsg) applying
an epitaxial layeP 16 S WaFFhAPT gss‘gleoewn %F(?C%sssaela%‘u%@%ﬁ%ﬁ%@?@geﬁth%ﬁélgyﬁmection is
tilted away by th@rarigié SRdRHEhoiaFto tﬁecﬁ%¥é3rl§1§rf§8e ind thie projection of the tilted <110>
direction fosms arfanglrpwiitethedireRion=e] £05 4 tHa TRsfethlaR8arid 6 i§%f/éh By 0 <0 <3 and
45 < < 90 (and alksyrameitieal\zequilatedt ditectionsheDeseription EFARTAMENtS B t1FE HHFefton
provide a methogl.far preducing an-epiiaxiody coatedssticanosaterecammpasing thesfotikwwing steps: a)
pulling a silicon

monoatomic layer steps is 10 nm or less.

35 A misorientation (angle of inclination) 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,



5 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 ufitil 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 groynd,single grystak 4) Q.frtherprocessing.of such sliged mafers.ay means of
mechanical, chemijcal or cher-mﬁcgggi%I rggthogds ﬂ/ meeaé)&cggiwgichsgpvxé%\ieer, the misorientation
of the surface FaTEMS 14 daly URchanged: e) pre%rgély Applying an e;}ftaxdltlayer to a wafer that has
been processeF HFTREEHPTHIS AP WRERIR DT the e Fos Hrectich E3tEPafay Y the angle 0 from
the normal to thelwafersurfackand.the projectiolf of ik tiltedr BEOS direelion fozmb &n&Hge p with
the direction <gkd0>gndibe waterplage anckB isgivensbyd s s:3Q@andd e <30 vand all
symmetrically gquivalent directions).25 4 slightly misarienied seed.isprsferablyused, Said seed is
preferably fitted on a Seed hot!der. ;re eratlbi tgg r@%iegéag% J{)é‘trh% seed cr starla&_segd is5 30 or
less, preferabl? %??ﬁ’fnétsape&cﬁraillfpré%?‘gb 2 Or less. The lower limitis .|m|%é. gy the requirement
of dislocation-fa&asulliRgeERE By the etk IBRGET s RIQUIRTET S THETRI BT RITARSNIS br8ferably
directed in thediréctionrof Sbsthessearest <10O>cor k> plakié (ef. figors Liwith reyasdesthe
definition of the£rystakdiregtionscandplanes): Geouespendinguaisordentasionodhecdingte erystal
preferably has g diameter shightly,ingreased (g few mm) with jespectt the.desiged finahdiameter of 5
150 mm, 200 mm, 300 mm or 450 mm. The desired final diameter is only achieved during later edge
machining ste%g (Ea}égngrjfﬁ&ﬁg%’%%ﬁislﬁﬁ%g), on silicon wafers. 10 In order 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 centactyetH: the pofy sifcormiredsianded o crlicisidl fiisiies. tiipchaclerssulled, which
prevents propagatien ofilisipradiordinesy lbrocess has the conseguence that the

gawn silicon wafers have an oval wafer shape singe the wire saw

gang forms an angle <> 90° with the cylindrical cuter surface
of the rod piece. This gives rise essentially to two preblem
areas in terms of production engineering: firstly, so-called
*halfmoon wafers® arise as a result of the obligue cut at both
rod piece ends, and make it impossible for the wafers to be
singulated avtomatirally from the carbon strip usually used,
and, secondly, the complexity during edge rounding is
significantly increased since special technologies have to be
made available for the rounding of oval wafers. What is more,
transporting oval, unrounded wafers in commercially available
cassertes can lead to an increase in the probabilicy of edge
chipping sccurring, which would result in the wafers being
rejected.

Moreover, the manual handling of *hzlfmoon wafers” is
aspociated with an increased safery risk for the operators on

account of the razor-sharp edges.



After the pulling of the single 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 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
deteLmined by an X-ray goniometer. A corresponitfing method for oriented cylindrical grinding and a
suitable device are disclosed in the European patent specification EP 0 962 284 Bl. 30 The single
crystal is preferably ground cylindrically to a uniform diameter of in each ease somewhat more than
the final wafé¥:dia#ieter. 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. 7 Preferably, the

magnitude of the misorientation of the pulled, crystal is reduced by e.g. approximately, 1,.such that for
example fdP Ry CAEEUMAP BB ThEG SR o Etiﬁ%]?%ﬁt&t%ﬁ‘iﬁ%‘f%ﬁ%%‘g cﬁsﬂ?} rréjﬁ?ﬁ%ely 1.50, a

misorientatiprepyithial b magaituide of apfroximapelyiQ; Sire soltsvaftersthes cylindditad griviting. Preferably,
Soughtin SHSE o HHRMUon GBS e B 2y AR e R RS T o
<100> pland [6f: figemeti)nTike pragritick s dirdoibnsoftheashisorientatioresbemgiégedaesult. 15
The cylindiically aigupd 196 piese & sHBRaaNERIN I JOIaRIEIS UMAISLANT G ggw. This I
preferably effected in that of the single crystal, the  latter is fixed on a sawing strip tilted relative to
the wire 20igangrofsthiswitesanl issertreiies) thas thdasawriavdserethdVebh crystal axis; b)

oriented ¢ylindrical grinding of said silicon single crystal by determining the

misorientation of the silicon single crystal that results after pulling, orienting the single

crystal clamped in between pressure members in a grinding machine, and grinding away

an outer surface of the single crystal until the latter has a specific, uniform diameter and

the misorientation that results after pulling of the single crystal is reduced or the desired

misorientation is set; ¢) slicing the cylindrically ground single crystal into wafers by

means of a wire saw; d) 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) 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 forms an angle ¢ with the direction <-110> in the wafer plane and 8 is given by

0 <8 <3°and 45° < ¢ <90° (and all symmetrically equivalent directions).
Description

Embodiments of the invention provide a method for producing an epitaxially coated

silicon wafer comprising the following steps: a) pulling a silicon



surface with a misoriented <110> crystal plane defined according to magnitude and direction.
However, it is especially preferred for the desired 25 nisorientation to be achieved solely by the pulling
of the single crystal and by the subsequent oriented cylindrical grounding as described above. 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 ¢
and G. The misorientation of the sliced wafers is 0 = 0-2 P = 45-90 (and all symmetrically equivalent
directions). B Particularly preferably, p = 55-85 and 8 = 0-2.5 (and all symmetrically equivalent
directions, figure £),,40d esperialy piaerablyod 5.4%H0AN0E %gcbi%ﬁ@nﬁﬁlbﬁwmm icaily 5
equivalent directions, figure™9). After the wafe een sli thetystaldmachining steps are
effected, which h&eE ey SSFSF §iobany ﬁ\‘fe |E‘L"r§vil %yé?gv%fegfs%%%%?g\%ing kt%ﬁm with smooth, defect-
and 10 particle-fre&isurbaced aHd é@é&eﬁﬁfé?ali’g ptefdrah fl%eﬁ"ff fichanical methods such as
single-side or doukleisidel rndings(SEGsBIBG, serksd AR/ EYlnBhg)L HiaI6F EBPiIRY, chemical
methods such asgtehing, 15{agitic eratkadiney ans eleanmngitapst chesgicaeniesHamicalfmetfods
such as single-side gnd double-sideremeyalpalishing {SSR.2SE) t:cherical meshanical haze-free
polishing (CMP). No changes i ,thg misoiiené_%%il%g.% of l%e <110>.surfaces Q{gg&p%@gjngg}ese
machining steps.%ﬁ%%? Srginale %Cnagegoccur which are unavoidable in t(?ers of rocess. .
engineering. The SRS HABRINERE NHhROF AT pRstePibIf piovited with Sn €;é?|ctIa‘¥$2|€'a%ﬁlaye|r.

regults after pulling, suitably orienting the single crystal

10 clamped in betwesn pressure merbers in a grinding machine, and
grinding away an outer surface of gingle crystal until the
latter has a specific, uniform diameter and the misorientation
that results after pulling of the single crystal ig changed; C)
slicing wafers from the cylindrically ground single crystal; 4)

15 further processing of such sliced wafers by means of
mechanical, chemical br chemo-mechanical methods, by means of
which, however, the misorientation of the surface remains
largely unchanged; e) preferably applying an epitaxial layer to
a wafer that has been processed further in this way, wherein

20 the <110> direction is tilted away by the angle © from the
normal to the wafer surface and the projection of the tilted
<110> direstion forms an angle ¢ with the direction <-110> in
the wafer plane and 6 is given by 0 < 6 < 3° and 45° < @ < 90°
{and all symmetrically equivalent directions).

25
2 slightly misoriented seed is preferably usexi. Said seed is
preferably fitted on a seed holder.

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

less. The lower limit is limited by the reguirement of

dislocation~free pulling and by the neck length thus required.

The misorientation is preferably directed in the dirsction of
15  the nearest <100> or <11ll> 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



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> Firstly, a silicon single crystal is produced by
using a seed 35 crystal in which the <110> crystal direction is inclined at a predetermined angle with
respect to the axial direction (misoriented seed). A quartz crucible with a silicon melt for pulling the
crystal 9 provided for this purpose. The seed crystal, which is fitted on a seed crystal holder, is dipped
into the silicon melt. The seed crystal holder is 5 subse%uently 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&@gg%@@ﬁ@awwmgg@%geed 10 crystal corresponds to the pulling direction. 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 info contact with the mel rf

necking). A disIBBatish HEHROTR CORqRERTIF bmS, st d By the ﬁ%@%ééﬁ%@i@%&é%%?ng of the
thin neck prevents thewdistdcations frempgedpagatimEiretheslivseteti PG cRistal piece. 20 The
seed crystal is sufsseguenthtraised futhemand asiicem.rod composed of monocrystalline silicon is
produced. The pulled silicon rod finally comprises an upper part which was foimed by the dash necking

process, a straight cylinctricaé1 , body and possibly. al qol pWhichthe:diggneter was
reduced, This r&gfﬂtsdl%sé“rs?a 5‘%“\% ic‘%lt%%egf?gqt%osn 2119% %%I&?wﬁgfgwegﬁgﬁg?c&gt%ﬁ@ﬁ?on with
respect to the aRe B HIRSCtPBEhEPSEEd By SAHEh S airdEhidn Bt thé hearest Urn crystal face
alongside the {110} crystal face, that is to say in the [001] direction. Furthermore, the direction of the
tilting of thg<110> epystal to be able to pull a dislocation-free crystal, the

dash necking method is employe& in that after the seed crystal
has been brought into contact with the polysilicon melt
siruared in a crucible, firstly a thin neck is pulled, which
prevents propagation of diglocation lines.
15 _
After the pulling of the single crystal, which corresponds to
the prior art of Czochralski-pulled crystal apart from the
measures for setting the desired misorientatiom, beginning and
end cones are preferably sliced off. The crystal piecs is then
20 ground cyilindrically parallel to a defined crystal direction.
In this case, the single crystal piece is arranged in such a
way that the desgired crystal orientation is defined by the

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

A ecorresponding method for oriented cylindrical grinding and a
suitable device are disclosed in the European patent
specification EP 0 962 284 Bl.

30
The single crystal is preferably ground eylindrically to &
uniform diameter of in each case somewhat more than the f£inal

wafer diameter.

35 The oriented cvlindrical grinding makes it pogsible to set a
desired migorientation of the rod piece or to correct the

misorientation resulting from pulling.



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. 10 Preferably,
beginning and end cones are then sliced off. 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. W Preferably, the misorientation of the pulled crystal is reduced by
approximately 1, such that for the case where the single crystal has a misorientanion 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 c

_ C al. The %}’f%‘é %%mpe%d in at said
pressure members kR HndiRG iMaE GRRBIRY niathife >Fhé Shgie 'crystal is subseguently ground
until i,- has a predeteitaineds unifdrmeihaidianete BINHRSaWFE25 The EPfitdridily gRund single
crystal is subsequgptiy sliced-intewalges:bywaeansod anwireisawkeDafingowiredisawiker widtiplicity of

wafers are sliced from a crystal pigce in,ong.worcengratione 30:Upracirilafithdescrbesithe functional

principle of such a wire saw. _ wire saws have a

re.gang formed iy a,sawingwire-hat is 85 wound
around two ot mtFire ifid8 o gefiection rollers. 'l%e savg‘lng Wiré can be coated with an abrasive
coating. 11 WheHUgifg®dire saws having sawing wire without fixedly bonded abrasive grain, abrasive

grain in the form of a slurry is supplied during the slicing process. 5
rreferably, during the oriented cylindrical grinding, the
misorientation according ©o CZ is tilted in the direction
10 sought in terms of production engineering, that is to say e.g.
ip the direection of the nearest <11i» or <100> plane (cf,
figure 1)}. The magnitude and direction of the misorientation
change as a resulb.

15 The cylindrically ground rod piece is subseguently sliced into
wafers by meang of a wire saw.

This is preferably effected in that of the gsingle crystal, the
latter is fixed on a sawing strip tilted relative to the wire
20 gang of the wire gaw in such a way that the sawn wafers have a
surface with a misoriented <110> crystal plane defined
~according to magnitude and direction.

However, it is especially preferred for the desired

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

In this preferred ewmbodiment, 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 gliced wafers thus have a misoriented <110> surface that
as can be expressed by the solid angles ¢ and 8.

The misorientation of the sliced wafers is 6 = 0-3°, ¢ = 45-500
jand a2ll symmetrically equivalent directions;.




During the slicing process, a crystal piece fixed on a table penetrates the wire gang, in which the
sawing wire is arranged in the form of wire sections lying parallel alongside one another. The
penetration of the wire gang is brought about by a 10 relative movement between table and wire gang
which is realized by means of an advancing device and which guides the crystal piece toward the wire
gang (table advance) or the wire gang toward the crystal piece. 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:stepdara-fuideredge o the sawingStApS areinteridetrth-form ahhifgie of 90, such
that the crystal qrieptation.af the slised,sitican wafess cosresporidsitosthe) crystal erasation'of the

single crystal afterec%/glgig _rifal g{gingir’& 30,The progeduge can be illusiratedionihebasisol liye
following exem[ﬁgry.em d(%r'ne,nt. A 300 mm cryst was pulled by means of a slightly misoriented
35 <110> séed 8EEGTHAERD tHE"CLEd ARk méthod including dash necking, and the beginning and
end cones were sliced off and the rod piece was divided into individual rod segments. 12 On the rod
piece with the end pasitine atdzkem wmadthdtenythlofcEG chy e Mfisditeitatiion BEHEdH Bife
geometrical rod piece: axis apdshe < Ox-direstioawas determinettas Dub@l14 a8 goal for the
end product Was-t 2 Ov% etxaéioé}l%f %J?OQ??&Q% C,almost 9% smooth, defect- and

10 particle-free surfaces and edges.

These are preferably purely mechanical methods such as gingle-
side or double-side grinding (88G, DDG, coarse 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-side and double~side removal pelishing
{88P, DEP) or chemical mechanical haze-free polishing (CMPE).

No changes in the misorientations of the «<110> surfaces are
20 provided in these machining steps. At most marginal changes
occur which are unavoidable in terms of process engineering.

The wafers machined 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 <il0>

surface of the epitaxial substrate.
30 tome of the method steps are described in more detail below.
Cryetel pulling <110>

Firstly, a silicon single crystal is produced by using a seed
35 crystal in which the <110> crystal direction is inclined at a

predetermined angle with respect to the axial direction

imisoriented seed).

A quartz crucible with a silicon melt for pulling the crystal



After the oriented cylindrical grinding, the situation was 10 0 = 0.52 and c = 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 0 = 0.54 and p = 81.4
(also see table 1, last row). The predetermined target for the off-orientation of the wafer surface of e =
0.6 was able to be fully achieved within 20 the bounds of the production tolerances known for the prior
art (delta 6 = +/- 0.20). The tolerances of p that can befachieved in terms of production engineering are
greatly dependent on the magnitude of 6 and, 25for an angle 6 of approximately 0.6, can be estimated
as delta = Mechanical ang C e%)-r’q__ehcihsaniggl mgé:hining steps 30 Preferably the following machining
steps are effectstl &Her e Wire gawmg: Pour?c(ﬁng“the mechanically sensitive edges, carrying out an
abrasive step such as grounding or lapping. 35 EP 547894 Al describes a lapping method, grinding
methods are claimediethe apptieations ER: 272531tARSn8ER SEITLEXAF 23 The ffral fiathess of
the <110>-orienteg,silicomv@fenis pradiuesd fylane ohmerespolishiagarotedses, which can possibly
be precedeg_bysmgéﬁggagpégﬁg%@%@g disturbed ceystablayergangsfos remasdag impurities. A
suitable etching Mmefhiod 5.5 kown for example 1o DE. 1983325 L Iheyroupygf

chemo-mechanf:éafsrﬁ?_ hining Steps compriseés,_polishing steps by means of which the surface is
smoothed and réSkRFHEEMEge’Sr tRESHH5Ee TS TEMbYBA DY partly chemical

1n the 7 method, the axial longitudinal direction of the seed
1 crystal corresponds to the pulling direction.

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 gurface (dash necking). A dislocation network conseguently
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 procguced.

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

wag reduced.

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

10 direction of the geed crystal is the direction of the nearest
{111} crvstal face alongside the {110} crystal face, that 1s to
say in the [001] direction.

Furthermore, the direction of the tilting of the <110> crystal
315  direction with respect to the axial direction of the seed

crystal can be the direction of the {100} crystal face

slongside the {110} crystal face, that is to say in the [1-10]

direction.



W reaction and partly mechanical material removal (abrasion). While the traditional polishing methods
that work on one side ("single-side polishing") generally lead to poorer plane-parallelisms, polishing
methods that act on both sides 15("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 (SSP), wafers are held during
machining on the rear side on a carrier plate by means of cement, vacuum or adhesion. In the case of
double-side polishing (DSP), the wafers are introduceddoosely 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 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:pékishingysolpruordeinto rdinethé JEanBser therSefddiTiuddr 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 s&%&gggné guedia.as CMRpolishing ("chemo-mechanical 35polishing”). Witaxial
coating 14ﬁThe monocrystalline <110>-oriented silicon wafers are subsequently provided with a
monocrystalline grown layer of silicon of the same crystal orientation, in a sp-called epitaxjal coating.
Such epitaxiallyl86afed EMEBH wATEFalE®s ngﬁ%aga%%eess 65e?gfﬁsczd%lﬁa%?s%é%£m)éosed of
homogeneous raetériaki for exanpid-tid prevéntid® of EHliFge réver<al P biislar EMOS circuits
followed by the gheost-ciseuit of Hhe eeppanient (flateh-ppl problem), lower defect densities (for example
reduced number of COPs ("crystal-originated 10 particles™)) and the absence of an appreciable

oxygen content, whereby it is possible to preclude a riskfof %hort cjirlcuc'%t as asrteagyltiosf oxygen -
precipitatedtin corRbEHERLYelevRft FigiBRaentation of the pulied cry |
by approximately 19, such that for the case where the single

crystal has a misorientation of approximately 1.5° after
pulling, & migsorientation 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.9.
adhesively bonded, to the ends of the crystal. The crystal is
clamped in at said pressure members during grinding in a

20 grinding machine. The single crystal is subsequently ground
wmiil it has & pfedetermined, uniform finel diameter.

wre sawing

25 The cylindrically ground single crystal is subsegquently 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

BEW .

Wire saws have a wire gang formed by a sawing wire that is
35 wound arcund two or more wire guide or deflection rollers.

The sawing wire can be coated with an abrasive coating.



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 to the CVD method
("chemical vapor deposition") where, as source gas, silanes, for example trichlorosilane (SIHC13,
TCS), are passed 25 to the surface of the silicon waferiand decomposed there at temperatures of 600
to 1250C to form elemental silicon and volatile byproducts and form an epitaxially grown silicon layer
on the silicon wafer. The epitaxial layer can he undoped or doped in a targeted manner, by means of
suitable doping gases, 30 with boron, phosphorus, arsenic or antimony in orderrglsekc%r&%léction type
and conductivityhMethedsavhicheareesuitaisies o opiiRh ot erimpStant gast strical parameters of
an epitaxially coatecksiliconmafer ISEQR: GBHR andredge rdlpuff) ahdewhieh felate®in particular to

pretreatments Ogéhﬁﬁig%or&ml% duringthe-apitaxy-presass (H2 bake process, HC1 etching treatment
in order to remove hative oxide) and pretreatments of the susceptor are described in the applications
DE102005045337 Al, DE102005045338 Al and DE102005045339 Al and. ate preferably; also
employed in théwideddtace st 16 thg it itior: Iﬁﬁ‘é?etsaér%} description of the figures Figure 1
shows the definitior of sherystal direetionsorigire s §Rd @@héﬁ%%éﬁrﬁﬁoﬁ%ﬁ#éas%% angle
range of the misgrientation:m cFiguies 46shaw soligiangleFanyesforspeaiitiissiented, M
epitaxially coated wafers ang the.associated AEM eigregraphsalrigure Bschgmativadystions
roughness values of epitaxially coated wafers for ific. misQr) I9RS20-Hhe iInventon: s
explained %Ioﬁ%ﬁt?ﬁgrgﬁéwg%él%ggween LSPEGTLIRATENEERY

by means of an advancing device and which guides the crystal
piece toward the wire gang (table advance) or the wire gang

toward the crystal piece.

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
+hat the sawn wafers have a surface having a misoriented <110
crystal plane défined according to magnitude and direction,
vhat is to say that the misorientation that results aftex

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 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 cecrresponds to
tne crystal orienmtation of the singie crystal after cylindrical
grinding.

30
mhe procedure can be i1lustrated on the basis of the followlng

exemplary embodiment.

A 300 mm crystal was pulled by means of a slightly misoriented
35 <110> seed according toc 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.



Figure 1 shows the definition of the crystal orientations in a two-dimensional representation. 25 Figure
2 shows the definition of the solid angle range of the misorientation of a wafer 1. The angle e indicates
the angle of inclination in the <100> direction. The additional indication of the angle p is necessary for
the angle of the actual misorientation. 30 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. 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 water is a misoriented <110> crystal face, 16 expressed as solid angle 0 = 2.28c and ¢
= 2.01. The rotation by p = 1.01 is illustrated by the reference symbol A in conjunctior&witht@e solid
angle definition feorntigurec BreAE MBI GGAPENGE tResdit&te ¥ thé semidBRdcior water can 5
additionally be sgen.dThe yesuking surfdes roughne sewessAF MR MSCOREMLLA P BIFSE nm.
igurea schematic, illustrationQf the-crystal osientation,of asamieondicter B4-haying & rot¢h 24 in 10
the [-110) direction. The area of the semiconductor wafer is a misoriented <110> crystal face,
expressed as sff)l'i“&}ahgle 9 = 1.49cand o = 264.6. The rotation by p = 264.6 is illustrated by the
reference symbol B in conjunction with the solid angle definition from figure 21:c An 'SF&V' ggicrograph of
the surface of 15%heserhicondudter wefePeas eddifitHalRrb@seh-The fedlitifg Surfate folighness
was AFM RMS {1 pixsk wop= 0,069 nm. Figure 6 shows a schematic illustration of the crystal
orientation of a semiconductor wafer 15 haying a notch 25 in 20 the [-1101 direction. The area of the
semiconductor wafer is a misoriented,<110> ¢ ace,.expresse olid angle 9=4.16cand c =
66.0. The rotatidh b§o t‘j’ga?ﬁ'é%ﬂl%?t‘?ag? 96";"} AR RRHRGPC0RS 8

10 .

g = 0.52° and ¢ = o’ a standard wire storing process

withoutr tilting of table or sawing strip relative to the wire

gang resulted in further, marginal alterations of the off-
orientation, these being caused by procesg~technological
fluctuations.

15 .
The off-orientation after the wafers had been singulated was

determined as © = 0.54° and ¢ = 81.4° {also see table 1, lasgt
row) . The predetermined target for the off-orientation of the
wafer surface of 8 = 0.6° was able to be fully achieved within

20 the bounds of the production tolerances known for the prior art
(delta 6 = +/- 0.2°).

The tolerances of ¢ that can be achieved in terms of production
engineering are greatly dependent on the magnitude of 8 and,

23 for an angle & of approximately 0.6°9, can he estimated as delta
o = +/-10°.

Merhanicsl and chemo-machapicoal machining steps

30 preferably the following machining steps are effected after the

wire sawing:

~ rounding the mechanically sensitive edges,

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

®D 547894 Al describes a lapping method; grinding methods are

claimed in the applications EP 272531 Al and EP EE01l62 AL,



the reference symbol C in conjun tion with the solid angle definition from figure 2. An AFM micrograph
of the surface of 25 the semiconductor wafer can additionally be seen. The resulting surface
roughness was AFM RMS (1 um x 1 pm) = 0.054 nm. Figure 7 shows a summary of the results from
table I. The  reference syithols A, B and C from figures 4-6 are also used 30 here. 17 Table 1 5 10
15 A 9[03 cp*[03 converted to th 1st quadrant) AFM RKS [nail x 1 pa) 0.241 14.6 14.6

13

The final flatness of the <llU>-oriented silicon wafer is
produced by one or more polishing processes, winich can possibly
be preceded by an etching step for removing disturbed crystal
layers and for removing impurities. A suitable etching method

s  is known for example Ifrom DE 18833257 Cl.

The group of chemo-mechanical machining steps comprises
polishing steps by means of which the gurface iz smoothed and
residual damage of the surface is removed by partly chemical

10 reaction and partly mechanical material removal {(abrasion).

while the traditional polishing methods that work on one side
(*single-side polighing”) generally iead to poorer plane-
parallelisms, polishing methods that act on both zides

15 {(*double-side polishing”)., make it possible to prbduce 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., wvacuumn
or adhesion. In the case of double-side polishing (DSF}, he
wafers are introduced loosely into a thin toothed disk and are
polished on the front and rear sides simultaneously in & manner

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

rurthermeore, the front sides of the silicon wafers are polished
in & 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 walers 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

35  polishing”).

Epitaxial coating
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The monocrystalline <ll0»-oriented gilicon wafers are
subseguently provided with a monoerystalline grown layer of
eilicon of the same crystal orientation, in a go-called
epitaxial coating. Such epitaxially coated silicon wafers have
certain advantages over silicon wafers composed of homogeneous
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
example reduced mumber of COPs {vorystal-originated
particles”)) and the absence of an appreciable oxygen content,
whereby it is possible to preclude a risk of short circuit as a

result of oxvgen precipitates in component~relevant regions.

For this purpose, in the epitaxy reactor, one or mors silicon
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 L0 a
gas mixture, composed of a source gas {silanes) comprising a
silicon compound, a carrier gas (for example hydrogen) and, if

appropriate a doping gas (for example diborane) .

The epitaxial layer is preferably deposited according to the
oVD method (“chemical vapor deposition”) where, as source gas,
siianes, for example trichlorosilane {8iHC1,, TCS), are passed
to the surface of the silicon wafer and decomposed there at
temperatures of 600 to 1250°C to form glemental gilicon and
wvolatile 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,
with boron, phesphorus, arsenic or antimony in order toc set

conduction type and conductivity.

Methods whick are suitable for optimizing other important
geometrical parameters of an epitaxially coated silicon waier
(5FQR, GBIR and edge roll-off} and which relate in particular
+o pretreatments of the silicon wafer during the epitaxy
process (HZ bake process, HCI etching treatment in order to
remove native oxide) and pretreatments of the susceptor are



0.086 1.49264.684.6 0.089B 1.99 267.7 87.70.081 0.49 4.674.670.307 0.93 1.81.80.408

10

i5

20

25

30

Ch

15
described in the applications DELOZ2005045337 AL,

DELO2005045338 21 and DEL102005045338 Al and ave preferably also
amployed in the method aceording to the invention.

Pigures
Brief description of the figures
Figure 1 shows the definition of the crystal directions.

wigures 2 and 3 show the defimition of the solid angle range of

+he 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

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

Figure 1 shows the definition of the crystal orientations in &

rwo-dimensional representation.

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

misorientation.

Figure 3 shows, supplementarily to Figure 2, the definition of
the scolid angle used in this invemtion fox degcribing the
misorientation in a three-dimensional representation.

Figure 4 shows a schematic illustration of the crystal
orientation of an epitaxizlly coated semiconductor wafer 13
having & 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° 1 illustrated by the reference symbol A in
contjunction with the solid angle dgafinitcion from figure 4. An
AFM micrograph of the surface of the semiconductor wafer can
additionally be seen. The resulting surface roughness was AFM
0.736 nm.

i

BMS (1 pm x 1 om)

Bigurs 5 shows a schematic illustration of the crystal
orientation of a semiconductor wafer 14 having & noteh 24 1in
the [-1107 direction. The area of the semiconductor wafer is a
misoriented <110> crystal face, expressed as solid angle 8 =
1.49%nd ¢ = 264.6°, The rotation by ¢ = 264.86° 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 additicnally be seen. The resulting
surface roughness was AFM RMS (1l pm x I pmy = 0.088 nm.

Figure & shows & schematic iilustratcion of the crystal
orisntation of a semiconductor wafer 15 having a notch 25 in
the [-110] direction. The area o©f the semiconductor wafer is a
misariented <110> crystal face, expressed as solid angle 8 =
1.18%nd ¢ = 68.0°. The rotation by ¢ = 68.0° im iliustrated by
the reference symbol ¢ in conjunction with the solid angle
Gefinition from figure 2. An AFM micrograplhi o the surface of
rhe semiconductor wafer can additionally be seen. The resulting

surface roughness wag AFM RMS (1 nm x 1 um} = 0.054 nm.

Pigure 7 shows a summary of the results from table 1. The
reference symbols &, E and C from figures 4-6 are also used

here,



0.54 184.34.30.275 1.18 68.068.00.055C 0.54 98.631.4 0.083 angles with quadrant. toward The
epitaxially misoriented wherein the

17
Pable 1
6 [e g I3 | gt [0l | AFM RME [mwm]
{comverted to the (3 m = 1 oum)
ist gquadrant)
0.24 14.6 14.6 0,152
G.75 224.0 44.0 0.242
| 2.28 4.01 4.0% 0.736 2
| 0.35 44.17 46 .17 0.136
0.98 266.5 86.5 0.086
1.49 264.56 84.56 6.089 B
1.99 267.7 87 .7 0.081
0.4 4.67 | 4.67 0.307
0.93 1.8 | 1.8 g.408
0.38 270.0 0.0 0.248
0.51 266.6 86 .6 0.081
0.5% | 5.6 5.6 0.248 j
G.54 179.5 0.1 0.289 |
0.54 184.3 4.3 0.275 |
1.18 68.0 68.0 0.055 C |
0.54 | 98.6 814 0.083 _j

A& clear relationship between the roughness values and the solld

5 angles & [°]1, ¢ [°} can be seen from table 1 in conjunction
with figure 7. The angles ¢ were mapped ontce the first

cuadrant. This results in the angles $*, which are alsc plotted
4 e

toward the right in figure 7,

10 The object of the invention is achieved by means of an
epitaxially coated silicon wafer, comprising & plane
migorienced relative to 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 <-

L1

110> in the wafer plane and € is given by 0 < & < 3% and £5° <

© < 90° (and all symmetrically equivalent directicons; .

Particular preference is attached to such epitaxially coated



tilted clear relationship between the roughness values and the solid 618],p[8] can be seen from table 1
in conjunction figure 7. The angles o were mapped onto the first  This results in the angles e*, which
are also plotted the right in figure 7. object of the invention is achieved by means of an coated silicon
wafer,comprising a plane relative to a(110)crystal plane as wafer surface, the <110> direction is
tilted away by the angle 8 from normal to the wafer surface and the projection of the <110> direction
forms an angle p with the direction <- 110> in the wafer plane and e is givenby 0 <8 <3 and45<p<
90 (and all symmetrically eauivalent directions). Particular preference is attached to such ecitaxially
coated 18 silicon wafers having misoriented (110) crystal é)laneg as Wg{er i%q%ge%,sch%%cjerized by
p e 55-85' andG 2 602 BEdR &I 5 Etfigally BghivaRsA ditedtions Tikelisé special preference is
attached no epitasdaty coatbd siicorrwatststhaving riisotenté8 {110y c?y‘g"[agﬁrar?e”éla@i&afer
surfaces, charagtgrized by:0 7 GQr8HvandB:=0.1<k:5; and.all symmetrically equivalent directions. W
The epitaxially coated silicon wafers according to the invention are distinguished by particularly low
roughness values according to. AFM RMS of -0.055-0,089 nit, Sus N nessvalues were not
achievabl€ in tﬁéiﬁﬁérsgrtfé% J;LaFE:Qf 6‘2?3“&?%&&2% c%&g}ol{%in%a%gé%g% éfrylc‘d 15 0.12 pit) .
Moreover, it was SsEein¥a iR the ot tHa thedigle rg Wwas crticial for the roughness values
obtained and valuésder e oF0-8:are SLRABIETHe préserftifventio for the firsttime diSciises that the
20 insights in tbewprigrad=areineampleteeandSolidarigies have to be taken into consideration in the
investigation of misoriented wafer surfaces. The relationship with the angle o as shown, in figure 7
makes thi{socle 5.1825 Thgmrgli%gqr?ntcaéi%gg Igg:fli\é(g%e expressed.as selid.angles;ip the context of this

. . : .© . 4 . .
invention Can likewise bé esignated by the indices th&?}are %ITI:Lfgown to tohfgggg%%n skilled in art.

invention are distirdguished oy particu low ¥

values according to AFM RMS of ~0.055-0.089 nm. Such low
roughness values were not achievable in the prior art, cif.
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
arnigle & was crucial for the roughness values obtained and

values for 8 of 0-8° are suitable.

The present invention for the first rime discloses that the

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

ag shown in figure 7 makes this clear.

25 The miserientacions which were expressed as scolid angles in the

context of this invention can likewise be designated by the
sMiller indices” that are well known to the person gkilied in
the art

ag Examples:
® = 1.5° and ¢ = 4F8°, &4°, 80°, 209, expressed in Millier
indices:

(7719 696 18), (722 690 13), (725 688 4), (725 688 0)

® = 0.5° and © = 459, &0°, 80, 90¢, expressed in Miller



30 Examples:1 6 = 1.5 and p = 45, 60, 80, 90, expressed in Miller indices: (719 696 18), (722 690 13),
(725 688 4), (725 688 0) 35 19 (711 702 6), (712 701 4), (713 701 1), (713 700 0) Farther examples
for converting solid angle indications into ridlier indices: 6=2,m=-90 E (661 731 0); 9=1.5, c=-90
.17(686 722 0); 6=1,p=-90 e=1,M=45d

18

{71l

702 &), (712 701 &)y, (713 701 Ly, (713 700 0

=3

Further examples for converting solid angle indications into

Miller indices:

5
©=2°,9=~90° = (681 721 0); ©=1.53%, =-20° =(688 722 0};
@19, ©=-900 = (694 71S 0); ©=1°, ©=-45° = (698 715 1);
@=1°, =45¢ = {715 698 1)



H (694 (715 719 698 0); 1). 8=1, m=-45 a(698 715 1); Claims 1.A method for producing an epitaxially
coated silicon wafer, comprising the following steps: 5aj) pulling a silicon 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 silicon single crystal also has a 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 the silicon single crystal that results after pulling, orienting the single crystal clamped
in between %%@s%% members in a grinding machine, and grinding away an outer surface of the single
crystal until the latter has a specific, uniform diameter and the misorientation that results after pulling of

the single ciystal ig redyced.or the desired 20misqrientaion is,sef.. ¢} slicing the cylindrically,groupd
gngb(xyga“nu)wgggiPyéggggygf%gwggg“%ollowing steps:

5 a) pulling a silicon 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 <ll0»-oriented silicon single crystal

10 alsc has a 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 the silicon
single crystal that results after pulling, orienting the

5 single crystal clamped in between pressure members in a
grinding machine, and grinding away an outer surface of
the single crystal until the latter has a specific,
uniform diameter and the misorientation that results after
pulling of the single crystal 1s reduced or the desired

20 misorientation is set;
c¢) slicing the cylindrically ground single crystal into
wafers by means of a wire saw;

d} further processing of such sliced wafers by means of
mechanical, chemical or chemo-mechanical methods, by means

25 cf which, however, the misorientation of the surface
remains largely unchanged;

e) applying an epitaxial layver to a wafer that has been
processed further in this way,
wherein the <110> direction is tilted away by the angle ©

30 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 <
8 < 3% and 45° < ¢ < 90° (and all symmetrically equivalent
directions).

35
2. The method as claimed in claim 1, 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



d) further processing of such sliced wafers by means of mechanical, chemical or chemo-mechanical
methods, by means 250f 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 e 30 from the normal to the wafer surface and
the projection of the tilted <110> direction forms an angle so with the direction <-110> in the wafer
plane and e is given by 0 < < 30 and 45 <(1) < 90 (and all symmetrically equivalent _ _ directions). 35
2.The method as claimed in claim 1, wherein the dash necking method is employed in that after the
seed crystal has be&R BroUdht intd toRtaty with a poRfsiticor fneltiithatd-in aw21 Cruciblec sty a
neck is pulled, which grevents propagjation 0f distdeationlines..3. The method as claimed in claim 1 or
2, wherein the single 5crystal is cylindrically ground to a uniform diameter of in each case more than
150 mm, 200 mm, 300 mm or 450 mm. 4. The method as claimed in claim 1 or 2, wherein, prior to the

misoriented’cylindfiE&l gRRBINGS P misbfidRttionis deterfiindd By nean¥ B &R Xerayfonidmet?. 5.
The méthod as claimed tir tlaivs 1 oy 2i wheieir, lduring theloderited eylindricah grindingtheer of

misorientation of the, pulied, crystal isqkeduced by 1; and the disegtionof the misgrientation; after
cylindrical grinding, is tilted in a direction sought.
4. The method as claimed in claim 1 or 2, wherein, prior to
the miscriented cylindrical grinding, the miscorientation

16 is determined by means cof an X-ray goniometer.

5. The method as claimed in claim 1 or 2, wherein, during the
oriented cylindrical grinding, the misorientation of the
pulled crystal is reduced by 1° and the direction of the

13 misorientation, after cylindrical grinding, is tilted in a

direction sought.

e. The method as claimed in claim 1 or 2, wherein, during the
sawing of the single crystal, the latter is fixed on a

20 sawing strip tilted relative to the wire gang of the wire
saw 1in such a way that the sawn wafers have a surface with

a misoriented <110> crystal plane defined according te

magnitude and direction.

25 7. The method as claimed in claim 1 or 2, wherein the desired
miscrientation is effected solely by the pulling of the
single crystal and by the subsequent oriented cylindrical
grinding and no marginal changes 1in the misorientation
occur during the wire sawing step and during subsequent

30 machining steps.

8. The method as claimed in claim 1 or 2, wherein the sliced
wafers have a misoriented <110> surface, wherein the
misorientation is 8 = 0-2.5° and ¢ = 55-85°.

35
9. The method as c¢laimed 1in claim 1 or 2, wherein the

misorientation is & = 0.1-1.5° and ¢ = 60-80°.



6. The method as claimed in claim 1 or 2, wherein, during the sawing of the single crystal, the latter is
fixed on a 20 sawing strip tilted relative to the wire gang of the wire saw in such a way that the sawn
wafers have a surface with a misoriented <110> crystal plane defined according to magnitude and
direction. 25 7The method as claimed in claim 1 or 2, wherein the desired misorientation is effected
solely by the pulling of the single crystal and by the subsequent oriented cylindrical grinding and no
marginal changes in the misorientation occur during the wire sawing step and during subsequent
30machining steps. 8. The method as claimed in claim 1 or 2, wherein the sliced wafers have a
misoriented' €110 8% fa&e Witsteirfthe Misorieptatioritis 1825 dhd 9vh55-85035t 02 10 ieed
method as claimedrincelaisn Bawhereimthecsticed wafersiave asmisosieaied««ELQ> surface, whegein
the <110~ plane is.ftegkin the dijagion of 2 nagrest £l de plane.or in tedifection of aneaes, 011>
plane. 23 Abstract Epitasially coated silicon wafer with <110> orientation and method for producing it
An epitaxially coated silitonWafer tofiprisihg®d pfankShistréncett retatie?o S {110} crystal plane as
wafer surface, wherein the <110> direction is tilted away by the angle G from the normal to the wafer
surface and the projection of the tilted <110> direction forms an angle e with the direction C110> in the
wafer plane and O is given by 0 <5 < 3 and 45 < < 900 (and all symmetrically eduivalent directions).
Fig. 1
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Abhghraot
Epitawially coated silicon wafer with «<110> oriestation and
method for producing it

in epitaxially coated silicon wafer, comprising & plane
misoriented relarive ro & {110} crystal plane as wafer suriace,
wherein the <110> direction is tilted away by the angle & from
the normal to the wafer surface and the projection of the
rilted <110> direction forms an angle ¢ with the direction <-
110> in the wafer plane and € is given by 0 < 8 < 3¢ and 45° <

¢ < 80° (and all symmetrically eguivalent directiong).



