Sem conductor wafer and process for producing a sem conductor wafer 5 The
iFnvention relates to a sem conductor wafer having an inproved quality of
edge region and to a process for producing a sem conductor wafer. The

qual ity demands inposed on the edge of a 10 sem conductor wafer are ever
increasing, in particular for |arge 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 shoul d be%ﬁ%é&&@:é&?t@é‘ﬂe@% e%i;(a:#ﬁt P&gggin?;ii ng handl i ng.

The untreated e a sem conduct or wa a een en froma
single crystal has a rel ativel §eRbeRpAvetendvafryen surface. Spalling often
occurs under nechani cal |oading, and consequently the wafer represents a
source of contam nating particles. It is therefore custonary to regrind the
edge in drdéfe ZH“Y?Eﬁ%Q@'F@léFFﬁiﬁé%easﬁémﬁcﬁ@déﬁ&oéédﬁﬁ%e¥nhﬁﬂéngrysta

and to proviage infprevddl anseciyf ief pEdde | LegSonm t @l etgr angirbgesguigprent s
known fromthe pri.or art"lté%§1%93t°@§£¥ for the sem conductor wafer to be
30 fixed onPEOFSFARTG SHHEBYFEE P Fdge to be noved onto the |ikew se
rotating working surface of a machining tool. The machining tools used are

generally el Nebof Mol dehdthl clniigegecld 110 @ shiydl &,and, have
circunferential §%r aces serving as working 35 surfaces r machi ning the
edge of1Q he SEBHCOBRRFHST W@@ﬁ%rarqhévﬁﬁtéMQ%eﬁﬁ%ﬁﬁmr&PaBﬁ§§FVEl§Fain i's
usual ly seg@rel y1aa8d0r eémi Bohlfcwerki R ey f agesmofetde (ARERAERERY toOOl S.
-2 These nachlnln% Bools are suitable for géOVIdkng the | s
2 300 mm). In particular, the ge o he semiconductor
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 is customary for the semiconductor wafer to be
30 fixed on a rotating table and for its edge to be moved
onto the 1likewise rotating working surface of a
machining tool. The machining tools used are generally
in the form of disks which are secured to a spindle and
have circumferential 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.



sem conductor wafer with a rounded edge. It is usual for a certain m ninum
roughness to remain on the edge surface after the edge rounding. 5 In a
subsequent machi ning step, the edge of the sem conductor wafer, which has
been ground and treated w th an etching nmedium is usually polished. 10 The
edge of a centrally rotating sem conductor wafer is pressed onto a
centrally rotating polishing drumwith a defined force (contact pressure).
US 5, 989, 10Tnkae mheklinsed avadgeapel isstiitipiy 0@@55 p)jothl&mg ypee in

whi ch the pO|IShIn drun1con sts %% an alunlngrla i% and 1 s covered
with a poli §AM§C 8§ﬁ°ITH%a m¢&Rdutt 6PANEF g%Su | y+5i %&4%0n a fl at
waf er hol dépr knoveresia mhnamumﬂrpughnesﬂ therseaicormuctioe edgker :
proj ects be e er accessible to the polishing
drum 20 Fo%ggggggsg%%%%rf§%i%§%% F{er edge polishing it is customary
for a visual check of the edges of the senlconductor waf ers under a

m croscope g be cafjdRbruedt Qb dhSH @@ﬁs dhés chgek bs fehe
particles, 25 roughness ‘and defects on 1he e of the_sem conductqr wafer.

In partlcuI§€mlFﬁ€d€€§@§ﬁw%@ﬁ¥sé%?h%%dﬁé?ope%&ﬂ%ﬁOQ%ge§%91ﬁEGaFSF li ght
refl ecti onswiihCBnaeechdags aediymany suRLN@NNes poldGHdawever, this visual
check is unreliable and does not allow a uniformedge quality to be ensured
for all sem conductor wafers. Furthernore, the visual check is wunsuitable
for conid et 8hy esdder @fi @bloerdatalty npsatellg skefibcogduntohewaflge fLegi on of a

sem conduct gEe‘é@EQr onto %hac%&tfl«adfl a% lh%i ?F51§1f§h£19 adR?rﬁ%?l:ﬁ defective

pr ocedur e. urt her nore, ere are cti on a I ances

defined force (contact pressure). US 5,9 9,105 has
disclosed an edge polishing 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 visual check of the edges of the
semiconductor wafers under a microscope to be carried
out on a sample basis. This check 1is for particles,
25 roughness and defects on the edge of the semiconductor
wafer. In particular, the edge of the semiconductor
wafer 1is examined for 1light reflections which are

caused by any unevenness.

30 However, this visual check is unreliable and does not
allow a uniform edge quality to be ensured for all
semiconductor wafers. Furthermore, the wvisual 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 inspection of the



whi ch, however, generally only allow inspection of the - 3 sem conductor
wafer as far as the wafer edge to a peripheral exclusion zone of 3 mm Most
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, ER 1348947 Al has discl osed an

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

senm conduct gémiededudtdr Nalafidie @rti Faredge ik regirdy Bwgeontpasi, DE
10352936 Al has descri | i ance which all ows automatic

bed. an, i ns ectiog %%F
detection REHERRTIZ FPOVESHRetQRT rP5i 26™n YRRE ePPYR EBGREFEGPDN 15
i ncl udi ng tdeppEangdeer ganewel Uuse omsednetof examineenticoncuttior wadge. |t was

an obj ect of the, i nvention { Qi de 3 f:%%”‘s%%'gg%%gﬁ@f%f&étﬁn N

i mpr oved edﬁe qual ity and a process for producing I's Sem conduct or
waf er. Fhe obidmeriphestdleaxtinsignsewneonduct or waf er which has an edge
regi on but does not have any defects larger than or equal to 0.3 Am 25 In

the present invention, the edge region conprises at |east_an edge of the
seni conduct®r weder Of t $XATR £ er B et FVF91 P bddeR s edibFC HPSEhe 230
sem conduct DiisyeE €ioh 0 apPTRENT tWiei &lgeanf tehausadn eandugieictvaties and a
peri pher al r$g|on oLh3 mmon the front _and b%pk urfaces of thea
seni conduct S79%aPEr PFt SPRLSPEALFERF e “REF Tt K& te B oo § he99%s
sem conductoegivaier to conprise all the inclined and rounded surfaces of the
edge of the sem conductor wafer. - 4

By contrast, DE 10352936 Al has described an inspection

appliance which allows automatic detection of defects

above a certain size 1in the entire edge region

15 1including the peripheral <exclusion zone o©of 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 1is achieved by a semiconductor wafer which
has an edge region but does not have any defects larger
than or equal to 0.3 um.

25
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 semiconductor wafer.

It 1is 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.



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
pol i shed. The sem conductor wafer is preferably a nonocrystalline silicon
wafer, a polished silicon wafer, a siticon 10 wafer with an epitaxi al
coating, a silicon wafer which has been heat-treated, for exanple in an
argon at nogpRer ejeffeded er cinpRigest airtad 19d,i Cosbd By Efig, ancrSeks(silicon
on insul at o%) \fgﬁf r._or an tsSOI <é{éstraj ned. silicon on %nsul %t OFL}_' wafer. 15
The object SFIERENTveMBGHT 1 SHISHH & Fed S proeBeds RO Br Sduci ng a
sem conduct aheweldge, regmon Sifnghet Ferfiddminmatp pmadess. 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 condkict @it wakerprefenible Hanl thea edegat raf | yheot sEMAGORRUEROENd

proj ects beyaonrd.the gaugslandat |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 and Thleseed PHU PR aRidieris UneefefalsPRCchf menoeri/aehipiassure with
a polishing .abrasive_heing suppljed continuously, the polishi. drum and
sem conduct §r er BEi ﬁﬁ'no@edg%%\b%‘?‘?orﬁ%ﬁec% Her gftgﬁ‘egcon ‘
predet extn ned feanertiofam egpl takbas obattihg, sen siohduet ovafiat ewhicb)

cl eani ng the gsemconduchar, paler.s(d) fd}spe§§%@€l@? q¢ge 4£9! Qggglhnt he

sem conduct or wafer using an_inspection unit; further_ proce g the
sem conduct @tmRgPEerenwhet evafere Wash rispakraonedf stiHd cadyel3¥RF onaBf t he

sem conduct @b Wafieri @sn descrinked st St e f<h) vt eptiset | Ysdeheaks

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 is 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
25 centrally and is covered with a polishing cloth are
moved toward one another 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 revolutions of
the semiconductor wafer; (c) cleaning the semiconductor
wafer; (d) inspecting an edge region of the
semiconductor wafer wusing 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, 1if defects are

detected during the inspection, the semiconductor wafer



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 in steps (b) to (d) and
is then processed further as described in step (e), the edge polishing as
described in step (b) being carried out with polishing paraneters which
have been optim zed 5 on the basis of the classification of the defects, or

ot herw se thg W&rag\ﬁaééct§bé§r&ﬁd sQ'étpsan((i) regroveyl hhdr epr ocessing
i s not p055|259 on accoun% gf he def ect &% have een etecﬁ_lgte 10 In
the process "atCorRf AGEF35¢h rﬁ%ﬁﬁil%ﬁ SF§P at?  S5Peni Tondd&for waf er
havi ng a roem@ajpnmhﬁmrm@daed@esariqydwimedteEor )hilse pog poseriet is ,
pr ef erabl e f I e r d art, to
be taken fro%ia%gﬁﬁble c?ﬂgﬁgflp#?gﬁg% %dg%f€% %§9§5ﬂ%%ﬂn§gglaaggPo |ts
front and baek @nﬂfbgesst@fbéﬂuievbﬁ%ﬂlﬁyC@ﬁéﬂs of genddafeand/ oPxl appi ng
processes g e3yhIRCt et GsémiEbnghierdLalyglahi Ag 1E6AL 88NoucThgnpounded

and et ched edge of_ the sem conductor wafer 20 is then polished as descrlbed
in step (b) re@omest ctial FYPEOGFFERNE dift JARE eBOEEFR Fol IS AALERFL 8T are

avai | abl e f @het WeF WP @sE.chl M veePBeeandeticytampfer is fixed on a centrally
rotating chuck, with the 25 sem conductor wafer projecting beyond the chuck.
A centrally rotating polishing drum which is covered wth a polishing
cloth aha iHdiuhajpﬂoaessﬂaqﬁardﬂnye;ovth@ ieggetiohp Ehesthofkaland the

chuck with ¢ Owaf‘&?eflaéiﬁﬂmav%&n‘?i’éed dar?&'eeég%gf%dggd 30

pressed onto one anot er under a certaln contact pressure pol i shi ng
abr asi ve i s i€omyiisigd y Feupphiled pumngase t het ségi asrfirgtadrlavafe¥ Bs

subj ected t @eqli@dMdi@dtor wafer, in accordance with the prior art,
to be taken from a single crystal, for its edge to be
15 rounded and for its 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 1is 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
25 semiconductor wafer projecting beyond the chuck. A
centrally rotating polishing drum, which 1is 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 is continuously

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.



35 as described in step (c) . The cleaning can be carried out either as a
batch process with simultaneous cleaning of a multiplicity of sem conductor
waf ers being bathed or using spraying processes or, alternatively, as a
single wafer process. - 6 In the context of the invention, it is preferable
to carry out bath cleaning wth sinutté&neous cleaning of a nmultiplicity of
sem conduct or wafers, for exanple all the 5 wafers from an edge poli shing
operation, for exanple in the sequence cleaning with agueous hydrochloric

acid (HF) . rifsi ”%oﬁﬂtgﬁt“!é atﬂgr & Wi on C € ”ii'l«g.igffék‘eir He P
(tetranet hyl"anmoni um hydr oxi de/ hydr ogen peroxide) - rinsing wth ultra pure
wat er. Thencarhy SaW dfductbraningafith | simvl egneous j eleaBin@aPy Por the

drying to b%ul_%%fiﬁeétg%fugéﬂgcaﬁw&{&f ald e AV ai d 3Dl KRNl @ngeghewhi ch
operate according to the centrifugal drying, hot, K water, or HF/ 0ozgne
principl®. TRECEEGEIPH i3he IR eRPLLFIHLRI oPPSEH et 0bE T NnEY2RPEEr 1Phe

cl eani ng andhelB8edli¥hBg Glegnahg Wiyh adgudiitd aphidtddhlobie hatid qHeaning is
foll owed, in accordance ﬂithSteﬁ %dg b¥ an Ens ection ﬁf h?g/ﬁqu regi on
of the senicon@Geidr “d&feHit38 RHFEnYBEEFi onCURFT2RECBFEING e prior
art, prefer@ekyanethgipondnigmt o hydrapinde Atydrcgerdes geidoeddeln DE 10352936
A, is used_fior.this,. P, T ti of j L.on unit
of ths typd Teibd bl PiEes BaE sy PRI Ol L RRREe L " i ch
i s scati@re#agderwi@ @rtedknowld ass | FyRtoparHt fafef elees pvRDY) ,£9. B for

exanpl e cryshab-idef eelis, udamBoecommeat-eResy | BRHALELES Obppaihhekss. Each
defect 1is |B&tg$ process aSS|gged a SIZE%F ui valent to éts,30 Ihght :
scattering PREFEr REEAUGHANCRERE EPat gﬁﬁﬁﬁéfugal rying, t
water, or HF/ozone principle. The edge-polished
semiconductor wafers obtained after the cleaning 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 1light in the dark field,
which is scattered at what are known as 1light point
defects (LPDs), i.e. for example crystal defects,
damage, scratches, impurities or particles. Each defect
is in the process assigned a size equivalent to its

30 1light scattering properties, known as the “latex sphere
equivalent” (LSE).

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

35
It 1is preferable for the edge region of the
semiconductor wafer to comprise all the inclined and
rounded surfaces of the edge of the semiconductor

wafer.



equi valent” (LSE). The edge region conprises at |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

t he edge of the sem conductor wafer. - 7 It is preferable for the edge
region to conprise the edge of the senvcenductor wafer and a peri pheral
region of 3 mmon the front and back surfaces of the 5 sem conductor

waf er. The inspection of the edge region of the sem conductor wafer detects
and classifies defects in.the gdge _regio above a size of 0.3 m_,10

Sermi conduct i~ wa¥ ep§esf |r@I%>t1I’?av€°%eFé8t seé]gaer g@?gf’ﬂ%n%ot h?%mg‘lg%geartge

repr ocessed eigeareshnstid  serot dendpot dshivafer ointihe pdgepheradcoedadre with -
step (b) , j t opti m.zed ishi ar ers, L f worki-ng i s not
15 possi bl e?}'.ftar\ég sng?teg o%ﬁgndggg&rﬁ%ve%%ﬁccor [ ngéltlf)f)%ﬁeeéi n\égnt itclglr?, t he
opti m za%i orsepfiaanslugisiy safRy paranmeters 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 sem conductor wafers which satisfy the demands

i nposed on e SRFPEGH DT t §F aFBSpLOTEs FEF Y tDer thA SE8GFE Rt h step
25 (e), it wafpessidierdsd AW Rassifidordefpatst ynothehedgedgegrieg on of
the sem condg}ctvoer vvasfieres, BMU (:J,h ims hi ghl y advant ageous for the subsequent
further prS1 eSS r?g, i ¢ i sdifE cases al so entails hi gh rmechani cal
stresse¥0at the edge region of the

Semiconductor wafers which have defects larger than
this size are reprocessed by means of another polishing
of the edge in 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
quality are processed further in accordance with step
25 (e), it is possible to ensure a uniform quality of the
edge region of the semiconductor wafers, which is
highly advantageous for the subsequent further
processing, which 1in some cases also entails high
mechanical stresses at the edge region of the

30 semiconductor wafer.

The further processing in accordance with step (e) may,
for example, comprise polishing o©f 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 argon atmosphere.



30 sem conductor wafer. The further processing in accordance with step (e)
may, for exanple, conprise polishing of the sem conductor wafer (double
si de polishing, chem cal nechanical 35 polishing), back surface sealing,
depositing an epitaxial |ayer on the front surface of the sem conductor
waf er or heat treating the sem conductog -wafer under a hydrogen or argon
at nosphere. - 8 According to the invention, therefore, if defects are

det ected i n e RUeRy regi eneofi vy &aisONduREoEFYRES 1 fduaéPgcedgareol i shing

and cl eaning, reprocessing is .carried out by _edge polishing usi optim zed
pol i shi ng ofS, e TIIE WRGSAT o7 ofe TRBUTRRI GRS FATRE on of
optim zed amthrimef eedgd rapofiéshohgvadmds dlerampiolg s hiregprorarsaieter $sbased on

defects or defect cl assificati i jC r; rdi.ng to the
nvent; on, ErEas bttt s Borerlihd ubtRy BhLInREEH, poiERif Y, |

i nspecti®n glraretedye regi on and the defect classification as part of
reprocessi ng of the sem conductor wafer during edge polishing. 15 During

t he edge polishing, the chuck with the sem conductor wafer held on it is
rotated centdl | yext  Whigh ef &pbvwes f Rronedeevofr ut F8ACERPERBRChGEK to | ast
50-150 s (reyeliwi-@ tine)prefeArd@! rshgeg drumamehibs govesadnyi th a
polishing cloth and is pre erablg Eotated centrally ?t a. tot%tional speed
of 500- 1000 PAFATELERE tARSTAUCR df et STt el t ST 'onE12RGEASF2HPER t he
pol i shihg dminbhcdet t2pichililguelogcalr;a setbirddgngnglte wthe r éspeatita,t he

sem conduct @, Al g, Ah {1¢ SEPLEOPOUST QLY S 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 1is preferably rotated centrally at a
rotational speed of 500-1000 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 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 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.



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 drum are pressed
onto one another under a certain contact pressure and wth a polishing

abr asive being supplied continuously,-3b preferably at a polishing abrasive
flowrate of 0.15-0.40 liter/mn, it being possible for the contact
pressure to be set by neans of weights attached to rolls. It is preferable
to sel ect a_contact referable for .the

sur
sem conduct 6t méﬁerF§ﬁ§§ %ﬂn@ﬂfcﬂ%ﬁ%tcﬁ?ﬁ&?ﬁﬂéﬁF Way Y# ﬁFon% @not her
after 2-8 pel@buhngnﬁnﬂmtmm Benmooeduahay Viddoer axre tdmocheckatbehol di ng

the sem Congt gt % gw%glongx%@)lt% [%ﬂkl é&%&fépge?f tﬁess%ggndUCt or |

waf er, defe Si ze of mor above Wefe ected 1 n the edge
regi on. Thehefldiag the semiconducteor waﬁéﬁ‘mas reprocessed by neans of an
edge polishing, with the follow ng optim zed polishing paraneters being
set: a chuck revolutlon time of 85 s (per revolution), a 15 polishing drum
rotational EyeB®L6F 800 nmin', a contact pressure of 3 kg, a setting angle
of 400, a polishing abrasive fIOM/rate of 0.30 liter/mn for 4 conplete
revol uti ons_of the enlcondugyor chu

% Thegerpoéiﬁhégg
par amet ers WEF&TEet0gn 1RSSR & t?] %ﬂf%ﬁ%{% $?% atFonT of “hEHEL ect ed
def ect sL0 Af bér abatilze cbeahi hgymi brwaboret wegesiddtesctmd fimt tiee edgpecti on of

the edge rengEonto dehecl -y defepls aQQM cBniligoll  QaBefM g3sThe edge

polishing is € nost I'nportant process
reprocessed by means of an edge polishing, with the

following optimized polishing parameters being set: a
chuck revolution 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 semiconductor 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.

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 usually the final process step 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 is preferable for the edge region of the
35 semiconductor wafer also to be checked, and the
corresponding process step controlled, after other
process steps which influence the edge region of a

semiconductor wafer.



i nfluencing the edge of the sem conductor wafer, since in a process
sequence for produci ng sem conductor wafers it is usually the final process
step involving direct nmachining of the edge of the sem conductor 30 wafer.
Therefore, a check of the edge region of the sem conductor wafer and a
process control are particularly inporicart after this process step.
However, it is preferable for the edge region of the 35 sem conductor wafer

al so to be cheekefhrandihhe cproeepondiony gprODestn$t ap itdaridwertomf t er

ot her process, steps..whi ch _infl.uence_the, edge.regiop of a _sem _gonductor

wafer. - 10 “orie efwgnrl& i oA rprocess of oPl’f)]f%gﬁ%?’ngog s%]?ﬁ’%%snsducstctoe:b% waf er

whi ch conpriiselleptinal aty edbepnesess: stepshei sendepcidng tamwr edfen.egi on of .

the sem conduyct qr, eyl d S fe t aftgr of process
dyct arg waf lee yal ltéh th5E! éfgéfé batnafder &?ec%ecp? ﬁk%%%u

5 steps, the edge r gl on o e sem conductor wafer is c e sing an
i nspecti &n wAtiens t hehed@aFegregien athetBenmseFHARRBICHRT eVa€BBPrissing its

edge and pesidheddl useagonsn Ofinkhactiont Btk backeswdpcesegion of stance
of 3 mmfrom.the ed%e, dsf ects above a size of 10 0.3 m bei aa aut q{gtl cally
det ect ed and8 asSPRFEANPHCEZi d Y&IfF r eGPBRTGF 1P Ae S cofiBBEt o af er

during the pmheigkeridie eelgtonegodnial thrersenmmrdndackosundbeesi at ¥
| nfluenced by; Jalriliero processEg, SLERSLO.addLELADS! apblie @dqq poldshing, in
c abl e s i

particul ar by edge grinding, “etchrng, e pol'I'shi ng,” "chemcal
mechani ¢8l Qd iwhi hging Hutamatadallwlegeserted @nd helasenféedduat or

wafer, i.e. hotd é’cﬁé’&e%b'ﬂgnsb%pscﬁ’&"i§é1n£@ox§&&é/€o£0w%8¥i €& 3 ngergeonduct or

waf er having a rounded and etched edge 1n accordance wth step (a) of the
process accoittfiGty to the invention and processing steps

The edge region of the semiconductor wafer 1is
15 influenced by further processing steps in addition to
the edge polishing, in particular by edge grinding,
etching, double side polishing, chemical mechanical
polishing or by epitaxial deposition on the
semiconductor wafer, i.e. both processing steps which
20 serve to provide a semiconductor wafer having a rounded
and etched edge in 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
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
semiconductor 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 10352936 Al, 1is used in such a way that the edge

region of the semiconductor wafer 1is automatically



which are only intended to take place after the edge polishing, nanely
during the further processing of the 25 sem conductor 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 sem conductor wafer to be carried out
after each of the 30 process steps whigh i-nfluence the edge region of the
sem conductor wafer. It is preferable for all the processed sem conduct or

wafers to behebpeked. 238 AnatiRsREELON HBELcwhi ch1hsskRrewathibam the prior
art, preferably thg apparatus which is knowmn from DE_10352 is used
he%gﬁb

936, Al ,
in such a wR§TfREMe & NSR&S TPt He i Lohectt OF TRGFEr 2PgVe
automati cal hysizélofclheckeeh.and automatic defect classification is ,
performed. The inspection unit can detect defects above a size of 0.3 m 5
If the check of the edge region of the sem conductor wafer detects defects,
one of the pfecdd nghpebcess tieepsiges ramiow| PEd e hsamirendugtproduci ng a
sem conduct gL (gl e&ei"@&é%‘ | A dar 3%ePOoSs1 i devaidd 419y dggeeéés For this

pur pose, by way of exanple process 10 paraneters-are adj ust or optim zed.
It is prefeF&BPE fdf a CEMTONERRL ofitAf e | ¥ iffoseEEC edBECHBEIBA dBfects are

detected tosbRitBREACESTCHa ey NEh P | 15288 FRICRES PosSIBLEr Gevdddl f
reworking is n%%6p055|ble, the sem conductor wafer_ 1s sorted out and

removed. ByO¥i AREECEE -t F&T LS BHTRAR erRbI WA 9T ¢ FEAMBE° sBRPESRTuct or
waf er s 1ar e pheakederdeteet bdg useridc ordopttdmiwaider s are reprocessed or
alternatively
It is preferable for a semiconductor wafer in whose
edge region defects are detected to be reprocessed

using optimized process parameters.

15
If reworking 1s not possible, the semiconductor 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
according to the invention do not have any defects of a
size of 0.3 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.



sorted out and renoved, and the check of the edge region of the

sem conduct or wafers takes place after each of the process steps which

i nfluence the quality 25 of the edge region, it is possible to ensure that
all the sem conductor wafers produced using the process according to the

i nvention do not have any defects of _ajzsiize of 0.3 mor above. 30 The check
of the sem conductor wafers for defects is preferably carried out after the
foll owi ng process steps, as well as the edge polishing: After the edge
grinding, the sem conductor wafers are 35 preferably checked fqr grinding

def ects and®défectd MRfiEafiAg MIMPHEE oud ekt BFShapical t he

etching, theciemhGerdust onrwatersn aepitakefl enralp),y eheckeaitondetebirng ,

defects. - 12_After_a doubte S%ge pq#iggl 0,. a chem cal mechani %I

pol i shing oM3&FEE: &RCepPtakyTePel, THE S CSHdulPdP RS ePET8F& pr ef er abl y

checked 3 or shandl,i gy efadeis, fmispotlss sor atchesogpaeitteesreiating

inhonngenei%%p§o%§%%%g@g to roughness. The text which foll ows provides a
exanp

descri ption of I'és of sone process steps with regard to the 10 defects
whi ch occur in the edge region, the causes of these defects and possible

measures whirgfa caRxie takeh iR rohat suehidelects. sbbteipaidaubbe side
polishing, a tanggntlally running 15 scratch is detected on the edge of a
sem conduct §F2RREES bPEi nEPBEL | BFOCTHF s TRE cH iHhndieHEFT el kEBE™ the

seni conmaict de ferfer wisiSorapped. iBostdl edgausegioh, adge sasuassheg after

doubl e si de_polishj be. forei bodi es _or t.rained fragpepts of
seniconductggefs|%§g%éggl%&9cﬁoﬁgﬁgf%eQSﬁgquégg%ﬁ€$zf%%r ?egggF%the
pol i shi ng machicombadr salche dedteiorsl.y a worn carrier

After a double side polishing, a tangentially running
15 scratch 1is detected on the edge of 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 coating of the
carrier. Corrective measures can be taken by means of a
25 process control, for example, consisting in stopping
the polishing machine, checking the polishing
parameters, cleaning the polishing machine or
inspecting the carriers and replacing them if
necessary.
30
After edge rounding, spalling at the edge of the
semiconductor wafer is 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 crystal, which during edge
rounding has increased 1in size to cause Spalling.
Another possible cause may also 1lie 1in incorrect”
handling. Spalling of this nature constitutes a

particularly critical defect on the semiconductor



caused by the plastic coating having becone run down or partial detachnent
of the plastic coating of the <carrier. Corrective neasures can be taken by
means of a 25 process control, for exanple, consisting in stopping the
pol i shi ng machi ne, checking the polishing parameters, cleaning the
pol i shing machine or inspecting the caryiers and replacing themif
necessary 30 After edge rounding, spalling at the edge of the

seml lconduc]E qhﬁ/@é ter ditcdet egbed bysi ras]pe%kgn%h&@e A0S bfes@wsezap}‘ Cn
spalling o i S e.a cr of me uri samnn val o e
seni conduct O?P%]Sljvﬁﬁ)epaftro tHe s‘f FGysthe, ‘?Jc‘ﬁoﬂﬁﬁl dbagp?oundi ng
has |ncreas&mll1fﬁﬁﬁamt)durrn@ saalbubgeqﬁ@nthema@@ﬁmihge $amse neor al so |ie
in incorrect- I| ngurs Illng @f EEIS naQﬂ%e cggsghig%es fkné%%’ cularly

critical defé%% on t he “§&nPconducts Since Fhere 1S a rlsk
that, asS5a rdswddingd tdysal PthShmngbena@MBCMCh heageni tondwstror waf er

w il break dltgaalgeos%e%g% ik t wgo%e olflerhedexas@all%oq\tq]dc%za doubl e

side polishing, thereby 5 e polishing nachine can

turn, |eadwaens &Ride $EIPPHA - pol i shed seni conductor wafers being
scrapped I'f particles are detected at the edge of the 10 sem conductor
waf er, after:ﬂouble side _polishin thesg particles can, be re veqlmﬁthout

probl ens by Flurt RBFELELESENi REE | fgeEFFE? epittaxi A€coftd9Ry o‘P
senlconductmmmmﬁqnducﬂdkewsf@mklagtéauﬁbubsedetdet@dlashum@'e¢@@sﬁ t he

epi taxial | yspcam e semcSR”%‘& WRLE Wi ENBLET BI I enfP PO er THE

associ at ed uctor
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 1is
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.



scrapped. Possible causes of stacking faults are crystal defects or strains
in the crystal lattice. 20 Corrective neasures during process control can
consist in optimzing a single crystal pulling process. - 14 Patent clains
1. A sem conductor wafer which has an edge region but 5 does not have any
defects larger than or equal to 0.3 -mp42.- The sem conductor wafer as
claimed in claiml1l, wherein the edge region of the sem conductor wafer 10
conprises an edge of the sem conductor wafer as well as a peripheral region
of 3 mmon the front. and back surfaces of the sem conductor wafer. 3. The
serm conduct SR F¢ ™ aimed in claiml or 15 2, wherein the edge of the
sem conductor wafer is polished. 4. The sem conductor wafer as clained in_

one of clai,ns 1. to 1 el t he def ect ris iC 2 pal l'i ng,
cracks, scr&tche@'%ﬁﬂ1%ﬁﬁrﬁﬁt?ﬁ1wa€ackl cg?ﬁ%?tsgagggénggibg %¥%

seni condsict gloesaf eptashatlei ety | medieectef lelrgenms thao 4orwiatal ste
nmonocrystal lj ne silicon 25 wafer, a polished silicon wafer, a silicon wafer
with an epitaxial coating, a heat-treated silicon wafer, a wafer with a

strained silicon layer, an SO wafer or an sSO wafer. 30 6. A process for
produci ng azsenlQﬂﬁﬁU%bﬁ&c@&ﬁ@&torCOWQEéﬁlﬂﬂstf&aéiwé@mhﬁg pneaeess ,sequence:

a rovidin Ssem conduct or waf er havij a rounded et ched edge; (b
éo?lsﬁlng tﬁ’%ﬁ' %Fh gggnif%%ﬂﬁﬁtd?évéhQﬁ SSFhEA 9£F§b PR&ST ge: (D)

senyconﬂmct@bm@&rma%emmwﬂﬁgd1ds &mécbemueon@u¢tatlyafetahsnge&huab and
projects beyond (gnghusk p0d;gh I&ast ofe BR! ' 8ALN%ront and back

surfaces of the semiconductor wafer.

3. The semiconductor wafer as claimed in claim 1 or
15 2, wherein the edge of the semiconductor wafer 1is

polished.

4. The semiconductor wafer as claimed in one of
claims 1 to 3, wherein the defects comprise particles,

20 spalling, cracks, scratches, contamination, stacking
faults and spots.

5. The semiconductor wafer as claimed in one of
claims 1 to 4, which 1is a monocrystalline silicon
25 wafer, a polished silicon wafer, a silicon wafer with
an epitaxial coating, a heat-treated silicon wafer, a
wafer with a strained silicon layer, an SOI wafer or an

sSOI wafer.

30 6. A process for producing a semiconductor wafer,
comprising the following process sequence: (a)
providing a semiconductor wafer having a rounded and
etched edge; (b) polishing the edge of the
semiconductor wafer, in which step the semiconductor

35 wafer, which is 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 centrally and is covered

with a polishing cloth are moved toward one another and



drum which is inclined by a specific angle wwth respect to the chuck,
rotates centrally and is covered wth a polishing cloth are noved toward
one another and - 15 pressed onto one another under a specific contact
pressure with a polishing abrasive being supplied continuously, the
pol i shing drum and sem conductor wafer;deing noved away from one anot her
after a 5 predeterm ned nunber of revolutions of the sem conductor wafer;

(c) cleani ng, the semganducdor aeﬁa‘t%{er(d)nd&sp%)ct 's;%ra}r]h%dg%arﬁ@z&n of the

sem conduct or waf er u5| ng an_inspection unit er processing the
seni conduct RTSFFEE nathﬁoieshﬂﬁecﬁpéﬁséf’et heeddde RHRIAES the

sem conduct Qfona&amfusapy deStQ'lié begolnspigg (drumut aﬁatl (‘s%lrdl)(:dilﬁilﬁ_ﬁ:fo& and
classifies all_the defects aboye a size of 0.3 m ?} %e%&ﬁglon and
er hgik

wherei n, if Wit PEHYE BT ed®WRY i nfTPHe PﬁgpeB‘PP cShduct or
waf er 1551 s prepleacassietds deswbidred IDfStep:Se*(I@)utDO(ld) ansf i s tiheen

pl’ ocessed f emld’on%sucdcesrcr IVP&%II A S §p (C%T] anl %(?l%e %%IU{VJ\]'I r&ha%rdescrl bed
|

in step (b) being carri <4 "du Nng par anet er Ve been
optinized ovafidre badidd of lnlsgecitaggl fienti opdee theegiedrct L or 2@

ot herw se the Sem eRnduet oryyedLr hsisort e O':!hsﬁ@gt15ﬁrmY1?Ht'f r@processi ng

is not possible on account of the defects which have been detect ed 7. The
process as AWATHRF RFRIeTTAEI Wher 8PRiERRIUOECEIYBEFEG YRegFiPhéhe

sem congpct qrns@ﬁ‘caﬁd‘rorrm se&eaneagee Bégibe Sefii cluclean corfRictas wel | as
a peripheral on o on t he front nd back surf s aqf th%S B
sem conduct 6“f‘af\rﬁ§? prBcedeRs (& ai T?'nti:?%fﬁm%ﬁ:eﬁ wherein -
during the poid sdnlargsnfle@eaédige:rm‘ ddBestesn ebndeactorsiz@af ef, Oa3chuck
rotation tiQEli%ﬂ§}]é§bé1 f%éfg@}iogﬁé wherein, 1f defects are
detected during the inspection, the semiconductor wafer
15 1is reprocessed as described in steps (b) to (d) and is
then processed 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
20 otherwise the semiconductor wafer is sorted out and
removed if reprocessing is not possible on account of
the defects which have been detected.

7. The process as claimed in claim 6, wherein the
25 edge region of the semiconductor wafer comprises an
edge of the semiconductor wafer as well as a peripheral
region of 3 mm on the front and back surfaces of the

semiconductor wafer.

30 8. The process as claimed in claim 6 or 7, wherein
during the polishing of the edge of the semiconductor
wafer, a chuck rotation time is 50-150 s, a rotatiocnal
speed of the polishing drum is 500-1000 min™', a setting
angle between polishing drum and semiconductor wafer is

35 30-50°, a flow of polishing abrasive 1s 0.15-0.40
liter/min and a contact pressure 1is 2-4 kg, and the
semiconductor wafer and polishing drum are moved away
from one another after 2-8 revolutions o©of the

semiconductor wafer.



speed of the polishing drumis 500-1000 mn-1, a setting angle between
pol i shing drum and sem conductor wafer is 35 30-50, a flow of polishing

abrasive is 0.15-0.40 liter/mn and a contact pressure is 2-4 kg, and the
sem conduct or wafer and polishing drumare noved away from one anot her
after 2-8 revolutions of the sem coodygtor wafer. - 16 9-. The process as

claimed in one of clains 6 to 8 wherein the cleaning of the sem conductor

wafer in accordance with step (c) is carried out in a sequence 5 conprising
cl eaning wi th aqueous hydrochloric acid (HF) - rinsing with ultra pure water
- cleaning % th TRRHREIGSSY t 86r &ketiMACantodNPHH Mdr 62Pé@ﬁh§dr%eﬁ per oxi de)

- rinsing whbrehhr atpdr ecv8bfing ar@f”’t&qéefﬁéiﬁm@'tormfnafe!rs thAen dried.
10 10. The process as cl.ained |n gne of clains wherein the further

9,
processi ng 2SCAESRPFDed i TP (&Y &énp?&}%re]sedg 8u5r IHore SPIHRBPr ocess
st eps ofs aednpshstnggtdﬂaeimmtj witH acpieafust hydserhtondachotdWAEEr 15 - back

surface seall n%é?% Qg%l tllncgc epléllp%|1t a%(%%l_, laysr. .00 t%th; rf(j_fbace of the
- atihg

seni conduct OF" sem conduc
hydrogen or tatg@meamyrlmpmnem 20 Mromep{mm@seas cpalrcmddeh one of

claim 6 1o 10q;0g 0PI 09:8.D! HEAl | 140l PTOLESSA eRsnabbaluERbE Uence  an

edge region o sem conduct or érein after each of these process
steps, the wA§erriyioreBfArieRk: sem conductor waf er i s checked using an
i nspectigon 25 unit, the edge region of the sem conduct or wafer conprising

£5, 209 andqpergheralodol os of e ARt o and backsurl gose Al o
aut omat i cal Wygerein the further processing as described in step (e)
comprises one or more of the process steps of:
polishing the front surface of the semiconductor wafer
15 - back surface sealing - depositing an epitaxial layer
on the front surface of the semiconductor wafer - heat
treating the semiconductor wafer under a hydrogen or
argon atmosphere.

20 11. The process as claimed in one of claims 6 to 10,
comprising a plurality of process steps which influence
an edge region of the semiconductor wafer, wherein
after each of these process steps, the edge region of
the semiconductor wafer is checked using an inspection

25 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 size of 0.3 um being automatically
detected and classified in said edge region of the

30 semiconductor wafer during the check.

12. The process as claimed in claim 11, wherein the
process steps which influence an edge region of the
semiconductor wafer comprise edge grinding, double side
35 polishing, an etching step and deposition of an

epitaxial layer on the semiconductor wafer.



detected and classified in said edge region of the 30 sem conductor wafer
during the check. 12. The process as clained in claim1ll, wherein the
process steps which influence an edge region of the sem conductor wafer
conprise edge grinding, double side 35 polishing, an etching step and

deposition of an epitaxial |layer on tyw sem conductor wafer. - 17 13. The
process as clainmed in claim1l1l or 12, mherein the edge regi on of each
processed ductor wafer _ is _chec Tg ess.as clalned in
one of cla?ﬁ£1 e Eﬁoce%ﬁeFélﬁ ﬁﬁWth:H%t%%?lonl fogegéCtsk} He

sem conducttdre aagerneglmsprgﬁega@mlgﬁqusgﬂdnszedendUGSSrpaméhBIers or,
if rework is;not ible on account of the detected defects, this

sem conduct or mé?er I's sorted 10 out and renoved. 15. The process as
claimed in one of clains 11 to 14, wherein during detection of defects one

of the sprecgedi NehdrPessssst 8RS d1% i@t 0] | gk bys OBt hihaatioke 45 of process
par anet ers. , , , .

wherein during detection of defects the semiconductor
wafer is reprocessed using optimized process parameters
or, 1if rework 1is not possible on account of the
detected defects, this semiconductor wafer 1is sorted

10 out and removed.

15. The process as claimed in one of claims 11 to 14,

wherein during detection of defects one of the

preceding process steps is controlled by optimization
15 of process parameters.



