Epitaxially coated silicon wafer and nethod for producing an
epitaxially coated silicon wafer The invention relates to an
epitaxially coated silicon 5 wafer and a nethod for produci ng an
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surface. It often experiences spalling under mechanical

loading and is a source of disturbing particles. It is

therefore customary to regrind the edge 1in order

20 thereby to eliminate spalling and damage in the crystal

and to provide it with a specific profile.

Suitable grinding equipment 1is known from the prior
art. It is customary for the silicon wafer to be fixed
25 on a rotating table and for its edge to be moved onto
the likewise 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 surfaces
30 for machining the edge o¢f the silicon wafer. The
material-removing abrasive grain is usually securely
anchored in the working surfaces of the machining

tocols.

35 These machining tools are suitable for providing the
silicon wafer with a rounded edge. It is usual for a
certain minimum roughness to remain on the edge surface

after the edge rounding.



- 2 In a subsequent machining step, theZedge of the silicon wafer,
whi ch edge has been ground and treated with etching nedium is

usual ly polished. 5 In this case, the edge of a centrally rotating
silicon wafer is pressed against a centrally rotating polishing
drumwith a specific force (contact pressure). US 5,989, 105
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For process monitoring, after the edge pclishing it 1is
customary for a visual check of the edges of the
silicon wafers under a microscope to be carried out on
20 a sample basis. This check is for particles, rocughness
and defects on the edge of the silicon wafer. 1In
particular, the edge of the silicon wafer is examined

for light reflections caused by possible unevennesses.

25 However, this visual check is unreliable and does not
allow a uniform edge quality to be ensured for all
silicon wafers. Furthermore, the wvisual <check 1is
unsuitable for completely and reliably detecting small
defects in the edge region of a silicon wafer in order

30 to draw conclusions as to a possibly defective

procedure.

Furthermore, inspection apparatuses are available
which, however, generally only allow inspection of the
35 silicon wafer as far as the wafer edge to an edge
exclusion zone of 3 mm. Meost known inspectiocn

apparatuses cannct be used to examine the entire edge



- 3 region, that is to say both the edgg of the silicon wafer and
sai d edge exclusion zone. By way of exanple, EP 1348947 Al discl oses
an 5 inspection apparatus which can be used to inspect the edge of

the silicon wafer, but not the entire edge .region (edge exclusiqgn).
By contrast, TB81PF352838C A1 S dBRcSiWesPaht %ﬁec??%% §%pa\‘}é? us JOR
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wi thout the §éfEctdn | B8Rt PREHTEs tidRsi TN i olhect cdge
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epitaxially coated silicon wafer. The object is achieved by nmeans of
an epitaxi al Pyevdoatsed sdigeconimnapecthaxi ngnathodat side, rtr earyisilde

35 and an edge .r.egi.on. conprisin . rounded and_pol.i shed eg of _the
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a wdth 0¥ ipreaelssease accordingly. In particular, it is not
possible to unambiguously differentiate between defects
and thus to monitor and avoid the production of

critical defects.

20 The aim, therefore, must be, wusing automatic edge
inspection comprising automatic high-resolution defect
characterization, that of optimizing and monitoring the
fabrication process for epitaxially coated wafers and,
if appropriate, carrying out sorting with regard to

25 individual defect types and classes, in order thereby
to supply only silicon wafers without the defects
identified as undesirable. It was an object of the
invention to provide an epitaxially coated silicon
wafer having an improved image quality and a suitable

30 method for producing an epitaxially coated silicon

wafer.

The object 1s achieved by means of an epitaxially
coated silicon wafer having a front side, a rear side
35 and an edge region comprising a rounded and polished
edge of the silicon wafer and also a region that is
adjacent to the edge and has a width of in each case

3 mm on the front and rear sides, characterized by a



3 mMmon the front and rear sides, characterized by a - 4 surface
roughness in that edge region of 0.1-1.5 nmRVMS relative to a
spatial wavel ength range of 10-80 pmand also by a variation of the

surface roughness of 1 10% 5 In the present inventiaqn, th dge
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device; (f) epltaX|a |ng he 'silic
{c) cleanlng the silicon wafers; (d) examining the edge

regions of the group of silicon wafers with regard to
defects and edge roughness, wherein the edge region in
20 each case comprises the rounded and polished edge of
the silicon wafer and alsc a region that is adjacent to
the edge and has a width of in each case 3 mm on the
front and rear sides, and also selecting a silicon
wafer from the group of silicon wafers which has a
25 surface roughness of less then 1 nm RMS relative to a
spatial wavelength range of 10-80 pm; (e) pretreating
the selected silicon wafer in a reactor chamber of a
single-wafer epitaxy reactor, wherein, in a first step,
a treatment in a hydrogen atmosphere at a flow rate of
30 1-100 slm 1is effected and, in addition, in a second
step, an etching medium with a flow rate of 0.5-5 slm
is added to the hydrogen atmosphere and is distributed
in the reactor chamber by means of a gas distribution
device; (f) epitaxially coating the silicon wafer.
35
Preferred embodiments of the method according to the

invention are claimed in the dependent claims.



35 Preferred enbodi nents of the nethod-agcording to the invention
are clained in the dependent clains. 5 - Brief description of the
figures Figure 1 illustrates the so-called P4 paraneter as a

function of %he n%l e. 5 Fi, ure% hows, m cr oscope m crographs of
regions on aSTw&fePSRTTRY 9 %4 val ues. Figure 3 shows
the correlation of P4 value and 10 roughness. Figure 4 schematically

shows the roll.er cleani, rinciple. 15 Figyres, 5_and 6 show a wafer
on a suscept 5r-FR&EPer &Eﬁﬁ&&géqﬁﬁuﬁ%e7s§ﬁ %ﬁ%ﬂ%gréﬁﬁémﬁger as a
different deteeatttiypenf 20d raridiee .net hod according to the invention
firstly group of silicon wafers having rounded edges is provided.
For this purpose, preferably, silicon wafers, according to the prior
art, are sli &edueo? asbbrgl eiamssticgle mherogesdpges afe meguimoed amda
t he front angarf%@ wﬁg $/ qeegldt her _%g']fffaer Areusl lt?yeg_eans of grinding
and/ or | appi ng nmethods and possi bl'y subjecte 0 a wet-chem cal
etching treatnent. The rounded edges of the silicon wafers are 30

subsequent | yrpghirghed i nsReeor danee Woth e(R)k1onCommrer cpal | yaayai | ahke
aut omat ed edge-polishing units are available for this purpose. In
this case tREVIEALEEon wafer is fixed on a centrally rotating chuck,
35 with the silicon wafer projecting beyond the chuck. A centrally
rotating polishing drum ich is vered with a polishing cloth, and
et ined by ESGHEE {14 AGHETCh CALLEepeBE R0 (HE CHERRICAndCtRen: 13
chuck with theinciple.

15 Figures 5 and 6 show a wafer on a susceptor/wafer

support.
Figure 7 shows micrographs of different defect types.

20 In the method accerding to the invention, firstly a
group of silicon wafers having rounded edges is
provided. For this purpose, preferably, silicon wafers,
according to the prior art, are sliced from a single
Erystal, their edges are rounded and the front and rear

25 sides thereof are leveled by means of grinding and/or
lapping methods and possibly subjected to a

wet-chemical etching treatment.

The rounded edges of the silicon wafers are

30 subsequently polished in accordance with (b).

Commercially available automated edge-polishing units
are available for this purpose. In this case, the
silicon wafer is fixed on a centrally rectating chuck,
35 with the silicon wafer projecting beyond the chuck. A
centrally rotating pelishing drum, which is covered
with a polishing cloth and inclined by a specific angle

with respect to the chuck, and the chuck with the



- 6 silicon wafer are noved toward one @anether and pressed onto one
another with a specific contact pressure while a polishing agent is
continuously supplied. 5 Duri ng t he edge polishing, the chuck with

the silicon W?fer) heI on | t Orot atteoqqace aI I% O]J:DI,rlefera I ér or%eed
revol ution of ‘th& r?hucak 61 368 $OWd T9-"pf efErablty >
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in such a wayatkat haldreojed sl§I| 3 eyemer a cAuekecandLllys one
frat healdg t fased grathe. cRugkesabl

therefore aceggshbhedho the palishieg deyay Tﬂtﬁ—ﬁﬂité ngrangheuhsrly
preferably 30-50. 20 _The silicon wafer and polrs |ng rum are pressed

onto one anBEREPTARPLY a'?osﬂet’éf S ol Zeomlatti Gt éddifile and with a
pol i shing agent being supplied continuously, pref erably with a

l'i shi t f t f 0. 1- ter/ t I —
et of abit) Xt Sh R ettt HRGFBI ris | RS ERhol phoceuFR sh Be
set by neanscabthei g,hfd; afst aqhezfetmab]q} | srandted prc@‘nr—:trrmti]lw 1 &bt kga
particularly BrtngeLr% % ke% Polfshré“i@o dﬁ%a@ﬂ} 1Si I| re_ra zilre
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preferably oV from*one 30 anot her
preferably aptrereraB,ly r &8l-Utl0ehsniof 't heasill | tha waheckor aokt t heved
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an edge- polrs I'ng machiné o df am
obliquely at a setting angle with respect to the

silicon wafer and the silicon 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 30-50°

20
The silicon wafer and polishing drum are pressed cnto
one another with a specific contact pressure and with a
polishing agent being supplied continucusly, preferably
with a polishing agent flow rate of 0.1-1 liter/min,

25 particularly preferably 0.15-0.40 1liter/min, wherein
the contact pressure can be set by means of weights
attached to rolls and is preferably 1-5 kg,
particularly preferably 2-4 kg. Polishing drum and
silicon wafer are preferably moved away from one

30 another after 2-20, particularly preferably after 2-8,
revolutions of the silicon wafer or of the chuck

holding the silicon wafer.

Example of edge polishing:

35
For an edge-polishing machine of the Speedfam EP300-1IV
type, by way of example the following setting

parameters are suitable for carrying out the method



type, by way of exanple the followi ng sett+ng paraneters are
suitable for carrying out the nethod - 7 according to the invention,
that is to say for achieving a specific edge roughness (a preferred

range is speC|f|ed bet ar ent heses ontact pressure duri
pol i shing: 32§°RgI: W? ?g)lnv?HFéPPonaﬁ%§§eedjbf o1 i §A¥ng ot

drum 800RPthh$@Q1ﬂgiEDOsﬁ¥ﬁ&fi@ ed@@taknqﬁﬁknﬁpeeﬁSpﬁéfE@féﬁ r@nge
sec/ revol ution %2 CQ ee/revolutr - revolutlons of the wafer:
4 (2 - 20 revdl { egﬁgfe He; ﬁQQEﬂﬁﬁﬁ? St 'f1 ow rate: 300 m /nin
(100 - 1000 mM/mn) - polishing agent concentration: e.g. 0.80 K2CO3
20 (uni rtant ther concentration ssi bl e e of poli hrng
agent : gHQ. 5@6S|%%%Eevasrrfm‘fﬁﬁ£$ron1 ay%r 31 %@er@ are %
concelvable 25.0 sett.iOndgegangl e of pol i shing drunrmnth respect to the
wafer: 40 (30 - 50) polishing cloth: e.g. SubaTM 400 from Rohm and
Haas Co. or the like (polishing cloths from3MInc., Nihon 30 Mcro
Coating etc.) pol rhiafigomarat i 6Reed40 8bc (ABLLEBNGecdrumref ePABRFM
the silicon waber -machigngdm)n this way has 35 after edge polishing a
rounded,_possibly etched (acrd or al kaline) and polished, defect-free
and honﬁﬂgneous edge. - 8 After the edge polishing, the silicon
wafers are ¢l eanedtian iageqQr daspeead t oSt epacdr: Thescl eari/rgveanthen

(20 - 300 sec/revolution)

- revolutions of the wafer: 4 (2 - 20 revolutions)

15
- polishing agent flow rate: 300 ml/min
(100 - 1000 ml/min)
- pelishing agent concentration: e.g. 0.8% KCO;
20 (unimportant, any other concentrations possible)
- type of polishing agent: e.g. 5% 35i0; Levasil™ 200
from Bayer, many others are conceivable
25 - setting angle of polishing drum with respect to

the wafer: 40° (30 - 50°)

- polishing cloth: e.g. Suba™ 400 from Rohm und Haas
Co. or the like (pelishing cloths from 3M Inc., Nihon
30 Micro Coating etc.)

- polishing duration: 340 sec (150-600 sec)

Preferably, the silicon wafer machined in this way has
35 after edge polishing a rounded, possibly etched {acid
or alkaline) and polished, defect-free and homogeneous

edge.



effected either as a batch nmethod w th-sBrul taneous cl eaning of a
multiplicity of silicon wafers in baths 5 or using spraying nethods
or, alternatively, as a single-wafer process. In the context of the

i nvention, it,ds preferab o] Fry.out, Ln_step.c), bat |_.eani_n
wi th sinmul tatr?eflécuesrp i%]g(‘:l e%%?éng %‘%f]agpr{rﬁpgf pl ?zgietys(%fllglolni cg%f\%éﬁer s‘a,rqe
for exanpl e alleartal waf exscdrdamad edge poepshingTheperdakndamg fcem be
exanple int ce. ni j t ue dr ord. i F
- rinsing w [é%%%ﬁég%ur%eﬁh%gt e?g-vgcl lgjgr?i%glg @mg?}%g}flmﬁwofﬁ‘ﬂ@a% i
(tetramet hyl ameemiing 16f hpdrmoxd ep Y iy/idiogeh sdrloxiade)wafeinsiing baittis
ul trapure fer. After .t [ d ey rs ar r]‘hsaﬂfﬁl ri

whi ch can5 b\tlav%é_:?f gc%ﬁc?eb\ﬁ’n%gnlsﬁbgf Sl’dceloﬂn’merci aIIIe'y a}vt% a e‘}egtl par Z‘t%uséas
whi ch oper at & @G NafFn eadeesentri fugal drying, hot water, or

HF/ ozone principle. 20 The edge-polished silicon wafers obtained
after the «cleaning and drying_step are dry and hydrophilic. During
cleaning wit HWFFh%répé‘rtz%%/ty ‘gﬁ &ERdi Ry 15geit PEehgH@Rlesiéh

as e.g. Silaparb0Tonayaihablkept rom 25 41CB: Gabhti &g Cai tKGs inilchaniedus

of, .metal i ritie

di stinguj shed .by extrenely _ | ow.cancent.,rati o in
the 1 ow bBb. SBRSETha T far (AR Lo t 2 e TO At iRy o
nmet al i npuri texesndlreom siLlli carhesur fracess 30fExanplae: O0e@42% Pidlamiring

(200 m) + 1.25%HF (310 ) fl.ow r.at e _af | ] or_.180
sec. Rinsing O%%tfﬁ@uﬁc{r}’apggg V\%}%agirr[plf@s %gef%}?%bls%qeufgiggt e%i%ﬁl%%f I"‘Tol\J/tvEle
rate of 15002200 HyfarobDi@00c secid 35HBUr rnglokéani mgthi ttH trapure

M) o 1. 05% BB0Z 0 (4610 T Al 60C and HiGurr ate oo 108 PR Far
appr oxi nb? el 2Y30®xsigle/hydrogen peroxide) - rinsing with ultrapure
water. Afterward, the siliccon wafers are usually dried,

which can be effected by means of commercially

available apparatuses which operate according to the

centrifugal drying, hot water, or HF/ozone princirple.

20 The edge-pclished silicon wafers o¢btained after the

cleaning and drying step are dry and hydrecphilic.

During cleaning with HF, preferably an acidic cleaning
agent i1s added, such as e.g. Silapur-50™ available from
25 ICB GmbH & Co. XG, which is distinguished by extremely
low concentrations of metal impurities in the low ppb
range and 1is particularly suitable for eliminating

metal impurities from silicon surfaces.

30 Example: 0.012% Silapur (200 ml) + 1.25% HF (3100 ml)
at a flow rate of 1500 liter/h for 180 sec.

Rinsing with ultrapure water is preferably effected at
a flow rate of 1500-2000 1/h for €0-300 sec.

35
During cleaning with TMAH/H;0, the following are
suitable, for example: 0.65% TMAH (4710 ml) + 1.05% H,0,



As a result of handling steps and the transport of the 5 wafers in
t he production |ine, the wafer edge can be contam nated particularly
at the points of contact (e.g. contact |ocations in transport

cassettes). Suc cantam natjons can_ le to incorrect qr nd
defects in t(%éq@pi xy P océ‘gs@$ 182 n gﬁrj‘a@r £8 ﬁvopg tﬁﬁw gl@aniﬁ‘?&
tail ored specighreainatdloy t300 eglge, of the silicon wafer was

devel oped. Particularly good results were able to be achieved with
15 roller cleaning. A schematic illustration of a suitable device is

illustrated ias fd geeeut 20 hanthiisigcasepd hendvafiee B8rasspovedof the
relative to cleaning. rqllers 4, the water 3 and/or the rollers 4
being  f1ishdIEh T eand SEMEET SR TRECE! aaif ng Fst) Griss aeabe
are preferablopndyantinettiad 2 pgongesr g/ g.atandlespariialidy prief exalilayt
on the basis Qf . polyyig | cohal VA) . i et

waf er edge (a(%e'>? '32{: ed.géJC ?‘ ront scingaj: ?ilg':\g(}%esré)g!e@% eggsgggggig \gﬁ?il‘
cl eaning 30 coBIti@Yisiat ionHreger by 1001BOOrERTHI Arowspeeing dpfects

preferably 2Q0Qr 30Q @H:iMdky HioQELrnost part of the wafer edge,
which is_oriented approxirnately perpendicular to the wafer surface,

i s desi g%%t ed as the apex 32 (also see figure 4B). 35 C eaning
rollers 4 argrusetiahi €8 arveiddZHik contaetimgt Bat heragexpaddif4talny

contact with _the edge fro ide 31, and -_10 - 43 in contact with
t he edge reartosi%cﬁl@ %ge @%t VO ShiYY S %s‘é%l‘?ﬁie ilicon
technol ogy are preferably enpl oyed.

Particularly good results were able to be achieved with

15 roller cleaning.

A schematic 1llustration of a suitable device 1is

illustrated in figure 4,

20 In this case, the wafer 3 is moved relative to cleaning
rollers 4, the wafer 3 and/or the rollers 4 being

flushed with cleaning solution.

The cleaning rollers 4 used are preferably synthetic
25 sponges e.g. and especially preferably on the basis of
pelyvinyl alcohol (PVA).

The relative speed between wafer edge (apex 32, edge
front side 31 and edge rear side 33) and cleaning
30 rollers 4 is preferably 100-500 cm/min, especially
preferably 200-300 cm/min. The outermost part of the
wafer edge, which is oriented approximately
perpendicular to the wafer surface, 1s designated as
the apex 32 {also see figure 4B).
35
Cleaning rollers 4 are used which are
- 42 in contact with the apex 32,
- 41 in contact with the edge front side 31, and



5 Solutions conprising ultrapure water, tetranethyl amoni um hydroxide
(TMAH) and hydrogen peroxide (H202), e.g. in concentrations of 0.3% TMAH +
0. 7% H202, are particularly well suited. 10 After the bath cl eaning,
provision is made, in accordance with (d), for exam ning the edge regions
of the group of silicon wafers with regatrd to defects and edge roughness
and al so for selecting a silicon wafer 15 fromthe group of silicon wafers
whi ch has a surface roughness of less than 1 nmRMS relative to a spati al

wavel engt h range qfs 105 @ngggcgrﬂ@ﬁ Yy, cq;Siligpnsnalegai s sel ected

conprising a 20 front side, a rear side and an edge regi on conprising a
rounded and polished edge of the silicon wafer and also a region that is

adj acent to the@Hge-ANd1Ra% 1AM dbbnt Of dLpach case; 3,amda dgyont and
rear sides, characteéerized by a surface roughness in that edge 25 régi on of

0.1-0.8 nm R & drgfisllyy £pdyed- wavel ength range of 10-80 pm and al so
by a varigtion of the surface roughness of 1-3% Preferably, the selected

silicon wafer_ furthernore has 30 po defects having a | ength/sizel/ extent of
greater thanSOLYmhadn? t he edge®PeftdhIIf a si MLESAPWEFer from“H&Egroup of

silicon waf eret xdoes:Notam@rei de heddicsament s (madg) of iMe edgeircifen
roughness, this siljcon gqgsr is either, sorted out or .reproce segy anel y
subj ect ed top§”¥ﬁﬁ%#%d ddg&’ 'pol Psfing. it n FRISEDLALEIORE protes 'ﬁ%ﬁaneters
are correspaMimg o odiiced anet perbasiudaelyt helnesulitedof - 11 the

exam natgﬁn in order to satisfy the required edge roughness of less than 1

nmRVS refative to a spati al
After the bath c¢leaning, provision 1is made, in

accordance with (d), for examining the edge regions of
the group of silicon wafers with regard to defects and
edge roughness and also for selecting a silicon wafer
15 from the group of silicon wafers which has a surface
roughness of less than 1 nm RMS relative to a spatial

wavelength range of 10-80 pm.

Preferably, a silicon wafer 1is selected comprising a
20 front side, a rear side and an edge region comprising a
rounded and polished edge of the silicon wafer and also
a region that 1is adjacent to the edge and has a width
of in each case 3 mm on the front and rear sides,
characterized by & surface roughness in that edge
25 region of 0.1-0.8 nm RMS relative to a spatial
wavelength range of 10-80 pm and also by a variation of

the surface roughness of 1-3%.

Preferably, the selected silicon wafer furthermore has
30 no defects having a length/size/extent of greater than

1 pm in the edge region.

If a silicon wafer from the group of silicon wafers
does not have the requirements made o©of the edge
35 roughness, this silicon wafer is either sorted out or
reprocessed, namely subjected to a renewed edge
polishing. In this case, the process parameters are

correspondingly modified on the basis of the results of



wavel ength range of 10-80 pmand particularly preferably an edge roughness
of 0.1-0.9 nmRMS relative 5 to a spatial wavel ength range of 10-80 pm It
is conceivable, for exanple, for individual silicon wafers fromthe group
of silicon wafers to lie outside the clainmed range for the edge roughness
on account of 10 process fluctuations.- These wafers are correspondi ngly
reprocessed under stable process conditions. An automatic edge inspection
unit is enployed for exanlnlng the edge region of the silicon wafers.

way 15 of ex@.gg)ls(gl? %ﬁeg unlt (;rc%r% N%no%%oct 3}561%1%5 Qr ﬁ-e S\/&%‘go from

Rayt ex Corp. not ~only ern1 ect “detecton DUt al so
suppl y i nfor metig@meshoat ﬂm@&uﬁﬁamomghmeﬁys ahlénxﬁﬁete a2(sreEteial

functioning }ﬂgﬁgctl it thig_kyp ed tion of
light in theqjda‘?%zl% d P%f%? tthr ecl(%r%dl ﬁgﬁof i rrangs |%$rﬁbrl g field.
In the dark Hisferawde, ani gigei sovehneepedfatl -slolodl Ined RMS gl 3ol vt
defects (EPD)y, ta{1a§pét§l§p @&yefégf%@aml D (?%Zéf aiocg(ystlﬁtl def ects, danmage,

scratches, inpurities or parti is case, each defect is assigned a
si ze eqU|vaIent toits light scattering behavior, the so-called "Latex

Sphere Equi valient s (:bﬁéblvbaltehe £ 1 Ghdmpbi &) dr gpde by 1eealr asty i ddmges of
the edge are 30 recorded. In { he prior art, by contrast, the wafer edge was

usual | y examWﬁ§F%§tﬁ%?vagﬁaHF?U@r‘H@ $ WelfF oy WABRLEr bRert Ssyttede t he

i mges bei ng @asseSELndy 2aB§ehyFdn th té’&;é NBgh§Bn8BEheds adceant! ot hi's
case, th resol uti on gf t he efects is |Q%%ed to the abilities f t he
human eye? THRHWSS, uﬁF@ﬁt%@ga utiiGF Sdef2ER T S aREPy SE RPN Y cati on

based in partiggdafe ded didde Objtealy epesdd £ | @og@nddnde perfor med.
Consequent |y,
An automatic edge inspection unit is employed for
examining the edge region of the silicon wafers. By way
15 of example, the EBI unit from Nanophotonics AG or the
RSW12C00 from Raytex Corp. is suitable, which not only
permit defect detection but also supply information

about the edge roughness, cf. figure 3.

20 The functioning of an inspection unit of this type is
based on the detection of 1light in the dark field
and/or the recording of images in the bright field. In
the dark field mode, light is scattered at so-called
light point defects (LPD), that is to say for example

25 at crystal defects, damage, scratches, impurities or
particles. In this case, each defect is assigned a size
equivalent to its 1light scattering behaviocr, the
so-called "lLatex Sphere Equivalent" (LSE) . In the
bright field mode, by contrast, images cof the edge are

30 recorded.

In the prior art, by contrast, the wafer edge was
usually examined either visually or Dby imaging
measurement systems, the images being assessed by a
35 human in the imaging methods, too. In this case, the
resolution of the defects is limited to the abilities
of the human eye. Therefore, a high-resoluticn defect

analysis and classification based 1in particular on



nor was it possible to provide nethods for the optimzed processing of the
edge with the aid of known inspection nethods. 5 Step e) of the nethod
according to the invention involves pretreating the selected silicon wafer
in a single-wafer epitaxy reactor, wherein, in a first step, a treatnent
in a hydrogen atnosphere at a flow rate gf 10 1-100 sImis effected and, in
addition, in a second step, an etching nediumwith a flowrate of 0.5-5 slm
is added to the hydrogen atnosphere and is distributed in the reactor
chanber by nmeans of a gas distribution device. 15 The state of the wafer
edge before tRISGiE Epitaxye T bruckarfPEredr edIORTI Gt detect s.

Alhongsi de paidd clwess extlremlsmbmll st gReesdOf ﬂ@gﬁg@sas far reméd t gf )
t he epitaxy process can also gjve rise. to 0 gro efects. _In order bot
to reduce thEHaMiza% RomtSHT i 9n tpﬁrfﬁéﬁ’%ﬁ&%cﬁ?%nﬁ%g §ﬁamHQW%tances
of damage pdssiddatipreserthodd, particul ar the wafer edge is 25 subjected to
an etching treatnent before the beginning of the epitaxy operation. This

can, however, be acconpanied by a deterioration in the flatness/roughness
relative to theppold)shed edge, hutthddhi ssomasdble te beheeptircemidrat i vel y

smal | in the; 30 context ot Lhe,invant i on, This elehing, tietent,is,
effected in the Context O e Bre reatment 'stepS provided in the epitaxy
reactor. A padngisediasidn capi weferreacher epvhexeahy ¢toakedirst3®usgual |y
exposed to aé“ﬁ¥é&%ﬁbﬁ%”? phey d&%g%%d%ﬁﬂé%pﬂé?gngi”thY8W0§bQ§‘H m the
silicon wafer. I n a secon step, an etching nediumis usually added to the
10 1-100 slm is effected and, in additicn, 1in a second
step, an etching medium with a flow rate of 0.5-5 slm
is added to the hydrcgen atmosphere and is distributed
in the reactor chamber by means of a gas distribution
device.
15
The state of the wafer edge before the actual epitaxy
step 1s crucial for freedom from defects. Alongside
particles, extremely small instances c¢f damage as a
result of the epitaxy prccess can also give rise tc

20 grewth defects.

In order both to reduce the particle contamination
further and tc¢ remove small 1instances of damage
possibly present, 1in particular the wafer edge 1is
25 subjected to an etching treatment before the beginning
of the epitaxy operation. This can, however, be
accompanied by a deterioration in the
flatness/roughness relative to the polished edge, but
this was able to be kept comparatively small in the

30 context of the invention.

This etching treatment i1s effected in the context of
the pretreatment steps provided in the epitaxy reactor.
A pcolished silicon wafer to be epitaxialy coated is

35 usually exposed to a hydrogen atmosphere in order to
remcve native oxide from the silicon wafer. In a second
step, an etching medium is wusually added to the
hydrogen atmosphere.



hydr ogen at nosphere. - 13 |In this second step, the follow ng process
paraneters are usually enployed in the prior art: 5 gas flow rates: HCIl:
0.9 sim(standard liter per mnute); H2: typically 50 sim 10 If
appropriate, the gas flows are distributed in the reactor chanber by neans
of a so-called AW. Automatic netering valve: 1/0O = 150/150 (prior art:
honogeneous distribution of the gas flows). 15 These values are nodified in
the nethod according to the invention to: gas flowrates: 20 HCL: 0.5 - 5
slm preferably 1.5-5 sIm especially preferably 3-5 slm H2: 1-100 sl m
preferably 1-10 slm especially 25 preferably 5-10 sIm It has been found
that the procgsstpaarRiny chosgh theadcd ol Addcheasedsetihismedatse in the
edge region of the silicon wafer. 30 In addition, preferably the 1/0O val ue
(I = inner zGE LI BUtIIPHOMRT , 17 Het® iRT X 2%t t he distribution of the
gas flows, is changed: automatic netering valve: 1/0 = 0/300-100/200 =
0-0.5. 35 The distribution of the gas flows in the reactor chanber is
control l e bFQﬁufiﬁH(ﬁﬁﬁ?%znetering valve (AW). For the Epi Centura
reactors fromApplied WMterials, a device called AccusettTMis avail able, -

14 HCl: 0.9 slm (standard liter per minute};

H2: typically 50 slm.

10
If apprecpriate, the gas flows are distributed in the
reactor chamber by means of a so-called AMV. Automatic
metering valve: I/C = 150/150 (prior art: homogeneous
distribution of the gas flows).

15
These values are modified in the method according to
the invention to:
gas flow rates:

20

HCl: 0.5 - 5 slm, preferably 1.5-5 slm, especially
preferably 3-5 slm;

H2: 1-10C  slm, preferably 1-10 slm, especially
25 preferably 5-10 slm.

It has been found that the process parameters chosen
lead to an increased etching rate in the edge region of
the silicon wafer.
30
In addition, preferably the I/C value (I = inner zone,
O = outer zone), that is to say the distribution of the
gas flows, 1s changed:
automatic metering valve: I/0 = 0/300-100/200 = 0-0.5.
35 The distribution of the gas flows in the reactor
chamber is controlled by the automatic metering valve
(AMV). For the Epi Centura reactors from Applied

Materials, a device <called Accusett™ 1s available,



conprising valves ("nmetering valves"), which permts this. The flow of the
etching nediumis distributed into an inner zone and into an outer zone of
the reactor chanmber. The control is preferably effected by 5 neans of
suitabl e software. The etching nedi umdilé ri buted into the inner zone acts
on a region around the center of the silicon wafer situated on a susceptor.
That part of the etching 10 nmediumwhich is distributed into the outer zone

of the chambemAGls anQuker (rpgiapipf thersilicon wafar, pdhated s to
say in particular on the edge region. Overall, i1nner and outeér zones
correspond ovérd-l Thpprbikevmed ythe tHekinge Beding sisi ddvtradertad be 15

treated. The jgitef rizBut i AReOf 1H8eetLdd ng HiRdi um bghveen roner o@ndneut er
zones is preferably O to a maxipumof 0.5. This ratio results fromthe
quantity of EEAREFY RRATRRD0 FRSt KENtEREr Lot s thebs¥peéfetsethéYquantity
of etching medingndm dihie Miteersgnerelhe etching nmediumis thus conducted
predom nantly into the edge region. The size of the inner and outer zones
relative to the 25 silicon wafer can |ikew se be controlled, nost sinply

by correspondihrg eargtainge mesd 1 andd tonf 1 lgur @d | ontof thbeingas izphet adew ces

("injectors") that conduct the r%zsgﬁ into the r aﬁ}lor chanber . %eway of
exanpl e, thennér TZONE c Y Ei r¢Ular® r &di oh™havi g & &) r of 30
75 mmin t he sdentagrecdof onheasi busoapwater , Thaverparwafef wWeanetehioy 300 mm

as alrea d r.ibed.in, US 2 182397 Al . In.the ho cor-di to the
ot o (RRelie il fhn TR 2ARREIIBANRE Aoc ol T IR OPRECRENRS 1O L
di anet er of 10GminAr et¢the centeer @ftehersgliovominafles , sihhcbe twadeaut er zone

corresponds tg,3 rijag bavingya ;ui il of cIPO MBhiGN encepPasses e edge
Overall, inner and outer =zones correspond overall
approximately to the size of the silicon wafer to be

15 treated.

The distribution of the etching medium between inner
and outer zones 1is preferably 0 to a maximum of 0.5.
This ratio results from the quantity of etching medium
20  in the 1inner zone with respect to the quantity of
etching medium in the outer zone. The etching medium is

thus conducted predominantly into the edge region.

The size of the inner and outer zones relative to the

25 silicon wafer can likewise be controlled, most simply
by corresponding arrangement and configuraticn of the
gas inlet devices ("injectors") that conduct the gases
into the reactor chamber. By way of example, the inner
zocne could be a circular region having a diameter of

300 75 mm in the center of the silicon wafer, given a wafer
diameter of 300 mm, as already described in
US 2008/0182397 &Al.

In the method according to the invention, the inner
35 zone preferably corresponds to a circle having a
diameter of 100 mm in the center of the silicon wafer,
while the outer zone corresponds to a ring having a

width of 100 mm which encompasses the edge of the



- 15 silicon wafer. Silicon wafers having a dianmeter of 300 mm are

| i kew se taken as a basis for these values. Wth the use of silicon wafers
of the next generation, which is currently in devel opnent, having a
substrate 5 dianeter of 450 mm inner and outer zones are chosen

anal ogously thereto, and |ikew se in thdxase of smaller substrates such as
200 mm or 150 mm wafers. The quantity of the etching nmediumis preferably

10 realized by altering the dianeter of the gas pipelines for inner and

outer zones. The quantity of the.etchin medium is reduced by reducing the

line dianeteF?qPﬁ iH@F%Fé, %HglFSPIoﬂgﬁﬁrEong?Yﬁ%?io% ii?ﬂﬂ%%%ﬁréﬂi 15

The gas quan@Giotly minS st bykewass ekkanmass d llowsicontrokhese( MaQudshat i s

able to set flow.rate of _between 1 slm and | m _Thi,s i s novel since the
Wil it it ol

MFC used in DruSFt Ohas HitTCedd CTRPE Cg ST qddiity i s
t hen passed whdch nbs ncgagehnitdeg tint devehepdkatyalhsesing naersudsd reuteer

zones) and digtriutedo t hare Ihe; pegyl atlon,fs. ef Lested by thg getting of
the valves f?egulation of thé™Wi ng dramstér For"tnier and " outer “zZones
i ndependent | ywnafl cgeal sdnot hBrgretlhe 25ndi stikbuied gas qoasti ciees arcd t hen

i ntroduced inta the Sru%ascctrodrtecgﬁraﬁ‘gr)cg{ a\éé &@AN H;Hpj%erctfgo trgrﬁiﬁa%%?t ruction has

t he advantage that autonatic co y neans o sul ware is
possi ble. 30 After the pretreatnent steps, the epitaxy step takes place in

accordance w f) i taxi epaskt j i §ef [
accor dance &F%% tﬁ§j¥¥%ﬁ¥zu§¥ gihgde§§?§%§§ fg%agggnpﬁg [ %%E%%anabS 045

337 Al . The readdizsichdepitbirangy tbsatddmsitigrconl welker 9ps B5oeRdm&St eri zed

by a surface fQUGhfirss dfdt Bet849e e .OMhdfqthde rt - 8r NIMBMaticglidlj ve to a
spatial wavel ength , , _
medium 1s reduced by reducing the line diameter.

In principle, the following construction is preferred:
15
The gas quantity 1is set by means of a mass flow
controller (MEC) that 1is able to set a flow rate cof
between 1 slm and 5 slm. This is novel since the MFC
used in the pricr art was limited to 0.2 slm. This gas
20 quantity 1s then passed via a main gas line to two
needle valves {inner and outer zcnes} and distributed
there. The regulation is effected by the setting of the
valves (regulation of the line diameter for inner and
outer zones independently o¢f one another). The
25 distributed gas quantities are then introduced into the
reactor chamber via an injector. This constructicn has
the advantage that automatic contrecl by means of

suitable software is possible.

30 After the pretreatment steps, the epitaxy step takes
place in accordance with f). The epitaxial deposition
itself is effected in accecrdance with the prior art, as
described for example in DE 102 0C5 045 337 Al. The
resulting epitaxially coated silicon wafer is

35 characterized by a surface roughness in the edge region
of 0.1 - 1.5 nm RMS relative to a spatial wavelength
range of 10-80 ym and a variation of the surface

roughness cf 1-10%.



range of 10-80 pmand a variation of the surface roughness of 1-10% - 16
Furthernore, an optim zed susceptor support is preferably used in order to
significantly reduce susceptor inpressions. This is illustrated in figures
5 5 and 6. The wafer support 5 is constructed in such a way that the wafer
3 does not bear on the rear side in thejedge region 34 and susceptor

i npressions are thereby 10 conpletely avoi ded. Al ongside the support itself,
the handling of the wafers is nonitored by the automatic edge inspection
and defect classification. If the wafer 3 is not placed on the susceptor 6
in a centered manner and touches at the edge 6, then this is identified by

15 the neaSU@%EQ%%ﬁ%M}éiCO&ﬁﬁth@tﬂﬁlﬂﬁﬁ plsace®tor pPoshidpdtof tike
handl i ng robot is |nned|ate effected. Preferably, the egltaxtéaq coating

is fol l owed Byederidnsie m Rt i OF 5 tHéDedﬁégPéSFSﬁHB Yt h&®§i4G%on 20
waf er with l'%@&It@pit(brdeifnﬁﬁtéss’:l_l_rtﬂh§dgﬂli@ugéll’1§$$ust/ﬁﬁt@ds1deﬁ:'&§i1rbﬁp65 are
known with regard to the defects on epitaxialy coated silicon wafers.

Def ect s an imately be classified into specific defect 25 classes. By
way of exanple, there is the possibility of classifying the defects of one

type in size. gl asse n ing themas an ad |t| I quallt and
speC|f|cat|orr%41:1 %ﬁ%ﬁ %Bpﬁé hp%%sq%fc%%?g%%cfﬁgeg and' C%%SOCI& e h'é-jltze
cl asses wh|¢heaweﬂanceSsd@ée hotabeamt@mnﬁﬂﬁaedgﬁr|ﬂB@@Cthhhened@ecordance

with the net@g% g&gor%}nga thg %g§§€5£on gbte%%%ntegﬁgelgwer% %gbggféét

Def ect s havi ng Iengt S|ze exten m ar 3¢t ed ere such
types cahOoc@@mph¢m%mﬁrafabdedatﬂd@ﬁgﬁk@%Oth©r6@BMQﬂ1 itself, the

handling of the wafers is monitored by the automatic
edge 1inspection and defect classification. If the wafer
3 is not placed on the susceptor 6 in a centered manner
and touches at the edge 6, then this is identified by
15 the measurement and a correction of the placement

position of the handling robot is immediately effected.

Preferably, the epitaxial coating 1is followed by a
renewed examination of the edge region of the silicon

20 wafer with regard to defects and edge roughness.

Various defect types are known with regard to the
defects on epitaxialy coated silicon wafers. Defects
can ultimately be classified into specific defect
25 classes. By way of example, there is the possibility of
classifying the defects of one type in size classes and
utilizing them as an additional quality and

specification feature.

30 Examples of defect types and associated size classes
which are accessible to an automatic edge inspection in
accordance with the method according to the invention
are presented below 1in table 1. Defects having
length/size/extent > 1 ym are detected. Where such

35 defect types can occur 1in wafer fabrication 1is also

presented.



- 17 - Table 1 Type C ass Feature Cccurrence
perm tted rounding,
> 1 um Edge permtted rounding,
handl i ng Structural
si zel/ extent stacking faults,
permtted epitaxy
ext ent Suscept or

max.

scratch edge
max.

| ength Bl em sh nax.
> 1 um Epi taxy

si ze of

> 1 pm Epitaxy:
hi |l | ock,- ispike Crack max.

> 1 um Handl i ng,
I npression permtted extent

edge
epi t axi al

Scrat ch max.
| engt h pol i shing,

> 1 pm Edge

handl i ng Spalling max.
spal I'i ng poli shing,
permtted e.qg.

(extent)
def ect

> 1 pm Handl i ng,
permtted epitaxy

Figures 7

a) - e) show exanples of defect types from 5 table 1 in the form of

m croscope m crographs: figure 7a) spalling, figure 7b) a blem sh, figure
7c) a structpyiale gpitaxy defect, figure 7d) a scratch, figure 7e) a crack.
10 Al ongsi dg X THELeCt T asS g LG AZ0ST tT O @ currence
Scratch max. > 1 pm Edge
permitted rounding,
scratch edge
length polishing,
handling
Spalling max. > 1 um Edge
permitted rounding,
size of edge
spalling polishing,
(extent) handling
Structural max. > 1 pm Epitaxy:
epitaxial permitted e.g.
defect size/extent stacking
faults,
hillock,
spike
Crack max. > 1 pm Handling,
permitted epitaxy
length
Blemish max. > 1 um Eandling,
permitted epitaxy
extent
Susceptor max. > 1 pm Epitaxy
impressicn permitted
extent
Figures 7 a) - e) show examples of defect types from
5 table 1 in the form of microscope micrographs: figure
7a) spalling, figure 7b) a blemish, figure 7¢) a
structural epitaxy defect, figure 7d) a scratch, figure
7e} a crack.
10 Alongside defect type and defect class, the position of
the defect is also available as quality infeormation.
It is thus possible, given corresponding specification,
to distinguish e.g. between defects on the apex, the
15 upper or lower facet and the upper or lower 3 mm edge

region of the silicon wafer and,

to

having

sort

defects

and, 1if

on the

appropriate,

apex

{cf.

reprocess
figure 4).

in a targeted manner,
wafers
The



the defect is also available as quality information. It is thus possible,

gi ven correspondi ng specification, to distinguish e.g. between defects on
the apex, the 15 upper or |ower facet and the upper or |ower 3 nmm edge
‘region of the silicon wafer and, in a targeted manner, to sort out and, if
appropriate, reprocess wafers having defgects on the apex (cf. figure 4).
The - 18 custoner's desire to obtain exclusively wafers having a
defect-free apex can therefore be conplied with. Finding suitable process
paraneters in the pretreatnent 5 in the epitaxy reactor was crucial for the
success of  tdwsTAIGIOE adedi o ngot obtRéni AueAtsdne IFumdt@rs duvdmages are

afforded as gjdesul trQfe | U pveth {§g¥%fégbcget yiigop;wgfer in the

epi t axy reactor (cf. flgure 5 and figure 6), ensuring that the silicon 10
wafer is free of contam nation before the epitaxy step by a special

cl eani ng met hoghdGig $houE814) probBBsepdeninky e risn i¢OMHENGIH Q- aM tinte fthe
eval uation of the data of the edge inspection as explained below, it was

possi bl e Po priovie @Bﬂﬁé%ﬂmq§PQR%ﬁeﬂa§lFFBS&%&ﬁ@Q% §8e h&WCRE SExtGlenel v
| ow roughneSStnen t hetedde regtondang actothehearrelhv@ﬁtienensm@:ttﬁat waf er s

havi ng def ect n the edge reg % &% the silicon water are qn no count
supplied to diERQﬂRQQFS 204 RE nefhEGINES défel opedtFBF §ené¢étldﬂfQQﬁ mat i on
about the raoughileissy obft hthavaken iedge vfarm the rawe depatekya rdEasIy ement
system for automatic ed e.ins (ﬁl(ﬂ] r this_purpose e data recorded
by CCD carreracﬁr tgr 88% WY &at o t%n?ﬂlég%gc%%u%dl S|Sgln]d1 Yener at ed
25 by théOinspﬂﬁnedimafeeeabflnﬁnnﬂmﬂmﬁtﬁmd B®ﬁ¢yéeﬁheTh@ltkaCGﬂ&ﬂﬂg of
the CCD raw nal,s e}g C%/l«{ v ar ter %L%
herelnafter)%hahlch CEI g%igluse gﬁax%cr E%ﬁ?dﬁgh ggs proper |es f' the
edge. The Consequently, in conjunction with the evaluation of the

data of the edge inspection as explained below, it was

possible to provide epitaxially coated silicon wafers

15 having extremely low roughness in the edge region and
at the same time to ensure that wafers having defects
in the edge region of the silicon wafer are on no

account supplied tc custcmers.

20 A method was developed for generating information about
the roughness of the wafer edge from the raw data of a
measurement system for automatic edge inspection. For
this purpose, the data recorded by CCD cameras were
filtered with regard to the background signal generated

25 Dby the inspected material, normalized and analyzed. The
processing of the CCD raw signals ends in a GV (gray
value) parameter (called P4 hereinafter), which can be
used to describe roughness properties of the edge. The
P4 parameter ultimately describes the detected light

30 intensity 1in a camera pixel. Typically - as 1is
customary in camera technology - 256 gray value levels
are avalilable for classifying the intensity. This light
intensity 1s in turn proportional to the roughness of
the wafer edge at the respective position.

35
Figure 1 illustrates the gray wvalue level P4 as a

function cof the angle {(position} on the silicon wafer.



P4 paraneter ultimately describes the detected light 30 intensity in a
canera pixel. Typically - as is customary in canera technology - 256 gray
value levels are available for classifying the intensity. This |ight
intensity is in turn proportional to the roughness of the wafer edge at the
respective position. 35 Figure 1 illustnates the gray value level P4 as a
function of the angle (position) on the silicon wafer. 19 Two peaks can be
seen. Different signal nmagnitudes are observed at the positions 11 and 12.

Figure 2 shoms m crqscope m crographs_ of the regions 5 that caused
different P4T¥PgRS2Xfagri® ubes SEERandIEL S48 Y i Gteer h. MeHRI P4Bar dhBter is
sui tabl e forodesefrich ag hokh poalisdloise MMalanes 1. t he roughness and the
honogeneity of 10 the roughness over the edge of a wafer. Figure 3 shows
the correlation of the P4 value 22 to roughness values 21, which in the
present caseFMguaee deteﬂmﬁM£dmmtrhsth§eamddﬁogﬁﬁpmﬁandaﬁduﬂetbgdoné 15

No Ki f th
cval uat | Oh of "Phe CRFSSIDIHI A THe T ST neLover yaes cBF 'S 88" tRerew th,

it was possEbfgereolperform process optim zations during the 20 edge
polishing with regard to honogeneity of the edge roughness (< 3% vari ation)
and absol ute value of the roughness <1 nmRMS 10/80 pm to nonitor the
edge polishThg pPdcegsranferescesisar ysutalebelj usert hdeedgebipgl i bhithg

equi prent andy L8 806 AUt euer k el s dnsuh  abbentaboshRseqUeRt

processes. rocess parameters di's er et 6ated I oA T es
and thefb}océb@eéouﬁh@ﬁ§Sw@N@rn§@§uﬁ@@60@faa fagifleyr .aut omat i ¢ edge |nspect|on
system On the basis of

Figure 3 shows the correlation cof the P4 value 22 to
roughness values 21, which in the present case were
determined with the aid of the standard method of

15 Necrmaski interference {optical roughness measurement).

On the basis of the evaluation c¢f the P4 signals and
the roughness wvalues correlated therewith, it was
possible to perfeorm process optimizations during the
20 edge polishing with regard tc homcgeneity of the edge
roughness (< 3% variation) and absolute wvalue c¢f the
roughness < 1 nm RMS 10/80 um, to monitcor +the edge
polishing process, 1f necessary to readjust the edge
polishing eguipment and tc sort out/rework wafers

25 unsuitable fcor subsequent processes.

The process parameters disclosed were tested in a test
matrix and the processed wafers were measured on a
fully automatic edge inspecticn system. On the basis of
30 the data generated it was able tc be ascertained that
for more than 95% of the processed wafers the entire
edge region contains e.g. fewer than 100 defects having
a size of less than 1 um LSE, and the defect types as

described in table 1 were able tc be eliminated.



30 the data generated it was able to be ascertained that for nore than 95%
of the processed wafers the entire edge region contains e.g. fewer than 100
defects having a size of less than 1 pm LSE, and the defect types as
described in table 1 were able to be elimnated. - 20 - Patent Clains 1. An
epitaxially coated silicon wafer having2a front side, a rear side and an
edge region conprising a 5 rounded and polished edge of the silicon wafer
and also a region that is adjacent to the edge and has a width of in each
case 3 mmon_the front .and rear sides, characterized by a surface roughness
in that edgB2t&HitoflGA™F 1-1.5 nm RV relative to a 10 spatial wavel ength
range of 10-80 pmand also by a variation of the surface roughness of

1-10% 2. A ﬁilicgg waf.er having a front sjde, a rear side and _an edge
region conprising®® FeUided qg?&ﬁdu% HFAgEAbFLt RBVETP| ot TWafer and
al so a region thakide,adj acent sodéhanddge atdhdageqiom dbhpef siAngeach case
3 mmon the front _and rear ides, .characterized by a.surface_roughness in

t hat edge’ regi on 5Pu&¢f9€ﬁgmi§g q%§:ﬁ e ?% EhﬁosébéFPﬁlwﬁ59élgﬁ h range
of 10-80 pm and ak3scby aeqiam athaon f ddeasent ace tbhaghdgssaafl ba3% 3. A
et hod. Tor Produclng R Rld axl Aldon GOALedy gl Loy Kakeh, CaRriabng the

foll ow ng process sequence: providing a group of “si’licon"wafers
havi ng rounded edgesles(b) chelreshemgzele kdges ofurfidiee siddugbmess ers; (c)
cleaning the siligpa. v és'e§9£ exam pi ng Fgenﬁdﬁﬁsf%%quiég the, group
of silicon wafers wth re ara 6 defect $ ané 0 edge roughness and al so
sel ectingl a silicopahdbdr waredrandtd grangs off s1012dnmagedsahfpchyhas a

variation of the surface roughness of 1-10%.

2. A silicon wafer having a front side, a rear side

and an edge region comprising a rounded and

15 pclished edge of the silicon wafer and also a
region that 1s adjacent to the edge and has a

width of in each case 3 mm on the front and rear

sides, characterized by a surface roughness in

that edge region of 0.1-0.8 nm RMS relative to a

20 spatial wavelength range of 10-80 pm and alsc by a

variation of the surface roughness of 1-3%.

3. A method for producing an epitaxially coated
silicon wafer, comprising the following process

25 sequence: (a) providing a group of silicon wafers
having rounded edges; (b) polishing the edges of

the silicon wafers; {c) cleaning the silicon

wafers; (d) examining the edge regions of the

group of silicon wafers with regard to defects and

30 edge roughness and also selecting a silicon wafer
from the group of silicon wafers which has a

surface roughness of less then 1 nm RMS relative

to a spatial wavelength range of 10-80 pm; (e)
pretreating the selected silicon wafer in a

35 single-wafer epitaxy reactor, wherein, in a first
step, a treatment in a hydrogen atmosphere at a

flow rate of 1-100 slm is effected and, in

addition, in a second step, an etching medium with



surface roughness of less then 1 nmRMS relative to a spatial wavel ength
range of 10-80 pm (e) pretreating the selected silicon wafer in a 35
singl e-waf er epitaxy reactor, wherein, in a first step, a treatnment in a
hydr ogen atnosphere at a flowrate of 1-100 sImis effected and, in
addition, in a second step, an etching mediumwith - 21 a flow rate of
0.5-5 sImis added to the hydrogen atnosphere and is distributed in the
reactor chanber by neans of a gas distribution device; (f) epitaxially
coating the silicon fer. 5 4. The thod as cl ai d in a|m3 whereln
provi ding a group dfELe¥i EBRewAfels 3w addbrifantdde §§‘€p

essentially effectgdndypisdde€i nghdt heswaligesriibamea Sll|nl Cahesi rlgglae;m;rryst al ,

roundi ng 10 the edges .of the silicon_wafers and grindi,ng o ppi t he
ront and rear s dAcTEiier o TSNS TR nat ABY 2 SRAFNEd SPn SRS G e
claimed in clai megitwhersl Iy tdeatsidg cdre wad eicseleefed. in 15 step d)
conprises.a front side, a rear side and an edge regi on conprising a rounded

and pol i sRed edge of the silicon wafer and also a region that is adjacent
to the edge and ha@nea wndthodf ias eachaimade 3nmmaimime B¢ ontwhendkimear

si des, and a! so 2 a spa | |‘£w§ Eu%t}nesslleéworg h,ggigggolge%l rq{anc% 1-0.8

nmRMVS relative t ngth “range o al'so a
vari ation of the wultf aeéepowg)hne§s @S‘psant%%llZB @ffﬁmeﬂbthbd sds @lra med i n

claim5, whereint Jefd shlLcaniwa gr has 1.h Lhat ngeror no
defects having an %%eﬁate%% r]éat er tf[qa Sl ?lleThey% Lﬁ% gllqgrred in
any of cl8ins 3 tdhe edges of the 51llcon wafers and grlndlng or

lapping the front and rear sides thereof.

5. The method as claimed in claim 3 or as claimed in
claim 4, wherein the silicon wafer selected in

15 step d) comprises a front side, a rear side and an
edge region comprising a rounded and polished edge

of the silicon wafer and alsoc a region that 1is

adjacent to the edge and has a width of in each

case 2 mm on the front and rear sides, and also

20 has a surface roughness in that edge region of
0.1-0.8 nm RMS relative to a spatial wavelength

range of 10-80 pm and also a variation of the

surface roughness of 1-3%.

25 6. The method as claimed in claim 5, wherein the
selected silicon wafer has in that edge region no

defects having an extent of greater than 1 pm.

7. The method as claimed in any of claims 3 to 6,
30 wherein the cleaning in accordance with step c)
comprises cleaning with aquecus hydrofluoric acid
(HF), cleaning with TMAH/H,0, (tetramethylammonium
hydroxide/hydrogen peroxide) and rinsing with
ultrapure water.
35
8. The method as claimed in any of claims 3 to 6,
wherein the silicon wafers are cleaned by means of

a cleaning solution comprising ultrapure water,



30 wherein the cleaning in accordance with step ¢c) conprises cleaning with
aqueous hydrofluoric acid (HF) , cleaning with TMAH H202
(tetramet hyl ammoni um hydr oxi de/ hydr ogen peroxide) and rinsing with
ultrapure water. 35 8. The nethod as clainmed in any of clainms 3 to 6,
wherein the silicon wafers are cl eaned kg means of a cleaning solution
conprising ultrapure water, - 22 tetranethyl anmmoni um hydroxi de (TMAH) and
hydrogen peroxide (H202). 9. The nethod as clainmed in claim8, wherein the

5 cleaning in accordance with ste ffec ed bei ng noved
el attve fo ol eanbi POREEY SR ary S O GPUBHI ngrRoPiE deg
flushed wth thepelreanideg Rbution. 10 10 The net hod as clainmed in claim
9, wherein the <cleaning rollers are synthetic sponges. 11. The nethod as

claimed in any of clainms 3 to 10, wherein during the pretreatnent in the
epitaxial 1%.readter, nmhbogasa$laWaﬂmﬁdodmmedlhmmo & he wleactior ¢h&MMH by

|njectors%are dlstwégﬁ q{o e§£§q£3 & atgg%%agégggegf%gg%eﬁf |nner

react or anber by nean of " va such' 1 |l ow I'nt
zone acts on a regihen warfmumdairey certed DélQDlVGetslbﬂeenlwafepldﬁdSthe gas

flowin the outer Adne asks onapeoe edlian ofolle 8! |1aon Maker

wher ei n during the secon retreatnment step tion of an etching
medi umto the hydM@@@hthﬁrﬂiﬂﬂﬂyﬂg QQ#EQﬁQﬁrlbutlon of the etching medi um
25 in inner and outer zones is I/O=0 - 0.5. 12. The nmethod as clainmed in

any of clains 3 to 11, wherein the tmocfretreatnent steps in accordance
10 10, The methed as c¢laime in ¢laim 9, wherein the

cleaning rollers are synthetic sponges.

11. The method as claimed in any of claims 3 to 10,
wherein during the pretreatment in the epitaxial

15 reactor, the gas flows introduced into the reactor
chamber by injectors are distributed into an outer

zone and an inner zone of the reactor chamber by

means of wvalves, such that the gas flow 1in the

inner zone acts on a region around the center of

20 the silicon wafer and the gas flow in the outer
zone acts on an edge region of the silicon wafer,

wherein during the second pretreatment step with

addition of an etching medium to the hydrogen
atmosphere, the distribution of the etching medium

25 in inner and outer zones is I/0 =0 - 0.5.

12. The method as claimed in any of ¢laims 3 to 11,
wherein the two pretreatment steps in accordance
with step e) are in each case effected in a

30 temperature range of 950 to 1200°C.

13. The method as claimed in any of c¢laims 3 to 12,
wherein the etching medium added to the hydrogen
atmosphere is hydrogen chloride.

35

14. The method as claimed in any of claims 3 to 13,

wherein during the first pretreatment step, the

hydrogen flow rate is 40-60 slm.



with step e) are in each case effected in a 30 tenperature range of 950 to
1200C. 13. The nethod as clainmed in any of clains 3 to 12, wherein the

et chi ng nedi um added to the hydrogen atnosphere is hydrogen chloride. 35
14. The method as clained in any of clains 3 to 13, wherein during the
first pretreatnment step, the hydrogen-fiowrate is 40-60 sIm - 23 15. The
nethod as clainmed in any of clains 3 to 14, wherein during both
pretreatnment steps in accordance with e), the duration of the 5
pretreatnent is 10-120 s. 16. The nethod as clainmed in claim15, wherein
during both pretreatnent steps, the duration of the pretreatnment is 20-60

s. 10 17. The1wet hokk ameehaidmeds i p1amyeal 6l ahfp 3t - Ubims Waerej m4he flow
rate of the etching nediumin the second step of the pretreatnent according

to e) is 1.5-5 sIPCi%A8. FREIRBt hddPaS cIRFFEEF MY of SEFRF s Fto 17,
wherein the flow rateopflahbe etghing nepdj umiket hequsgeosd step oftiide

pretreatnment according to e) is, 3: 20 19. The nethod as clained in

any of crgins 3 topﬁ%,reﬁﬁﬁ%%%nl%h%gﬁigggﬁen flowrate in the second step

of the pretreatnent according to e) is 1-10 sIm 25 20. The nethod as

clainmed in an%?of ﬁéains wherein the_h en.flow rate in the
“th

, hyd
second step %rEFngﬁﬁééﬁcﬁéﬁgﬁ rﬁftgfgj%ié%g_fwgﬁqﬁneﬁurlng

both pretreatment steps, the duration of the
pretreatment is 20-60 s.
10
17. The method as claimed in any of claims 3 to 16,
wherein the flow rate of the etching medium in the
second step of the pretreatment accerding to e) 1is
1.5-5 sim.
15
18. The method as claimed in any of c¢laims 3 to 17,
wherein the flow rate of the etching medium in the
second step of the pretreatment according to e) 1is
3-5 slm.
20
19. The method as claimed in any of claims 3 to 18,
wherein the hydrogen flow rate in the second step

of the pretreatment according to e) is 1-10 slm.

25 20. The method as claimed in any of claims 3 to 19,
wherein the hydrogen flow rate in the second step

of the pretreatment according to e} is 5-10 slim.





