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
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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.



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
waf ers under a mcroscope to be carried,out on 20 a sanple basis. This
check is for particles, roughness and defects on the edge of the silicon
wafer. In particular, the edge of the silicon wafer is exam ned for |ight
refl ections caused by possi bl e unevennesses. 25 However, this visual check
is unreliable and does not allow a uniformedge quality to be ensured for
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generally_only allow inspection of the 35 silicon wafer as far as the wafer
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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



4 surface roughness in that edge region of 0.1-1.5 nmRMS relative to a
spatial wavel ength range of 10-80 pmand also by a variation of the surface
roughness of 1-10% According to the second aspect of the present
invention, there is provided a silicon wafer having a front side, a rear
side and an edge region conprising a rounded and polished edge of the
silicon wafer and al so a region adjac%nt to the edge and having a w dth of
3 mm on tregibnont-hand isearo ssaleshochathet edbzedfbyre surfage rnaugmess in
that edge,.eghoR 0540 dxO1 & nin BB Jelative to a spatial wavel ength range
of 10-80 pm and a variation of the surface roughness of 1-3% In

enbodi nents of the present invention, the edge region conprises not only
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roughnesssarahrerein the edge region in each case conprises the rounded and
pol i shed edge of the silicon wafer and also a region that is adjacent to
the edge and has a wdth of in each case 3 mMmon the front and rear sides,
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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



Commerci al ly avail abl e aut onmat ed edge-polishing units are avail able 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 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 novéd toward one anot her and pressed onto
one anot BEELGFEN LOUSHEEEE cltoht'dlt FHESsLREIRAI 1 aeé)%’r}sfhl i's
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cont act gms@m@dwt@e et thy mumEeUf m*if@h‘@somtébﬁecﬁ@% ree¥serand i s
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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.



35 For an edge-polishing machi ne of the Speedfam EP300-1V type, by way of
‘exanple the follow ng setting paraneters are suitable for carrying out the
met hod according to the invention, that +s to say for achieving a specific
edge roughness (a preferred range is specified between parentheses):

cont act pressureduringpolishing:3.0 kg (1.0 - 5.0 kg) rotational speed of

pol i shi ng dr%ﬂh%%gﬁgggsgggié %épqﬁgfy%ﬁ%gesrotational speeds of wafer: 85

sec/ revol uti on sec/revo revolutions of the wafer: 4 (2 -
20 revolutions) 15 polishingagentflowate:300 mM/mn (100 - 1000 m/ m n)

polishing agenlgue@NCent i atiofitds Jend. 8% KEEBd P4 parameter as a

functicon of the angle.

Figure 2 shows microscope micrographs of regions on a
wafer which lead to different P4 values.

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



20(uni nportant, any other concentrations possible) type of polishing
agent: e.g. 5% Si 02 Levasil m 200 from Bayer, many others are concei vable 25
-setting angle of polishing drumwth Lgspect to the wafer: 40 (30 - 50)
polishing cloth: e.g. SubaTM 400 from Rohm und Haas Co. or the I|ike
(polishing cloths from3MInc., N hon 30 Mcro Coating etc.) polishing
duration: 340 sec (150-600 sec) Preferably, the silicon wafer nmachined in
this way hass&&iabnemaé@geapelM@Nbdgt@wﬁmdndaa aposbiebl gndt phlmedséaci d or

al kaline) ang, gl ishedy detects(geg apd.honogenaons ed9eeurs Bnyyafter the

edge pollshlng, the silicon wafers a eane ance wth step c).
The cleanlngacﬁﬁlbéhéﬁﬂeéﬁéﬁtelﬁrRQHQ&ﬁQQQ§éwbﬁUﬁ§Ph®® with sinmultaneous
cleaning of a nultiplicity of silicon wafers in baths or usi ng spraying

nmet hods or alternatlvel Si fer rocess In. the context of the
O T A T A R L E A LS o8 e LA g o
S|nultaneouswh&eml@amdnpnﬁlﬁi1&H1®¢Hneﬂtqemﬂramuy(ﬂﬂr@ﬂatebﬁy,foneexanple

all the Wafer%vfoﬁ%@l e&'@etﬂgl'&gl operati-pn g ?ée@wﬁumr&
sequence cleanln ueous % rofluoric aC| rinsing

ul trapure maﬁﬁﬁfﬁrépéﬁn?agléﬂt% @E@Q”Kbéﬁﬁéﬂethylannnnlun115
hydr oxi de/ hydrogen peroxide) - rinsing with ultrapure water. Afterward, the

silicon fers ar sual |y, dried ich c e effected. b s_of
connerC|i@Iy avar a%?e %péarafuggg’ﬁhlc% g%g?a? &%%%r |néog§ qﬁng
centrifugal dryithg, drot was er prefe i zonecprierti ptent 20l lshe ®&dgeapol i shed

silicon Waferz%t%tetl%a@d a%{o@édtheo@l eani g and -Aryi Ng $leRianLeadly and
hydrophilic. During cleanin HE, preferably aqla0|d|c cleanlng agent

i s added, suéﬁE§§I§ bgyY Sﬁpgp&9o%dﬁ?%yallﬁ%¢e fhomehuck 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



25 1 CB GbH & Co. KG which is distinguished by extrenely | ow
.concentrations of netal inpurities in the |ow ppb range and is particularly
suitable for elimnating netal inpurities fromsilicon surfaces. 30Exanpl e:
0.012% Si | apur (200 m) + 1.25% HF (3ldb'h1) at a flowrate of 1500 liter/h
for 180 sec. Rinsing with ultrapure water is preferably effected at a fl ow
rate of 1500-2000 I/h for 60-300 sec. 35 - 9 - (4610 m) at 60C and fl ow
rate of 1500 atihrHehgapproxithat eliywvdf0iser. Asaa resul toof shandfFbng steps

and the transport of the 5 wafers i,n the oducti.on_|i Lhe fer edge
can be contaﬁFﬁéF@dnga iBGarry gFgFhgoﬁgﬁﬁ?gso#acgﬁfggF‘%g.5g§%%ntact

| ocati ons i nisr apspoftiedabsevtes)narButhesest an nations can lead to
incorrect growmh and defects in the epitaxy process. IDIn order to avoid
this, cleaning tailored specifically to the edge of the silicon wafer was
devel oped® =~  P&POtegFar| yr§66H tesuftéiRgr e aBHéStanBe achi BvEd with 15
roller cleaniingo A schemgiic 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 with

cl eani ng sol utionrotattheat! eaviesg r obf er A igdadcar edpiref er 8BPFF¥ynt heti ¢
25 sponges e.gqpandespegbal |y preferably on the basis of polyvinyl alcohol
(PVA) . TQS rel ati ve speed between wafer edge (apex 32, edge front side 31
and edge-rear side 33) and cleaning 30 rollers 4 is preferably 100-500

ci min, especiall yopeefienabl ysRe&83300 Tnwdfer :The outsercnmstopattionf the

waf er edge, i~Ch 2% ~OLI npr.oxi mat el y perpendi cul ar to the wafer
surface, is gggigné?gdsggp%ﬁgog%2§ 2 (also see figure 4B).

- 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.



35 Ceaning rollers 4 are used which are 42 in contact with the apex 32,
41 in contact with the edge front side 31, and - 10 - 43 in contact with
the edge rear side 33. Customary cl eanithg- agents used in silicon technol ogy
are preferably enployed. 5 Sol utionsconpri singul trapurewater,

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

per oxi de( H202)r+@9. itREONGRRE a%;w%@mg 3% OMAH & 01.c% 11202rsar 8re _
particularly well suited. I'o Aiter the bath cleaning, prqvision jis nmade, in
accor dance W@ PorCERAARRTRg e Tdfe Tley O AHEYGFBLp°Bf silicon
wafers with reagatetio detlect s zand: etddgechoughitess andhalsiondflaanseliecting a

silicon wafer_ .15 f.romthe_group, of. silic ers which _has_ a ace
roughness of 9 EEE T Han’ %n?ﬁ*%?éiﬂ%ﬁ?%egﬁoggiééé?igﬁgﬁﬁgeﬁanaggﬁ%ange of
10- 80 pm 5Pr efer alsliypg aspkbiton weEftdrodss &l ectébetonpiislivhg &520a2f r ont

side, a rear sifg-andsaR gdgec£egi on conprising a rounded and polished edge
of the silicon wafer and also a region that is adjacent to the edge and has

a wdth of in each case 3 mmon the front and rear sides, characterized by
a surface roughness ctanthat edgehe invention, it is preferable to

carry out, in step ¢}, bath cleaning with simultaneocus
1¢ 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;



25 region of 0.1-0.8 nmRMS relative to a spatial wavel ength range of 10-80
pmand al so by a variation of the surface roughness of 1-3% Pref erably,
the selected silicon wafer furthernore has 30 no defects having a

| engt h/ si ze/ extent of greater than 1 pnfih the edge region. If a silicon
wafer fromthe group of silicon wafers does not have the requirenments nade
of the edge 35 roughness, this silicon wafer is either sorted out or

reprocessed, marel wisubizect ed°to angengwed edge pald shisng. 1A thbs case,
t he process paraneters ?re 8$rrespondingly nodi fied on the basis of the
results of (HEIEXAMPNEYoR P n30rder to satisfy the required edge roughness
of less than 1 nmRMS relative to a spatial wavel ength range of 10-80 m and

particularly Pl feradly. 360% erg%’edg%%:%g%{%%%% %fndo'tkeot%aﬂ%ﬁw Lelatlve 5 to a

spati al wavel €ngt h Tange . “I's conceivabl'e, "for exanple, for
i ndi vi duaP sivsfeas Wit eFBef Papdupbigr oupnef e oo afafete® te21 | Beout si de

the cl ai med rapgenfiektbhe gdge: coughnesstontaecoghinod 1 presesst
fluctuations.,K These mq;ers re corresPongingI¥ rgprocesigd nder gtable
process condi {5 '&ns. SEn- Hilt onBtT & Eefye T nSpEEFPBAT ufPeSF 85%10§88 f or
exan ni ng t hecedgminegionsoftanhéesd| tecomaafers. Bywidy abs obfexhapl e, the

EBI unit fromNanophetenics AG.9rthe RSWL200 from Raytex Corp. is
sui t abl e, whi ch not gnly ganit d%fect detection but also supply

| nf or mat i*8n about t he edge roughness, cf. figure 3.
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



20 The functioning of an inspection unit of this type is based on the
detection of light in the dark field and/or the recording of imges in the
bright field. In the dark field node, light is scattered at so-called |ight
poi nt defects (LPD), that is to say for exanple 25 at crystal defects,
damage, scratches, inpurities or particles. In this case, each defect is
assigned a size equivalent to its |ightlisseattering behavior, the so-called
"Lat ex Sphere Equivalent” (LSE). In the bright field node, by contrast,

i mges of the edge are 30 recorded. In the prior art, by contrast, the

waf er edge was usugd |y, %égqgggdwgtﬁt%%e\@ | Ao 10T lgg kARgi ng measur enent

systens, the inmages beling assessed by a human in the i nmagi ng net hods,
too. In this case, the resolution of the defects is limted to the

abilities of ctthetchwfqﬂ @Y@anﬂz’ﬂﬁr ghenes ashkiqggh:if esallutban wefeet capal ysi s
and cIaSS|f|cat|on in particular on - 12 objective criteria cannot
be performed. 2 Coise I eﬁgﬁ it possible to provide methods for the
optlnlzedfbroce55|ng of the edge with the aid of known inspection nethods.

5 Step e) of %Eﬁégd accorgdi, gglggn he |nveni%£gb&gyolves g&e@reatlng t he

sel ected SI|ICOﬂ inasin er epltaaéxreactor wherein, in a
first step, at®teatarent aNACALHRdr SYSIT HiABsphERP Y aaPfow MaE®ISP 10 1- 100

simis effect @the|r|@@g9t|0@,g n @Jsecgeﬂcéﬁgﬁhtgwhgncbfngonegluntmnth
aflowrate o added to the dro here and is

di stri buted |ﬁﬂ%%e a@t FsﬁhéﬁﬁePa5§ ﬁﬁeﬁgl%ﬁggﬁb é%rlbutlon devi ce.
15 The stldte of the wafer edge before the actual epitaxy step is crucial

for freedontfﬁfg%gefﬁg 1s. bé%HnQEhQSnE tlc%e§VL§%5£enegy ﬁgggl ipgtances of
damage as a resu t he epltaxy:£ 'so give rise fo
accordance with or 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



20 grom h defects. In order both to reduce the particle contam nation
further and to renove snall instances of damage possibly present, in
particular the wafer edge is 25 subjected to an etching treatnment before

t he beginning of the epitaxy operation. This can, however, be acconpanied
by a deterioration in the flatness/roughness relative to the polished edge,
but this was able to be kept conparat+viEl y» small in the 30 context of the
invention. This etching treatnent is effected in the context of the
pretreatnment steps provided in the epitaxy reactor. A polished silicon

wafer to be epilaxighy. coaled i s 38.usual Ly expgsed ! o 2 ivdrogen.

atmosphere in order to renpve native oxide fronrthe silicon wafer. In a
second step, BPUEtEHhehedeae F5alsdaliyRE8dEgLebivhe Ry dr oG8t d@tinosphere.
- 13 - In thigzserang st epanghe fold owingspr ggessap@r angd ef scdre 1ysual |y
enpl oyed in the Pri rrart: 5 gas flow rates: HCI; ?.9 %ﬁgg(sta dard liter
per mnute); PP Giliﬁg?lé’alalrﬂ/ sITMU TG PP ngpogFPa L g5 HiidRs are

di stributed itothespmdctiormavkarhgthbyanganst afC-é8isemcal | ed AW. Automatic
nmetering valve: 1/0O - 150/ 150 (prior art: honbgeneous distribution of the

gas flows). These values are nodified in the method according to the
i nvention to:Igassfrencearazte, for example, for individual silicen

wafers from the group of silicon wafers to lie ocutside
the claimed range for the edge roughness on accocunt of
10 process fluctuations. These 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



HCl: 0.5 - 5 sIlm preferably 1.5-5 sin, especially preferably 3-5 sl m

H2: 1- 100sl m pref erabl y1- 10sl m especially 25 preferably 5-10 slimlIt has
been found that the process paranmeters chosen |l ead to an increased etching
rate in the edge region of the silicon wafer. 30 In addition, preferably
the 1/Ovalue (I = inner zone, O = outer zone), that is to say the

di stribution 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
chanmber is controlled by the automatic netering valve (AW). For the Epi
Centura reactors fromApplied Materials, a device called Accusett'mis

) ‘

avai | abl e, -CHIRCTIFENDFTSiHY v af¥esck " R&t GG ECY e LI S ST Termi t s
this. The fl owof #he efchipgimdieumics disdvideut ectihotie arfcirnnehezone and
into an outer_zone of, the reactor ch er.. The.con I i, ref.erably

ef fected by SHedhe st RGEE5r8%s8 t\%ag?e.ed‘? ewét‘*élh}dr?% e i%rh |€t§’9i but ed
into the i nnerngeng iact siechodsregi on around the center of the silicon wafer
situated @n a susceptor. That part of the etching 10 medi um which is
distributed into the outer zone of the chanmber acts on an outer region of

the silicon welif®t, ¥hatli sthd BRI pRAACSEEE ohCt he*Bdgd 1eEi6R.
Overal |, i nnernwid-«aut greZionas reor tespesdeovesalsi lapproxiamirel inta t he size

of the silicon wafer to be 15 trea The distributiaon of th chi ng
medi um bet vveesnlr%/\/alneerwaaf%g gﬁﬁg?xgoﬁéggf’%r’pr“élgeej?ea]bq'yl%l ?ao %Ir?té:xi%r?%%of 0. 5.
This ratio resutrsafwor tire guaiagerofe weskbrgemeti amilow 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,



20 in the inner zone with respect to the quantity of etching nmediumin the
outer zone. The etching nediumis 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 correspondi ng
arrangenment and configuration of the gas inlet devices ("injectors") that
conduct the gases into the reactor chanber. By way of exanple, the 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 already
described in US 2008/ 0182397 Al. In the nethod according to the invention,
the inner 35 zone preferably corresponds to a circle having a dianeter of
100 mMmin therceahes ekcbhe sikkpeornwal@yllwiinee gl efa ZonrRa Ger r esponds
to a ring having a mﬁ@ph of 100dnn1 i ch encomp§§ses t he edge of the - 15
- silicon wafEr® “§93cen SREFBYS ki i £ diUnétdr of 300 mmare |ikewi se
taken as a basis for these values. Wth the use of silicon wafers of the
next gene@@Iiégg Muehdiscurrently in devel opment, having a substrate 5

di ameter of 450 mm | nner 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 quentid.ye efint herehghi@gl Mgk waxd sniprekerably 10 realized by
altering the dianeter of the gas pipelines for inner and outer zones. The
gquantity of the etching nmediumis reduced by reducing the line diameter. In
principle, the2foypowalgycolstimetion is preferred: 15 The gas quantity is
set by megns of a mass flow controller (M-C) that is able to set a flow
rate of between 1 sImand 5 sIm This is novel since the MFC used in the
prior art wasl¥iAPPear¥b2eQ §tn OFRi & iga® are distributed in the

reactor 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,



20 quantity is then passed via a main gas line to two needl e val ves (inner
and outer zones) and distributed there. The regulation is effected by the
setting of the valves (regulation of the line dianeter for inner and outer
zones i ndependently of one another). The 25 distributed gas quantities are
then introduced into the reactor chanber, via an injector. This construction
has the advantage that autonatic control® by nmeans of suitable software is
possi ble. 30 After the pretreatnent steps, the epitaxy step takes place in
accordance with f). The epitaxial deposition itself is effected in
accordance widdmptfieipgi ovabvés dSmeescinped dloreseanphieicn PErt@2s005 045

337 A The rasul ti g enitaxiaf | yngoatied.isil i,com wpf et i 35, ghecact eri zed

by a surface roughness in the edge region : ative to
a spatial waviéltéengeh riHRE offone- 8@“&nﬁéﬁ8 aa%aﬁﬂﬁﬁﬁbnz@$etﬁéfsﬁPPace

roughness of dextQ%r c‘ha%@;e‘r qutehﬁrdmﬁ:@aaa@pt irdszedsugceptrersuppByti S
preferabl¥ used in rder flcantly reduce susceptor inpressions.
I

This is i u§FF§Fe8 i § O ﬁ}a ?“Hﬁﬂ 6. The wafer support 5 is

constructed in such a way that the wafer 3 does not bear on the rear side

[ the edge radl an 4 andsusGent o LIRSS AN AE {hetebynl0 eoppl etely

avoi ded. Al ongsi e “support It andl i ng the wafers is
moni t or ed by Aheaautast!] Caé@l@édl ﬁ@ﬁec@@f&?fanﬂfdé:ﬂ“@ct sglaeen f Weaeron. |f

the wafer 3 issRtcpl agpd Hn diheep @é@eptma@ r2 cgnt efred mRBRShgand

t ouches the edge t hen t ntl by 15 the neasur nt and a
correctigh offaH W d&Renit 6g§%ﬁi H H8|PHSEF068?eIgL ﬁﬁ%dlately
ef f ect ed. Emgﬁmmxﬂﬂ@gtslnaze@mtawtai ce@immgofsthelboﬁedobywafeenemed
exam nation afy t.he,edge rqgi ég . 51,14 60n 20 mgger ?%gﬁd to

éb arlou

defects and edge roughness ect types are kno regard to
the defects déivaspiltaxi anyegoatad sPPF%@n TRIAeY s. CQRﬁ%ﬁ99§5caﬁVﬁF?ﬂ#ately be

classified i nipreReglakig ydefectn25sctasses cHly ey fr exargd esothere is the
possi bili cIaSS|fy|ng the defects of one type in size classes and

ut|I|Z|né%th&ﬁ§ﬁ§ e4n additi onal qual ity and specification feature.

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



30 Exanpl es of defect types and associ ated size classes which are
accessible to an automati c edge inspection in accordance with the nethod
according to the invention are presented belowin table 1. Defects having
| engt h/ si ze/extent > 1 pmare detected. Were such 35 defect types can
occur in wafer fabrication is also presented. - 17 - Table 1 Type C ass
Feature Occurrence Scratch nmax. perm-ted-scratch length > 1 pm Edge
roundi ng, edge polishing, handling Spalling

silicon wafer. Silicon wafers having a diameter of
300 mm are likewise taken as a basis for these values.
With the use cof silicon wafers of the next generation,
which i1s currently in development, having a substrate
5 diameter of 450 mm, inner and outer zones are chosen
analogously thereto, and likewise in the «case of

smaller substrates such as 200 mm or 150 mm waferg.

The quantity of the eftching medium 1is preferably

10 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%.



max. permtted size spalling (extent) of > 1 pm Edge roundi ng, edge
polishing, handling Structural epitaxial defect max. permtted size/extent
> 1 pmEpitaxy: e.g. stacking faults, hillock, spike Crack max. permtted
| ength >

- 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.



1 pm Handl i ng,
epi taxy Suscep or

7 a)

m croscope m crographs:
7c) a structural

epi taxy Bl em sh nmax.
| Npressi on nax.

figure 7a) spalling,
epi taxy defect,

permtted extent
permtted extent

figure 7d) a scratch

> 1 pm Handl i ng,
> 1 pm Epitaxy Figures
- e) show exanpl es of defect types from5 table 1 in the form of
figure 7b) a blem sh
figure 7e) a crack.

10 Al ongsi de defect type and defect class, the position of

16

15

Table 1
| Type Class | Feature Occurrence
Scratch max. > 1 pm Bdge
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 ZIfrom
table 1 in the form of microscope micrographs: figure
7a) spalling, figure 7b}) 2 blemish, £figure 7¢}

structural epitaxy defect,

7e} a crack.

Alongside defect type and defect class,

figure 74} a scratch, figure

the position of

the defect is alsc available as quality infeormation.

It is thus possible,
to distinguish e.qg.

region of the silicon wafer and,

to sort
having

and, if

defects on the

apex

between defects on the apex,

appropriate,
{ct.

Ieprocegs

given corresponding specification,
the
upper or lower facet and the upper or lower 3 mm edge

in a targeted manner,

figure 4). The

wafers



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 nmethod according to the invention. Further advantages are
afforded as acwebar'cf deaspeevéd RARAENNGXeFuE e LY | $&HT hdfeer 19 2t he

epi taxy react@ird&f-rfdgubex5candehé gur&d)he enspiiidg thak, the silicon 10
wafer is free of contam nation before the epitaxy step by a speci al

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

eval uation of Fihéirdatsuidfabillee pedgesenppesnevar asiexphai pesk freltowntit was
possibl e 0 provide epibax)allyceont adsstlicom vaber anls fiavlag ext remely

| ow roughness in the e'tegion and at the same tine to ensure that wafers
havi ng def ect8h¢n firéhedge acegizeinef tie sthfcor 'WanédoBre dititd®&ccount

supplied to custOM®Ifes 2QA Meihdas developetor gener atrigdieviedf or mat i on
about the ro&hn ss of the wafer ,edgie ‘{?gmthe rﬁw dat.a of a_easur enent
system for a Sl eﬂéetpﬁsﬁé&ﬁc : S4 hts pliFpsset¥We T a recor ded

by CCD caner ascfwerBidutd ef ezhdvi £hgumgafid tendheirbacigriowic siigrnalongener at ed
25 by the 4 ns d. eria i nd., anal.yzsd. i ng of

t he CCD rladw s‘%ﬁ% sa“éerﬁ%j’séilé n&g g&%ﬁ%@%a u% pari—:)(:lrretere gtaﬁq{yg?%?

herei nafter),bwhi é¢h capedealisedieandedcr Ms&hpgughifelss pfagBERi ed’of the

edge. The 94 pakadmial: 14, t iimatehy udeserh besth henset ect etk ddrghdr 3@l ntensity
in a canera pixel.

ypically - ,as is customary in c ra technol ogy - 256
gray val ue | e¥2t3% %geg%‘?/a?‘f%%l IR A ST ﬁ’é@la{lﬁ@a egﬁﬁ’tﬁ.t 'Vﬁ’i%s li ght
intensity is postilsle proporbivodal epdtiheal bughoessdofsitiieonafverfegdge at the
rESpECt'W%SpO§é$i§§ 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.



- 19 - Two peaks can be seen. Different signal nmagnitudes are observed at
the positions 11 and 12. Figure 2 shows m croscope m crographs of the
regions 5 that caused different P4 signal 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 3 shows the correlation of the R4 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 si %%Is and the roughness  val ues

correl ated tA8PeRSENS iFIwdE §5§§Ybﬁg' §E5EET S0P oggggl BEF#i 25%i ons
during the 2@bedgespokishhagoys it aregdild ahd B8rmogeneity of the edge
roughness (< 3% variation) and absolute val ue of the roughness < 1 nm RVB
10/80 pm to nonitor the edge polishing process, if necessary to readjust
the edge pol Fdgung equbhrent TaRECEE°8Er FiGHFOArERBEK Otaf €13 P5IURRTI t abl e

for subseguenrt,pr eaes88Sd: FhAE, HFOCES Ss RRTANBLRNS tdicsel esednueie tested in a
test matrix %nd t he processed wafers were neasured on a fully automatic

edge i nspect Fdf¥EFstem On the basis of 30 the data generated it was able
to be ascertained that for nore than 95% of the processed wafers the entire

edge region tai,ns e. r an_.10, e hayi 315hzep0fy | ess than
1 pm LSE, anggghepgefgg?ap%ggg a%gdeg%?gﬁggiiﬁ&ﬁéb?%g%gﬁe%ebab?e to be
elimnated. aPgolute values of the roughness and the homogeneity 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 case were

determined with the aid of +the standard method of
15 Normaski 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.



Patent Clains 1. 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 al so a region &fj acent 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 nanNB relative to a spati al
mavelenggg“ﬁﬁ pf 10-80 pin, and a variation of the surface roughness of
1-10% I |con waf er having a front side, a rear side and an edge
region conprising a rounded and polished edge of the silicon wafer and al so
a region adjacent to the edge and having a width of 3 10 nmon the front
and reark §md§§mméhaﬁ@@ﬂe®WQ@dwhwfﬁvéwﬁ#g@@ sidugphrees sidk renti et eégtgergicegi on of
0.1- 0. &ommzdﬁbﬁa FRhadd MR dPstad SPad b‘efdhe\/?sﬂw&J emgiihdra@se&e;e@;tan 10-80: pMreand a
varlatlop9 he surfagglrpy hness., of rodyci ng an

epi*t axi a7y agoa?ta\érég $i {'F'con wafer”” E:}“’Srrfp?msm% re?{h ’defsgq-laradeﬂzgeg 7 queSHLTJ?C&I
process @tcapes i Hip eppotEIgnmh a @rm;ﬁ@feﬁiiweﬂé@rﬁp@m epglehai ragperddided
edges; (h)anpalibshioner hbeurks: edgessodf ithe, silicon wafers; (c) cleaning the
silicon wafers; (d) exam ning the edge regions of the group of silicon
wafers with regard to defects and edge roughness and sel ecting silicon
waf ers fr oriilitdiewgerdupno® i sidon remapiee SN cHOhEYEN gospsiracerorulrgimess of

| ess t hapished BIRMS theeiRbd WSeld HdAlsS @a@g;@l adgﬁwltewtéagﬁ @1&9@@\;9@ aaBQs €230m
(e pr etreatl N9 1 he gel ected sil.i

et or . er e nontlaﬂ reaf Fldest charactenzeg by a sux[' acelr?uq%nes rﬁthatr%@%gﬁegac%nﬁ%‘ alher e at
a f | ow 1t & IS celpiEe ) @nsﬁ)%‘afeﬁ'ffaf‘féféfﬁéé’éi 3196, of i1A-B4 dii Qf\doﬁwa"ia’ir@fai)fs@e@mﬂacgt ep, an
et chi ng romehateii-tfa. a flow rate of 200.5-5 sImis added to the hydrogen
- atnosphere and is distributed in the reactor chanber by neans of a gas
di stribution device; and (f) epltaX|aIIy coating the silicon wafer. 4. The
met hod of Adtedion g PRSI 3 PPl raaEpdes! ’@‘PrbwﬁEfo*Fo@f'F'i‘%Bﬁ oligringsseyential
accolr daneeewi sf:drps Stapprodijing & @blieet ertobywasdri eh\n@ toheicnadiges ¢f r@mesink i con

e cryst e rs rin g or

| appi ng t%& c?the {%BP a@% ¢P§ea§qg ﬁehgiicok Q\%E@? OI%%Q&?FH & & edgggeig% %aﬂr[ﬁQS or 4,
wher ei n ¥¢é %‘ﬁr"F%waf%f%ﬁh g & defeithant é‘ﬁﬂed')’ﬂu%ﬁ%rﬁ”§é§'“‘émﬂ rHRtN wifge, a
rear si demaihd ganipedgacanegifenwhionpivesd Nfa@ moghrdadf dnad:aoliisheasisedgee of t he

silicon tM@fsEEzsaﬁ@Qre%' gﬂ %ﬁ%ﬂ%%%@% (e?%#e??&ttﬂ&'lﬁ?ec%%&eé %y iEJE‘\ewa?QQ% an, ﬂ paw ng a

wi dth of in each cas rear, sides, and

sur f ace W6 GRS BT ‘tV‘PFé in, é’bl@é’ 5} B GrreBIMeg! -2078ORMH ﬁwesr:fhéwea&t .aJ'eWtfee

spati al ohaveb engt bffscigedoh adOHB80inpmearrd! @dis o aichiag matibomwitbfa Adwerasuff ace
royghness 30af lsladée/él 0 4k ﬁydrogge afIRLHQge cafm %l @fgtrmsoorn fhe IRLS €hinsd @aNi Ng i n

step c) conpr, ses ani n ric aci HF cl eanin
nith PEPIDYE S ET i et ey S Be PR Snar o He) a1

rinsing with ultrapure water. 58. The method of clain13 or 4, wherein the
si|i con mefersnad eT &atn%@neadefw pm@@n@ ao&oap 6! 880k NBrS0h g&b@f@n&mw@ N9

g; Lilpgrée fﬁ%ﬁg)by s u:mg %e wa@é’rs from g si !ICOH snr%éger*g;(staq roSnd:ngl_Qwe egges c% the chon

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 .



9. The nethod of claim8, wherein the cleaning in step c) is effected by
the wafer being noved relative to cleaning rollers while wafer, cleaning
rollers, or both are flushed with thélcleaning 10sol uti on. 10. The
met hod of claim9, wherein the cleaning rollers are synthetic sponges. 11.
The method of claim3 or 4, wherein during pretreatnment in the epitaxial
reactor, the gas flows introduced into the reactor chanber by injectors are
g;/sﬁnrs:aﬁgt Od Lnt}nod m,n clgu%zﬁrotrﬁdg %‘srr]zdde%gmg p%{ep z;? cﬁrgaggsre]soeclr@aﬂm ggt Oerogﬁhg‘nber
regi on &rdeivdit fhed dBht eragio Mﬁé BYM/H&B {r‘;ﬁfwﬂafﬁmwm@mé!sdrwdwwmgﬁrhe out er
zone acbgmgﬁa@mdadgggﬁﬁguﬁﬂmaiwﬁae silicon wafer, wherein during the second
pretreatnment step with addition of an etching medi um to t he hydr ogen

at nosphere, the distribution of the etching mediumin inner and outer zones
i 531/ 0=6- Dremetpel of clained AefHetabT thel sHicen Baler &g chafner divrmshie of awsleaning

pr et r eatsBith ShOPSnd RILABGONHaACRIWh Y Sdrefor@)m ay@otide et cagaewefbected in
a tenperature,.range of 950 to 1200C. 13. The nethod of claim3 or 4 herein
e

t he etcﬁ?ﬁﬁ i‘im added to the hydrogen atnosphere is hydrogen chloride.

2514. The nethod of aim3 or 4, wherein during the first pretreatnent step,
t he hydBOQ@nné‘tm%fr@h@ 8] Shedlin 60 Sdaking 15 stel e et 0L 0fhe Glatt BEiBg @Hovél

wher ei n re(Fal’éw rt]og C{Q%Bwhgl Ber rm%\ﬁ)%%@; _‘cﬁatar?r?it %i@asésgo ﬁ)a’re Hi]%eg tﬁtﬂworale()f the

pretreatnen C wher'ei i -aur ng both
perrea@WﬁﬁP steps the duration of the pretreatnent is 20-60 s, 22 13.
The nmethod of claim3 or 4, wherein the flowrate of the etching nediumin

~the Sec?@%h%@ﬁxo&%é% PLELE TR Sm PuBkER Skl Fogesl m S19. The method

- of clai erei e hy ow a cond step of the
pretreatnent in step e) is 1-10 sln1 20, The nethod of claim3 or 4,
wher ei n1t.lee hgtho @ @genaifl 300w 4 abeeih Autrhereecomndt Sittepeofaxikiesploe tifent mend i n

step e) iﬂif:x-%dé:é&%t(? kh@ reactor chamber by injectors are distributed into an ouier zone and an innef
15 zone of the reactor chamber by means of valves, such that the gas flow in the inner zone acts on
a region around the center of the silicon wafer and the gas flow in the outer zone acts on an
edge region of the siticon wafer, wherein during the second pretreatment step with addition of an
etching medium to the hydrogen atmosphere, the distribution of the etching medium in inner
and outer zones is [fO=0-05.

20 12. The method of claim 3 or 4, whersin the two pretreatment steps in accordance with step &)
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.



10 23 Abstract Epitaxially coated silicon wafer and nethod for producing
an epitaxially coated silicon wafer The invention relates to an epitaxially
coated silicon wafer having a front s$i2de, a rear side and an edge regi on
conprising a rounded and polished edge of the silicon wafer and al so a
region that is adjacent to the edge and has a width of in each case 3 nm on
the front and rear sides, characterized by a surface roughness in that edge
region of 0.1-1.5 nmRMS relative to a spatial wavel ength range of 10-80 m
and also by a variation of the surface roughness of 1-10% The invention

al so relates haha stetdhod o dr wiprddtei fiog ram & pid axiial hydicoat ed ssiohd eon waf er,
conpri si t i C sequence: (a) providing a group of silicon
waf er s ﬁggﬁﬁggfgﬁﬁﬁgﬁ%ggﬁﬁ%?p%aﬁ'poIishing t he edges of the silicon wafers;
(c) cleaning the silicon wafers; (d) exam ning the edge regions of the

gr dup ofiosihd sehomaf ef=sn & th4,regard theohdefrestiowantt adge seaughness, trwher ei n
t he edg§y&gg%%gﬁh@mﬁgyg1gﬂﬁﬁﬂconprises 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 nmon the front and rear sides, and al so sel ecting
a silicon Weaf eethbd ectahe 3gerodpriefeirsite porvgeaflensrahincie hasna ssur dfate
roughne aﬂ%n£ﬁﬁ§s&9% 5. RME rel ative to a spatial wavel ength range of
10-80 p (e) pretreating the selected silicon wafer in a single-wafer

epi taxy reactor, wherein, in a first step, a treatnent in a hydrogen
aﬂﬁosphere at a flowrate of 1-100 sImis effected and, in addition, in a
second step, an etching nediumwith a flowrate of 0.5-5 elmis conducted
into the edge region of the silicon wafer by neans of a gas distribution
device; (f) epitaxially coating the silicon wafer.



