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 nmethod for producing an epitaxially coated silicon
wafer. The quality requirenents nade of the edge of a silicon wafer are
ever increasing, in particular for large 10 dianeters of the silicon wafer

(di ameter 300 MMkpikBxRallyCebafed 18 iRddewaketNEndi héUH WRIzer shoul d be
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loading and is a source of disturbing particles. It 1is
therefore customary to regrind the edge in order

20 thereby to eliminate spalling and damage in the crystal
and to provide it with a specific profile.

Suitable grinding eguipment is known from the prior
art. It 1s 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 of the silicon wafer. The
material-removing abrasive grain 1s usually securely
anchored in the working surfaces of the machining

tools.,

35 These machining tools are suitable for providing the
silicon wafer with a rounded edge. It 1is usual for a
certain minimum roughness to remain on the edge surface

after the edge rounding.



10 type, in which the polishing drumconsists of an alumnumalloy and is
-covered with a polishing cloth. The silicon wafer is usually fixed on a
flat wafer holder, a so-called chuck._ The edge of the silicon wafer

proj ects beyond the chuck, such that it"is freely 15 accessible to the
polishing drum For process nonitoring, after the edge polishing it is
customary for a visual check of the edges of the silicon wafers under a

m croscope to be carried out on 20 a sanple basis. This check is for
particles, royghness,sakdedef @aks:Q0ns hergdganf dhe 94 itgen wafiern In
particular, the edge of the silicon wafer is examned for light reflections
caused by pod&ifie uWelehn&sioes. Nag Ik?@\?éve?lfmﬂr?f?sa\‘?ﬁsu%’ﬁ%tﬁé’gkwilgh

unrel i abl e anddqes mediakh| ows aisim fIof meddge=gual ity to be ensured for all
silicon fers. Furthernore, the visual check i5 unsuitable for conpletely
and reliably detecting snmall defects in the edge region of a silicon wafer
in order 30 tln driaw covwsl.usSitensedes tof & pusvidsly vdefdettiing pgiddedur e.
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waf er. Previ ouseedgecirspecbiepondet hodshult natudghi dlhédtsuftf iisi émeelnf or mati on
to optimze faactyr%s%%ilgnltgr gggs&gfi%qgj dingly. In particular, it is not

y di

possi bl e t'o unanbi guous ferenti at'e between defects and thus to nonitor
and avoid the production of critical defects. The aim therefore, nust be,
usi ng aut omatidz eAge<d3speet:iteRiegnNPeirseAgtadt edgti gohighingsotuison def ect
characteri zati on, that of optim.zi ng and rﬁgni tf_ori ng th fabroi a%'é(e)n process
for epitaxialdV CHAEEd naFers and 3t appropriat &' caftyihg “Gut “8orting
with regard t«liinginvivdufalrsdefreletr typesrandopkassede icaroideér othepeby to
suppl y only 4 'gﬁg@e\ﬂﬁégﬁs withautthe def egt,s idantiifd.ed ,asupdesi rabl e.
Enbodi nent's of t present invention seek to provide an epitaxially coated
si |icon waf eraavidggeahsi i ovie® | REGE quhl ity afdlaceui t"9:1%E -mefhod for
produci ng an epittiaxiially eeatatysidf Cofe VB BIcon wafer is examined

for light refliections caused by possible unevennesses.

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

30 to draw conclusions as tc a possibly defective

procedure.

Furthermore, inspection apparatuses are available
which, however, generzally only allow inspection of the
35 silicon wafer as far as the wafer edge to an edge
exclusion 2zone of 2 mm. Most known  inspection

apparatuses cannot be used to examine the entire edge



According to the first aspect of the present invention, there is provided
an epitaxially coated silicon wafer having a front side, a rear side and an
edge region conprising 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 mMmon the front and rear sides, charact erized by a 4 surface roughness
in that edge region of 0.1-1.5 nmRI\/B relative to a spatial wavel ength
range of r#@i8€, pmhand ial s yea vath athenedfet ¢ Surd agiel oy hwels: of
1-10% Aceer dibng Lagthe.second, aspeet of the present invention, there is
provided a silicon wafer having a front side, a rear side and an edge
regi on conprising a rounded and pol i shed edge of the silicon wafer and al so
a regi onBadjwegentft exehpledg&rant 4884 hgha wiidtthosfs3 arm onspéet foront and
rear si d%@ achanactgliged-by asSunbage dOUghHess: | 'ﬁhbhaéd@éjg%fr egion of
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met hod f @iz ferQduci ng an epitaxially coated silicon wafer, conprising the
fol l ow ng process sequence: (a) providing a group of sil i con wafers having
rounded edges; (b) C{)ol i shing the edges of the silicon wafers; (c) cleaning
the sili F3FVRPEr £A9a) 1eRBATHIY MFEed§e F2gPBhs We%%esﬁfgh‘ﬁl%‘? silicon
waf er s wiitdforegatant aodef@cins Andf Ssgecanughnessce sies eancbhéirdye. regi on
in each cgse eﬁ@f@fahﬂ%ﬁfth% ounded and poldshad edgs ohngmsigbaugpy waf er
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val ues. correlation val'ue  an r oughness.
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of differi%ro%fdecitmég\épeq%ality and a suitable method for producing
an epitaxially coated silicon wafer.

According to the first aspect of the present invention,
there 1is provided an epitaxially coated silicon wafer
having a front side, a rear side and an edge region
comprising a rounded and polished edge of the silicon wafer
and algo a regiom that i1s adjacent to the edge and has a
width of in each cage 3 mm on the front and rear sides,
characterized by a



20 In the nethod according to the invention, firstly a group of silicon
waf ers having rounded edges is provided. For this purpose, preferably,
silicon wafers, according to the prior art, are sliced froma single
crystal, their edges are rounded and the front and rear 25 sides thereof
are |l evel ed by neans of grinding and/or |apping nethods and possibly
subjected to a wet-chem cal etching t?eatnent. The rounded edges of
the siliéonfparerova®ess stibségaentT38DoFrEhed 9 atcbr Hahc@™ Wit (b).
Commer ci ZElptavai Fabkesaat baht éaveteedpol TaPIheUnt § B@ret st 138b1% for
this purpyse. venisahisn cabe;ha murfiddec arvughiessi 9ff ixédson a centrally
rotating chuck, 35 with the silicon wafer projecting beyond the chuck. A
central | yeeotdathgg tpol tishi Bgcdndmaaphicth ¢85 caeeredamrtth dnpattiishing cl oth
and incl ichedeby 2 speeiddT angheivbhh wegspediating he ehuek, sdmd,t he chuck
With theyezr6 518t igRn wAf efqps e nmved t ovapd; ongyanot heunand pressed onto
one anot hek ;Whih a.gpecidd C e@nt aet ; PLESSIH S Mhid By a-pabi sHi ng. tis
Conti ”Uogﬁbécéﬂgmfoedth@%&g the edge: "a]shb{@ahtt}@ chugk whthygde

silicon er on It .s’rot ent.r al Prefer y QN | ution
of the c\%%gﬁtl égltd rf@-%(ft}d:e,s’ aca}{airgaﬁccer@ltéi%ﬁ gyera( bigr%%%%g% rgeg%//%l ution
tinme). 16°A“HEFi @?ﬁ THF UM’ aﬁi h fg' o%ere% r??aa!%%lL%rﬁr%Fc Hh and is
pr ef er abi*?VFGEREE CgWFFéggf at:%a 8Cot B ondit? s feed 51 #366°'1500 Hﬁﬁél,
parti cul &Fy2pEeFerabr§Ss0ot 1000 min-1, and the chuck are noved toward one
another, with the polishing drum being set 15 obliquely at a setting angle
Wi t h respectenlerdimensid | ebn thef @regrnt henseriton waher HsEiengred @ on t he
chuck i ncsuplriaeway.cthanliyt tireojetts of i gt | y1beyondwa her chuckudhtd i s
t her ef or eldcceissi blreltiactheanpd| irshindgddr sy £adwes setti ngl amgke i sdgpr ef erabl y
30-50. 2@egion of 3 mm on the front and rear sides, that is to say

a ring-shaped region that is adjacent to the edge of the

gilicon wafer and has a width of 3 mm.

According to the third aspect of the present invention,
there 1is provided a method for producing an epitaxially
coated silicon wafer, comprising the following process

gseqguence: (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 edge roughness, wherein the edge region in 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 silicon wafers £from the group of
silicon wafers which have a surface roughness of less then
1 nm RMS relative to a spatial wavelength range of 10-80
um; (e) opretreating the selected silicon wafers 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 1-100 glm is effected and, in addition, in a
second step, an etching medium with a flow rate of 0.5-5
slm ig added to the hydrogen atmosphere and is distributed
in the reactcor chamber by means of a gas distribution
device; (f) epitaxially coating the silicon wafer.

Preferred embodiments of the method according to the
invention are claimed in the dependent claims.



The silicon wafer and polishing drumare pressed onto one another with a
'specific contact pressure and with a polishing agent being supplied
continuously, preferably with a polishifhg-agent flowrate of 0.1-1
liter/mn, 25 particularly preferably 0.15-0.40 liter/mn, wherein the
contact pressure can be set by nmeans of weights attached to rolls and is

preferably Iﬁ;ﬂg% d@@r&kgg%gﬁlgfggﬁiqﬁ%gk%sz-4 kg. Polishing drum and
awa

silicon wafer~are prefrer Yy nove rom one 30 another after 2-20,
particularly preferably after 2-8, revolutions of the silicon wafer or of

the chuck holgdighget he silicon maf etneBxanplhe; 0f edge, Palnithir-ngis 35 For an
edge- pol i shing "machi ne of the Speedfam EP300-1V type, by way of exanple the

fol | owi ng setitsd198r AfefBfs23F €S suitabl e for carrying out the nethod
accordingsto the invention, that is to say for achieving a specific edge

roughness (apreferred e | i fi e pas ent he ).
contactpress&gg&ﬁ% ﬁgﬁ% i'S i?%ﬁ%é%?%éf(ﬁ%%#ﬁéégﬁ?%kg g%?%%ﬁ%ﬁg} %peed of
pol i shing dr wai8GORRMch3062d 4&0DL FREM)ent0 P4r geatednal speeds of wafer: 85
sec/revolution (20 - 300 sec/revol ution)

Figure 3 shows the «correlation of P4 wvalue and

10 roughness.

Figure 4 schematically shows the roller cleaning

principle.

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

support.
Figure 7 shows micrographs of different defect typss.

20 In the method according to the invention, firstly a
group of silicon wafers having rounded edges 1is
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 therecf are leveled by means of grinding and/or
lapping methods and possibly subjected to a
wet-chemical etching treatment.

The rounded  edges of the gilicon 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 rotating chuck,
35 with the silicon wafer projecting beyond the chuck. A
centrally rotating polishing drum, which 1is covered
with a polishing cloth and inclined by a specific angle
with respect to the chuck, and the chuck with the



revol utions of the wafer: 4 (2 - 20 revolutions) 15
polishingagentflowate: 300 mM/mn (100 - 1000 mM/mn) polishing agent
concentration: e.g. 0.8%K2CO3 20(uni nportant, any other concentrations
possi bl e) type of polishing agent: e.g” 5% Si 02 Levasil m 200 from Bayer,
many others are conceivable 25 -setting angle of polishing drumwth
respect to the wafer: 40 (30 - 50) polishing cloth: e.g. SubaTM 400
from Rohm und ibdasnCeafer tshe kricked( polwiashi rgeclaothibetr emd3brereed Ni hon 30

Mcro Coating,, CO)fn}aeChl neg@knglﬁi{rét 5@8%14,4&561 a(c]th) @:@%u%%cl« Pigferably,

the silicon wa int ter ge pol |s ing a

rounded, posgi Ipoyishénedagatt didredliiddiunye) vasdrpeiedhed, defect-free and
honogeneous edge. - 8 - ﬁﬁter t he edge polishing, the silicon wafers are
cl eaned i p accordanc ste %ﬁ The cl eani ng can_be effec ed ei ther as

a batch nt hodhi#eh emﬁe Sners: S NG Of STk P EPey Sof LEPPi con
waf ers in bathagear hﬂjmgarspﬁawmgrmmmxdscm radlltyer raifeekipl yasoae

singl e-wafer praGesSon! Nof hengontiaxdy of sLhe iRveRbi on. dibr-igupLeigrable to

preferably 50-150 s (revolution time).

10 A polishing drum, which is covered with z polishing
cloth and 1s preferably rotated «centrally at a
rotational  speed of  300-1500 min™',  particularly
preferably 500-1000 min™', and the chuck are moved
toward one another, with the polishing drum being set

15 obliquely at a setting angle with respect <fo the
silicon wafer and the silicon wafer being fixed on the
chuck in such a way that 1t projects slightly beyond
the chuck and is therefore accessible to the polishing
drum. The setting angle is preferably 30-50°

20
The sllicon wafer and polishing drum are pressed onto
one another with a specific contact pressure and with a
polishing agent being supplied continucusly, preferably
with a polishing agent flow rate c¢f 0.1-1 liter/min,

2% particularly preferably 0.15-0.40 Iliter/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. Pelishing drum and
gilicon wafer are preferably moved away from one

30 another after 2-20, particularly preferagbly after 2-8,
revolutions o¢of the =gsilicon wafer or of the chuck
holding the silicon wafer.

Example of edge polishing:

35
For an edge-polishing machine of the Speedfam EP300-IV
type, by way of example the f£olliowing setting
parameters are suitable for carrying out the method



carry out, in step c), bath cleaning with sinultaneous 10 cl eaning of a
multiplicity of silicon wafers, for exanple all the wafers from an edge
pol i shing operation, for exanple in the sequence cleaning wth aqueous
hydrof luoric acid (HF) - rinsing mjth‘d1fTapure water - cleaning with
TMAH H202 (tetramet hyl anmoni um 15 hydr oxi de/ hydr ogen peroxide) - rinsing
with ultrapure water. Afterward, the silicon wafers are usually dried,

whi ch can be agfcbeeitiad Ey;omeahs: ?Enﬁ)’l@ﬁgﬁbﬁi al tﬁaavahhabte apag/r afgses which
operate according to the centrifu ryin ot water. or HF one

princi pl e. Z@Clilﬁgvéaae-aposﬁes?ﬁgdcs%ﬁ?goﬁ%ﬁﬁgg%Soﬁ?aipﬁeegeﬁf?gr rgﬁggcl eani ng
and dryi ng stiepsaeeldiypdahdtbsr gehidnithesBgriing cl eaning with HF,
preferably an acidic cleaning agent is added, such as e.g. Silapur-50m
avai lable from25 I1CB GibH & Co. KG which is distinguished by extremnely

| ow conceftrati on§°8fafbt al PEREERFEI es WEIPHe | BRIPEBIPENge anf K€
particul arly guict abbecfpgyelimnating metal inpurities fromsilicon
surfaces. 30Exanple: 0.012% Silapur (200 mM) + 1.25% HF (3100 m) at a flow
rate of 1500 liter/h for 180 sec. Rinsing with ultrapure water is
preferably effectedtatiantlowsmsed of o150k 2060 ingh ferwE0- 3600BBY. 35 - 9
- (4610 m) at3p60C amdof kewyrate of 1500 1/ h for approximately 300 sec. As
a resultqﬁf handl i ng steps and the transport of the 5 wafers in the
productioh line, the wafer edge can be contam nated particularly at the
poi nts of contact rbeatjionent aspeddrcatedOnswdfent:r arsSporstecdassefiesyn Such

contaninatiOQ%GCQnSb%ageEgrggggggﬁﬁﬁ grom h and defects in the epitaxy
process. ID

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

15
- polishing agent flow rate: 300 ml/min
(100 - 1000 ml/min)
- polishing agent concentration: e.g. 0.8% KCOs
20 (unimportant, any other concentrations pessible)
- type of polishing agent: e.g. 5% Si0; Levasil™ 200
from Bayer, many others are conceivable
25 - setting angle of pelishing drum with respect to

the wafer: 40° (30 - 50°)

- polishing cloth: e.g. Suba™ 400 from Rohm und Haas
Co. or the like (polishing 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.



In order to avoid this, cleaning tailored specifically to the edge 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 in figure 4. 20 In this case, the wafer 3 is noved

relative to cleaning rollers 4, the wafer 3 and/or the rollers 4 being

flushed w th zGl@ani R eSolloNyo1 i sAhes | ednd ngs Toldsr s whrused ake _
preferably synthetic 25 sponges e. g, .ahd especi al | referably on the basis
of pol yvi nyl “HEORGI *PPEASFCT ﬂ%c?eghEWV%mﬁbé%H°ﬁgl AMef8r “BHgRS (apex 32,
edge front sideg3leandcetgerrear si da+38) meched eanihg Sthulakhenss4 is
preferably 100-50Q cmimdn, especially. preferabl 00-300_cm. m he

out er nost paf%£%¥”fﬁ%‘%%f%rm%gg%EfVﬁVEﬁ ?é 8??%% %dwgg%g%x?ﬁg%gf§g

per pendi cél aroxt o ushagwabpragimgd acesthicslsdesicgnatélie azatyiee lapex ad2 ¢al so see
figure 4B). 33 (heani:R@,r gkheLtss4 are used which are 42 in contact with
the apex 32, 41 in contact wth the edge front side 31, and - 10 - 43 in
contact with the edge rear side 33. Custonmary cl eaning agents used in
silicon techriol ogys acenpeet epdbloyeenplvayread.orf it is preferable to

Sol uti Onsconpéa'r%:'w%'ﬂtt,r a‘ﬂ#@é’@é &), bath cleaning with simultanecus
10 cleaning of a multiplicity of silicon wafers, for
example all the wafers from an edge polishing

operation, for example in the sequence cleaning with

aqueous hydrofluoric acid (HF) - rinsing with ultrapure
water - cleaning with TMAH/H,0, (tetramethylammonium
15 hydroxide/hydrogen peroxide} - rinsing with ualtrapure

water. Afterward, the silicon wafers are usually dried,
which can be effected by means o¢f commercially
available apparatuses which operate according to the
centrifugal drying, hot water, or HF/ozone principle,
20 The edge-polished silicon wafers obtained after the

cleaning and drying step are dry and hydrephilic.

During c¢leaning with H¥, preferably an acidic cleaning
agent is added, such as e.g. Silapur—-50™ available from
25 ICB GmbHE & 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% S3ilapur (200 mly + 1.25% HF (3100 ml)
at 2 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 60-30C sec.

35
During cleaning with TMAH/H,0, the following are
suitable, for example: 0.65% TMAH {4710 ml) + 1.05% Hz0;



t et ramet hyl anmoni um hydr oxi de( TMAH) and hydr ogen

per oxi de( H202), e. g.i nconcentrati onsof 0. 3% TMAH + 0. 7% 11202, are
particularly well suited. o After the bath cleaning, provision is nmade, in
accordance with (d), for exam ning the ®dge regions of the group of silicon
wafers with regard to defects and edge roughness and also for selecting a
silicon wafer 15 fromthe group of silicon wafers which has a surface

roughness of (3% &han LinmeBVE rehati Feod 0 @aispatdal wavehengt borange of
10-80 pm Preferably, a sié' on wafer is selected conprising a 20 front
side, a rear%ﬂgﬁgxéﬁﬁ“ﬁﬁye 5 r&0i on conprising 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 ¢ 3 t:.he frL r.ear .si haracteri zed by
a surface rog\g ﬁaegseﬁ%zﬁt hoame%ghel“g% rsre%?%n%gl?i (}%% d’%lgqgioﬁﬁ/sgge% ive to a
spati al wavelwefgtts righgehef PTod8otpam andnal s¢hby ¥ Aady iedd®nc®dt Phe surface
roughness of Jby3%minaRedf epablyculdierselzect edesi bboons wafrer cbyekber nore has

30 no defects, havin | engt h/ si ze/ extent of greater th 1 pm.in_the edge
Cegion. 11 a S E-cOr AT FPORTE groub O SOPTF oA RATLPS HoSt ot have
t he requirensntrs amade tabntheardgead5t ¢ olmghwess;t tdricwtdi landoedafes i s

ei ther sorted pyt of 5@@&?c5§§gg35panely subjected to a renewed edge
polishing. In this cgse, he process paraneters are correspondi ngly

nmodi fi edi8n the basis of the results of
In crder to aveoid this, c¢leaning tailored specifically

to the edge of the silicon wafer was developed.

Particularly good results were able to be achieved with
13  roller cleaning.

A schemztic i1llustration 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 sclution.

The cleaning rollers 4 used are preferably synthetic
25 sponges e.g. and especially preferably on the basis of
pelyvinyl alcohecl (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 200-3G0 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



the exam nation in order to satisfy the required edge roughness of |ess
than 1 nmRVS relative to a spatial wavel ength range of 10-80 m and
particularly preferably an edge roughness of 0.1-0.9 nmRMS relative 5 to a
spatial wavel ength range of 10-80 m It is conceivable, for exanple, for

i ndi vidual silicon wafers fromthe group of silicon wafers to |ie outside
the clained range for the edge roughness en account of 10 process
fluctuations. These wafers are correspondi ngly reprocessed under stable
process conditions. An automatic edge inspection unit is enployed for

exam ni ng the.edggy agl @k the: 54140 &lSr BYqway3lS of exanple, the
EBI unit from Nanophotonics AG or the RSW200 from Raytex Corp. is

suitable, which not only permt defect detection but also supply

| nfor mati on abestonthe, edoear oughngsstscCluseld gur e s31128nThe:dHmabigoni ng of
an inspection unit Qq IIELS t%ﬁ |sdbased on the detection of light in the
dark field antforriHé r&cer § SO%? fmages in the bright field. I'n the dark
field node Ilght is scattered at so-called Ilght poi nt defects (LPD), that

is to say forg £ 25 at tal..defects, écratchg% dpfTpuri ties
or particles. ?n fhls case, d%% %S% % IS assu&ged a size eqU|vaIent to

its |ight scaﬁ?%ﬁﬁ&ﬁfﬂﬁéﬁ@@?@#umthéﬂ§@1@&ﬂﬁed B SpREr e MEHFC@&rent "

(LSE). In thesdrdghe fi eﬂuda_,‘mpde,e By, com r asbnctneges: &fs t heredge 3are 30
recorded. In &, prior, art contr t he waf.er edqf was usual |y

exam ned eith V|sﬁﬁlIyHag“bfrengﬁFﬁécHﬁﬁgﬁYéﬁ% , the images

bei ng asségssed by a 35 human in the inmagi ng nethods, too. In this case, the
resol ution ofgthg defctspisnl i ghbedihg, the abiLidiesis rade, in
accordance with (d), for examining the edge regions of
the group c¢f 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 um.

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 is adjacent to the edge and has a width
of in each c¢ase 2 mm on the front and rear sides,
characterized by a surface roughness in that edge

25 regien of 0.1-0.8 nm RMS relative to a spatial
wavelength range of 10-80 um and alsc by & 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 um in the edge region.

If a silicon wafer from the group of silicon wafers
does not have the requirements made of the edge
35  roughnesgs, thils silicon wafer is either scorted 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



of the human eye. Therefore, a high-resolution defect analysis and
classification based in particular on - 12 objective criteria cannot be
performed. Consequently, nor was it possible to provide nethods for the
optim zed processing of the edge with the aid of known inspection nethods.
5 Step e) of the nethod according to the invention involves pretreating the
sel ected silicon wafer in a single-waferl epitaxy reactor, wherein, in a
first step, a treatnent in a hydrogen atnosphere at a flowrate of 10 1-100
slmis effected and, in addition, in a second step, an etching mediumwth

aflowrate O{h$h§x§m§ﬂ§%ﬂﬁzaggegr&% 108 @%@“g@g”t%hngﬁﬁﬁlr%da%%ﬁldeV|Ce

distributed in react or chanber means o stri but
15 The state bpPugieesfafer edge Eéﬁéré PheRYEt yglha bV?a%? $t efPats adr uci al

for freedom fyop dafpacts. r%h@@95|@g'paqugbe§m exgﬁ@nelyagﬁﬁﬁjldﬁqgtances of
damage as are f the e axy process ca gi ve Il se tq .20 grow h
def ect s. 0??@# %éh%ytﬁ? F%@@ é%Fﬁ@nﬁéﬁtP% @ 2oﬁt% Zﬁ$ rf%%ﬁﬁﬁ¥ r and to
renove snﬁil tnsd anees 20f wdaphgegpbssabhdy qf eSe®C, wmn parti cul ar t he waf er
edge is 25 subjected to an etching treatnment before the beginning of the

epi taxy operation. This can, however, be acconpanied by a deterioration in
the flat ness/FoughnesaceeTaRisve For t RaTN0IG s heer ety visinalt Hild iwes abl e to

be kept conmpagatdvel yrsiedde idrdilie 30 sontexd Wisdihe ﬂcmqrgl&ftsm@ s
et ching treat nent #% eercted i th context of the pretreatne t eps

provi ded in theSep r%%&ﬂ%w TS YT W et BE Efi taxi al y

coated isl0 process fluctuations. ”hese wafers are correspondingly

reprocessed under stable process conditions.

An automatic edge inspection unit is employed for
examining the edge region of the silicon wafers. By way

13 of example, the EBI unit from Nancphotonics AG or the
RSW12C0 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 light in the dark field
and/cr 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 behavicr, the
so-called "Latex Sphere Equivalent"™ (LSE}. In the
bright field mode, by contrast, images c¢f the edge are

30 recorded.

In the prior art, by contrast, the wafer edge was
usually examined either wvisually or by imaging
measurement systems, the images being assessed by a
35  human in the imaging methods, too. In thilis case, the
resolution ©of the defects is limited to the abilities
of *the human eye. Therefore, a high-resclution defect
analysls and classification based 1in particular on



35 usual ly exposed to a hydrogen atnosphere in order to renove native oxide
fromthe silicon wafer. In a second step, an etching nediumis usually
added to the hydrogen atnosphere. - 13 - In this second step, the

foll ow ng process paraneters are usually enployed in the prior art: 5 gas
flowrates: HCL: 0.9 sin (standard liter per mnute); H2: typically 50 sl m
10 If appropriate, the gas flows are .disstributed in the reactor chanber by
nmeans of a so-called AW. Automatic netering valve: 1/0O - 150/150 (prior
art: honogeneous distribution of the gas flows). These values are nodified
in the method according to the invention to: gas flow rates: HCl: 0.5 - 5
slm preferabt§ieCsvs sthltadFect ARGt pPaf diebIFmeds dfapsequently,

H2: 1- 100s| m ptef erwadd y1:10spsB Lspeci ald y papvireef erahlhyds- 1Gcsl | mhkt has
been found that_the process paraneters _chosen l.ead n i NGr et chi ng
rate in the e%telnfjezéalpc%ﬁjré}f:etsﬁéngi i cg’?llewggéﬁ "30" ﬁkgd%ﬁtdi %ﬁ, ?{%r%gl erably
the 1/ 0O val ueir{dpectiimmemezbnds- 0 = outer zone), that is to say the

di stributi:on of the gas flows, is changed:

Step e) of the method according to the invention
inveolves pretreating the selected silicon wafer in a
single-wafer epitaxy reactor, wherein, in a first step,
a treatment in a hydrcgen atmesphere at a flow rate of
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 hydrogen atmosphere and is distributed
in the reactor chamber by means cof a gas distribution

device.

The state of the wafer edge before the actual epitaxy

step 1is crucial for freedom from defects. Alongside

particles, extremely small instances of damage as a

result of the epitaxy process can also give rise to
20 growth defects.

in order beoth t¢ reduce the particle contamination
further and ¢ remove small instances of damage
possibly present, 1in particular the wafer edge Is
25 subjected to an etching treatment before the beginning
cf the epitaxy operation. This can, however, be
accompanied by a deterioration in the
filatness/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 is effectad in the context of
the pretreatment steps provided in the epitaxy reactor.
L polished silicon wafer <o be epitazialy coated 1is

35 usually exposed to a hydrogen atmesphere in crder to
remove native oxide from the siliceon wafer. In a second
step, an etching medium 1s wusually added t¢ <the
hydrogen atmesphere,



automatic netering valve: 1/0 = 0/300-100/200 = 0-0.5. 35 The distribution
of the gas flows in the reactor chanber is controlled by the automatic
netering valve (AW). For the Epi Centura reactors from Applied Materials,
a device called Accusett'mis available, - 14 - conprising valves
("metering valves"), which permts this. The flow of the etching nediumis
distributed into an inner zone and into-an outer zone of the reactor
chanber. The control is preferably effected by 5 neans of suitable
software. The etching nediumdistributed into the inner zone acts on a
regi on 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 chanber aptstpdsaBe@ULEr skegi ornef ﬁchqosdilﬂgcgﬁdwﬁr,patﬂmeﬂe&sto say in
particul ar on_the edge region. erg{l i nner and outer zones correspond
overal | apprd&??nﬁ%ﬂ%%iﬁ)egﬁgog? e Bf - 1hesi9% EOir wafer to be 15 treat ed.
The distribution of the etching nedi um between i nner and outer zones is
preferably 0 to a-mximum.of 0.5 This ratio results fromthe quantity of
etching nmedium 20 in the inner zone with respect to the quantity of etching
mediumin the outer zone. The etching nmediumis thus conducted

predom nant | yu¢nit @ tshe 1edgeceggk oa. 1 fher sieze afndthe ;i nner and outer zones
relative to the 25 silicon wafer can |ikew se be controlled, nost sinply by
correspondi ng arrangenent and configuration of the gas inlet devices
("injectors")HZ hatypdarddgt S0helgases into the reactor chanber. By way of
exanpl e, qtshe inner zone could be a circular region having a dianmeter of 30
75 mmin the center of the silicon wafer, given a wafer dianeter of 300 nm
as al ready dekkrpBeEOPRi&IS 20087 0888357 NS 2¥F t RéShBt Wt Gcedr ditfg to the
invention, theddWf chamber by means of a so-called AMV. Automatic

metering valve: I/0 = 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 sim, especially
preferably 3-5 slm;

HZ2: 1-190 slm, preferably 1-10  slm, especially
25 preferably 3-10 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/0 value (I = inner zone,
¢ = outer zone), that is to say the distribution of the
gas flows, is changed:
automatic metering valve: I/0 = 0/300-100/200 = 0-0.5.
35 The distribution ¢f +the gas flows in the resactor
chamber is controlled by the automatic metering valve
(AMV). For the Epi Centura reactors from Applied
Materials, a device called Accusett® 1s available,



35 zone preferably corresponds to a circle having a dianmeter of 100 mmin
the center of the silicon wafer, while the outer zone corresponds to a ring
having a wi dth of 100 nm whi ch enconpasses the edge of the - 15 - silicon
wafer. Silicon wafers having a dianmeter of 300 nmare |ikew se taken as a
basis for these values. Wth the use of ,silicon wafers of the next
generation, which is currently in devel'Gpnent, having a substrate 5

di aneter of 450 mm inner and outer zones are chosen anal ogously thereto,
and |ikewi se in the case of smaller substrates such as 200 mm or 150 nm

waf ers. The quamptditsyingf theved chi'ngtaedngmyislvyesdh er abhicH Opeealitzed by
altering the tﬁ!i%‘?etﬁﬁe of¢ lhe 9AS (RLP e&g% f Ofed ri@”%i%%&%uggaes- The
quantity of the etching nediumis reduce gy reducing the line dianeter. In
principle, tHé&Yol Ebwi Hgongoractiwh il&tpr eper rader1szame ¢dfs ghantity is

set by nmeans @fscadrashdrew . canfer Qldrekof MEG) daterksigblertorsetba flow
rate of between 1 sln1ang6gésln1 This is novel since the MFC used in the

prior art wad'930% CddSfd esPAT"Hi% gas 20 quantity is then passed via a
main gas line to two needle valves (inner and outer zones) and distributed

there. The r ?‘é‘ %ttic?ﬂ]pigs mEhh aht g%é{?i’i%&‘@ecﬁeitﬁéd"%h SN, rV%}{sS?&F,ggU' ation

of the line aneter r 1 nner outer zones independently of one

anot her). Themsadizgidut elaogad Ghant¥eitesr aré tihen Phtteduc#diPhAto the

reactor chambgr \itadanchnj £CtQiscephbs . COnNsdd Ugkiren has e advanhqge that

automati ¢ _contrgl by neans of.s%itzble sof%marg IS Qossible. §oﬁﬁ ter the
, tep 8Bl ab& PH t

pret r eat mint "SEHE HETe % £y LiEp T Edke gtcofdante h f). The
epi t axi al deposinthiean ddisel dn i sn ebfieet edegiomcobr danceiwiithnt kefprior art,

as described far. exanple i 102 . ¢ 3L A +pdh ul t.i.r
epitaxially cc?%tteﬁgili(gorfﬂi fé% i%gggl%ﬁg?gcfgriz%% §§£§§55%Fgg8'roughness
in the edge r¥giredlef @nper 125 pRRE reb28s veeUTFBEOFat | VeRavel engt h

range of 10- 8Qyp-andalvariatinn of -4 hersuteacs rieughness ofcd- 40%
i5b treated.

The distributicn of the etching medium between inner
and outer zones is preferably 0 to a maximum of 0.5.
This ratio resulis from the guantity of etching medium
20 in the inner zcne with respect to the gquantity of
etching medium in the outer zone. The etching medium is

thus conducted predominantly into the edge region.

The size of the inner and ocuter zones relative to the

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

30 75 mm in the center of the silicon wafer, given a wafer
diameter of 300 mm, as already described in
Us 2008/0182397 AlL.

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 fthe silicon wafer,
while the outer zone corresponds to a ring having a

width of 100 mm which encompasses the edge of the



- 16 - Furthernore, anopti m zedsuscept or supportis 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 the edge region 34 and
susceptor inpressions are thereby 10 conpl etely avoi ded. Al ongside the
support itself, the handling of the wafigrs is nonitored by the autonmatic
edge inspection and defect classification. If the wafer 3 is not placed on
t he susceptor 6 in a centered manner and touches at the edge 6, then this
is identified hy 15 the neasgﬁﬂnent and_a correction_of Ihetplace nt

position of the 1randl FAGEF obot i S mBaf &E 21 '238rPdct 8d. “L o85S er 8bl y, the
epi t axi al coatdngwi sarfeolllicwed sby takeenewed éeatisndicironhefet veledge regi on

af (Lhe sil!can 0 ual afsaidn Jo0a0d, Lo delecls aud RAge Joughness, Various

defect types are known wth regard to the defects on epitaxialy coated
silicon waf erdiicbefiert SUERPN Ul Y | Fait Epyeberrialssi PREHNY nBo SYPEEFRFR def ect

§5fcl asse];s;. By anvayt eof @@(_a@@be[iml hQﬁﬁei:Zahﬂelcpﬁ_Se%i bic%]ﬂzés/ @f:eC|c@3§:bf1_yi nglthe
efects of one type in size classes_and utilizing themas an additiona

qual ity and §ﬁE@FﬂPEEEW0nLS85?h?e. B Exahipies of %ﬂefgpe t yp&s aﬁ%

associ at ed sizmldleassedsnhitchs aseciaccessitbmer ba ahCaonowatd:cs.edge

i nspection in accordance with the nethod according to the invention are
presented below in table 1. Defects having |ength/size/extent > 1 pmare
det ect ed. Whdile s isR3s tief 8ét thpesceani Bt curedinmalier RA5EEEaPLYN i s al so

presentedy realized by altering the diameter of the gas pipelines
for inner and outer zones. The quantity of the etching

medium is reduced by reducing the line diameter.

In principle, the following construction is preferred:
15
The gas gquantity is set by means c¢f a mass flow
controller (MFC) that 1s able to set a flow rate of
between 1 slm and 5 =lm. This is novel since the MFC
used in the prior art was limited to 0.9 slm. This gas
20  quantity is then passed via a main gas line to two
needle valves {inner and outer zones} and distributed
there. The regulation is effected by the setting of the
valves (regulation of the line diameter Zfor inner and
outer zones independently of one another). The
25 distributed gas quantities are then introduced into the
reactor chamber via an injector. This construction has
the advantage that automatic contrel by means of

suitable software 1s possible.

30 After the pretreatment steps, the epitaxy step takes
place in accordance with f£). The epitaxial deposition
itself is effected in accordance with the prior art, as
described Zfor example in DE 1C2 005 045 337 Al. The
resulting epitaxially coated silicon wafer is

35 characterized by a surface roughness in the edge region
of 0.1 - 1.5 nm RMS3 relative to a spatial wavelength
range of 10-80 puym and a wvariation of the surface
roughness of 1-10%.



- 17 - Table 1 Type C ass Feature Cccurrence Scratch max. permtted
scratch length > 1 pm Edge roundi ng, edge polishing, handling Spalling
max. permtted size spalling (extent)

- 16 -

Furthermore, an optimized susceptor support is

preferably wused 1in order to significantly reduce

susceptor impressions. 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 the edge
region 34 and susceptor impressions are thereby
10 completely avoided. Alongside the support 1itself, the
handling of the wafers 1s monitored by the automatic
edge inspection and defect classification. If the wafer
3 is not placed on the susceptor 6 in a centersed manner
and touches at the edge 6, then this is ddentified by
15 the measurement and a correction of the placement
position of the handling robof is immediately effected.

Freferakly, the epitaxial coating is 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 additicnal quality and

specification feature.

3¢ Examples of defect types and associated size classes
which are accessible to an autcmatic edge inspection in
accordance with the method according to the invention
are presented below 1in table 1. Defects having
length/size/extent > 1 pym are detected. Where such
35 defect ftypes can occur in wafer fabrication is also

presented.



of > 1 pm Edge roundi ng, edge polishing, handling Structural epitaxial
defect max. permitted size/extent > 1 pm Epitaxy: e.g. stacking faults,
hillock, spike Crack max. permtted length > 1 pm

- 17 -
Table 1
| Type Class | Feature Occurrence |
Scratch max. > 1 ym Edge
permitted rounding,
cratch edge
length polishing,
handling
Spalling max. > 1 um Edge
permitted rounding,
size of edge
spalling polishing,
(extent) handling
Structural max. > 1 um Epitaxy:
epitaxial permitted €.g.
defect size/extent stacking
faults,
hilleck,
spilke
Crack max. > 1 ym Handling,
permitted | epitaxy
length
Blemish max. > 1 um Handling,
permitted epitaxy
extent
Susceptor max. > 1 um Epitaxy
impression 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) 2 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 alsc 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, in a targeted manner,
to sort out and, if appropriate, reprocess wafers
having defects on the apex {cf. figure 4)}. The



Handl i ng, epitaxy Blem sh max. permtted extent > 1 pm Handling, epitaxy
Suscep or inpression max. permtted extent > 1 pmEpitaxy Figures 7 a) -
e) show exanpl es of defect types from5 table 1 in the formof m croscope
m crographs: figure 7a) spalling, figure 7b) a blem sh, figure 7c) a
structural epitaxy defect, figure 7d) a scratch, figure 7e) a crack. 10
Al ongsi de defect type and defect class,;ghe position of

custemer's desire to obtain exclusively wafers having a

defect-free apex can therefore be complied with.

Finding suitable preocess parameters in the pretreatment
5 in the epitaxy reactor was crucial for the success of
the method &according to the invention. Further
advantages are afforded as a result of improved
handling of the silicon wafer in the epitaxy reactor
(cf. figure 5 and figure 6), ensuring that the silicon
10 wafer is free of contamination befcre the epitaxy step
by a special cleaning method (cf. figure 4).
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 to customers.

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 C(CD cameras were
filtered with regard to the background signal generated

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

35
Figure 1 illustrates the gray value 1level P4 as a

function of the angle (position) on the silicon wafer.



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

gi ven correspondi ng specification, to distinguish e.g. between defects on

t he apex, the 15 upper or |ower facet and the upper or |ower 3 nm edge
region of the silicon wafer and, in a targeted manner, to sort out and, if
-appropriate, reprocess wafers having defects on the apex (cf. figure 4).
The - 13 - custoner's desire to obtaingexclusively wafers having a
defect-free apex can therefore be conplied with. Finding suitable process
paranmeters in the pretreatnment 5 in the epitaxy reactor was crucial for the
success of the nethod according to the jnvention. Further advantages are

af forded as &“PeSFRSofc i mpCovEd hanthiifg <of FH@“@'IF@@HlRB?%? Fht he

epi taxy reackesefebd Etgtne Posind drisglile aé), 1€nsuring that the silicon 10
wafer is free of contam nation before the epitaxy step by a speci al

cl eaning nethod (cf. figure 4). Consequently, in conjunction with the

eval uati on offigheeda asbpvs haiedgecrRgpEécirenrashéxpifai Werdl BEFOWSit was
possible o0 phavi deuepit axkablyn€ond esh idli coyrwai.ees 12 bavwi pg extrenely

| ow roughness_.in the edge region and at the sane tine to ensure that wafers
havi ng defec?%gpﬁetﬁe edge region of the silicon wafer are on no account
supplied to custoners. 20 A nethod was devel oped for generating information

about the rougness obethoveler; sdoe, [Lamd erdaw ala;phog TRgsyr erent

system for automatic e 1rnspection. ur pose, e“data recorded
by CCD caner abs@enéef VELeeedon the r egaglinass tde BackGeseaansignaPt gener at ed

25 by thepi nspect-edgABLeLi 8ber NA{dBdzed rardy,apakyzed. The processing of
the CCD raw signal s ends in a CV (gray value) paraneter (called P4

herei nafter), which can be used to descri be roughness properties of the
edge. The 94 rigmaeet®rsibis netel yodestatbes the tdet eelt ecrlueghd2 3Wintensity
'n acamera %'oﬁ%hnel}ép'\Pa":Me\éb'zfs L3 GUSTQMRLY, 1 1 CauBLa éa%&_h”%rggy - 256
gray value |evel’s aré available for Classifying e intensity. Is |ight
intensity isdeterninegr opotlti obgl eodt hef r Bghnesandird h@akdPdr efige at the

respecti ¥ye pagirhaski interference (optical roughness measurement).

On the basis of the evaluation of the P4 signals and
the roughness values correlated therewith, it was
possible to perform process optimizations during the
20 edge polishing with regard to homogeneity of the edge
roughness (< 3% variation) and absclute value of the
roughness < 1 nm RMS 10/8C um, o monitor the edge
polishing process, 1f necessary to readjust the edge
polishing egquipment and to sort out/rework wafers

25 unsuitable for subsequent processes,

The process parameters disclosed were tested in a test
matrix and the processed wafers were measured on a
fully automatic edge inspection system. On the basis of
30 the data generated 1t was able to 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 to be eliminated.



35 - 19 - Two peaks can be seen. Different signal magnitudes are observed
at the positions 11 and 12. Figure 2 shows m croscope m crographs of the
regions 5 that caused different P4 sidhal magnitudes 11 and 12 in figure 1.
The P4 parameter is suitable for describing both absolute val ues of the
roughness and the honogeneity of 10 the roughness over the edge of a wafer.
Figure 3pghoweiding correlation of the P4 value 22 to roughness val ues 21,
which in the present case were determned with the aid of the standard
met hod of 15 Normaski interference (optical roughness neasurenent). On the
basis of the evaluation of the P4 signals and the roughness val ues
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test matrix and the processed wafers were neasured on a fully automatic
edge inspection system On the basis of 30 the data generated it was able
to be ascértigimezietivaing Bdicriee 2 rEIAII9596 61 clifrereppdcRBREMIvaerdedtdne entire
edge r egioPReE Bifeait Afe Micth whewRl alshanedOPadRbRCcH Shehayt Bg Rvblh2eveh J ess than
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el . nat el’a.()ﬂ & Tront and rear sl , Characiernze Y a sufface roughness in fhat & ge region o 0.

0.8 nm RMS relative to a spatial wavelength range of 10-80 um, and a variation of the surface

roughness of 1-3%.

3. A method for preducing an epitaxially ceated sificon wafer, comprising the following seguential
process steps: (@) ‘providing a group of silicon wafers having rounded edges; (b} polishing the
15 edges of the silicon wafers; (¢} cleaning the silicon wafars; (d) examining the edge regions of the
groug of silicon wafers with regard to defects and edge roughness and selecting silicon wafers
from the group of silicon wafers which have a surface roughness of less than 1 nm RMS relative
to a spatial wavelength range of 10-80 pm; (g) pretreating the selected sificon wafers in a single
wafer epitaxy reactor, wherein, in a first step, a tregtment in a hydrogen atmosphere at a flow rate
of 1-100 slm is effected ard, In addition, in a second step, an etching medium with a flow rate of
20 0.5-5 slm is added to the hydrogen atmosphere and is distributed in the reactor chamber by

means of a gas distribution device; and {f) epitaxially coating the silicon wafer.

4. The method of claim 3, wherein providing a group of silicon wafers in accordance with step a)
is effected by slicing the wafers from a silicon single crystel, rounding the edges of the silicon
wafers and grinding or lapping the front and rear sides thereof.
25
5. The method of caim 3 or 4, wherein the silicon wafer seiected in step d) comprises a front side,
a rear side and an edge region comprising a rounded and polished edge of the silicon wafer and
alse an extended region adjacent to the edge and having a widih of in sach case 2 mm on the
front and rear sides, and also has a surface roughness in that edge region of 0.1-0.8 nm RMS
relative 1o a spatial wavelength range of 10-8C pm and also a variation of the surface roughness
30 of 1-3%.

6. The method of claim 5, whein the selected sificon wafers have in the edge region no defects

having an extent of greater than 1 .



20 Patent Clains 1. An epitaxially coated silicon wafer having a front
side, a rear side and an edge regi on conprising a rounded and polished edge
of the silicon wafer and also a regi 8h adjacent to the 5 edge and having a
width of 3 nmon the front and rear sides, characterized by a surface
roughness in the edge region of 0.1-1.5 nmRMS relative to a spati al
wavel engt h range of 10- 80 pi n, and a vari ati on of the surface roughness of
1-10% .2 ASI|I LN a_rear, si.de an edg
regi on Conpr 81y ad?i{)ﬂu c?rd % & ﬁ%akﬁgg% Scﬁﬁe{: 5?@1’?35sce?n"?,go‘ﬁvqhv\é%‘eeou%nd al so
a regi ohycﬁ@ﬂuﬁbfeﬁﬂdtdﬂt ﬁea‘e@gé\”%n ae g et rapp gty maton @l Oydrridasihyeivee r ont
and rea@e@k,gﬂ@sameghﬁrﬁga&&et&irg@eb Jtera surface roughness in that edge region of
0.1- 0.8 nmRMS relative to a spatial wavel ength range of 10-80 pm and a
variation of the surface roughness of 1-3% 3. A nethod for producing an
epPt axi &l The eehted diini tontvwien thegiior spitg aheedror |bovinergs seeueatital
process s@&teﬁs.::on(paémgom%pm nNgta girodph@fanghddieomyatier sivaving Heuwpeed
edges; %br)O Q_ﬁgl(’n ng the 15 edges of the silicon wafers; (c) cleaning the
silicon d) exam ning the edge regions of the group of silicon
waf er s W|th regard to defects and edge roughness and sel ecting silicon
}Naf er Shbru?rﬁé%@alggcw@émﬁnl af wﬁdrélﬁ e@ncahens stahicch Have! sy wrviaaee;eeﬁ%ugigm;goof
ess than nm rel.ati e nge c m
(eé or E{ETIEEtlé c{e%rhng el r% v%ﬁea wgéi‘efllc?egr?rg%# ie}élaxl hgtggaé%'f ﬁ% 09t the clear%aré%(

ctor SO?W‘P@rel n, in a first step, atreatnent in a hydrogen at rmsphere at
a flowrate of 1-100 sImis effected and, in addition, in a second step, an
~etching. f to the hydrogen
- at rrl)sphe(gleerg%aﬁ1 hlmétoﬂ(ftﬁnglgmfg Mh% géj?’:)deugrét§ Br%'ﬁfhét% gg%gg means of a gas
di stribution device; and (f) ep| taX| ally coating the silicon wafer. 4. The
met hod of. 76t &letiod of Wheredri, Phosth dimg mettHa Ot (mfthsieddaﬁmaa\mf emeSQais Mowes

accor dar}\?r%dwa% h\té&ﬁ%g‘dﬁ or c§%n§eggggn2&o?yarﬁ ld!sﬁ‘fbpgdgrng ax\’?t@r §o Hnag t‘§\.etl i con

cr roun i'con ers and gri ndi ng or
azgp. ngzwe}fft*redﬁ@cwéﬁaam%w geges Vs sufn 95t ths gasTipy 'ﬁébeh@aerd-fmw% 9 3 or 4,
wher ei Natrlgors bibinedihe Wafter ofsiet eittcadrdint Stiape d)s tonpris estea zéreonts «i de, a

rear side,q %gom tﬁggﬁcomwmhgem nﬁg{}gs@mrﬂelgmegm@ﬁkdst@%e%%@mm of the

silicon SO0 an extende %F L4racent to e and having a
wi dt h oﬁtci’ A9 @l McRs e IV HRPTN TR REOAE HRPHIaRPT SiEdee Pl Rga!ar db TR
sur f ace andughmess 4 Wothat. edge region of 0.1-0.8 nmRMS relative to a

spatial wavel ength range of 10-80 pmand al so a variation of the surface
- 30
' %bghne 2.7 gorfieth]bd?)of/cla:mz% or 4, wherein the two pretreatment steps in accordance with step g)

are in each case effected in a temperature range of 950 to 1200°C.

13, The method of claim 3 or 4, wherein the etching medium added to the hydrogen atmosphere

is hydrogen chloride.

25 14, The method of claim 3 or 4, wherein during the first pretreatment step, the hydregen flow
rate is 40-60 sim.

15. The method of claim 3 or 4, wherein during both pretreatment steps in step e}, the duration
of the pretreatment is 10120 5,

30 16. The method of claim 15, wherein during both pretreatment steps, the duration of the
pretreatment is 20-60 &,

17. The method of claim 3 or €, wherein the flow rate of the etching medidm in the second step

of the pretreatment in step e) is L.5-5 slm.



7. The nethod of claim3 or 4, wherein cleaning in step c) conprises

cl eaning with aqueous hydrofluoric acid (HF), cleaning with TMAH H202

(t etranmet hyl ammoni um hydr oxi de/ hydr ogén peroxi de), and rinsing with
ultrapure water. 58. The nethod of claim3 or 4, wherein the silicon wafers
are cleaned by neans of a cleaning solution conprising ultrapure water,
tetranet hyl ammoni um hydroxi de (TMAH) and hydrogen peroxi de (H202),

9. The method of claim8, wherein the cleaning in step c) is effected by

t he wafer being noved relative to cleaning rollers while wafer, cleaning
rol | er s,180Thebedivdasfelafh Gsinédwmiréidnt!teff@wcrbiea:tﬂithmgetdfﬂmjzlneldiiéﬂom the second 3#@p The
nmet hod q i it | eaning rollers are synthetic sponges. 11
The netﬁ%g%ag&%%gﬁﬁrg%% Enﬁshﬁgﬁéin during pretreatnment in the epitaxial
reactor, the gas flows introduced into the reactor chanber by injectors are
d|§tr|bUMedm;m@moamf@uheB zoherandh dr hrineen Fowzeneinofhe tshent eapt orthehanber
by neang} em 9§mp%fgﬁéﬁﬁﬂﬁ the gas flow in the inner zone acts on a

regi on arou e center of the silicon wafer and the gas flow in the outer
zone acts on an edge region of the silicon wafer, wherein during the second
pretreatatehte stepd wf tchiraddot #0reofn dnr Btickendlonedicum te sthed hiedrdgen

at mosph - di t of the etching mediumin inner and outer zones
is 1/0= %I%F %Hggt iéETLE%nlg%ﬂ%d of claim3 or 4, wherein the two
pretreatnment steps in accordance with step e) are in each case effected in
a.H%nperature range of 950 to 1200C. 13. The nethod of claim3 or 4 herein
the etching nmedium added to the hydrogen atnosphere is hydrogen chloride.
2514. The nmethod of aim 3 or 4, wherein during the first pretreatnent step,
the hydrogen flowrate is 40-60 sIm 15. The nethod of claim3 or 4,
wherein during both pretreatnent steps in step e), the duration of the
pretreatnment is 10-120 s. 3016. The nethod of claim 15, wherein during both
pretreatnment steps, the duration of the pretreatnment is 20-60 s, 22



13. The method of claim3 or 4, wherein the flow rate of the etchi ng nmedi um
in the second step of the pretreatnent in step e) is 3-5 sIlm S19. The
“method of claim3 or 4, wherein the hydrogen flow ain the second step of
the pretreatnent in step e) is 1-10 sIm 20, The method of claim3 or 4,
wherein the hydrogen flow rate in the segond step of he pretreatnent in
step e) is 5-10 slm 10 23 Abstract Epitaxially coated silicon wafer and
nmet hod for producing an epitaxially coated silicon wafer The invention
relates to an epitaxially coated siPpedfesiafer having a front side, a rear
side and an edge region conprising a rounded and polished edge of the

silicon wafer and also a,region that, i.s adjacent tQ the e and has a
width of in each®®%58%3® oﬁP?ﬁﬁé%ﬁﬁﬁﬁFogngm%gﬁragg e%?h%%gﬁgiterized by a
surface roughness i pdduatcieggenr egi baxbdlly ledaBchmiRNBSorerafe¢ve to a
spatial wavel ength range of 10-80 mand al so by a variation of the surface
roughness of 1-10% The invention also relates to a nethod for. producing an
epitaxi al |y Ebatéavertiedpnraaiess EOnBri SPAGEEART +3I FORFH %%%Egﬁb

sequence: (ayzpepvindivigqga Pr gupnof =[ide,com weker ssidwi agdr emnostheedges; (b)
polishing the edges of the.silicon S e l I N e & liwcon waf ers;
(d) exam ni n§%%h e&&@pféaﬁgﬁsﬂﬁr?¢§§%§o%%éo%ogﬁﬁﬁggngﬁg?eé?vﬁ%ﬁ regard
to defects andlédoe volrphnessd, aldfereilieding &dgé dégrenaratkach dike

conpri Sef\ th_@d&QSQQ§dh§QdapQEE§Hggfeﬂﬂgeﬁcf:ht BQS@LBL}&@POM{M anshtal 58 a
region that i1s’ adjacent to the edge an S a wdt in case mm on
“the front anan?eé?agiﬂé%?sangh%ﬁ%éiﬁﬁﬁﬁggtiHgaaaﬁrﬁﬁggnraﬁggfg ﬁdﬁ%the gr oup
©a&f silicon wakets wfigeh hasian surf ace rdudghmes&Mef kesstitien T° ni RVS
relative to g spatial, wavel engt h sange of 19-89 pm =ce) Predreating the

sel ected S|I|€on waf er 1 n a’single-wafer epitax gefégor, wherein, in a
first step, #Haridbipentimra ﬁoéﬁﬁﬁﬁﬁﬁe?é T4 flow rate of 1-100

simis effectpd apflent Nowmdsli$d orsldteea tvecomettsicep foanpebdhi gy reedi um Wit h

a flowrate of 0. 5r |l mi ducgt.ed ipto .t dge.Legian tihe, silicon
waf er by neaﬁ?lg?xﬁgﬁgg dF?P??%ut%@%qgggicefﬂ%?ﬁ epita |%Jf£gcoaplng t he
silicon wafefollowing process sequence: (a) providing a group OI

silicon wafers having rounded edges; (b) polishing the

edges of the silicon wafers; (¢} cleaning 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 each case

comprises the 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, and also selecting a silicon wafer from the

group of silicon wafers which has a surface roughness

0f less then 1 nm RMS relative to a spatial wavelength

range of 10-80 um; (e) pretreating the selected silicon

wafer in & 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 sﬁep, an etching medium with a flow rate of

0.5-5 slm is conducted into the edge wregion of the

silicon wafer by means of a gas distribution device;

(f}) epitaxially coating the silicon wafer.

Figure 1



