Epitaxially coated silicon wafer and nethod for producing epitaxially
coated silicon wafers 5 The invention relates to an epitaxially coated si
icon wafer and to a nethod for producing epitaxially coated silicon wafers.
Epitaxially coated silicon wafers are suitable for use in the N

sem conductor industry, in particular for the fabrication of |arge scale

i ntegrated el ectroni c conponents such as e.g. mcroprocessors or nmenory
chips. Starting material] (substrates) with stringent requirenents made of
gl obal and | ocal flatness, thickness distribution, single-side-referenced
15 local flatness (nanotogol ogy) and freedom from defects are required for
noder n m @Epdclaedtidni esatéd obidliddnatrées redabeshdd fdye pentibpengur f ace of a

sem conduct or waf er ”E?Egﬁﬁﬁgﬁﬂg%xﬁéﬁh”§999c59 Leedefined. It is 20

described by the GBIR acksurface-referenced ideal plane/range" =

magni t ude of the positive and negative deviation froma backsi de-referenced

i deal plane for the entire front side of the sem conductor wafer), which

corresponds _to %he TTV. ("total _thickness ¥§riationﬂééspgcificgggon t hat was
b 1

f or rfer |y 225 ¢ G8F ofRr ST THE LTV A PEEAF tht tkness Vi

ness Variation"y specification
t hat was.f aener kytoust dDrmamrddsiciowadaysades] gnated saceotding to the SEM

st andard Ay .SRIR ("site backsurface-referenced ideal 30 plane/range” =

magni t ude of 'the positive and negative deviation from a backsi de-referenced
i deal plane for an individual conponent area defined dinmension) and

correspandsxtailhec&Bt & of: [EBérof-z@Besnponent i adida (fosi ee) inTherefore, in
conhras; t.0 tge gl obal .fl.atness GBIR, nced to-defined 35

fiel'ds GHtHE ﬁﬁf%?,g%?ﬁﬁ‘ﬁgftﬁg §§§t%8?9§§2§%Féh%b%%%§%§ﬁts of an area grid
of neasuwmFertankendowsyhavdhg l@csirzaiof COBPXNS 1 TH &2clisiBe geonetry).
e.g. microprocessors or memory chips. Starting materials
(substrates}'with stringent requirements made of glcbal and
local flatness, thickness distribution, single-side-referenced
15 local flatness (nanotopoleogy) and freedom from defects are

required for modern microelectronics.

Global flatness relates to the entire surface of a semi-
conductor wafer minue an edge exglusion to be defined. It is

20 described by the GBIR (“global backsurface-referenced ideal
plane/range” = magnitude of the positive and negative deviatlon
from a backside~referenced idezl plane for the entire front
side of the semicenductor wafer), which corresponds to the TTV
(“atal thickness wvariation”) specification that was formerly

25 customary.

The LTV (“local thickness variation’) specification that was
formerly customary is nowadays designated according to the SEMI
standard by SBIR (“site backsurface-referenced ideal

30  plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for an individual
component area defined dimension) and corresponds to the GBIR
or TTV of a. component area (“site”). Therefore, in contrast to
the global flatness GBIR, the SBIR is referenced to cefined

35 fields on the wafer, that is to say for example to segments of

an arez grid of measurement windows having & size of 26 x 8 e

{site geometry).



2 EP 547894 Al describes a | apping nmethod; grinding nethods are clainmed in
the applications EP 272531 Al and EP 580162 Al. 5 The final flatness is
general |y produced by the polishing step, which nmay be preceded, if :
appropriate, by an etching step for renoving disturbed crystal |ayers and :
for renoving inpurities. A suitable etching nethod is known from DE
19833257 C, by way of exanple. While the traditional single-side polishing
nmet hods M generally | ead to poorer plane-parallelisns, polishing nmethods
acting on both sides ("double-side polishing") nmake it possible to produce
silicor wafess A tdésbﬁpb@é/%d 1fab§£ﬂ@31%th|d& tQ@;ﬁ@ﬁ% abrpokd shed silicon
wafersl the&e or ¢ ? i S made achi eve the required fl atness
by suit&BlEptoc s?ﬁﬁ %T@ﬁ§m§ugﬁ %§ﬁ§ﬁ1ﬁﬂlﬁﬁd FRpsi®R§2ahtt pol i shing.
However, the polishing of a silicon wafer usually gives rise to a decrease
in the thickness of the planar silicon wafer toward 90 the edge ("edge
roll-off"). Etching nmethods also tend to attack the silicon wafer to be
treat ethd ofimeQr €abeneext entgatetshd vedgedanek! tioy pricdwce isbéhcantedge

roll- r unt ey Lisbl, ISy Ccustomay f Qragi kheon wafers
25 to %%“Hbﬂ?‘ %g %%ggge :@%%%M%%veay polyshed 5|I|§Bn ﬁgfer i's thinner

in t her&wmtier Q?ﬁéﬁrpﬁ@re53%%§ﬂr*%ﬁ%§5tﬁpckﬁ%55 TR tHEYEdGeand has a

decr eages it dhickRessnynmatheutier wdge ceginobE 398 DESI0938349 €hydescri bes

deposi 11 ng & onogrystal Ll ne. ] axelon Q%QEM?I@U;&&%%J djconcuakers, which
S

| ayer ¥ € same Ccrystal orientatio a sqo-called
epiit axiahetayier leon mhlEhoseﬁnRﬁﬂﬂﬁm@@éﬁ&éeﬁﬁémént%Piﬁ%@%@ﬂpWreBOPéter

Syst ens.of , 4 his oype shave @eﬁé@éL@%d\é@mp@g@§nQﬁ(@’r sidliccan waketsisade of M

honmogeneous™ mat eri al,, for exa Ie}1 preven k r\eofga charge reversal in
b|poIaFQCﬁi%?%n%wﬁﬁlﬂ§OPoWFoﬁ%% Byt HEPSREP clfi®of the conponent
("latch-up problent), |ower defect denS|t|es (for exanpl e reduced nunber of
COPE ("gr¥§éaj i gl %@ﬁ%ghe§m£ %%Fkr%DdeﬁeSQ:$h@ absencergk an
appreC|ab e oxygen content ereb i's possible precl ude a

shaft - sbreads qu Flerdgaet é‘lex%@#%ﬁdeé”ulﬁwpﬁfﬁ&b?ns% & EEV ARt

regi ONgteps such as grinding, lapping and polishing.

However, the polishing of a silicon wafer usually gives rise to

2 decrease in the thickness of the planar silicon wafer toward
20 the edge (“edge roll-ofif”). Etching methods alsc tend to attack

the silicon wafer to be treated to a greater extent at the edge

and to produce such an edge roll-off.

1n order o counteract that, it is customary for silicon wafers

25 to be polished concavely. A concavely polished silicon wafer 1s
thinner in the center, then increases in its thickness toward
the edge and has a decrease in thickness in an outer edge

region.

30 DE 19938340 C1 describes depositing a monocrystalline layer on
monoerystalline silicon wafers, which laver is made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductor components are applied later. 3ystems of
this type have certaln advantages over silicen wafers made of

35  homogensous material, for example the prevention of a chargse
revergal in bipoler CMOS circuits followed by the short circuit
of the component (“latch-up problem”), lower defect densities

(for example reduced number of COPs (“crystal- originated



5 According to the prior art, epitaxially coated silicon wafers are
produced from suitable internedi ates by neans of a process sequence of
renoval polishing - final polishing -3 cleaning - epitaxy. |D DE 10025871
Al , for exanple, discloses a nethod for producing a silicon wafer with an
epitaxial |ayer deposited on its front side, said nethod conprising the
follow ng process steps: (a) a renoval polishing step as sole polishing
step; (b) (hydrophilic) cleaning and drying of the silicon wafen (c) _
pretreatnment of the front side of the silicon wafer at a tenperature of 950
to 125%%@9&@@@*@&@:% Lesifgm 3R agiséﬁ?g .:E]zeam ofgprand ab( d) cdepesi ]Ei on of an
epitaxial |ayer on the frant side the pretreate iLLicon wafer. 20 It
i's cusfﬁW§F§¥'iﬁh%ﬁ%ﬁ%‘fbjﬁ? ngfbs?l?%&%“ﬁﬁlggégfggékéag?T% e | oading, to
subj ectritstie dsiz| e orr vere s etcd pPa thy € ophi ¢4 ls8dmiveg SapTer Tpota%hi ng. Sai d
hydrophi lic cl eaning produces native oxide on the front and rear sides of
the 25 silicon wafer which is very thin (approxinmately. 0.5 - 2 nm
depéndﬁﬁ&oﬁﬁlpﬁet?yﬁﬁaéF”éFb&ﬁanggﬁga ‘%ghféﬁﬁﬁg%15+%%§oﬁa ?%%“bxide is
r enoved:Hen pirheucedr Secrofswa tpibéer eat aemddiares biamegpict akyarieaet®ors under a
hydrogen. atimspher e.{al.so &Fcﬁli:cs%qmé()bagﬁal ddy arsegond steping he surface

e o

roughness’ of the front si thé silicon wafer is reduced and polishing
def ect s*frté@®*¥enoved fromthe surface by usually small anounts of an
etching. medium 35 for exanpl e gaseous hydrogen chloride (HCl), being

addgd 1. e Dxdrogen atmosphene, 4-SONELL PSie iRy 8% B0cLENiagG medium
such’ as “a - si'| ane

silicon wafer with an epitaxial layer deposited on its front

side, sald method comprising the following process steps:

(a) a removal polishing step as scle polishing step;

(o) (hydrophilic) cleaniﬂg and drying of the silicon wafer:

13 (¢} pretreatment of the front side of the silicon wafer at a
temperature of 95C to 1250 degrees Celsius in an epltaxny
reactor; and
(d) deposition of an epitaxial layer on the front side of the
pretreated silicen wafer.

20
I+ is customary, in order to protect silicon wafers from
particle loading, to subject the silicon wafers To a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
oroduces native oxide on the front and rear sides of the

25 gilicon wafer which is very thin (approximately 0.5 - 2 nm,

depending on the type of cleaning and measurement).

This native oxide is removed in the course of 2 pretreatment in
an epitaxy reactor under a hydrogen atmosphere (also called Hp

30 bake).

Hh

In a second step, the surface roughness of the front side ©
she silicon wafer is reduced and polishing defects are removed
from the surface by usually small amounts of an etching medium,
35 for example gaseous hydrogen chloride (HCL), being added to the

hydrogen atmosphere.



compound, for exanple silane (SiH4), dichlorosilane (S H2C12),
trichlorosilane (TCS, SiHCL3) or tetrachlorosilane (SiCl4), is also added
to the hydrogen atnosphere in an anmouft such that silicon deposition and
silicon etching renoval are in equilibrium Both reactions proceed at a
sufficiently high reaction rate, however, so that silicon on the surface is
nobil e and the surface is snoothed and defects are renoved on the surface.
10 Epitaxy reactors, which are used in particular in the sem conductor
industry for the deposition of an epitaxial layer on a silicon wafer, are

descri bggstDndhe yudiok sakt. DR ARG @&L&@@hlc&ga@r zdeposi §imest eps, one or

nore silicon mafers are heated b atin our c eferably by
Toans GPrOSREN: ditt [EP RestLABE sbintas. O DPehambI A cngkebr s am banky,

and subsequentdyllexpos@ds, t 618Cgas o xkurechtonps i simg ahéburcelgas a
carrier,,gas,and, ﬂJ g%pﬁlge&bagﬁ aem@p@&m 19, 485 anbuAtseent CliyziWhi ch

conpri s gr aphi t dart exanpl e, serves as a support for the
si | f coflwafer ﬁﬁaﬁiﬁﬁéﬁe§§dcﬁaﬁh%?”d$‘ﬁﬁe@éﬁ“Fﬁiﬁlréé%tbﬁ During the
deposi &iyon1 pPrecess e thacsibheopraedar aest sudnithestsusceptor or in

m |l ed-oqut portions of the Sugge i rder to,ensyr uni f orm heati ng
P }ﬁ,u, owcv %8 ﬁ%g{ %_c:%_o % E Hmﬁlgﬁ @

and to p?gtec? e T'ear siTicon wa usually there is
no deposbtiienznd rigm tShef §@@Pr é6 gasotherd @Ebrd@éﬁ@é-%vxmfﬁ FHRCHG 6 art, the
processnehanbers. are 30 designed for one or nore silicon wafers. In t he
case of silicon wafers having relatively |large dianeters (greater than or
eqdﬁl to 150 mm), single wafer reactors are usually used and the silicon
mafersﬁ@ﬁeaaponeasmmtdruﬁhibﬁuathyusédsiwug&ﬁdﬁaﬁlﬁesmttShtn a good epitaxial

| ayer LLCKRESSLR0UANIIL, 8 unhlorgldy. alo e Layep: Lk cknesy.can be
est abl i’s y various neasures, for exanp by .altering the gas flows (H2,
Si HCL3l By Sihedvpoiatiing adifd “RAFGSPEhg-yasid mTéCT 57devi ces (inj ectors),

by changing the deposition tenperature or nodifications to the susceptor.
15 During 2ll coating or deposition steps, one or more silicon
wafers are heated by means of heating sources, preferably by
means of upper and lower heating sources, for example lamps or
lamp banks, and subseguently exposed te & ¢gas mixture,
comprising a source gas, a carrier gas and, 1f appropriate, a

20 doping gas.

A susceptor, which comprises graphite, S1C or guartz, for
example, serves as a support for the silicon wafer in 2 process
chamber of the epitary reactor. During the deposition process,
25 the silicon wafer rests on this susceptor or in milled-out
portions of the susceptor in order to ensure a uniform heating
and to protect the rear side of the silicon waler, on which
usually there 1s no deposition, from the source gas. In
accordance with the prior art, the process chambers are

30 designed for one or mere silicon walfers.

In the case of silicon wafers having relatively large diameters
(greater than or egual to 150 mm), single wafer reactors are

usuzlly used and the silicon wafers are processed individually

L¥Y)
th

since this results in a2 good epitaxial layer thickness
regularity. The uniformity of the laysr thickness can e
sstablished by various measures, for example by altering the

gas flows (Hp, SiHCls}, by incorporating and adiusting gas inlet



= In epitaxy it ise nore customary, after one or nore epitaxial depositions

. on silicon wafers, to carry out an etching treatnment of the susceptor
Wit hout a substrate, in the course of 3which the susceptor and al so ot her
parts of the process chanber are freed of silicon deposits. This etch,

" using hydrogen chloride (HCl), for exanple, is often already carried 10 out
after the processing of a small nunber of silicon wafers (after 1 to 5
silicon wafers) in the case of single wafer reactors, and is not carried
out in part until after the processing of nore silicon wafers (after 10 to
20 silicon wafers) in the case of depositing thin epitaxial |ayers. 15
Usual | y,deoriapsan 1RCECeeehi ndPst ribarmeRe 6pe ef 90wl 19T TEreRFAGUET et ment
f ol | owedyy, Aai-ef cg0at d NG Ofsiherswsceptor is carried out. The production
of epitaxially coated silicon wafers with good 20 gl obal flatness proves to
be extrenely difficult since, as mentioned above, a concavely polished
silicon'Mmkgnﬁhxvusuaityf@n&hﬂmmkm&scmheomabsxr%itﬁriqralmg preicer art, after
the epi tﬁ%a;l%e gegbalfiad ness.andpl sacLhe, | gcaladlalnesgyof the

epitaxi a coate i con fer have usual g deteriorated 25 conpared with
t hose ofei¢ﬁ9ﬂ§0néﬁﬁém?ﬂ%o¢ﬁSﬁ%ﬁi%H%qaﬁﬁﬁvwa%e QU Y ESS6ci afed i nt er
alia, wdduthe fraghi bﬂai:hé hﬁziiﬁﬂﬂfdrt edldepitaxbehed ayertd ttgekf.cal so has a
certain irregularit Lk h the . deposition. of t.hi epLt axi al
Iayerer??ﬁégﬁ#ﬁ % he tﬁﬁ%gvé%31léfgshe%p%? ?coﬁﬁﬁhf%$% BEE %

t hi cknessydfocsai dhLaye@@mﬁﬂLdrhave.E@aaeéﬁeaS@ @wﬁ@%uqiqaﬁdWhéaérF%@tlon of

the gfge, ﬂﬁ%rSthCBnoMggﬁﬁno‘Hﬁ“éjéﬁ%ﬁﬁeﬂ§ﬁ$§rf£¥ 4:he QK glralky concave
formof the silicon_wafer and thus also | nprove the | %pal flatness of the

silicon (&HeT 4 s Si §LhotoR dfdidered T AREhB28DI TS  BH SETEBN waf er s
since an-éapoidgntanspesi ibcatd on of @an enlpaxtaﬁﬁywbaﬂﬁﬁd ginki con wafer, 6

nanmely a lim¢t value for a r ri Lhe_epi ' cannot be
prevente%r??oﬁwﬁélng 8xceete ggc%t fﬁ%b%SOﬁSS%g %@a%%g! 5§égcgnnethod f or
produci ng= &pitlaxiralthy Sageatediwiddidomonahenseripawh chaysmsl-tiplicity of

silieon M\@iﬁfy WhirGh areypolished,at: ﬂe%%ﬁtanenekhgigefgrpniclsle@@maae

provi ded and dre successively coated individua in each case in. an

epi taxy FEaRtHI by Ca- ﬁWﬁceﬂUr%rT%FWHF$H“§ Pésb %t?h%?%% of-% FETSstFicon
waf ers psovj ded is placed on a susceptor in the Wepitaxy reactor, and is
pretreated under a hydrogen atnosphere at a first hydrogen flow rate of
20-100 aimin a first step and with addition of an etching nmediumto the
hydr ogenTat npsphere cat 04 setowd: ¥edreed Ry di 6genn f Vol Tsatie 1f 99°5- 10 sim

in a,secong, st ep,,drs ssubsequentd yo£oal:adaepit axnfaucm@rblrtc% palsi shed 15
front side and is renoved fron1thf%§$|taxy reaitor and an et chin

treat menfeBFEHE SRSEEpt Br SRR &t Felt8a™i WP EHC d?é“&gﬂer a
speci fi cppupber of whi saxsakateatimgsie prior art, after tnc epitaxy,

the global flatness and alsco the local flatness of the
epitaxially coated silicon wafer have usually deteriorated
25 compared with those of the concavely polished silicon waler.
This is associated, inter alia, with the fact that the
deposited epitaxial layer itself also has z certain

irregularity.

16 BAlthough the depeosition of a thicker epitaxial layver in the
center of the concavely polished silicon wafer, where the
thickness cf said laver would have to decrease outward in the
direction of the edge of the silicon wafer, could compesnsate
for the originally concave form of the silicon wafer and thus

also improve the global flatness of the gilicon wafer, this 1s

Lad
L]

not considered in the epitaxy of silicon wafers since an

important specification of an epitaxially coated silicon wafer,



DE 102005045339 Al |ikew se discloses a silicon wafer having a 20 front
side and a rear side, wherein at least its front side is polished and an
epitaxial layer is applied at least ofi its front side, and which has a

gl obal flatness value GBIR of 0.07-0.3 pm relative to an edge excl usi on of
2 mm 75 The conparatively good geonetry of this epitaxi ally coated
silicon wafer results fromthe fact that.the reduction of the hydrogen flow
rate in the second step of the pretreatnment with addition of an etching
medi um nekes it possible to etch away material at the edge of the silicon
wafer in a targeted manner 30 and to gI obally |l evel the silicon_wafer

act ual | 5aTHefiorfe tiHa tepit a%i 2L CodtSHg2Step. © é%%ﬂv%?ﬁ%?g“’ésalof*a@fﬁé’ net hod

di scl osgghidr D 102005045388 ane: trhatexalkthedgh t he reduced hydrogen flow
rate intensifies the etching effect at the edge of the polished wafer, the
gas flow over the sem conductor wafer is not 35 lamnar. It has been shown
that pregi &80 1Hiss 3onpedessfiradrers apttingdz APF oRr iUt HY §IFébar-flat ness

bel oy t he. GBI R value ofr0-07 Lm @l @iymed rdum@gli@zﬁ)@ww&go% 7 US
2008/0182397 Al discl oses_a i taxy reactor |cpmgr ovi d s d| fferent gas

flows iREBEED-EaNed i Hﬁé?‘s}%%lﬁea drifr §6- CAFFed Bt 6 Ton&"S For a wafer
havi ng ar ¢t adet eindkzrd0Bungss ireeI'y nmertszonedivsdepely furedao@él gaeent r al

region of AJ? 200, . water, hayi ng, 4, diamet e, 3{%&5 Mo dheseklbag of the

di fferent inthe reactor is effecte setting the diameter of
the gasopi pI@% Q%WH e@2§ere ettt HiEd e piigecdi Qﬁ"e%eﬂsafF%C?leducé'Eet he gas
f 1 owyi nathe, i rectdon , obnanes of rdhe- 401 Z08es. 2SHehrgas: ditstasiphatkon
systens _are ¢commer ci al I\é avai | ablgﬂfrp?rol_qo g L i ed Materials.loc. under the
name EpEtCenturda AXGGSEETT 1OV Eot ~Cemt - hane of The "§hi faxy

react or vl tomdpptied cNhter patsitncnddivis tan takt éwﬁa@q% afrgrseéener ol | i ng
the gas flows 11,4 rae'd%%BOﬁga%serﬁ O 5 z%ceecakl eds 2 Mass Flow=Control | er”

or sinifar“déevices for regu tlng The gas distributiaon_in inner
and out 8EC2BAESLE désﬁ@lﬁéﬁéﬂ%y Y/@%W%@%GG@F@%@B@W NS PFHiTSPAGt at i on

wi | l:sal $eche s@@@l 4y tihe reaptext rofm the: prreserty ravenst omnd ap US
2008/ 01623 s ecifies _t ranges_for .gas L 1op-20 1/Q: firstly a
oS B G ot B SR o) LOGIrRG And. SEeor

range of~F pi T axi a coa and secon y “an 1/0 of
1. 0- 6. Ocdut:i ngs¢ haefleimm sgestépe (gubstr atle Wﬁ#@é@nﬁﬁ@?lﬂﬁﬁs 2008/ 0245767
Al discloses a nethod in which a contam nated or danmaged | ayer of a
substrate is renoved by neans of an etching gas.in orde% to uncover a

subst ratd sUefaeed>IH §%I1é§ﬁ§absu%§??3a?%"%éh Sdgh&equint Ty He el faxi al |y
coatygd. sTherf ls@&ﬁé rﬁcﬁ Dfratzhe setighi nge gasn |$: Qeﬁﬂs*lﬁﬁé’arrfrcbrﬁt asm.denarst gas

nert th re toth subst - c such as, in
E):artlcu}imé’r“ ﬁy %@ brt él lJln?Lt I‘;L% & nl_ﬁ; c? s d: ?u%]ég%t &Q) %leeuls |

suppl i edrethesftiow aslat elitivdr ek ﬂso'io}l@t) isllémfﬁlsﬁe‘fﬁéﬁﬁeiﬂ%%r%f of the
substrate 5,690,850 1ative to an edge exclusion of 2 mm.

25 The comparatively good geometry of this epitaxially coated
silicon wafer results from the fact that the reduction of the
hydrogen flow rate in the second step of the pretreatment with
addition of an etching medium makes it possible to etch away
mafterial at the edge of the silicon waier in a targeted manner

1 and to globally lesvel the silicon wafer actually before the
epitaxial-coating step. Disadvantages of the mathod disclosed
in DE 10200504533% are that although the reduced hydrogen flow
rate intensifies the etching effect at the edge of the polished
wafer, the gas flow over the semiconductor wafer 1s not

35 laminar. It has been shown that precisely this impedes further
optimization of the global flatness below the GBIR value oI
0.07 1w claimed in DE 102005045339 AlL.



1.0-7.0 (5/5 - 35/5) is specified as I1/0 ratio of the hydrogen flow. US
2007/ 0010033 Al discloses influencing the thickness of an ep taxially
deposited | ayer by regulating the gas7distribution in an inner and an outer
zone. As nentioned above, however, the 8 deposition of a thicker epitaxial
| ayer in the center of the concavely polished silicon wafer, in order to
conpensate for the initial geonetry of the polished wafer, is unsuitable si
the specification of the layer thickness regularity of the epitaxial |ayer
woul d thereby be exceeded. The object of the invention was to provide a

met hod_for epitaxially coati g silicon wafers which makes |t‘p sible to
provi d8SepPtast =437 &&t@65§9 P e heter S HaviAG “Phpt oved JIVbaI°5F | at ness
by COWﬁ&Eté@@bNMQiBtﬂﬁbmeLQraaEb -cdhezdbjecte r 3oaehlam@débyrﬂﬁan9dof a
first ueth or Pr ng%n%, BLt§%$9$$¥aQ9 g§g€§| chg Wﬁ{eﬁ§1 in which a
nultlpI|C| “%ilicon warers are i shed east on their front
si des aﬂéﬂprovﬁﬁ%ﬂ Endrsycdéssi vel y @@ﬁb&d Wﬁ@ivpdan¢@tl}P%é%% case in an
epi kaxy,skeactori hy A precedurersi nswht chra: respaeti ve one @fradhersilicon

waf er s prOV|ded IS Iaced on a, susgn%tor in th e |t@§¥ reactor and IS
pret r e&EEdEORTY tind QﬁﬁdPogeﬁ E 'ﬁﬁ%F@'F PP S St ep and Wit h

addi ti ereofaanpetehi ngu2Q rediunewttina filcowirat diefeles-5.simto the
nydrogen aLIRsPher e.1 ned, ses‘«ouesaspecwﬁ udrogenf Low £af e.helng 1- 100
sin in"both steéeps,”is subsequently coat eoitaxially on its polished front
si de aﬁ@cﬁ*sgaén@a«%@rﬁqwﬁqﬂhéﬁpwaxﬁff%af@ﬁf@rr@@&whe*f%f%ﬂe "Al so

acpheV@@pQ¥eHEﬁQ§e@iaﬁsSﬁﬁﬂnﬂnﬂgkh@dcf@mmﬁﬁgﬁuQEﬂ@uealA@diﬁéi&“Coated
Sl con _wWa

multiplicit i Q waf. are
pol i shedFat PBalt® dﬁsﬁﬁgif“ﬁﬁoﬁg g?%e% re‘%ro e an%tIEl d@ge55|vely coat ed
i ndi vi daakkyzin 2ach) case dnnaansepet axy. riemtcmmwléwp@oe@%m@ 30 in which

2, respagti e, one of L LeaIL Seher SoPuovi detkd s gl a6gdsop: g, susceptor |n a
react or chanber e ‘epitaxy reactor, wherein gas flows introduced into

t he reé‘@tnémeﬁaﬁbe@rb@—%s FLPRF e Pbr SEREP B Vd|“§‘l°r Fbtfed Hy $cans of
val mes d:rt-e 180t 9ok el althan drAnentzengonds the dedeheredhapbery such 35 that

Si 11 comSwaf P BAB The Ge TROW TR AR ot o “SoNe SAot8 an-in" Sfige. rogi on-

silicor outer Zone acts on an édge region of
t he S|IqanMQXWaber;ﬁah@I@ﬁ&nﬁEM@Vgﬂﬁk@bn wafer is pretreated only under a
hydr ogen at nosphere at

Us 2008/0162397 AL $pecifies two ranges for gas distribution
20 I/0: firstly a range of I/0 = (¢.2-1.0 during the epitaxial

coating and secondly an I/0 of 1.0-6.0 during the etching step

(substrate pretreatment}.

US 2008/0245767 A1 discloses a2 method in which a contaminated
r damaged laver of a substrate is removed by means of an

9]
LA

etchlng gas in order to uncover az substrate surface. This

cleaned substrate can subsequently be epitaxially ceoated. The
flow rate of the etching gas is 0.031-15slm. If an inert gas
‘inert with respect to the substrate materzal, e.g. silicon)

30 such as, in particular, hydrogen or else nitrogen, argon,
helium or the like is supplied, the flow rate thereof is
1-100 slm. The temperature of the substrate is 600-850°C.
1,0-7.0 (5/5 - 35/5) 1s specified as I/0 ratic of the hydrogen
flow.
S 2007/0010033 AL discloses influencing the thickness of an
epitaxially deposited layer r by regulating the gas distribution

in an inner and an outer zone. As mentioned above, however, tne



9 a hydrogen flow rate of 1-100 sin in a first step and with addition of an
etching nediumwith a flowrate of 1.5-5 simto the hydrogen atnosphere in
a second step, the hydrogen flow ratedbeing 1-100 sImin the second step,
too, and the distribution of the etching nediumin inner and outer zones
being 1/0 = 0 - 0.75, and is subsequently coated epitaxially on its
polished front side and is renoved fromthe epitaxy reactor. Wln the
met hod according to the invention, firstly a multiplicity of silicon wafers
which are polished at least on their front sides are provided. For this
purpose, a silicon single crystal produced accordi g EP the prior art,
pref er 48PS By ¢di Bl E7PEFFT P HEordi nGYES E20eht &HKi5eY s into a
mul ti pbbeddye1of williseen wafecsn by fmandnobrkaewne separatizgr met-hods,
preferably. by wi.re sawing with free.(islurryl) or_ honded grain,;(dianmond
wre). %5% ﬁu*r%fhaéfr %%%?Fggre%\%a%ecﬁoe%%&'gs%%ﬁg}ét‘é]bs ar edce f%c{gé', such as
sequenthal seddiglisssiige gFi AdE nip et Hods <08OE) rogihtl t'@hedusigoubl e- si de
gri ndi pg: et hods {;<doyblierdi skr-LJ N RG'CecBBG or |apping. The edge of the
silicon wafer including optionally present nechani cal markings such as an
orientation notch or an 25 essentially rectilinear flattening of the
si |l i comnnatieteedge hil anvint somgerser ald prprédessededscanvdidr (edge roundi ng,
"edge- not grjgﬁi )y 51 3 m trgatpent . steps compnrisi ng cl eaning
and et 8%%%}?75?'@1 'S %”&P gaéfﬁgnaﬁaéfspr oVi de@, K%%’t eLr\ t he Lgri ndi ng,
cl eani BgoBREE etcHiaig st epsoathe Surifdde Yof St e &V ¢ o RET&s i s snoot hed
by \gemgyal: pokishidig vk cbhgzeasen ofitsi ngkepside petishing (SSP), silicon
waf ers "are hel d during processing on the rear side on a carrier plate by
means of cenment, by vacuumor by neans of adhesion. In the case of
doubl eTskdebpeti ste rgHiBSRY, bsihézon Mafers ratenihsedt 8dr IwoskiopTiont o a
thin tagthed. di sk égg%éﬁpg&ﬁgepnoﬁa%ég%;'ﬂi Lrane s1Qurear: side or .
S|nultaneousfy Im a manner "fl'oating freely” between an upper and a. |ower
pol i shisadipPate2eorered ol ERCaPpot$16H My GS6th. °5 The f romt™ Sidé€Sf t he
si ljscon wafersidse dhenpreterably palisheddiniavhaze- fneedmnner, for
exanpl g using a soft_polishing cloth with the aid of al i ne polishing.
sol ; i nfofde ptba%%fégﬁﬁi e“FI &t He3s ot T he gﬁffgoﬁ mggg%?&%%%gﬁkéd up to
this steprhthel ater vl farenpvalisdat et 3 el d@doreloy smakbCAR-d0 ¥hidecase,
preferapliy.0,09:50: 4. 5 448 ;Thige8tepd$ SflRinder a hydrogen

atmosphere in a first step and with addition of an etching

20 medium with a2 flow rate of 1.5-5 slm to the hydrogen atmospheres
in a second step, the hydrogen flow rate being 1-100 sim in
both steps, is subsequently coated sepitaxially on its polished

front side and is removed from the epitaxy reactor.

25 The cbiject is alsc achieved by means of a second method for
producing epitaxizlly coated silicon wafers, in which a
multiplicity of silicon wafers which are polished at lsast on
their front sides are provided and successively coated
individually in each case in an epitaxy reactor by a procedure

36 in which a respective one of the silicon wafers provided is
placed on a susceptor in & reactor chamber of the epitaxy
reactor, wherein gas flows introduced into the reactor chamber
by means of injectors can be distributed by means of valves
into an cuter and an inner zone of the reactor chamber, such

35 +that the gas flow in the inner zone acts on a region arcund the
center of +he silicon wafer and the gas flow in the outer zone
acts on an edye region of the silicon wafer, wherein the

silicon wafer is pretreated only under a hydrogen atmosphere at



referred to as CWP polishing (chenp-nmechanical polishing) in the literature.
The silicon wafers provided are preferably polished concavely 15 in order
to restrict the edge roll-off caused %y polishing steps (and al so etching
steps) to an outer edge region of the silicon wafer. The gl obal
flatness value GBIR of the polished silicon wafers 20 provided is usually
0.2-0.5 pmgiven an edge exclusion of 2 mm After polishing, the silicon
waf ers are subjected to a hydrophilic cleaning and drying according to the
prior art. The cleaning may be performed either as a hatch method with 25
si mul t aneous cleaning of a nmultiplicity of silicon wafers in baths, or by

sprayi ng JIRthds, onoBl $6-852 SiNgl @ Maler - Pegcessy. el liean waf ers
provided are preferably wafers made of nono- 30 crystalline silicon

mat er i apddigeqn ELsep égﬁbéﬂg i PRANER 6P Gaf 6PY, T&FE i Ton wareFs™havi ng

st rai neghsifjGoydnayenssthst¢ aimed siddneont por tsS8Qydstaraitned
silicon-on-i,nsul ator" fers. .Methods for_pro in Q. .or sSAO wafers
such as”Smartcid éﬁd’oﬁe\té\?%dénf%r}e T ot Gci (r%eﬁ/éf g?é’ V\/l%ﬁ? YT ained silicon 35
| ayef s arstkidovw cinnctfthehpr poehard medipnpist featiedtd 9 EacicdgsSe conpri ses

a treatgent, of /4 hegsil pcon wafer: d nahydragen atapsphaiie(H21hgke) and a
treatnment of the silicon wafer with addition_of a etcth nediumto the

hydr ogehtat ysipiéce FTpRer 8rabl 575 m-edCA°f58e S Aa-terfgerdtidr e range of 950
to 1200€:zdhe-etching nmediumis preferably hydrogen chloride (RAO). The
pretreatnent in a hydrogen atnosphere is effected at a JO hydrogen fl ow
rate of 1-100 sIm (standard liter per mnute), particularly preferably

40- 60 sin. tTheraliroat iferostiinbetprivty eatimit-oin alhjerogen at mosphere is
preferabl.y;y 10r 120 8.0r silicon wafers which are polished at least on

their front sides are provided.

For this purpose, a silicon single crystal produced according
15 to the prior art, preferaply by crucible pulling according to

Czochralski, is sawn intc a multiplicity of silicon wafers by

means of known separation methods, preferably by wirs sawing

with free (“slurry”) or bonded grain (diamond wirej.

20 Furthermd%éﬁfﬁéchanical processing steps are effected, such as
sequential singlé-side grinding methods (33@), simultaneous
double-sgide grinding methods {(“double~disk grinding”, DDG] or
lapping. The edge of the silicon wafer including optiocnally
present mechanical markings such as an orilentation netch or an

25 essentially rectilinear flattening of the silicon wafer edge
(“£lat”) is generally processed as well (edge rounding, “edge-

notch grinding”).

Chemical treatment steps comprising cleaning and etching steps

30  are additionally provided.

after the grinding, cleaning and etching steps, the surface of
the silicon wafers is smoothed by removal pollshing. In the
case of single-side polishing (8S8P), silicon wafers are held
35  during processing on the rear side on a carrler plate by means
of cement, by vacuum or by means of adhesion. In the case of
double~side polishing (DSPY, silicon wafers are inser

T
lvosely into a thin toothed disk and polished on the front and



15 During the pretreatment with the etching nedium the flowrate of the
etching nediumis 1.5-5 sin. The hydrogen flowrate is also 1-100 sim
particularly 20 preferably 40-60 el m!9during the pretreatment with the
etching nedium It has been shown that the gl obal flatness of an ep
tax:jelly coated silicon wafer can be significantly inproved by the
increased flow rate of the etching nmedium by conparison with the prior art.
By virtue of the fact that the HCI flowrate is increased to 1.5-5 sin and
the hydrogen flowrate is 1-100 sin as in the 30 first pretreatnent step,
the thickness of the silicon wafer is reduced to a greater extent at the
edge thap.in. the direelion,of & center, of the stljconyafer o This:
counteracts the cencave ThRItTal geonetry of “the siticon fer. 35 \Wereas
no i ncreaserparatierd al leeapvart %%ﬁébkéﬂvéé §Pvﬁﬁéaeﬂg@fd¥EFhéS§|PEcon waf er
(the materi@l renoval is uniformover the entire wafer) at an H2 flow rate
of 50 sIm(standard liter per mnute) and an 5101 flow rate of 0.9 sin,
that is to say the 12 customary HO1 flow rate in the prior art, a nmateri al
renmoval Top froBOG-LABE pm obeusslatot heledge 2ok therspi¢tormvaf er as a
result gg a@?é&@f6%§%ﬁz@ Eb@el%gn*iJOWkﬁa%ﬁahﬁ 14 325 §ldnsdhat is to say
wth a si i cant |y i ncreased concentration, 5 depending on the

dur at i oR© #8$¥ﬁ9tQ%9¥?n@HFﬁMkbﬁ @B@ OIA ATy GAKRBREEABP AL F O DFS G- 180 s i s
preferrgdaevery quarkincehar kyapreterablune2@:6Qc8n duréng ytzh&jd-d@ld etechi ng.

LroaL oot debend ng,on, g, dest od parerial appval glathe Wiedse of the

10 this case, preferably 0.05 to ;.5 um. This step is often
referred to as CMP polishing (chemo~mechanical polishing) in

the literature.

The silicon wafers provided are preferably polished concavely

15 in order to restrict the edge roli-off caused by polishing

i

teps (and alsec efching steps) to an outer edge region of the

silicon wafer.

The global flatness value GBIR of the polished silicon wafers

20 provided is usually 0.2-0.5 um given an edge exclusion of 2 mm.

After polishing, the silicon wafers are subjected to &
hydrophilic cleaning and drying according to the priocr art. The
cleaning may be performed either as a batch method with

25  simultaneous cleaning of & multiplicity of silicon wafers in

baths, or by spraying methods cor else as a single wafle

process.

+3

he si
30 rys

wafers, silicon wafers having strained silicon layers

1icon wafers provided are preferably wafers made of mono-

.L
alli ilicon material, 30T (“silicon-on-insulator”)
liine sid , !

: |'

(“atrained silicon”) or sS0I {(“strained gilicon-on~ingulator’)
wafers. Methods for producing SOOI or s3S0I wafers such as
SmartCut and methods for producing wafers with strained silicon

35  layers are known in the prior art.

The polished silicon wafers provided are supbssguently

pretreated individually in each case in an epitaxy reactor. The



The particular advantage of this nmethod is that after the pretreatnent
steps the silicon wafer obtains an optinumformof the front side for the
subsequent deposition of an epitaxialllsilicon layer since the silicon wafer
is leveled in its edge region by the pretreatnment and the concave form of
the silicon wafer is conpensated for. It is even possible to convert the
geonetry into a convex form as will be shown |ater on the basis of
exanples. 20 It is particularly advantageous that a |am nar gas fl ow
prevails as a result of the increased H2 flow rate by conparison with the
closest prior art in the second pretreatnment step. It has been shown that
this has_an additional positive effec n.t ‘ | fd atness- he
epitaxi%ﬁ??“f%gFga si'l fcon %%e%ffmﬁﬁrgﬁgg%egg%%%%%g!f&e%éffgéf?%ﬂéerved in
t he prierfar tin( by (wheogeduethotPhsfre HEz Hpa g loicatte trRaEReN's étorid s

pretreal el stepkr 30-Theisecond Jrethod:ascol dhadi dr0 ddhernknvention

i nvol ves controlling the distribution of the 1101 flow.in thetreactor
chanber YR G&BY HBSTT i bt 15T e pri 67 Car £2°F o™ the B - = 1F°

Centaur a=Regpetat 50r am Appd ied Materials, a device called 35 Accusett7- is
avail abl e, conprising valves ("nmetering valves"), which permts this. The
flow of the etching mediumis distributed into an inner and into an outer
zone of ThhesTEucored1BY chankes D« rie Yo SHEEBP T sCht et etanityr leff ect ed by

- means of suitable software. The etching nediumdistributed into the inner
zone acts on a 5 region.around the center of the silic fer, situated on
a susce%?%r?rﬁ?ﬁﬁaﬁﬁép of fﬁ%y%ﬁ%ﬁﬁ%ufﬁ%gﬁpgﬁFﬁh%%heT%eéﬁ%gﬁ%Lbﬁted into the
out er zbperofed e csharber cact sLOh am duittendregi ohtor rele wiMitéon waf er,

t hat iso&?t?é@ii@%ﬁg& ireular ., ons1He edge region. Overall, inner and outer
zones correéspond ovérall 10 approximately to the size of the silicon wafer
to be treated.

The duration of the pretreatment in a hydrogen atmosphere is
preferably 10-120 s.

15
During the pretreatment with the etching medium, the flow rate

F

of the etching medium ig 1.5-5 slm.

The hydrogen flow rate is also 1-100 slm, particularly
20 preferably 40-60 slm, during the pretreatment with the etching

medium.

I+ has been shown that the global flatness of an epitaxzially
coated silicon wafer can be significantly improved by the
25 increassed fiow rate of the etching medium by comparison with

the prior art,

By virtue of the fact that the ECL flow rate 18 lincreased to
1.5~5 sim and the hydrogen flow rate ig 1-100 slwm as in the

30 first pretreatment step, the thickness of the silicon wafer is
reduced to a greater extent at the edge than in ths direction

enter of the silicon wafer. This counteracts the concave

Q
" T
Q
9}

initial geometry of the silicon wafer.

35  Wheresas no increased material removal is observed at the edge
of the silicon wafer {(the material removal ls uniform over the
entire wafer) at an Hy flow rate of 50 slm {standard liter per

minute) and an HCl flow rate of 0.9 slm, that i1s to say the



In accordance with the second nethod according to the invention, the flow
rate of the etching nmediumis 1.5-5 sIm The distribution of the etching
medi um bet ween inner and outer 15 zords is 0 to at nost 0.75. This ratio
results fromthe quantity of etching mediumin the inner zone relative to
the quantity of etching nmediumin the outer zone. A clear difference is
shown here with respect to the prior art, which prescribes a distribution
of 1.0 up to 6.0 during the etching 20 treatnment as in US 2008/ 0182397 Al .
The size of the Inner and outer zones relative to the silicon wafer can

| i kew se be controlled, nost sinply by correspondi ng arrangenent and
conflguraglon of,lhe~ as _inlet_d V|cg§N%§Q"injec%gLs Wﬁ%&h qogduct t he
gases (fto° PHeY (Eactior "chanber” By vy Of “exanpl 8= “thet 1 inal ‘26n& -coul d be
a circubarorggioftthavi ngeardi amstleer eige7 inphienst hecertaienfzat ke silicon
waf er, .ghyep a- V‘@r‘i‘% rqle%'%@t ef, of 399 rmj]%a akr eady descyibedn US

2008/ 0182397 Af I'n the nethod accordi to the i nvention, the inner
zone préf ePabfy %%WTé%ﬁoﬁBézﬁﬁa%ﬁc¥rfﬁ§% fFicngCa dPanetier2 o100 mMmin t he
center depetbensi di core waker i owhof ecidesidterenzoretoontesponds to a ring
having a width of 100 nm whi ch 35 enconpasses the edge of the silicon
wafer. Silicon wafers having a dianmeter of 300 mmare |ikew se assuned in
t he cagetrBaphetrhedeardionest Wthi¥he s ersifegireiconewaf ers of the next

gener atLon; =, Wal eh Brecupnenthysnns deyelopment uchavingiey 14
treatment - depending on the desired material removal at the

it edge of the silicon wafer to be epltaxially ccated.

The particular advantage of this method is that after the
pretreatment steps the silicon wafer obtains an optimum form of
o}

o+

o)
=
]

ont side for the subseguent deposition of an epitaxial

’}

ilicon

i
U)
l— 1]

ayer since the silicon wafer is leveled in lts edge

3

W

i

S

Q

i
n by the pretveatment and the concave form of the silicon
is

Hy

=

afer compensated for. It 1s even possible to convert the
geometry into a2 convex form, as will be shown later on the

basis of examples.

It is particularly advantageous that a laminar gas flow
prevails as a result of the increased Hp; fiow rate by
comparison with the closest prior art in the second

pretreatment step.

Tt has been shown that this has an additional positive effect
on the global flatness of the epitaxially coated silicon wafer,
which goes beyond the effect observed in the prior art (by the

reduction of the H, flow rate in the sscond pretreatment step).

30
The sscond method according to the invention invoelves
contralling the distribution of the HCl flow in the reactor
chamber. As already described in the prior art, for the Epl
Centura-Reactors from Applied Materials, a device called

15 Accusett™ 1s available, comprising valves {“metering valves”)

which permits this. The flow of the etching medium is

digrributred into an inner and into an outer zone of fLhe reactor



substrate dianeter of 450 mm inner and outer zones are chosen anal ogously
thereto, likewise in the case of smaller substrates such as 200 mm or 150
mm wafers. 5 The quantity of the etchiBng nediumis preferably realized by
altering the dianmeter of the gas pipelines for inner and outer zones. The
gquantity of the etching nediumis reduced by reducing the |ine dianmeter, W
In principle, the following construction is preferred in the second nethod
according to the invention: the gas quantity is set by nmeans of a Mass Fl ow
Controller (MFC) which is able to set a flowrate of between 1 and 5 sim
This is novel since the MEC used in the prior art was Iinited to 1 elm

Thi s quan |t¥ 1 &eoﬁg régnégenéga %ggregf ga?ﬁ%p%%i |n%fto two needl e

val ves § ? I"bu “Te regulation is
effecteﬂui@abmﬁiﬂCHQWEhe valves (regul ation of the line dianeter, inner and
outer zones independently of one another). The distributed quantities of

gas are then introduced into the 20 reactog chanber by means of an
i nj ect of ¢ TH € CBh EEFGER] Bn° HaL 17 ddvantagethat %ﬂkhﬁtGWaPrc Zcontrol is
possib|ﬁe§¢bﬁﬁﬁﬂﬁﬁﬁ@ft&dlt@bi@rsmﬁﬁmﬁgeumﬂ%bh vefer ¢ itoethe tneat nent

durati ong. and 4l hEEOLIRN £3ALTRERALY R8q L VBle SAR0es DLgtenred in
erTir

‘hod accord e invention are also preferred in the
second ﬂetﬁoﬁmadnﬁﬁﬁiﬁgﬂ?ooihebﬁrﬁhﬁﬂﬂ%ﬂwavﬁﬁt@¥ %Wm?%ﬁ%ﬁr%%%ﬁﬁén?*steps an

epi taxi ghe | @yer-d:s 4gReS BQa tid easts=gn itheapek Lshed &r aie sioge of the
silicon wafer. For this purpose, a sllane source as_ source qas is added to
hydr ogehas tart % das 1 4he @pt taXiFl O&yérc?sf%%%05|te a tenperature
of 900- iﬁ@ﬁﬁkﬂﬁﬂ&ﬂ@ln@ @nethezsldanﬂmsouﬁceoused¥e*rﬁbFﬁeuﬂhﬁéﬁﬁess of the
deposited epitaxial layer is preferably 0.5 -5 um After the deposition
of the epitaxial |ayer, the epltaX|aIIy 5 coated SI|ICOﬂ wafer is renoved
fron1theneﬁ¢@9&®a¢Qﬁnﬂﬁﬁﬁ Lapt 8PCHIS PG I 2RGABEF PBrtepiitaxi al depositi ons
on silicapeMafer s, tiheisuseent ofs isnd reatredonintliian et chifng rddi.um

g;efwg;aggg YLRDL 0G0 ORL Lead I8P A8 SUBEERLEE Blnsl ldkPD Medeposits,

zones is 0 to at most 0.75. This ratic results from the

quantity of etching medium in the inner zone relative to the

quantity of etching medium in the cuter zome. A clear

difference is shown here with respect to the prior art, which

prescribes a distribution of 1.0 up to 6.0 during the etching
20 treatment as in US Z2008/0182337 Al.

The size of the inner and cuter zones relative to the silicon
wafer can likewise be controlled, most simply by corresponding
arrangement and configuraticn of the gas inlet devices

25 (“injectors”), which conduct the gases into thse reactor
chamber. By way of example, the inner zone could be a circular
region having = diameter of 73 mm in the center of the silicon

wafer, given a wafer diameter of 300 mm, &s already described
in US 2008/0182287 AlL.

3¢
Tn the method according to the invention, the inner zone
preferably corresponds to & circle having a diameter of 100 mm
in the center of the silicon wafer, while the outer zone
corresponds to a ring having a width of 100 mm which

35  encompasses the edge of the silicon wafer. Silicon wafers
having a diameter of 300 mm are likewise assumed in the case of
“hese values. With the use of silicon wafers of the next

generation - which are currently in develcpment - having a



susceptor etching is preferably effected in each case after 1-5 epitaxial
coatings of silicon wafers. For this purpose, the epitaxially coated
silicon wafer is renoved and the sub$t#ratefree susceptor is treated with
HCl. Preferably, besides the susceptor surface, the entire process chanber
is flushed with hydrogen chloride in order to renove silicon deposits. 20
The susceptor is preferably coated with silicon after the susceptor etching
and before further epitaxial processes. This nay be advant ageous since the
silicon wafer to be edltaxially coated does not then bear directly on the
susceptor. -75 Mdreover, it has been shown that the nethod according to the

| nvent Lan, 1.5, Suilale L obe PEOYEI NG 831 LhEOBuEE elol CliCampLiaes a front
side and a rear side, Whérein at least its front side is polished and an
epi t axpad ldeyerl v $happrpedl ake 8 ddsttiGnCRES PT offtd sidde SUaRdTWhFEh has a
gl obal sfilatnessivakhue -CBER of £:02-0.06 pm relative to an edge excl usion
of 2 ram If an edge exclusion of 1 mMmmis enployed, that is to say a nore
stringent criterion, this results in GBIR values of 0.04 to 0.08 pm The

si | § conhaaferntiwhi off was subjict etbdioima isydrophi iy ctesaniasg atter the
p0|'Sh%f@a?&y@%ﬁk@%ﬁ%m&kérfB?néhé'%ég(g%%eﬁinég Egsul inof hi chiaynative

oxi de Tlayer rmed on the silicon wa , was subsequent|y pretreated in a
hydr og&ANat noSFhere Nt tVah® epit aXV-HE4c f6ALR 6F dEFfFT éttove native oxi de
from t heqsiidgomanafier, dantdevas. subsequently treated with addition of
hydrogen chloride to the hydrogen atnosphere in a second step, the Hal flow
rate being 1.5-5 sImin the second step, which nmakes it possible to renove
si lilbcoAnmat exdigtle n tdet dogeretnaaerrertjurtiiive édgerebyfi et oft tthe silicon
wafer, sto,.compensat ¢ forthe concave dnidd:al gearetey @faddre palsi shed
silicon wafer - . o R —

set by means of a Mass Flow Controller (MFC) which is able to

set a flow rate of between 1 and 5 sim. This is novel since the
MFC used in the prior art was limited to 1 slm. This guantity

15 of gas is then passed via a main gas line to two needle valves
finner and outer zones) and distributed there. The regulation
iz effected by setting the valves {(regulation of ths iine
diameter, inner and cuter zones independently of one another).
The distributed guantities of gas are then introduced into the

20 reactor chamber by means of an injector., This construction has
the advantage that an automatic control is possible by means of

sultable software.

With regard te the trestment durations and the treatment
25 temperatures, the value ranges preferred in the first method
according to the invention are also preferred in the second

method according te the invention.

After the pretreatment steps, an epitaxial layer is deposited
0 at ls=ast on the pelished front side of the sgilicon waler. For

this purpose, a silane source as source gas 1is added to

hydrogen as carrier gas. The epltaxial layer is deposited at 2

temperature of 900-1200°C depending on the silane source used.

35  Trichlorosilane (TCS) is preferably used as the silane source,

at a deposition temperature of 1050~1150°C,



Wor to overconpensate for it (convex geonetry) and to give the silicon
wafer a flatter geonetric formafter the epit axial deposition. It has been
shown that a further inprovenent of tlhe gl obal 15 fl atness val ues of the
epitaxially coated silicon wafers is achieved by an iease in the HO1 fl ow
rate to 2 simor nore (up to 5 sim. This also applies to the | ocal

fl atness, expressed by the 20 SBIR",, which, in the case of the silicon
waf er according to the invention, is greater than or equal to 0.02 um and
| ess than or equal to 0.05 pm |ikew se given an edge exclusion of 2 mm and

relative to partial regions of an area grid of segnents having a size of
26x8 m2. This results in 336 25 segnents, of which 52 are 'partial sites".
The "pahtiEliginess" car éhpr éfeprablsr tsakdén XAt o Lakebunt REFLSTe dét er mi nati on
of thepSPIRmarn;The FDA value is preferably 100% Rel ative to an edge
exclusion of 1 nmm an SBIR', of 0.04 to 300.07 pmresults. The silicon
wafer is preferably a wafer made of nonocrystalline silicon material, an
SA r si kicon-dre idasulsdttart) ofaf e , e@ sixdiiadonawater tivk tdpidssticdiiyed silicon
| ayer (ostialnad Al 60R) 50 - SO LTt rakned shi) cansonl nsul at or )
waf ér WAi Ch 'S provided Wi th an epitaxial Tayer. 17 preferably has an

epi taxial layer thickness regularity of at nost 2.0% The epitaxial |ayer
t hi ckngssef eguard:tsy canrberdet es i ned 41y crpasutibgs aversige oval ue t and

range At .=tmof the epitaxlal |aver thickness, At/t is_ icularly 5
br f or ABF 50, 59 3 00F er o °pat 11 €T Ay BreFerapry TeE,

preferably with HC1l, in order to free the susceptor of silicon
10 deposits, by way of example.

A susceptor stching is preferably effected in each case alfter
1-5 epitaxial coatings of silicon wafers., For this purpose, the
epitaxially coated silicon wafer is removed and the substrate-
15 free susceptor 1s treated with HCL.
ides the susceptor surface, the entire process

3
chamber is flushed with hydrogen chloride in order to remove
r

20
The susceptor is preferasbly coated with silicon after the

susceptor etching and before further spitaxial processes. This

may be advantageous since the silicon wafer to be epitaxially

coated does not then bear directly on the susceptorn.

Moreover, 1t has been shown that the method according to the

invention is suitable for producing a silicon wafer which

comprises a front side and a rear side, wherein st least 1ts
front side is polished and an epitaxial layer is applied at

36 least on ite front side, and which has a global flatness value

GBIR of 0.02-0.06 um, relative to an edge exclusion of 2 mm.

If an edge exclusion of 1 mm is employed, that is to say a more

stringent criterion, this results in GBIR values of 0.04 to
0.08 um,

Lk
A

The silicon wafer, which was subjected to a hydrophilic

cleaning after the polishing of at least 1ts front side, as

fat]



1.0%- 1.5% The method according to the invention, for the gas flows and
gas flow distributions clained, permts the production of epitaxially
coated silicon wafers having these epgbtaxial |ayer thickness regularities.
10 If, in the prior art, it is attenpted to correct the concave initial
geonetry of the polished silicon wafer by a procedure in which a thicker
epitaxial layer is deposited in the center of the silicon wafer during
epitaxy, or by a procedure in 15 which, although firstly a largely regul ar
ep taxial layer is deposited, the concave geonetry of the epitaxially
coated silicon wafer is .subsequently corrected by etching renoval at the

epl tax] Al 12V 8t Which o, IDASAl B8 L0, & s Lhenapidaxal shayep,thi ckness

regul ar’i paramneter, I's extremne I nportant. and "critical for the
conponéﬁ%ﬂﬁ%n@ﬁécﬁﬁ@%@%ueﬁwﬂﬁtﬂﬁ?wﬁﬁﬁFéﬁ/%an@en¥ﬁIQ%%%5¥ﬁ€ﬁPB?f qtfal to 2%

Exanpl ez, %leuabggzaxea\,ub;avy e rdeposiheds onzaisd |d:cor waber thavi ng a

di ameter, of 300 ramthat had b en oduced i ccordance . W th e prior art
and finattyPolPhad %@£ﬁ€3 S é%ﬁ QH Yits” ?%%ﬁgéﬁbe%”TheE %?con waf er
to be epidmgeal bylcnaﬁ@dtwagmtdn@ﬁ@@Py pé@@%@@ﬁﬁet4ﬁﬂa|S§Cpaﬂséymﬁad a

concavey Niddial-1ggonet Ly, and, an :36 edge: [0t he offeodMrdg t haipretreat nent
of this silicon wafer_in the epitaxy reactor, firstly a preLreatnent in a

hydr ogefe M hospReFE 1 ias Eﬁf%ﬁWQﬁf & LAROH, "FT oW Tate 6f 8695 m 35 During
t he subﬁggueﬂufpﬁeéreaQQEﬂ&cywﬂhwhyﬁaogém;chhowaﬂeraddedmmpﬁusahe hydr ogen

at mosph re, t he flo £ S, m., nty pas sdist Lbutions were
exam ne Olﬁﬂg%é§? gﬁ%e &%fﬁé %gﬁ %ﬁﬁgeggn n2 %f{ ccord]ng to the

i nvéht i on. tTHershmeapivna be f%@ mwe@K@@Fﬁeﬁ?Omﬁ¥ﬁfhyﬁFbgéhgéWPoFPﬁe was 60 s
in eachsgaseyn wafer 2 flatter geometric form after the epitaxial

deposition.

Tt has been shown that a further improvement of the globeal
15 flatness values of the epitaxislly coated silicon wafers is
acnieved by an increase in the HCL flow rate to 2 slm or more

{up to 5 simj.

This alsc appliess to the local flatness, expressed by the

20 SBIRgex, which, in the case of the silicon wafer according to
the inventicn, is greater than or egual te 0.02 ym and less
than or equal to 0.05 um, likewise given an edge exclusion of
2 mm and relative to partial regions of an area grid of
segments having a size of 26x8 mm’. This results in 338

25 segments, of which 52 are “partial sites”. The “partial sites”
are preferably taken into account in the determination of the
SBIRg.:. The PUA value is preferably 100%.

Relative to an adge exclusion of 1 mm, an SBIRga. 0I 0.04 to

30 ©.07 pm results.

The silicon wafer is preferably a wafer made of monocryvstalline
silicon material, an S0OI {(“silicon-on-insulator”) wafer, a
silicon wafer with a strained silicon layer (“strained

35 silicon”) or anh s30I (“stralned gilicon-on~insulator”) walex

which is provided with an epitaxisl layer.

The epitazially coated silicon wafer according to the invention



An eoitaxial |ayer was subsequently deposited at a deposition 5 tenperature
of 1120C and a trichlorosilane flowrate of 17 sIm The results are
expl ai ned below with reference to Fidd. 1 to 8. Fig. 1 shows the profile of
t he thickness of a concavely polished silicon wafer against its dianeter
("l'ine scan"). Fig. 2 shows the material renoval during an etching
pretreatnment of a polished silicon wafer in the epi a 7 reactor 15 agai nst
its dianeter. Fig. 3 shows essentially the thickness of the deposited
epitax al layer against a line scan. 20 Fig. 4 shows the thickness of the
epitaxially coated silicon wafer against a line scan. Fig. 5 shows the
i nfl uenge.of - diff erent..peocess; paraiplers dunkng tbgueichingpret reat ment
On the wafer_geonetry, Lg”garglgular wiith regard to the material renoval in
the edge&°fegton: - Fi§. SB1SAGWE. t Y Thange FHTheSPhrtkness0f “Fhe silicon
waf er duetagnanedtighivagspeéthseataents iveitdee tephtiaxyngealit o7 Tmnax—30iPi 9. 7
shows the change i .the LhLekness of.d hosil icon.uafer, durj ng an et ching

i [

pretreagﬁen € egifaxy reactor w a changed gas distribution. 35

Fi g.58 shewsrSBIR dltues Zob*a SETY dotr Wieherredi PaRFalr#y toat ed according to

the invention fors each gerpenentc@F@ong Figrnk khbustiat estd:henthicekness
dIStrlb%EEQQ ggd%ﬁ&?%ﬁ%&eg¥st%gbutions claimed, permits th

{0

production of epitaxially coated silicon wafers having these
epitaxial layer thickness regularities.

i0
If, in the prior art, it is attempted te correct the concave
initial geometry of the polished silicon wafer by a procedurs
in which a thicker epitaxizl laver is deposited in the center
of the silicon wafer during epitaxy, or by & procedure in

15 which, although firstly a largely regular epitaxial layer i

in

deposited, the concave geometry of the epitaxially coated
siticon wafer is subseguently corrected by stching removal at
the epitaxial layer, it is impossible to keep the epitaxial
layer thickness regularity parameter, which is extremely

20  important and critical for the compenant manufacturers, in that

narrow range of less than or egual to Z%.

Example:

b3
th

An epitazial layer was deposited on a silicon wafer having a
diameter of 300 mm that had bsen produced in accordance with
the pricr art and finally polished by means of CMEP on its front
side. The silicon wafer to be epitaxially coated was concavely
polished, that is to say had & concave initial gecmetry and an
3¢ edge rcll-off.

During the pretreatment of this silicon wafer in the epitaxy

g

reactor, firstly z pretreatment in a hydrogen atmosphere was

[0}
@]
oS
B

bl
]
ot

an H. flow rate of 50 slm,

35
During the subsequent pretreatment with hydrogen chioride added
into the hydrogen atmosphere, the HCL flow rate was 2.5 slm.

Different gas distributions were examined in accordance with



.polished silicon wafer having a dianeter of 300 nmas a function of the
dianeter as a line scan. An edge exclusion of 2 mMmis taken as a basis
here. The thickness increases fromth& center in the direction of the edge
and exhibits a decrease at 5 the edge. A global flatness value VEIR of 0.3
umresults given an edge exclusion of 2 nm 10 Fig. 2 shows the materi al
renmoval during the etching pretreatnent as a function of the dianeter of
the silicon wafer. Wile approximately 0.13mof silicon is renoved in the
center of the silicon wafer, the material renoval increases toward the edge
and exhibits overall a concave profile, precisely like the initial geonetry
of the paLlsbetheidd:con Wabeka M th, the esubt :bhat ra: campensal iogn of the
concave I nitral geonetry is achieved by etching away the silicon material.
20 Fig. t3%] PFESETHTEE ™ HeTai Frefente Th THICKH 59 PRt vidert 191t “ptraxial ly
coated silicon wafer and the concavely polished silicon wafer as a function
of the dramgter.as aline.sean. Inis.Aiff eance Lo L ckigss, nereases

| ocal | y'n“Fhe“&dge region. Howeve , 1t "does _not correspond to the actual

t hi cknessmpBratutheoUdpadi fedndpt t axi At amper-arbuf P4t Fefs dl’so t akes
account 1ef _.the changes in thickness as a result of pretreatnent steps.
Since material was renoved at the edge of the silicon wafer during the
pretreatnment with the etching nmedium significantly nore silicon than

i |l ustr&hedrenuFig. 23 waplatocerndbagty B0 depdsircadeatot Regedde.toTle
material renoval at the edge was up to 700 nm which was then overgrown by
a uniformepitaxial |ayer having a thickness of 2.6 um 1.5% This conplies
witHoa §peci fi ebevon-Horthe trayer TERi ekidSEFegdl ar FEYCoStthe epit axi al
layer. 351Fis@ecadsillast natres bbeihbickness speafid e ofnthecepitaxially
coated, CMP-polished silicon wafer as a function of its dianeter as a line
scan, resulting in a global flatness value 20 GEIR of 0.056 pm given an
edge exdligsi 8nsbbw? thy niategtheér raopdsl alwig fBirc&/ERERPr ovenent in

conpar| }%_t‘é‘e_fa@méﬂg gf obal, fl.atness: ofof he: oncaveky pekished-&iddgon

wat er . significant 1nprovenent wth respect to the closest prior art is
al sol¥ against its diameter.

Fig. 3 shows essentially the thickness of the deposited

epitaxial layer against a line scan.

20 ¥ig. 4 shows the thickness of the epitaxially coated silicon

wafer against & line scan.

Fig. 5 shows the influence cof different process parameters

during the etching pretreatment on the wafer geomstry, in

[ 3]
A

particular with regard to the material removal in the edge

region.

Fig. € shows the change in the thickness of the gsilicon wafer
during an etching pretreatment in the epitaxy reactor.

30
Fig. 7 shows the change in the thickness of the gilicon wafer
during an stching pretreatment in the epitaxy reactor with a

changed gas distribution.

35 Pig. B shows SBIR values of a silicon wafer epltaxrially coated

according to the invention for each component area.

Fig. 1 illustrates the thickness distribution of & concavely



5 mani f est ed. shows the initial geonmetry of a polished silicon
wafer 51. The i ustration shows the thickness of the silicon wafer as a
function of the diameter thereof. F, 18oncave profile and a Wdecrease in
the thickness at the edge are nmanifested. 52 shows the thickness of the
silicon wafer after pretreatnment with an HC1L flow rate of 0.9 slit (prior
art). This corresponds to a standard etch with the HCL flowrate |limted by
t he conventional nass flow controller. 15 53 shows the geonetry of the

waf er after treatnent according to the invention with an HCL flow rate of
2.5 slit (first nethod according to the itTvention). 54 shows the geonetry

of theywef ereafdien Lreat FEAtnAcGOr 4 nd dhecbhecEnyenthonig h an H(51 flow
rate o’? 5 slit_and %as gomdl strlhutlon acco din toct%i i.nvent.ion |I/O =
0/ 200 ‘“@“‘Es%o%d Svét Ro8™8ctordi iy 10t REFnv ﬁtr’ ?ﬁ TH1Hé cdse of 53 and

parti calanlys iveitde acasebedi Sdhemmn. iTer eddekbasthenetediany Tremovak is
mani feééﬁdeparir ﬁgl il in f hes edge Jegi ony The: pethodsyaccording to the

i nventron”enab even more distinct changes 1n the initial geonetry of
t he’ poFhshedEswaf er whi ch convert the concave geometry into a convex
geonetry and can give the wafer, prior to the subsequent ebitaxial

deposi tion geonet r y or to the _r ec re,q ments and is
opti mn%n ﬁ%%en ame on t “%0&?@%“2& t[r %e %E %! Y@n Cﬁe change in
t he geerelivyiof cufhe’ﬁ pol. i shed silicon vvaf er as a result of an et chi ng
pretreatnent according to the invention. Here an HOi flowrate of 2.5 sl m
was chosen, _and as 35 flow distribution I/0 = 131/180. = 0.73. A material
rembvaFigt £ e Ege6r "aper 0% 506ETHIT 35 Wﬁnfjeétf‘edeh‘e]?em The illustration

shows bﬂ@tdé:ﬁﬁ@é*&ncﬁs ian fuhibekoesst ttifs diatrerieal ofempyat)li®i bet ween
pol | shed wal o, ANd Jalef pLeLigal eds [ LR, Lpidaxy J eaptata 28 and Unction
of the"di ameter ‘F%& he change in the geonetry o? e wafer, in
whi ch center of the silicon mafer, the material removal ihicreases
toward the edge and exhibits overall a concave profile,
15 precisely like the initial geometzy of the polished silicon
wafer, with the result that a compensation of the concave
initial geometry is achieved by etching away the silicon
material.
26 Fig. 3 illustrates the difference in thickness between the
epitaxially coated silicon wafer and the concavely
silicon wafer as a function of the diameter as a ling scan.
This difference in thickness increases locally in the edge
region. However, it does not correspond te the actual thickness
25 of the deposited epitaxial layer, but rather also takes account
of the changes in thickness as a result of pretresatment steps.
Since materisl was removed at the edge of the silicon waler
during the pretreatment with the etching medium, significantly
more silicon than illustrated in Fig. 3 was accordingly
30 deposited at the edge. The material removal at the edge was up
to 700 nm, which was then overgrown by a uniform spitaxial
layer having a thickness of 2.6 pm * 1.5%. This complies with &
specification for the layer thickness regularity of the
epitaxial layer.
35
Fig. 4 illustrates the thickness profille of the epitaxially
coated, CMP-polished silicon wafer as a function of 1ts

diameter as & line scan, resulting in & global flatness value



case, in conparison wwth the exanple of Fig. 6, a different flow
distribution of 1/O = 0/200 - 0 was chosen, with a constant HC1 flow rate
of 2.5 sim Here, too, the illustrati2én shows the difference in thickness
At or the material renoval as a result of the etching pretreatnment as a
function of the Wdianeter of the wafer. By virtue of the changed gas
distribution, the material renoval at the edge is intensified to up to 700
nm In the prior art, even with reduction of the H flowrate 15 during the
etching pretreatnent, which, as already nentioned, entails other

di sadvantages, only material renpvals of up to 300 nmat the edge were
possi bl exfef oz DE. a@ezqma%&%asaam Yagki @ecBud:ldrustr at es, siteogeonetry val ues

SBI R for itaxial 0 .coated silicon wafer. iven div SLon into
256 congadas Da Bk R0 sapak el | ERN HRIST: BN B SHOULYLRI oD L0 a6

conponerit.aareas af etwqaarcmcalveém pslisiysi n@uamceuwzéxclasmwzoﬁlqawn or an
FQA of %%gv%ﬁ@gtt@i@‘rngt%%gtﬁnkoof’h@ tidhes ¢ pantdralk-gi teszis@ maximumsite

geonetry val ue R. pm 25 results in this case. The fol |l ow ng
procéss "parafet&Fs were enployed in this exanple: Step 1Step 2Step 3 30 H2
bakeEt chi ngDeposition Distribution 1/0110/1570/200110/157 HCl in sInB.5 B

in Si”6%%%505T§HB$£a&%é%}%§9£%58%%%8try cf a polished silicon wafer
£1. The illustration showg the thickness of the silicon wafer
as a function of the diameter thereof. A concave preoille and a2

10 decrease in the thickness at the edge are manifested.

52 shows the thickness of the silicon wafer afiter pretreatment
with an HCl flow rate of 0.2 glm (pricr art). This corresgponds
to a standard etch with the HCl flow rate limited by the
conventional mass flow controller.

15 B3 shows the geometry of the wafer after treatment according to
the invention with an HCL flow rate of 2.5 sgim {(first method
according to the invention). _
54 shows the geometry of the wafer after treatment according to
the invention with an BZL flow rate of 2.5 slm and gas

20 distribution according to the invention 1/0 = 0/200 = 0 (second
method according to the invention;)

In the case of B3 and particularly in the case of 54, an
increase in the etching removal is manifested particularly in
the edge region. The methods according tTo the Invention enable

25  even more distinct changes in the initial geometry of the
polished wafer which convert the concave geomeiry into a convex
geometry and can give the wafer, pricr to the subseguent
epitaxial deposition, a geometry which conforms to the
respective reguirements and is optimum - depending on the

36 initial geometry.

Fig. 6 shows the change in the geometry of the polished silicon
wafer as a result of an etching pretreatmeni according to the
invention. Here an HCL flow rate of 2.5 glm was chesen, and as
35 flow distribution I/0 = 131/180 = 0.73. A material removal at
the edge of up to 500 nm is manifested here. The illustration

/
!

shows the difference in thicknsss At (= material removal)



Patent C ai ns met hod for producing epitaxially coated silicon wafers, in
which a multiplicity of silicon wafers which are polished |east on their
front sides are provided and successiiely coated individually in each case
in an epitaxy reactor by a procedure in which a respective one of the
silicon wafers provided is placed on a susceptor in the epitaxy reactor,
TCand is pretreated only under a hydrogen atnosphere in a first step and
with addition of an etching nmediumwith a flowrate of 1.5-5 sImto the
hydr ogen atnosphere in a second step, the hydrogen flow rate being 1-100
slmin both steps, is.sub uent | a ' iall, ist.s.polished front
si de anB°T'E€Ferdve h Po‘ﬁf‘?%g Bpi t“éxf(\;é%r gggggggl‘;%&s %e%negﬁgld%\gg claimed in
cl ai m 1readierei mst ke TvnotppetvedtifertiasEéps-are effected in each case in a
tenperature range of 950 to 1200C. 20 3. The nethod as clainmed in claim1l
or 2, wherein the et %hi ng nmedi um added to_the pyg{lo en. at msp@g&ghi S
hydr ogef*@hl brifdf&’s 35°4C¥RE® nkt hod &5 A fedti n™any ot cldi s "I to 3,
wher i ncibe, hyrdrcagearfilbow wate irs: 4060 1si mfi Fibot 6, pr etiridatrwant steps. 5.
The net : i.med _L.n_.any, of_ i .1t , gLei n,the duration of the
pr etrea??rg%?&l%%-ufg(’)n‘sofn!!ggtE\j%’lo({?‘rset roegﬁréreﬁ%QBE%i’ 2,;11213 The net hod as
cl ai mned<ppshayt GiClclfdicis T2EE0°5, 2 wher'di-n HERE - dGFaL | OFF of - t17e Tprrétreat nent
i s 20- 6@Qnswk Ncbpotd fFeetheat MENthstiepss 35 b- The methodaseclcaiziedsi n any
of claims_1 to 10, ,wherein.the silicon wafers._ pt de vaf ers nmade of
nonocr y&t E?W"ﬁ% %15 C“or?“r?g‘f'%?i RSSO si I?iibcgnfg%(-gl ﬁ%aﬁ%itec}:\r@%) wafers, 23
10 diameter of the wafer. By virtue of the changed gas

distribution, the material removal at the edge is intensified
o up to 700 nm.

In the prior art, even with reduction of the H, flow rate
during the etching pretreatment, which, asg already mentioned,
entails other disadvantages, only material removals of up to
300 nm at the edge were possible (cf, DE 102005045339 A1) .

Fig. 8 illustrates site geometry values SBIR for an epitaxially
20 coated silicon wafer given a subdivision inte 336 component
areas (“sites”) having a size of 26x8 mm®. 52 of these 336
comoonent areas are “partizl sites”. Using an edge exclusion of
2 mm or an FQA of 296 mm and taking account of all the “partial
sites”, a maximum site gecmetry value SBIRg.; of 0.044 um
25 results in this case. The following process paremeters were

employed in this example:

Step 1 Step Z Step 3
30 o
H, bake Etching Deposition
Distribution I/0 110/157 0/200 1106/137
35 HCL in slm - 3.5 ~
H:; in sim 60 20 50
Temperature 1150 1150 1120



silicon wafers having strained silicon layers ("strained silicon") or sSO
("strained silicon-on-insulator") wafers. 8. A nethod for producing
epitaxially coated silicon wafers, i@d25which a multiplicity of silicon

waf ers which are polished at least on their front sides are provided and
successively coated individually in each case in an epitaxy reactor by a
procedure in which a respective one of the silicon wafers provided is

pl aced on a susceptor in a reactor chanber of the epitaxy reactor, wherein
gas flows introduced into the reactor chanber by neans of injectors can be
di stributed by neans of valves into an outer and an inner zone of the

react or Pebetberiaidgch that the gas flowin the inner zone acts on a region
around the center of the silicon wafer and isthe gas flowin the outer zone
acts on an edge region of the silicon wafer, wherein the silicon wafer is
pretreated only under a hydrogen atnosphere at a hydrogen flow rate of

1- 100 sim kmatlisd storstepdandnu ¢hiaadialilon cobtad et thiery wiedizgm Wit h a
flowrate Eién%%ﬁltmptﬁcﬂag hydt ogen20atmspher eni Ara secondsstep, the
hydrogen flow rate being 1-100 simin the second step, too, and the

di stributi 6828 TheBichitAg hedi-8fT i 55 el Jand 8lter“Zomes Beitng 1/0 = 0 -
0. 75, and ksassbsagientduy ideatedeeph t@dalilny zon zpt sapol Tshed:f ont: si de and
'S remved [LOMENE SPILAM, LERCLOL, . e ThE TR 0Ad 851 £L4 MRk claim 8,
wherei n t h8*tWo" pretTeat ment “steps are effected in each case in a

t enper at ur ereaihdred ofs 9BGEE PROOGSUBTRHI THE WEEhel 1 a3¥ ¢l B@afEdPLn claim 8
or 9y whereghn {he,etchingarediymadded to,dhehydrpgephatdaosphere is
hydrogen chl ori de.

first step and with addition of an etching medium with a
flow rate of 1.5-53 slm to the hvdrogen atmesphere in &
second step, the hydrogen flow rate being 1-100 slm in both
steps, is subsequently coated epitaxially on its polished

15 front side and is removed from the epitaxy reactor,

oy

The method as claimed in claim 1, whereln the two
pretreatment steps are effected in each case in a
temperature range of 950 to 1200°C.
20

3. The method as claimed in claim 1 or 2, wherein the etching
medium added to the hydrogen atmosphere is hydrogen

chloride.

25 4., The method as claimed in any of claims 1 to 3, wherein the
s

[
= H
Y

nydrogen flow rate 1s 40-60 zim in both pretreatm

5. The method as claimed in any of claims 1 to 4, wherein the
10-120 s in both

o
4]

[

duration of the pretreatment

36 pretreatment steps.

The method as claimed in any of claims 1 to 5, wherein the

oY

duration of the pretreatment is 20-60 s in both pretreatment

sters,

The method as claimed in any of claims 1 te 12, wherein the

-1

silicon wafers provided are wafers made of monocrystalline

silicon material, 301 (Msilicon-on-insulator”) wafers,



35 11. The nethod as clainmed in any of clains 8 to 10, wherein the hydrogen
flowrate is 40-60 sImin both pretreatnent steps. 24 duration of the
pretreatment is 10-120 s in both pretZeat nent steps. 13. The nethod as
claimed in any of clains 8 to 12, wherein the 5duration of the pretreatnent
is 20-60 s in both pretreatnent steps. 14. A silicon wafer having a fronte
and a rear side, wherein at least its front side is polished and an
epitaxial layer is applied at |east orfront side, and which has a gl obal
flatness value GBIR of 0.02-0.06 pm relative to an edge exclusion of 2 mm

15. R silicomyaler, naving.g, feoll- she and.a healyside, wheneln tsat |east

its front Sf O|IS ed nd an epitaxial laver is appLLed at | east on
its front %+tR§OQ§ﬁdOWhﬁéﬁlhésseT%ﬁQﬂﬁﬂSlﬁPﬁPﬁe§§ b et 6Tt 0, GA£6%0. 08 pm
relative to an edge exclusion of 1 nm 20 16. The S|I|con mafer as cl ai ned

in cIa| 14 hav a local flatnesa, .expressed as ater than or
equal ‘gﬁ?g%f118§§3Fhéﬂgo?p%ﬁﬁﬁﬁ ﬁﬁg Ooag % Sl”T?ﬁ§1 an egge éxclu5|on
of 25nn1anﬂhx@i&1mméttg;pamtya¢Fr%ghaw@-@ﬁfanSawéaC@rimadﬁﬂS@@@énﬁ§ havi ng

2 S| ze of 26x8 M712.:25:12,Thg; silicQnwaberaasaghabmeddan ehgi nhaving a
OoCa

coated individually in each case in an epitaxy reactor by z
procedure in which a respective one of the silicon wafers
provided is placed on a susceptor in a resactor chamber of

10 the epitaxy reactor, wherein gas flows introduced into the
reactor champer by means of injectors can be distributed by
means of valves into an outer and an inner zone o ths
reactor chamber, such that the gas flow in the inner zone

cts 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
siiicon wafer, wherein the silicon wafer is pretreated only
under a-hydrogen atmosphere at a hydrogen flow rate of
1-100 sim in a first step and with addition of an etching
medium with a flow rate of 1.5-3 sim to the hydrogen

20 atmosphere in a second step, the hydrogen flow rate being
1-100 slm in the second step, toco, and the distribution of
the etching mediwn in inner and outer zones belng
I/0 = 0 - 0.75, and is subsequently coated epitaxially on
its pelished front side and is removed from the epitaxy

25 reagtor.

. The method as claimed in claim &, wherein the Two
pretreatment steps are effected in each case in &

o Q o~
temperature range of 950 to 1200°C.

10.7The method as claimed in claim & cor 9, wherein the etching
medium added to the hydrogen atmesphere is hydrogen
chloride.

15  11.The method as claimed in any of claims 8 to 10, wherein the

W

hydrogen f£low rate iz 40-60 slm in both pretreatment ste

o

s.

1% . The method as claimed in any of claims 8 to 11, wherein the



fl at ness, expressed as SElIRm, of greater than or equal to 0.04 um and |ess
than or equal to 0.07 pm given an edge exclusion of 1 mmand relative to
partial regions of an area 30grid of 2degnments having a size of 26x8 mmR.
18. The silicon wafer as clainmed in any of clains 14 to 17, wherein the
silicon wafer is a wafer nade of nonocrystalline silicon material, an SO
wafer, a silicon wafer wwth a 35strained silicon |layer or an sBA wafer
which is provided with an epitaxial layer, 19.The silicon wafer as cl ai nmed
in any of clains 14-1E, 25 furthernnre characterized by a | ayer thickness
reg the epitaxial r of 296, 20, ilicon fer as clainmed in
clain119,g&ﬁ3%h%fé?ﬂ ﬂaﬁﬁe rFﬁ %?nYh%%k%pgéﬁ%ég&PaPMFQ of the epitaxi al

| ayer of prO%dabfént steps.

13.The method as claimed in any of claims 8 to 12, wherein the
3 duration of the pretreatment is 20~680 s in both pretreatment
steps.

14.% silicon wafer having a front side and a rear side, wherein
at least its front side is polished and an epitaxial layer

16 ig applied a2t least on its front side, and which has
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global flatness value GBIR of ©.02-0.06 um, relative to an

edge exclusion of Z mum.

]

L 81,

[}
£
]

Fpg

icon wafer having a front silde and a rear side, wherein
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t least its front side is polished and an epitaxial layer
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g applied at least on its Ifront side, and which has a
global flatness value of 0.04 to 0.08 um relative to an =dge
exclusion oi 1 mm.

20 16.The silicon wafer as claimed in claim 14, having a local
flatness, expressed azg SBIRg.., ©f grester than or egual TO
0.02 um and lessg than cor eqgual te 0.0C5 um, given an edge
exclusion of 2 mm and relative to partial reglons of an area

grid of segments having a size of 26x8 mm’.

The silicon wafer as claimed in cl

}.nn\
.
iu i
sls
é
l Al
€3]
-

having a local
flatness, expressed as SBIRp, ©f greater than or equal
0.04 pm and less than or egual to 0.07 um, given an edge
exclusion of 1 mm and relative to p regions of an area
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30 grid of segments having a size of 26x8

18, The silicon wafer as claimed in any of claims 14 to 17,
wherein the =ilicon wafer is a wafer made of monocrystalli
silicon material, an S0I wafer, a silicon wafer with a

35 strained silicon layer or an £350I wafer which is provided

with an epitaxial layver.

19.The silicon wafer as ¢laimed in any of claims 14-1%,
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20.

furthermore characterized by

the epitaxial layer of 0.5%-

25

[ard

2%,

layer thickness regularity of

The silicon wafer as claimed irn claim 1%, characterized by a

layer thickness regularity of the epitaxial layer of

1.0%-1.0%.



