Sem conduct or wafer and process for producing a sem conductor wafer 5 The
invention relates to a sem conductor wafer having an inproved quality of

- ‘'edge region and to a process for producing a seniconductor wafer. The

qual ity demands inposed on the edge of a 10 sem conductor wafer are ever
increasing, in particular for |large sem conductor wafer dianeters (dianeter
300 M. In particular, the edge of the sem conductor wafer should, as far
as possible, be free of —contam nation and have a | ow roughness. Moreover,
it 15 should be able to withstand hi gh nechani cal stresses during handling.
The untreated eg@midonfuseitrC aatieat and!\@fx&.‘fcé/!ﬁ b FrodiRGmg aken froma
single crystal has a relatlvel r.ou 20 and neven surface. Spalling often
occurs under mechani cal | oadi §mzﬁﬁiaﬂﬂﬁ? Y the wafer represents a -
sour ce of contanlnatlng particles. is therefore customary to regrind the

edge in ord 25 th reb nlnate S aII|n the crysta

and to fé%l pﬁ%*?# pFSfFTegegﬁF? gaFlﬁﬁﬁﬁﬂ:nﬁ%Ybﬂgnt i's

known fron1ahelmprovedaqualhtyisfcwﬂgmnﬁagﬁdn aﬂﬁaﬁﬁﬂﬂ(pwmhms@rﬁmafer to be

30 fixed on_a rotgglng gggkgogaﬁagﬁ 3 gdge to be noved onto the |ikew se
Fni'n

rotating mo?ﬁlngcsugface 0 ®fool . The machi ning tools used are
generally in the formof disks which are secured to a spindle and have

-ci rcunf er ent:j,al %%I UQﬁﬁ SS&M Rgsas \Mﬂggé&)3 suqﬁégeseégé maghi njng the

edge of the semc ct'or er. The ‘material-removin rasive grain is
usual | 0 seéﬁ@éF?néﬁéﬁ@Fe&ﬁﬁ$ntﬁ?@mﬁ%?ﬁgl§ﬁﬁﬁé@é§9@fJﬂhepaﬁﬁeﬁvhﬁﬁg t ool s.
2 for large semiconductor wafer diameters (diameter

— 2 300 mm). In particular, the edge of the semiconductor

Qf wafer should, as far as ©possible, be free of

contamination and have a low roughness. Moreover, it

15 should be able to withstand high mechanical stresses
during handling.

The untreated edge of a semiconductor wafer which has
been taken from a single crystal has a relatively rough
20 and uneven surface. Spalling often occurs under
mechanical loading, and consequently the wafer

represents a source of contaminating particles.

It is therefore customary to regrind the edge in order
= 25 thereby to eliminate spalling and damage in the crystal

and to provide- it with a specific profile.

‘Suitable grinding equipment is known from the prior
art. It 1is customary for the semiconductcr wafer to be
30 fixed on a rotating table and for its edge to be moved
onto the likewise rotating working surface o¢f a
machining toecl. The machining toocls used are generally
in the form of disks which are secured to a spindle and
have c¢ircumferential surfaces serving as working
35 surfaces for machining the edge of the semiconductor
wafer. The material-removing abrasive grain is usually
securely anchored in the working surfaces of the

machining tools.



‘These machining tools are suitable for providing the sem conductor wafer
with a rounded edge. It is usual for a certain mninmmroughness to remain
_on the edge surface after the edge rounding. 5 In a subsequent machi ni ng
step, the edge of the sem conductor wafer, which has been ground and
treated wth an etching medium is usually polished. 10 The edge of a
centrally rotating sem conductor wafer2is pressed onto a centrally rotating
polishing drumwith a defined force (contact pressure). US 5,989, 105 has

di scl osed am&dgerpohishingd Psocessf thisabype.rdin pwhicRihBe dadishing
drum consists of an alum num alloy 15 and is_covered wth a pdlishing cloth.
The semi cotRIGEERINRERY MELgLuartyh 1 AxetP el f eSFewaiEr 1RolHH2L known as
a chuck. Thesedgecefrthfie semaemduebaghn¥BEercprdmeis bayene tdiyehuck so.
that it is frefl¥ %gcessible éo t he gglishing drum 20 For process
moni t or i ng, SHFTETE tHE- R DT IEhi NG EIRE . customary for a visual check of
the edges of the sem conductor wafers under a m croscope to be carried out
on a sanpl e basi's._ This check is for.particles, roughness .and .defects on
the edge of If‘heaseﬁ]il%%%%%?gr m%%ép}gﬁn Bgﬁbi’cul%iﬁg, t eedgoeéo?d}%e
sem conductsemig@idrcicr exabenedwhorch i bedéhegrbund wWndhweatedaused by
any uneven ver, | S Vi I i i abl e and does not

20 byl yé@%é% fgaus&%fggrbg}ggﬁsh.

al l ow a uni tormedge qualTt e ensure sem conduct or waf ers.
Furthernore, the visual check is wunsuitable for conpletely and reliably

detect hpg Simd leqdlef 6€18 LANEDE1€99818Q:0R Yerd SRIALAUGI LI MafLr SO 3
as to draw conclusions as to a poSsible defective _
pressed onto a centrally rotating polishing drum with a

o defined force (contact pressure). US 5,989,105 has
e disclosed an edge pelishing process of this type, in
which the polishing drum consists of an aluminum alloy
15 and is covered with a polishing cloth. The
semiconductor wafer is usually fixed on a flat wafer
holder, known as a chuck. The edge of the semiconductor
wafer projects beyond the chuck so that it is freely
accessible to the polishing drum,
20
For process monitoring, after the edge polishing it is
customary for a wvisual check o0f the edges of the
semiconductor wafers under a microscope to be carried
out on a sample basis. This check is for particles,
(:ﬁ 25 roughness and defects on the edge of the semiconductor
wafer. In particular, the edge of the gemiconductor
wafer 1s examined for 1light reflections which are
caused by any unevenness. - o ‘

30 However, this visual check is unreliable and does not
allow a uniform edge quality to be ensured for all
semiconductor wafers. Furthermore, the visual check is
unsuitable for completely and reliably detecting small
defects in the edge region of a semiconductor wafer so

35 as to draw conclusions as to a possible defective

procedure.

Furthermore, there are available inspection appliances

which, however, generally only allow i1nspection of the



"procedure. Furthernore, there are avail able inspection appliances which,
however, generally only allow inspection of the 3 sem conductor wafer as
-far as the wafer edge to a peripheral exclusion zone of 3 nm Mst known
i nspection appliances cannot be used to exam ne the entire edge region,
i.e. both the edge of the sem conductor wafer and 5 said peripheral
~exclusion zone. By way of exanple, EP 1348947 Al has discl osed an

i nspection appliance which can be used to inspect the edge of the

sem conduckenivehatuchot nehféhe antifze edge thE regiep. HyLcontgast, DE
10352936 Al has, described an _inspectign_ L appliance which all ows automatic
detecti on GFTUBPEEES &b Vélancégpﬁiﬁ sPz 8N n MOgE EReFe 1EFEETEGTon 15

i ncl udi ng ebelpentpheranexc| bei asagdnecof etdinserheonsucios walger . |t was
an object of the invent] t royi de sem conduct or. wafer. wi th an

i mproved e58318§a|%f§'a%§9% 858 %%%%é%é 5 ?ﬁ?ﬁﬁﬁﬁéﬁfﬁﬂﬁ:?%gﬁﬁ @5ﬁguctor
waf er. Thesebfeptrigharhl eerdlbyien smmeonduct or wafer which has an edge
regi on but does not have any defects larger than or equal to 0.3 m 25 In
the present invention, the edge region conprises at |east an edge of the
sem conducByr water oflt ekemplef er BBl @3£8P4héledyesr egiisnloBerthe am30

sem conduct; t i d ofi.d h em Oﬂgag er and a
peripheralagégggﬁggﬁ %1 pﬁhﬁfhgﬂgfgn?%%h %agﬁegu?¥gces Q%Q%hg%%
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sem copgluctegiwafer to conprise all the inclined and

By contrast, DE 10352936 Al has described an inspection

= appliance which allows automatic detection of defects
above a certain size in the entire edge region
15 including the peripheral exclusion zone o©f the

semiconductor wafer.

It was an object of the invention to provide a
semiconductor wafer with an improved edge quality and a

20 process for producing this semiconductor wafer.

The object is achieved by a semiconductor wafer which
has an edge region but does not have any defects larger

than or equal tc 0.3 um.

In the present invention, the edge region comprises at

least an edge of the semiconductor wafer.

It 1is preferable for the edge region of the
30 semiconductor wafer to comprise the edge of the
semiconductor wafer and a peripheral region of 3 mm on

the front and back surfaces of the semiconductcor wafer.

It is preferable for the edge <region of the
35 semiconductor wafer to comprise all the inclined and
rounded surfaces of the edge of the semiconductor

wafer.



rounded surfaces of the edge of the sem conductor wafer. - 4 The defects
conprise particles, spalling, cracks, scratches, spots, contam nation, and
stacking faults on the edge region of the sem conductor wafer. 5 It is
preferable for the edge of the sem conductor wafer to be polished. The
sem conductor wafer is preferably a nonocrystalline silicon wafer, ‘a
pol i shed silicon wafer, a silicon 10 4afer with an epi t axi al coatlng a
silicon wafer which has been heat-treated, for exanple in an argon

at nospher eThg wedafreatia h GO@PréBﬁedp@irltii@dﬁ:a,aye&pahhin§o cskkeon on

i nsul ator) gwabernls akged, (c%ﬂt?én?ﬁgatfdrgy%ogtégﬁi‘h?t eahl\ggf gh 15 The

obj ect of the |nvent|on is also achie a process ucing a
seni conducttde wePer regampy icfi fdie SRnifcEINBINtRy piadesss sequence: (a)
providing a sem conductor wafer having a rounded and etched edge; 20 (b)
polishing the edge of the sem conductor wafer, in_ which step the

sem comtluctlsr haf Rreiaranle s Ao dtHR acdgentdial e o?&fnllﬁ@néﬁﬁéf?rand

proj ects bewyeed thepehuek isdad.at | east one polishing drum which is
inclined by a specific angle with respect to the chuck, rotates 25

centrally and is covered with a polishing cloth are noved toward one
anot her anghpr essddcoriur tene widihels pisfsrabbpesi hbaccagsaallpnessure wth
a polishin

( q at():roa5| %e e| ng_su " ont. nuousl Yiad he poI i shi n C)ndrum anq
sem conduct (;)Lrllvvafner % ﬁg rr%veﬁgjav\%’] Q?r osrﬁ one” 30 "anotHer “af FélL'L g
predet B¢ m mederuntdrh ofnreybtakxiahscofitinge serdicoimiuct safeaf ehichc)
cleaning thg semlLondugtor_cpatety, (d)ed,NSPeLLEpYe-an s609€,f egLogogl the -
- atmosphere, a wafer with a strained silicon layer, an
\ SO0I (silicon on insulator) wafer or an sSOI (strained
silicon on insulator) wafer.
15
The object of the invention is also achieved by a
process for producing a semiconductor wafer, comprising
the following process sequence: (a) providing a
semiconductor wafer having a rounded and etched edge;
20 (b) polishing the edge of the semiconductor wafer, in
which step the semiconductor wafer, which ig held on a
centrally rotating chuck and projects beyond the chuck
and at least one polishing drum, which is inclined by a
specific angle with respect to the chuck, rotates
C‘i 25 centrally and is covered with a polishing cloth are
moved toward one ancther and pressed onto one another
under a specific contact pressure with a polishing
abrasive being supplied continuously, the polishing
drum and semiconductor wafer being moved away from one
30 another after a predetermined number of reveolutions of
the semiconducteor wafer; {(c) cleaning the semiconductor
wafer; (d) inspecting an edge region  of the
gsemiconductor wafer using an inspection unit; (e}
further processing the semiconductor wafer; wherein the
35 inspection of the edge region of the semiconductor
wafer as described in step (d) automatically detects
and classifies all the defects above a size of 0.3 um
in the edge region, and wherein, if defects are

detected during the inspection, the semiconductor wafer



sem conductor wafer using an inspection unit; (e) further processing the
sem conduct or wafer; wherein the 35 inspection of the edge region of the

- 8em conductor wafer as described in step (d) automatically detects and
classifies all the defects above a size of 0.3 m in the edge region, and
wherein, if defects are detected during the inspection, the sem conductor
wafer 5- is-reprocessed as described-irPsteps (b) to (d) and is then
processed further as described in step (e), the edge polishing as described
in step (b)ibeirepromesised arutdedthilpadi shi sgepar diBt érs Whi chnflave been
optim zed 5cAo! Ne-Rassedl chbenerasal T heatioBaal Lhesdebects, Otneotherw se
t he sem con ucto fer Is sorte r enov reprocessing is not
possi bl e oneé@@omllcﬁhlﬂ%eaﬁeﬂééﬁglhﬁdcthaﬁ‘ée]beélb deltééiel’é%dcal.{@lﬁﬁ t he

process accgpgdi %chole%éHl‘ﬁ%r'tﬁa&“amé‘t!éx% w%h&l'ha@esﬁgbﬁoaﬂl:'%%e&’af er
havi ng a rounded and et ched I'S provided. For iérpose it.

preferabte PBrQ?esﬁﬁﬁ%%nﬂﬁcﬁ@ﬁ\ﬁ#%ﬁSlﬁ¥F%&%%@daﬁcéhﬂt §9feLri OF art to

be taken fregmhargisal etlﬁéysée‘%tbccfrﬂudt;t&r edageho be LhFuumdedrangnfior its
front and back surfaces to be |eveled by neans o% grgggl and/ or _| appi ng
r rﬁé%

processes £ﬁH°¥GS]éé?eﬂeP%oﬁeﬁﬁ%n@héﬁl € ePeRPHg! OUlheCfounded
and etched eHgedefethe seictohduet beewakietec2@d.s then polished as described
in step (b). Commercially available automated edge-polishing units are
avail able for this purpose. The semiconductor wafer is fixed on a centrally
rotati ngt chﬁnk thei phroclkes 52 B osmmiddend uct drhe/vairererptrb@mptfmgst)egﬁndlﬂhe chuck.

A centrally ?o@ﬁhﬁ@dl‘sm%xdrﬂﬁ x‘(‘%‘m %hfo%n%@b Hed E%lesm ng -

&
cloth and |ncI|ne at a certalin an respec to the ¢ and the
CPUCk Wwith tBe provided. For this purpose, it 1s preferable for a

semiconductor wafer, in accordance with the prior art,
to be taken from a single crystal, for its edge to be

15 rounded and for i1its front and back surfaces to be
leveled by means of grinding and/or lapping processes
and subjected to a wet-chemical etching treatment.

The rounded and etched edge of the semiconductor wafer

20 ig then polished as described in step (b).

Commercially available automated edge-polishing units

are available for this purpose. The semiconductor wafer

is fixed on a centrally rotating chuck, with the

(”E 25 semiconductor wafer projecting beyond the chuck. A
centrally rotating polishing drum, which is covered

with a polishing cloth and inclined at a certain angle

with respect to the chuck, and the chuck with the
semiconductor wafer are moved toward one another and

30 pressed onto one another under a certain contact
pressure while a polishing abrasive 1s continuocusly

supplied.

Then, the semiconductor wafer is subjected to cleaning
35 as described in step (c). The cleaning can be carried
out either as 'a batch process with simultaneous
cleaning of a multiplicity of semiconductor wafers
being bathed or using spraying processes or,

alternatively, as a single wafer process.



_sem conductor wafer are noved toward one another and 30 pressed onto one
anot her under a certain contact pressure while a polishing abrasive is
continuously supplied. Then, the sem conductor wafer is subjected to

- cleaning 35 as described in step (c) . The cleaning can be carried out
either as a batch process with simltaneous cleaning of a multiplicity of
sem conductor wafers being bathed or using spraying processes or,
alternatively, as a single wafer process.” - 6 In the context of t he
invention, it is preferable to carry out bath cleaning with sinultaneous
cleaning of a multiplicity of sem conductor wafers, for exanple all the 5

wafers frongan t@ﬁgec@@ié}&thi i oméatimant&@ﬁ exapk g igrefidi@equesce
cleaning with a ueous h hIorlc aC| %%H r|n5|n W t h ult%a pure

water - clea® tnPe ?@@lnﬁiéFH %ﬁﬁﬁﬁﬁwﬁn1 é*hydr ogen
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(d), by an Ktﬁ#%ﬁméthvlﬂmMQnaugdgek&@gwand@thﬁQOQSEWIcpﬁdgnt@ﬁ)mafer 20 An
i nspection n t i t, ef I ng to the
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apparatus as , IS use pur pose.
node & opw%@rohsmdra@@ ns%‘éctllsorpllﬁﬁctm%lfYtﬁPE’ thpre dgymg to be

carried out using commercially available appliances

which operate according to the centrifugal drying, hot

™

water, or HF/ozone principle, The edge-polished
semiconductor wafers obtained after the c¢leaning and

15 drying step are dry and hydrophilic.

The bath cleaning is followed, in accordance with step
(d), by an inspection of the edge region of the

semiconductor wafer,

20

An inspection unit according to the prior art,
preferably corresponding to the apparatus as described
in DE 10352936 Al; is used for this purpose. The mode
of operation of an inspection unit of this type is
= 25 based on the detection of light in the dark field,
: which 1s scattered at what are known as light point
defects (LPDs), 1i.e. for example crystal defects,
‘damage, scratches, impurities or particles. Each defect
is in the process assigned a size equivalent to its
30 light scattering properties, known as the “latex sphere

equivalent” [(LSE).

The edge regilion comprises at least the edge of the
semiconductor wafer.

35
It d1s preferable for the edge region of the
semiconductor wafer to comprise all the inclined)an&
rounded surfaces of the edge of the semiconductor

walfer.



~ 25 based on the detection of light in the dark field, which is scattered at
what are known as |ight point defects (LPDs), i.e. for exanple crystal

- defects, damage, scratches, inpurities or particles. Each defect 1is in the
process assigned a size equivalent to its 30 |light scattering properties,
known as the "latex sphere equivalent”" (LSE). The edge region conprises at
.l east the edge of the sem conductor-wafer. 35 It is preferable for the edge
region of the sem conductor wafer to conprise all the inclined and rounded
surfaces of the edge of the sem conductor wafer. 7 it is preferable for

the edge region_ t r the e of the sem conductor fer,and a

peri pher al E“E%eg}songr%fgg%a%%%onpqlﬁegggorﬁc{gd%drﬁgﬁﬂns a%%‘gp%%ﬂg?hé:h%

sem conduckedgawaiferchel heenitspebidtornr ofafdre addear pgiraphetafiheegarminconduct or
waf er detects an I i f] d S i he._edge j abqve ize of 0.3
gm 10 Sen%%on ugpgrq%gfetgémhﬁéﬁﬁﬁavéﬂﬁéfg%cggla%g%#£€%%n thig@% ze are

r epr ocessedehy copdvs tofr amdigyor polishing of the edge in accordance with
step (b), but with optimzed polishing paraneters, or, if reworking is not
15 possible, are sorted out_and renpved. According to the invention, the
opti ni zat i GRSofiINFRECTHAT shf nfhpacdFet aegian cof rFed 668Mi6ANERELPASi s of the
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of the fact _that only the sem conduct or
above a size of 0.3 um.

10
Semiconductor wafers which have defects larger than
- this size are reprocessed by means of another polishing
o : . .
o of the edge 1in accordance with step (b), but with

optimized polishing parameters, or, if reworking is not

15 possible, are sorted out and removed.

According to the invention, the optimization of the

polishing parameters is carried out on the basis of the

classification of the defects detected during the
20 inspection.

On account of the fact that only the semiconductor
wafers which satisfy the demands imposed on the edge
guality are processed further in accordance with step
(“g 25 {e}, it is possible to ensure a uniform quality of the
e edge region o©f the semiconductor wafers, which is
highly advantageous for the subsequent further
processing, which in some cases also entails high
mechanical stresses at the edge region of the

20 semiconductor wafer.

The further processing in accordance with step (e) may,
for example, comprise polishing of the semiconductor
wafer (double side polishing, chemical mechanical
35 polishing), back surface sealing, depositing an
epitaxial layer on the  front surface of the
semiconductor wafer or heat treating the semiconductor

wafer under a hydrogen or argen atmosphere.



‘waf ers which satisfy the demands inposed on the edge quality are processed
further in accordance with step 25 (e), it is possible to ensure a uniform
-‘quality of the edge region of the sem conductor wafers, which is highly
advant ageous for the subsequent further processing, which in some cases

al so entails high nmechanical stresses at the edge region of the 30

.sem conductor wafer. The further proee$si-ng in accordance with step (e) nay,
for exanple, conprise polishing of the sem conductor wafer (double side
pol i shing, Zdhemtdihg meohathicalndsénpobhshithgrefack suff dedcsea iats '
depositing an | taxial yer, on . fro surface of .th sem conduct or
waf er or he%?t?&é%%i )r%él t%llégsgd %on%%@f%r% B\S/chaf%rSﬁﬁagpnguﬁggrrog%feolﬁ ar gon
at nospher e. d@ridgcmdiisng pod itghe.rionventli onieahenef orespidcdef bugs e .

detected i . edg egi,o ' duct:ar. r . [ ol i shing
and cl eani %%gfle%?o%%és?%ggfigg ?gﬁg%gﬂgut&%%%ge éﬁé‘loﬁ%i#gllﬁ%?ﬁl optim zed
pol i shi Bg BAPpAreR®Y®rs. The text which follows provides a description of
optim zed and preferred ranges of values for polishing paraneters based on
defects or defect classifications 10 which typically occur; according to the
i nvention, Thheskepbl i $Rhifg paPaREYEr sPEPE 166 mitzedFtiRGiaF t &L the

i nspection ghrinezedoanaegheFcandd herpfecis chagskf iseat ipzﬂféﬁﬂ?t of
reprocessi ng of the sgnlc nduct or waf ér duri.ng edge polishing., 15 During
the edge poPFEHPRGETE h&3ERGCKOM ERTEAES ni BBABGEL STEaRF et R P™Hh it is
rotatedocentiathy. cypicablpr edehab] e dafodind eviod utden afnwdie: xdnick to | ast

these polishing parameters are optimized further after
the inspection of the edge region and the defect
- classification as part of reprocessing of the
semiconductor wafer during edge polishing.
15
During the edge ©polishing, the chuck with the
semiconductor wafer held on it is rotated centrally. It
is preferable for one revolution of the chuck to last
50-150 s {(revolution time}.
20
A polishing drum, which is covered with a polishing
cloth and is preferably rotated centrally at a
rotational speed of 50041000 min™?*, and the chuck are
moved toward one another, with the polishing drum set
(- 25 obliquely at a setting angle with respect to the
semiconductor wafer and the semiconductor wafer being
fixed on the chuck 1in such a way that it projects
ISiiéhtly beyond the chuck and is therefore accessible
to the polishing drum. The setting angle is preferably
30 30-50¢°.

The semiconductor wafer and polishing drum are pressed
onto one another under a certain contact pressure and
with a polishing abrasive being supplied continuously,

35 preferably at a polishing abrasive flow rate of
0.15-0.40 liter/min, it being possible for the contact
pressure to be set by means of weights attached to
rolls. It is preferable to select a contact pressure of
2-4 kg.



'50-150 s (revolution tine). 20 A polishing drum which is covered with a
polishing cloth and is preferably rotated centrally at a rotational speed
- 'of 500-1000 m n-', and the chuck are noved toward one another, with the
polishing drum set 25 obliquely at a setting angle with respect to the

sem conductor wafer and the.sem conductor wafer being fixed on the chuck in
such a way that it projects slightly Beyond the chuck and is therefore
accessible to the polishing drum The setting angle is preferably 30
30-50. The sem conductor wafer and polishing drumare pressed onto one
another under a;geraBecanhact dpesYle aths WAL A ROl i 5hE0g abpgsi ve
bei ng supplied contfnuously, 35 preferé%ly at” a polishing abrasive flow rate
of 0.15-0.polishéngnidrun tthdtngnpvedi bvayf dromhersomzethepratsare to be-
set by means_gf r%?ﬂmﬁoﬁgt aehedel QenfifdRiuddord SyH St eablig. to,gekect a
contact pressure o 2-4 kg. 9 It is preferable for the sem.conductor wafer
and polS shhagdérantpe BemisorduaRay Wedmrone another after 2-8 revol utions
of the sem conductor wafer or the chuck 5 holding the sem conductor wafer.
Exanpl e: During the inspection of a sem conductor wafer, defects 10 of a

si ze of 0.3E§ﬁW8?eabove were detected in the edge region. Therefore, the
sem conductor wafer was reprocessed by nmeans of an edge polishing, with the
fol |l owi ng oBtinizeg goLishin%. aragpters bei ng. set: a fhuck rgvolution time
of 85 s (per“F&vdl GbFodfSPE 8ot iy Hr BT ot S5peRF-BF 800 nin',

a contact of a size of 0.3 um or above were detected in the edge

region. Therefore, the semiconductor wafer was

. reprocessed by means of an edge polishing, with the
C:; following optimized polishing parameters being set: a
chuck reveolution time of 85 s (per revolution), a

15 polishing drum rotational speed of 800 min', a contact
pressure of 3 kg, a setting angle of 40° a polishing
abrasive flow rate of 0.30 liter/min for 4 complete
revolutions of the semiconducter wafer {or chuck).
These polishing parameters were set on the basis of the

20 classification of the detected defects., After bath
cleaning, it was not possible, on further inspection of
the edge region, to detect any defects above a size of
0.3 um,

(ﬁa 25 The edge polishing is the most important process step
influencing the edge of the semiconductor wafer, since
in a process sequence for producing semiconductor
wafers it is'usﬁaily the final pfocess'Stép involving
direct machining of the edge of - the semiconductor

30 wafer. Therefore, a check of the edge region of the
semiconductor wafer and a process control are

particularly important after this process step.

However, it 1s preferable for the edge region of the
35 gemiconductor wafer also to be checked, and the
corresponding process step controlled, after other
process steps which influence the edge region of a

semiconductor wafer.



“pressure of 3 kg, a setting angle of 40, a polishing abrasive flow rate of
0.30 liter/mn for 4 conplete revolutions of the sem conductor wafer (or
-chuck). These polishing paranmeters were set on the basis of the 20
classification of the detected defects. After bath cleaning, it was not
possi ble, on further inspection of° the edge region, to detect any defects
‘above a size of 0.3 m 25 The edge pald shing is the nost inportant process
step influencing the edge of the sem conductor wafer, since - in a process
sequence f arhgyedtiied Ngifer qenskiedOr fowaf@fsduding HSunlieddmddaml process
step invol vi di rhectq machi ni.ng of _the ed%g.gf thjg; sem conducttor 30 wafer.
Ther ef or e, "&XHec¥ B h&CBHGE SFEgi 8n BT AR T ¥ et oAt TS wai e %nd a

process contrrfdlusateEingaati edbar Inegimpordfanthaf temitbnsuptoce s& fstrep. .
However, it..Js.prefer r ed [egi f e . .35 sem.co ctor wafer
al so to be lc%eé%’ed%%gﬁg&t%‘f?g% c%gggspgﬁa?ﬁg %%%lgeséspsttehpesceont r%qc{%g? after

ot her procespst epbewlidge | néfuenceft hehedgemiagimmhiafora waéaircarsduct or
wafer. 10 _Jher ree-l r pr, in ] O cLar fer

whi ch corrprcl ses@a&pﬁ%g?i taayrpo?ﬁgé%g%génstde%%lsﬁ i g??ue_ngﬁgggﬁgéggé’%gi on of
t he semi cordifct opeaferducteri s wafeer aBPBPrhEENRES t eitachdBf t F8¥E process

5 steps, 1he8498 FLO! P8y Ond NErSemsCANdH UnyebgEki suréheekeqdusi ng an
i nspection-unit, the egge region of the sem conductor wafer conprising its

edge and pErTIARGRI O i BhsTHPM | tRef PEHE aHELESER S&PMECESs 2% OHdi st ance
of 3 mmoframi han edgengdefiewnmihove a aezecebalGil 3cmnbet Rgeautiomatical ly
detected and ol agslli edolf, 82 diadunf Lol on. oot Natem candug! el er
during the
. check. : ,
C
The edge region of the semiconductor wafer is
15 influenced by further prbcessing steps in addition to
the edge polishing, in particular by edge grinding,
etching, double side polishing, chemical mechanical
polishing or by epitaxial deposition o1 the
semliconductor wafer, i.e. both processing steps which
20 serve to provide a semiconductor wafer having a rounded
and etched edge 1in accordance with step (a) of the
process according to the invention and processing steps
which are only intended to take place after the edge
polishing, namely during the further processing of the
Cﬂg 25 semiconductor wafer in accordance with step (e) of the

process according to the invention.

It is preferable for a check of the edge region of the
gsemiconductor wafer to be carried out after each of the
30 process steps which influence the edge region of the

semiconductor wafer.

It is preferable for all the processed semiconductor
wafers to be checked.

35
An inspection unit which is known from the prior art,
preferably  the apparatus which is known from
DE 103523936 Al, 1is used in such a way that the edge

region of the semiconductor wafer is automatically



“check. The edge region of the sem conductor wafer is 15 influenced by
further processing steps in addition to the edge polishing, in particular
-by edge grinding, etching, double side polishing, chem cal mechani cal
polishing or by epitaxial deposition on the sem conductor wafer, i.e. both
processi ng steps which 20 serve to provide a sem conductor wafer having a
rounded and etched edge in accordancel+th step (a) of the process
-according to the invention and processing steps which are only intended to

t ake pl ace cﬂ‘iécﬁ{ed he aestge poiddiing, nRRigr durdgsdhei daider processing
of the 25 sen1 ond waf er_in_accordapnce with_ s of t rocess
accordi ng t&°% qf]il%nlnFPeFElBPePBF'nggnf gﬁtfcgﬁéj(&g%qt% hago %‘%e regi on
of the serd coiwiadidrovlfen.to be carried out after each of the 30 process
steps which influence the edge region of the sem conductor wafer. It is

preferable for all the processed sem conductor wafers to be checked. 35 An
i nspect Bon IMmi thehiadtedks &Aowine rodge heeglib@r @f t theprefwrabidudtwer appar at us

whi ch is knon| " o e gl03a2d30 M e yaedchg lsgfgc%}m% ‘fcddle edge

regi on of the sem conductor wa i s autonatical and
automati c defent classrPheapildrdi s wigdr f ¥ nedieThe tons pasdustingni ta can

det ect def ecds QUG-+ SiZ8epl WB13rMid dd £48 a@e%s%flﬂl@e £as; 4 egi on of

t he sem conductor wafer detects defects,_ one of precedi ng process
steps is co reieEsi thoR wRés PBYBPE8uchigvaY §@mQﬁﬂﬁﬂkﬁ(ﬂr®%ﬁ%ﬁ which is
as farias pessiddeeHevwotd adjusted or optimized.

It is preferable for a semiconductor wafer in whose
= edge region defects are detected to Dbe reprocessed
using optimized process parameters.
15
If reworking is not possible, the sgemiconductor wafer

is sorted out and removed.

By virtue of the fact that preferably all the

20 semiconductor wafers are checked, defective

semiconductor wafers are reprocessed or alternatively

sorted out and removed, and the check of the edge

region of the semiconductor wafers takes place after

each of the process steps which influence the quality

(*; 25 of the edge region, it is possible to ensure that all

the semiconductor wafers produced using the process

accordlng to the invention do not have any defects of a
size of O. 3 um or above

30 The check of the semiconductor wafers for defects is
preferably carried out after the following process

steps, as well as the edge polishing:

After the edge grinding, the semiconductor wafers are
35 preferably checked for grinding defects and defects
originating from previous process steps.

after the etching, the semiconductor wafers are

preferably checked for etching defects.



- of defects. For this purpose, by way of exanple process 10 paraneters are
adjusted or optimzed. It is preferable for a sem conductor wafer in whose
-edge region defects are detected to be reprocessed using optim zed process
paranmeters. 15 if reworking is not possible, the sem conductor wafer 1is
sorted out and renoved. By virtue of the fact that preferably all the 20
.sem conductor wafers are checked, defé&étirve sem conductor wafers are
reprocessed or alternatively sorted out and renoved, and the check of the
edge region of the sem conductor wafers takes place after each of the

process st whi ch jinihuence.the qu 25_of .t he edge_region i's
possi bl e t%génsure Fﬁﬂ%l§llg %e sghf%gh ct%r<&5F8f§1 888@8818§?ng t he
process apoéndhmggtantheftﬁVeHM1ompdbamptshape arye deémctsndhchorsi ze of .

0.3 mor apgye,30,Jhe g{@fé&»%g gti}f@éﬂé;d)n%g %a%fﬁé—% fagfgéf;gct; s

preferably carried out OW Ng process s the
edge pdlisEPA§S, Aﬁ@éﬁﬂﬂh@&ﬁnyﬁRmekﬂﬂmprtiﬁh@@@ﬁ%@ﬁﬁbt@@rrﬂéﬁéﬂﬁgare 35
preferabl y.ghegkgdnbar grinding defects and defects originating from

previ ous process steps. After the etching, the sem conductor wafers are
preferably checked for etching defects. 12 After a double side polishing, a

chem cal meghaniegl RAiicENi NGhHOMCWRS t réﬁhdﬁ&taéy §é§@rl?8§o§e”b§0ndUCt0r
waf ers are preferabléﬁchecked for han defects, 5 spois, scratches

particl es 8raMRRGRogBhei T8 RIATFHY Sﬁ? Dughiridss FEBRES e whiEh fol | ovs
provi des addgseceptwmitidfoccur in the edge region, the causes of

these defects and possible measures which can be taken
to combat such defects.

After a double side polishing, a tangentially running
15 scratch 1is detected on the edge cof a semiconductor
wafer by inspection. This scratch cannot be reworked,
the semiconductor wafer is scrapped. Possible causes of
edge scratches after double side polishing may be
foreign bodies or entrained fragments of semiconductor
20 material which have become lodged in a carrier of the
polishing machine, or alternatively a worn carrier
caused by the plastic coating having become run down or
partial detachment of the plastic c¢oating of the
carrier. Corrective measures can be taken by means of a

o 25 process contreol, for example, consisting in stopping

f:‘"“ |

the polishing machine, checking the polishing
parameters, cleanlng the pollshlng machine or
'insbécting'“ the carriers and replac1ng them if
necessary.

30
After edge rounding, spalling at the edge of the
semiconductor wafer 1s detected by inspection. One
possible cause of spalling of this type may be a crack
formed during sawing or removal of the semiconductor

35 wafer from the single c¢rystal, which during edge
rouhding has increased in size to cause spalling.
Another vpossible cause may also Ilie in incorrect
handling. Spalling of this nature constitutes a

particularly critical defect on the semiconductor



" exanpl es of some process steps with regard to the 10 defects which occur in
the edge region, the causes of these defects and possi bl e neasures which can
- be taken to conbat such defects. After a double side polishing, a
tangentially running 15 scratch is detected on the edge of a sem conductor
waf er by inspection. This scratch cannot be reworked, the sem conductor
~wafer is scrapped. Possible causes of 13edge scratches after doubl e side
polishing may be foreign bodies or entrained fragnments of sem conductor 20
mat eri al whiagkrhaveiheeconehd4oslgad i & arisitriceiaQf tBe apatdsilithgofachi ne; or

alternativel A\AQE N rrier _caused by th | asti.c_coati.ng havi.ng become
run down oFﬁ%grltnl al nﬁgt a]t%%lr%le%t %S?Zef:ﬁsépl a%el?%)c &oats 1‘Eﬁtc%:ne"\Tagffr%ri er.
Correcti vewiBgdsubesakandbeingken byubmsnernf m2Shipriogesstegntrdior for
exanple, c (. Shking U ppi.ng ol Lshing i checgki e

pol i shi ng %%%#@r%gt er%&%ianiangec#ﬁ)égl i %%?ﬁg r%%%?%@eno? i %S‘%Fmg t he
carri ers adémagpingci pget hedd 1shineceoechdye , 30Whichr edge risundikmg, spal ling

at the edgeafy t?% éﬁm. E%Qf'{%t OhaRhLer oks Bgﬁ_%héﬁ bEeh?éBﬁ&g'chr. Oe
possi bl e cause of spalling of thi's type may be a crac or e uring saw ng
or renoval vgifeife Pedmdc HFFFERHA-35 wafer fromthe single crystal, which
during edge rounding has increased in size to cause spalling. Another
possi bl e cause may also lie in incorrect- handling. Spalling of this nature

constitutedfa PRTTITHRAr| P& i 11 ecPlon the séfF€ondifct of 1€ 13
waf er,18i neentikenductod Maler hatftars @ussdll §16é¢ pspakhing, nehebei ng
detect ed, Eﬁ%%é?% e%oq%%gt%ksmgéggved. without problems by further

- cleaning.

If, after epitaxial coating of the semiconductor wafer,
15 a stacking fault 1is detected at the edge of the
epitaxially coated semiconductor wafer, reworking is
not possible. The associated semiconductor wafer is
scrapped. Possible causes of stacking faults are
crystal defects or strains in the crystal lattice.
20 Corrective measures during process control can consist

in optimizing a single crystal pulling process.

£y



wi |l break during a subsequent machining step, for exanple during a double
side polishing, thereby 5 damagi ng the polishing machi ne, which can, in
turn, lead to an entire batch of polished sem conductor wafers being
scrapped. If particles are detected at,the edge of the 10 sem conductor

waf er, after double side polishing, t hese particles can be renoved w thout
problenms by further, cleaning. If, after epitaxial coating of the

sem condUt%r WRafbfimedidsy stacking fault is detected at the edge of the
epitaxially coated sem conductor wafer, reworking is not possible. The
associ ated sem conductor wafer is scrapped. Possible causes of stacking
faults arke criysPEPcasst it RHOMICARING iS§ME Aen@yisiral wafgrt | comp2dsBed rect i ve

nmeasur es i r consist in optimzing a single crystal
pul I'i ng ﬁg%éggg}g%gﬁiﬁﬁx&%g% ?%m% amed is: 1. A process for producing a
sem conduct or (waf epyowcigiipoi si ngeniichedhot bowaltepr beessy sequencéed (and
provi di ng_a.sem conductor wafer having a rounded and etched edge; (b)

pol i shi ng®t$&%858€°0f the seni conductor wafer by noving the seni conduct or

waf er which is(helgdieBnangefd dldgy 6ot ahé Ngemichuakcesd pireeksnbeyend the
chuck toward at | east one polishing drumwhich is inclined at an angle with

respect tida heeRIApEIUgECT r HRERESYWREME r &F | PeaRdOPs ac RASE@ 1wt Fo&2pHRT shi ng

cloth and:p piessadp ARt pRDERANAN RIS, AL AR 2L PTERS Wl 4 i 4D @
pol i shing abrasive beling supplied continuously, the polishing drumand

sem condudtuor whdflr ibeiingl imace dtawaly afipde whieh aredesst taf tée ghprledst er m ned

nurber Ofrcgtea\{:%lsu'[clzeon S1:a9f.|.yt haendse:[g C%g\drga%o?r wig\gf & ;polishing cleth and

pressed against one another under a contact pressure, with a
polishing abrasive being supplied continuously, the polishing
drum and semiconductor wafer being moved away from cne another
after a predetermined number of reveolutions of the semiconductor
wafer;

{(¢) cleaning the semiconductor wafer;

(d) inspecting an edge region of the semiconductor wafer
using an inspection unit; and

(e) further processing the semiconductor wafer; wherein the
inspection of the edge region of the semiconductor wafer as

described in step (d)} automatically detects and classifies all

the defects above a size of 0.3 pum in the edge region, and
wherein, 1f defects are detected during the inspection, the
semiconductor wafer is reprocessed as described in steps (b} to
(d) and is then processged further as described in step (e), the
edge polishing as described in step (b) being carried out with
polishing parameters which have been optimized on the basis of
the classification of the defects, or otherwise the semiconductor
wafer is sorted out and removed if reprocessing is not poessible

on account of the defects which have been detected.

2. The process as claimed in claim 1, wherein the edge region

of the semiconductor wafer comprises an edge of the semiconductor



(c) cleaning the sem conductor wafer; (d) inspecting an edge region of the
sem conduct or wafer using an inspection unit; and (e) further processing
t he sem conductor wafer; wherein the inspection of the edge region of the
sem conductor wafer as described in_step (d) automatical Iy detects and

classifies all the defects above a size of 0.3 min the edge region, and

wher ei n, ,J,J d_efa%ct“%&er%sd%} Hbggg%in? %{10 ntspsectgl%d?na%ggi sem concductor

waf er is reprocessed as des 'n's r<f)xlllen processed
further dmdesortbesk iaf shepsém)gorduetoedgefqral i shing as described in step
(b) being carried out with polishing paraneters which have been optim zed
on the basis of the classification of the defects, or otherw se the

sem condugt or THAfRbcESs SOF tath iUt , aRHeFEID\REihG FRPIECESHiIRG bs Nt
possible on account of the defects whi ch have béen detected. 2. The process

as cl ai nerfden ofl &bw Pemhper@idtorhyadgle 2 g ustathensEiine ohdul ok waf er
conpri ses, an £dge tattPSnﬁf”E O08ugt ofpe E?zﬁls‘PHL?rd neL! 58§ 8, Pesépheral

regi on of" 3 mmon t ront d back surtaces o e sem conduct or wafer.
3. The progess af set’almg langiteermtvedur prgishingpodnehiagl ofertivondedger of t he

i conduct f k rotation ti, 50 to. 150 s, t at |
Spocd of THE7OR Shi hG B ant: E2800°% PIO0 % RETo s at g Saig) & Bt ween

pol i shi ngLididimand sedn caondtmt@ét wakesuts 3k ta 508, a f]&gpw ahdpothshi ng
abrasive is 0.15 to 0.40 liter/m.n and a contact pressure is 2 to 4 kg, and
the seniSBHEGEEBFERT S LS ATEbI BIHiSRddr GFEr 8X RoTeUCAVAY2Y r RPN e anot her

after 2 tg@pe@VQkidi 0Ny 0h &Q@oﬁﬁ!ﬂoﬁ@ngfwﬁﬁ 20 8bnadet INGapepcess of claim
1, wherein the cleaning of the sem conductor wafer in step (c) is carried

out in a sequence conpri sing cl eani ng wi t h aqueous hydrochloric acid (HF),

rinsing pith dldra BULE VLT oo gl eani ng pi LD TMIHLHOCR. o 10151 Bg Wil Ul tra
pure wat er’, an dryl ng e ‘sem conduct’or

semiconductor wafer in step (c) is carried out in a sequence
comprising cleaning with aquecus hydrochloric acid (HF), rinsing

with ultra pure water, cleaning with TMAH/H,0,, rinsing with

ultra pure water, and drying the semiconductor wafer.

5. The process of claim 1, wherein the further processing as
described in step ({(e) comprises cne cor more of the process steps
of: polishing the front surface of the semiconductor wafer, back
surface sealing, depositing an epitaxial layer on the front
surface of the semiconductor wafer, or heat treating the

semiconductor wafer under a hydrogen or argon atmosphere.

6. The process of claim 1, wherein a plurality of edge region
influencing process steps are applied to the semiconductor wafer,
and wherein after each of these process steps, the edge region of
the semiconductor wafer is checked using an inspection unit, the
edge region of the semiconductor wafer comprising its edge and

peripheral regions of its front and back surfaces at a distance

of 3 mm from the edge, defects above a gize of 0.3 pm being
automatically detected and classified in said edge region of the

gemiconductor wafer during the check.



5. The process of claim1, wherein the further processing as described in
step (e) conprises one or nore of the process steps of: polishing the front
surface of the sem conductor wafer, back surface sealing, depositing an
epitaxial layer on the front surface gof the sem conductor wafer, or heat
treating the sem conductor wafer undéer a hydrogen or argon atnosphere. 6.
The process of claim1, wherein a plurality of edge region influencing
process steps are applied to the sem conductor wafer, and wherein after
each of these MOGRSEeSEERT ¢NALAYE WRGHOM Ofhe t PRoSEIE CORLUCt PRiMaf er s
checked using an inspection unit, the edge region of the sem conductor

waf er conPrilsPREE | 3% SPGe raAECT Rt ithRefaPL ¢ AWUGEST oFaF e JamprE sanerdsack
surfaces g4 ,aidLSt 3565 : f.eam t he, ed : % ' f 0.3 m
being au oﬁg%?%élly dé%g%?%h%gﬁé%g?%%%i??e%ﬁﬁﬁggésgg d%@ﬁrgs S%l%gxfhe

sem condudt en wpieaxidir tager hen dihec kemicdmBluctorThefgr ocess of cl ai m 6,
wherein the process steps which influence an edge region of the

sem conduct or wafer conprise edge grinding, double side polishing, an
etching sd.ep and depesiski @f dfaian apiditededhn |tBeredye theyisanm consid or
wafer. 8. The process of claim6, wherein the edge region of each processed
seni condREESHET eFeiCBREEKRE . WaFerThE Phddss of claim 6, wherein fol | ow ng
detection of defects the sem conductor wafer is reprocessed using optim zed
process paranmeters or, if rework is not possible on account of the detected
def ect's, %-hi s eni porrisst opf wafleimi $,sovhentkigut fahidwingnmodethction Tife
process of cglgim g, wWisreinsfald.onna, detection of s defechs one; of dhe
precedi ng process steps 'S con rol'f%e by oﬁilnlza Fon "o %rogess
par anet ergrocess parameters or, if rework is not possible on account of

the detected defects, this semiconductor wafer is sorted out and

removed.

10. The process of claim 6, wherein following detection of
defectz one of the preceding process steps is controlled by

optimization of process parameters.



