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C e i1jcon wafers The invention relates to nethods
2OQé§HQﬁgﬁﬁﬂ%é%)epitaxially 5 coated silicon wafers.
Epitaxially coated silicon wafers are suitable for use
in the sem conductor industry, in particular for the
fabrication of large scale integrated el ectronic
conponents such as e.g. 10 m croprocessors or nenory
chips. Starting nmaterials (substrates) with stringent
r dMethedsnfor npdedu¢inyoepi taxiallycapatedt abticon wafers
t hi ckness distribution, single-side-referenced |oca
fl at ness (nanotopol ogy) and freedom from defects are
required for nodern mcroelectronics. 15 d oba

Thd 'i%fé%?tsi&?'x?éleétéso EJ‘%@E}’&H§ 3% mﬂiﬁ%?@%’?m%ly

conduct or wafer_ mnus an edge e I ne
cogtied 51 ezt ivaleP1s- t he GBI R (" gl obal
backsurface-referenced i deal plane/range” = magnitude

of the positive and negative deviation 20 froma '
Ep ijaeida Ider readadyachceld igeniwadetife dug it anks riof rosg in the

serfl dBhictdie SEINSORAUCHOM IR £Eu1a WEGH QU reapendst 16h of
the TTV ("total thickness variation") specification

laggmtsGrke figrvRFTated skefiargniosropronent g "syehy|as e.g.

midrBEkRSSs M 1t iniindr PRAFI A4 Cadd Ot R imavasridpg mer |y
custonmary i s nowadays "desi gnat ed accordlqgﬁto t he SEM

(subsiidhaf oy 8 RY N9 hdg@Urreaantremadhel grkal and

loddanE/daaes, THRAHddsle] 0t # R PRsi | | yEn gne- Siegt F e renced
deviation froma backside-referenced ideal plape for

local ifdtAcfml (RRARRRDIRGE) A FeRIMT nlecPi kR ioh)are

re@ik P05 PRBHSr nidioe @ ETFMiddV of a conponent area
"site"). Therefore, in contrast to the gl oba

flatness GBIR the SBIRis referenced to defined
Gldb£l dsl thdde velfftes ti@tthe droc Sy $10f f @t ea t emi-

S nts of an area grid. of nmeasurenent w nd . hayi .
condUlitar 3IRT JLIUB FHn SAGR L GEOTRR 59 PIHE RSt 1
desdtibegtdptthe VGRIR (‘\SRldbal dxacipact fdes-tdferaxcdmindeal

SBIR val uge for_the component areas . taken.,into account . ..
Pl%ﬂ?;f%ﬂg?(xﬁ1%&ﬁQ&?ué% of]{he positive and negative deviation

from a backside-referenced ideal plane for the entire front
side of the semiconductor wafer), which corresponds to the TTV
(“total thickness variation”) specification that was formerly
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
plane/range” = magnitude of the positive and negative deviation
from a backside-referenced ideal plane for an individual
component area of 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
defined fields on the wafer, that is to say for example to
segments of an area grid of measurement windows having a size
of 26 x 8 mm®* (site geometry). The maximum site geometry value
SBIRmax specifies the maximum SBIR value for the component areas

taken into account on a silicon wafer.
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2009P00058DE/ Ki 2 According to the prior art, a
r can be produced by a process sequence
20@%%Qd¢§§§§?§%1|y conpri ses separating a single crystal
of silicon into wafers, rounding the nmechanically
sensitive edges of the silic wafers, carrying 5 out
an abrasive step such as grinding or |apping foll owed
by a polishing. The final flatness is generally

produced by the polishing step, which may be preceded,
Acqor Hmsr disr itdree PO ki chi righ lsitaqn ﬂmferloza@rhﬁumgoduce by

a p!i’o%tééfsb%qi{éﬁ}ea'tﬂaﬁ-}’ ds%é{&afl‘?ﬂ‘ y (IR ik d 'H%Héfét?ﬁag a

In the case of polished silicon wafers, therefore,

singtlee ity stasl rﬁfdesltldcééhllé\f@ e QLU i TR NG s by

mecHEH AU 18 PrRGRSH NG SIS FUGhAS A dul W\gafélaé),p'&grrylng
and polishing. 15 However, the ollshlng of a silicon

outy e RRFAFIEY FRSUsas grip &Fs Lagpiite Tollowed by a
poltiyigkness of the planar silicon wafer toward the edge
("edge roll-off"). Etching nethods also tend to attack
the silicon wafer to be treated to a greater extent at

Thd e redge 1 dhheyd it M&lﬂysltﬁfboﬁibéiﬂgﬁ/ rild -g¥fisdihg step,
or.der t counteé%ﬁ , 1t can be edi ent for £
whigh imagh het &}Rw%a VPIbre ghik §Eem for

ren@OniGRy &l ist d b ety xidli deiyevaf eind sfdhirsesviny tiipurities.
center and then 25 increases in its thickness toward

the edge. Silicon wafers polished in this way then
In hadee mmmqidmmeﬂsaa]s:a:dm waﬂ‘éﬁsnetsr&mﬁqré,n dhedttempt

is grgatézgegi efhlgg*ﬁ]ecg‘i,e;gqeaquﬁlggc?3€lfgt$n escsrulllbtesble processing

sterpmcmrqtsta |gmiendkiirlg ,C dra pvesifrey sandecché.raiym;. i s made of
silicon wth the sanme crystal orientation, a so-called
epitaxial layer. Such an epitaxial deposition step is

Howesteat | yehmr q:me]demjh;g sifock sjrla'mn/ralwapiﬂﬁ Sh?QlIEQlB}UOjﬁJ&SS rise to
. P« Si olis

a Ggeu eaD% ({(c g:%rrcg%hegm ca"1h & pol i S]ﬁl ng COAA s"Pej{:;\e%rl ntoward

th@teeige [lswdsgml MCNH. esSEN J ﬂth/hmg‘ frmfthcvds halsca warid eto attack

end UL AN 15 B LA GR F JOUIALD ALY U the edge

and to produce such an edge roll-off.

In order to counteract that, it can be expedient for silicon
wafers to be polished concavely or convexly. A concavely
polished silicon wafer is thinner in the center and then
increases in its thickness toward the edge. Silicon wafers
polished in this way then have an undesired decrease in

thickness only in their outermost edge region.

DE 19938340 Cl describes depositing a monocrystalline layer on
monocrystalline silicon wafers, which layer is made of silicon

with the same crystal orientation, a so-called epitaxial layer.

Such an epitaxial deposition step is usually preceded by stock
removal polishing such as e.g. DSP (double-side polishing),
final polishing such as CMP (chemomechanical polishing) and a
cleaning step. DSP and CMP essentially differ in that a softer
polishing cloth is used in CMP and normally only the front side

of the silicon wafer is polished in a haze-free manner



10

15

20

25

30

35

of the silicon wafer is polished in a haze-free manner

3 ("finishing"). DE 10025871 Al
Zoéﬁgﬁﬁa gg%ggaethod for producing a silicon wafer wth

an epitaxial |ayer deposited on its front side, said 5

met hod conprising the followinng process steps: (a) a

stock renoval polishing step as sole polishing step

(b) (hydrophilic) cleaning and drying of the silicon

(v wafer; (c) pretreatment of the front side of the

(“fdniishdmaidfer at a tenperature of 950 to 1250 degrees

CeIS|us in an epitaxy 10 reactor; and (d) deposition of
itaxial layer on the front side of the pretreated

pE i Mdtlerdigqloses i maride 9 RRANGIPraovtecticon wafer
witd ldrc@pivadersl firamr egrited ord dad Mhorfto Sidd ecdaid

he silicon wafers t hydr hilic cleaning af t er
4&94:ﬂﬂmﬂfl%§QQj éﬁﬁEQW%pQﬂéiﬂﬁQﬁf Stfirces native
a)od ¢ duk tﬂ”&nd\faﬁ.ntp(ﬂfids}fl&@f Siiétf‘&‘asgfsdl@ p@llsmrg ved & ;
s.very thin ppr oxi el.y o -
deﬁw RN T atBr AL it R by wafer
'ﬂpﬁbﬂnﬁaﬂmbdﬂ)dﬁuﬂheIﬁrdﬁﬂnhmﬂbIdftﬂhE(Hmeﬁbnﬁw&fer at a
retreatne n j tax r eact under, a hydrogen
TR $X 4D T T e At aedal ey
reamﬂdra;cearrcbughness of the front side of the silicon

PRSI g S SR B g oo

preunhanadf&ﬂlkpannﬂafqpseous hydrogen chlorlde (HC1),
bei ng added to the hydrogen atnosphere. Sonetines,
besi des an etchi ng nmedi um such as HCl, a silane 30

It cﬂcmpmmdqma‘m, examﬁcheslﬁcarrerc(&du)slmm of st 1t ;nferom

paft(te%tcrigec or olan ‘ane (éﬁ%léﬁeu{g%lslo%dg%ﬁdf%) tt—ho @
hydnaptudeir alesping e ftearahinminguds ihdydsiphcbic cleaning
prcgiéﬂ%sél t aoc'h?é“%éhdé A SN e ga{}g:)/%!eaaf esffcgl?s of the

brium Bo reacti ons proc at a s ci ent

silHigm wHEerattidh ateerhddeiver (apr amidratss 3y cdm on grmn
depdBRE drf the type of cleaning and measurement). This native

oxide is removed in the course of a pretreatment in an epitaxy

reactor under a hydrogen atmosphere (also called H; bake).

In a second step, the surface roughness of the front side of

the silicon wafer is reduced and polishing defects are removed
from the surface by usually small amounts of an etching medium,
for example gaseous hydrogen chloride (HCl), being added to the

hydrogen atmosphere.

Sometimes, besides an etching medium such as HCl, a silane
compound, for example silane (SiH4), dichlorosilane (SiH,Cl;),
trichlorosilane (TCS, SiHCli) or tetrachlorosilane (SiCl,), is
also added to the hydrogen atmosphere in an amount such that
silicon deposition and silicon etching removal are in
equilibrium. Both reactions proceed at a sufficiently high
reaction rate, however, so that silicon on the surface is
mobile and the surface is smoothed and defects are removed on

the surface.
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nmobi | e and the surface is snoothed and defects are
2od the surface. 2009P00058DE/ Ki 4 Epitaxy
reac ors |ch are used in particular in the
seni conduct or i ndustry for the deposition of an
epitaxial layer on a silicon wafer, are described in
the prior art. 5 During all coating or deposition
steps, one or nore silicon wafers are heated by neans

of heatin sour ces r ef er abl nmeans of upper and
Epitaet 1Rad alf@orue%nwy LR el frg
senbidttfducik sluhﬁ%hmtﬁdr W&%bdsh@lcg’a&)ﬂﬂaﬁ Weitaxial layer

d,_if
on a?pg” mggéﬂa%ou’rlgae%%ﬁfw@;%eél er %ﬁalg’ror:/\?ﬁ’%h
conprises graphite, SiC or quartz, for exanple, serves
et BRI T DEPILIRE BRI mg A e BEBOET (7 bcon

waﬁym:ess& Hemtide sy Imecanrs vaaff dreateiaics mu:td'es, _spuse:ﬁ@:tahsly by

el i UPRAH e HOGA AU S (O Gt Chet Tl € aifos ox

1l angyd hdnksyIanﬂnsuhﬁ&quemﬁﬂwWaxﬂoseﬁnﬁbIg/gé&wmﬂxtmre»
OSI omi U S 0 .The
COI&(R?I er (%LLIO& pc—fa{ a’xy rcgaa%%)oérrcaqaqsa e%cliZ P @P&Eéfate’ a
dopmngng&85|llcon wafers. In the case of S|I|con waf er s
having relatively large dianeters, in particular in the
case of silicon wafers having a di aneter of 300 nm or
A s1grenfioni nglich vedrepr e tarapharee ustil |gr useairtz, for

é’x‘ﬂg,ree' 3’5 ]{\FESSIAé PR HS AL pgp_]_cf dwafe in . a process
ua

1 VI Yy espeC| a sl nce t S usua %eﬁr)esu ts in
chambesypfarthpiarddany | 28Rt ehi dRiesrg e 9Fri ey pFOCEess,

thd r&llé’é’r?rwéfléfkf@ssés CAD 1381 4 QGG d P P f’n Cfﬁ‘f'Pl@a’—out

adapting_t process conditions, for exanp
POk QTG zQ%gtl'tEheS‘g%FsthFQﬁNslI( tprdes Het BHnSERE | mcwb%@ramr@atlng

and@ndh s din Gk asrd M ed i glevd £6ghe 3&9111661?0‘1}&15@1}; &Y which
changi ng the deposjtion tenperature or else

by
USUReh X i R T ONSS thP t iRy SUERRDIL I i emxyhe tSpurce gas.
furthermore custonary, after one or nore epitaxia

depositions on silicon wafers, carré/ out an,
The process chambers of the epltaxy reactor are designed for

one or more silicon wafers. In the case of silicon wafers
having relatively large diameters, in particular in the case of
silicon wafers having a diameter of 300 mm or 450 mm, single
wafer reactors are usually used, wherein the silicon wafers are
processed individually especially since this usually results in
a regular epitaxial layer thickness. The uniformity of the
layer thickness can be improved in this case by adapting the
process conditions, for example by optimizing the gas flows

(H2, SiHCl3), by incorporating and adjusting gas inlet devices
(injectors), by changing the deposition temperature or else by
modifications to the susceptor.

In epitaxy it is furthermore customary, after one or more
epitaxial depositions on silicon wafers, to carry out an
etching treatment of the susceptor without a substrate, in the
course of which the susceptor and also other parts of the

process chamber are freed of silicon deposits.
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35 etching treatnent of the susceptor wthout a

the course of which the susceptor and
20§$§§6%?%§$ %grts of the process chanber are freed of

silicon deposits. 2009PO0058DE/ Ki 5 The production of
epitaxially coated silicon waiers with good gl oba
flatness proves to be extrenely difficult since, as
nmenti oned above, a concavely or convexly polished

SI|IC n wafer _is psuall resent .as.fhe substrate.
The et GIvatTar of Lop bE ARl a LY oot heg Si hiCoR oparep abibBsgood
gl@mﬁlafsatmaesIp@@ﬁeila&anSemirem@Bye@ifﬁxtaltystﬁaéedas
con fe ave usua i deteri ora fonR Le ?A £
me??&%%ﬁ%fmg%%epo?u%%%%a%? %c%ﬁ %%?%?X %hP% ghe 8i1488n water
1sassw&lhye@resamEraaltme smbh st theef ath thatpther art, after

e S|ted =1 tself .a h a
eng PRRFH Ll PR ST o L FLERnt F e S PRy Bl OERA T atness of
th@pepntamiabhyneaaUe@551Iheomew@ﬁerlbmvefuauabbytd&tarlorated

co+§??%d 1¥ﬁr¥B8$eSQfC§ﬂ83§?£fsﬂeg $%9§8énd$89§£t'9915”1s

center and S depos
asse¢bajedn bnder ablaonpehhateefﬁactheh@bnthaldepnsibed1

epE{%§Ethfa§@£ §P§€ % %i?ﬁ”h&@fgr ?P?% gf iBeT@ys 5§9

npr ove atness 0 I con ma i's
thh@kneeﬁsiae¢e@lahltyh@eepitex§lbfostimcaﬁtmememeasgrﬂée
the thickness regularity of the epitaxial layer has to
vary within defined limts in order to satisfy
Th%u@@@®%¥t¥@@u@feﬂ%n@Bth@lﬁtil@?@@S@ﬁSQ@QYBﬂgdgbépb§e§s (e.q.

hléh@Ft@990§9f18ﬁ°9HCtH8 8@h£é¥'§ﬁ&yle§§a&§€o§i£i89nat the edge

waf ers, which a nultiplicity of silicon wafers
ofmhh%hweﬁerbo+ms%é@eatt@e%empeﬂseheuf0¥r6h? BpHEgYnaferm form

of PERYI g8t SNEd ag £1 sH6keRat ¥l ¥ngoah eghi BAL ¥y dyakbytbNimprove
each case_25 in an epitaxy, reactor by a, procedure in

th%m?%%b%lr%%%%%??%eogneheo?l%h%oglW?E%ﬁ haf BPE 5?8§F8%Hed in
thé Sepleged 6 §1§y§@ﬁp®@fer§ tgsnc@pthéxyhieaﬁégg ré§ularity

pretreated uﬁfe; a drogen atnnsg ere at ?, flrft , ,

f VP ot %0 2¥ehiN29-§@0VEF¥h YACRIR; fefivedplimyts 1n
or&efhtoaﬂﬁtisﬁp @ﬁsa@mefchqulﬂeﬁéﬂﬁsto t he hydrogen

at nosphere at a 30 second, reduced hydrogen flow rate

of 0.5-10 sImin a second
DE 102005045339 B4 discloses a method for producing epitaxially

coated silicon wafers, in which a multiplicity of silicon
wafers which are polished at least on their front sides are
provided and are successively 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, is pretreated under a hydrogen atmosphere at a
first hydrogen flow rate of 20-100 slm in a first step and with
addition of an etching medium to the hydrogen atmosphere at a
second, reduced hydrogen flow rate of 0.5-10 slm in a second
step, 1is subsequently coated epitaxially on its polished front
side and is removed from the epitaxy reactor, and an etching
treatment of the susceptor is furthermore effected in each case

after a specific number of epitaxial coatings.

DE 102005045339 B4 likewise discloses a silicon wafer having a
front side and a rear side, wherein at least its front side is

polished and an epitaxial layer is applied at least on its
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step, is subsequently coated epitaxially on its

200RPoloPREHE /KNt side and is removed fromthe epitaxy
reactor, and an etching treatnent of the susceptor is

furthernore effected in each case after a specific
nunber of epitaxial coatings.g 35 DE 102005045339 B4
i kewi se discloses a silicon wafer having a front side
and a rear side, wherein at least its front side is

i shed and, an .epitaxial layer, i pplied at | 0
£rofits S3650Pa00s SBRR TBE P GHCEATAd Lm i e Yl Er R OF
0.0g-0hal uid,atredss ival we GBl Rdafe ek rs(od f 2 edmati ve to

an edge exclusion of 2 mm The conparatively good
geonetry of this epitaxially coated 5 silicon wafer

Ther esmiplax aftriomltyh g ooalc tg etomett iyh e fr edhiict iegn tafxitdldy coated

. ro fl r i h e f 1 .
si 1S IBt e PURE® Sy Eo SR Rl RBsusnienis the
hydrogeos Sillpive rad eetich ténsaseametcerstalp atf tthe edpd nefatmemt with

il co er i m . d er; ; I
2T R B lareh it M il PRl el 1RPldekn avay
matgpiitedxicdl theateideg SfeFheDissddvan agderofin ke testdsd¢dmanner
and R g13)NA40N0 LiE reduGs HQ%Q{QQE%fo@ﬁ¥3¥¥? before the
Intensifies the etching effect at the edge of the

epiggivigHegomdfiag, sitiep .gds sAdyRndages o therinedipebtagie that

alttRfudh itheYed @B MydrHich FIN Jdmeds ddidieles the etching
opti'm zati on of the global flatness bel ow the best

etfigsdsiaf &hes ed@rRofalthe #old.sbepwadedi mddrg @ase flow over the
semiQRPRRRARIZYBr WS 2N81QKA23Y7 Ahid $GlPReSindede further

epi.taxy reactor which provides different” gas flows in

optimgaidore ¢t ithte 9 latiRd HrFnessoRediaedhe Ansdr PRsRD1e

GBIROWad ueafosr chavi fgh & 1diiaRt ém Ot 3QR00B043B32®4'.i nner
zone" is specified as a central region of the 300 mm

waf er having a diameter of 75 nm The setting of the
US Qi0f0fgenoarst2 39ga If lddws: liosdshen eqitteixy reefdtent athiyh provides

41 B G d 15150 01 AmSCere oS r S AHE AT i qrPalled
“outla dionect. dlorofa efenf Haherigva zigtete?DSBI0 gas, the
i e 2 R A Scameralall ol 7 o
wafAaoc bhsating' a diameter of 75 mm. The setting of the different
gas flows in the reactor is effected by setting the diameter of
the gas pipes; thus, e.g. reducing the pipe diameter also
reduces the gas flow in the direction of one of the two zones.
Such gas distribution systems are commercially available from
Applied Materials Inc. under the name Epi Centura Accusett™
(Epi Centura is the name of the epitaxy reactor from Applied
Materials Inc.). As an alternative, for controlling the gas
flows it is also possible to use so-called “Mass Flow
Controller” or similar devices for regulating the flow. The gas
distribution in inner and outer zones is designated by I/0 in
US 2008/0182397 Al. This notation will also be used in the

context of the present invention.

US 2008/0182397 Al specifies two ranges for gas distribution
I/0: firstly a range of I/0 = 0.2-1.0 during the epitaxial
coating and secondly an I/0 of 1.0-6.0 during the etching step
(substrate pretreatment).
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(Epi Centura is the name of the epitaxy reactor from
dggﬁ rlals Inc.). As an alternative, for
20con rofglng he gas flows it is also possible to use
so-called "Mass Flow 30 Controller” or simlar devices
for regulating the flow. The gas distribution in inner
and outer zones is designated by 1/0in US
2008/ 0182397 Al. This notation will also be used in the
context of the present invention. 35 US 2008/0182397 Al
specifies two ranges for gas distribution 1/O firstly
Usazm@$g@2@$7$7CAr:@1£clo§e§uaimgthh@ E@iWHthla coatamndgnated
and sec / O of 0-6.0,during th e etchln ste
or (SHIRTTd. Y B p bt R Tt T abBobbobRBREr £F Feehd 8F°En
et@@ﬂ@@0@£§7ﬁﬂ @tddrstbosmsoaeneahsdbsnrmbechunface This
cont at or dana ed | aye bstra
1 f Ry ratReotf S se i a€ SHPEMAE Fhb cRased; he
fl@WSD&Bér@fetheréecbinqhgasslsl@a&bdléubkmraté ganinert gas
: t pi | al om1r te
(R PR YR e P T R f R B el Bra Rl PRe 8 P ELipon)
sugh t &s s espepartcuher subgdragen nar eel ae, netgogenlueogpn,

hefﬁ&ﬂ éf '+ ?IPPEé'£§'§u$$£¥Q&°9€He flS&SFaEétﬁﬁeﬁgof is

um or 5 su I ed ow rat
1- 1% rebm i Bhg otampopatupe qﬁethenpebatnabeoiStﬁQO 850° C

1.6ubsgratgsis §§p5§59§:s%%c9EZeﬁ £3/8/0 §$f§% bs the hydrogen

specified as 1/Oratio ydr ogen
flowo7/ 0010033 Al discloses influencing the thlckness of
an 15 epltaX|aIIy dep03|ted | ayer by regul ating the

uti1 on in an i nner _and an outer zone,
Us n%@]@%ﬁ%%o%%v%l Rbselesest Heflyepeingi bhe thcl‘ﬁﬁéﬁePf an

ep£Ph %k X1 B @@ﬁ@élt@dtD@yé?nb§rr@@ulgﬁlnéoﬂHéV§é¥ dlstrlbutlon
polished silicon wafer, in order to cogggnsate fo
S

lnlﬁ?t%%Peﬁe%ﬂ%t?§ OHtERe? PRt shedVFRELP! aﬁﬂgﬁrthWEVGr' the
dep@@gela@ @heaSQBQckeﬁaéppﬂaﬁialhan@yeinthhékaeﬁser of the
% grlt ofhthe fgltax al |ayer a here ¥ be te £
CO%% Fhehedi 8t Laren vafehe el vaF %Es SofgtPgHsSate tor
thé ol 814 Drgebhat Ay Ngf ehei ppl dvrsenNvafer} hesganselitybdeé since
thehe gg??iég fogng o£hehfayer thickness regularity of the

epitaxial layer would thereby be exceeded.

The prior art indicates various solution routes for obtaining
an improvement in the geometry of the substrate and/or the
epitaxially coated silicon wafer by means of a corresponding
choice of the processing conditions during the pretreatment

steps and during the epitaxial coating.

However, the proposed methods, as described above, are
associated with other disadvantages and for example are not
suitable at all for improving a likewise frequently encountered
geometry of the substrate to be epitaxially coated, namely the
so-called “sombrero” form, in this way. The “sombrero” form is
distinguished by the fact that the thickness is increased both
at the edge and in the center of the wafer. If the total
thickness of the substrate is plotted against the diameter, the

thickness profile is similar to the form of a sombrero.
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25 epitaxially coated silicon wafer by means of a

20685666 y@g choi ce of the processing conditions
duri ng € pretreatnent steps and during the epitaxia
coati ng. However, the proposed nethods, as described
above, are 30 associ at ed W t hg ot her di sadvantages and
for exanple are not suitable at all for inproving a
i kewi se frequently encountered geonetry of the

strate 0 be epitaxjally coated, _nanel he. .
thd (R4 Pheot Cobe ERE T bty Ha s Ehi L 6RE & el UEhapy Bpothis,
toéprmmdstodaﬁéi@guhéh@ﬂs@&v&ﬂéa@@stofhahetpeibhiakness
is increased both 35 at the edge and in the center of
the wafer. If the total thickness of the substrate is
Thel dbv{ ect agsi achi¢hed dbpmetens ofiea fhrsknesshpdofokepreducing

an?%%i%%%%%fl%?g?%ﬁgén§ql céH”Péfé?b g$?8ﬁ98Q5§PEé¥%%§?owafer

I nventi on er a so
thabhikas been Bmhi$be@v@mdltaefdosadva@eagespbacedeOpraor

SU?%éthPelgbtﬁgt §t§§% f¥§9t$¥y £ rQ{rQ ééasinn$t?9gst step

produci ng i tax ed siticon
undﬁrmmuhhdaog¢m|@bmomgm@re amdt1hag @@@ﬁn@oanéhedtbhrdtstep

w1{ﬁ°§&d§t98n'éfpéﬁcggcﬂfnﬁ mé§§ﬁﬁp£8rth8 EggrSBéBaéﬂmosphere,

reactor 'S pretreate I rst
an%yh$og@msgm%%@bh%r@rgmude@ wlébc@ndeahaaa1@h|laygrepwhereln

duM 4§ @ﬂ@lf19§t0§t§ﬁ £h&hhingi ARALHa LocLhE Bygﬁoeﬁa _hydrogen
at nosphere I S subsequéently provided w

flewiFa ?a}8|%9@¥00mmbme|%uraﬁguﬁ@etﬁ@C@més@ngtEblaﬁdstepS the

fl@#rtﬁﬂetbﬁ §ﬁ§0@gc§1ﬁ@ ho&i v dL 99ens5-1| 9Ws 1A} eqhgin the
20- 100 ntu uring the second and third steps. the

|l o
se¢apd %?e? %¥Qﬁ¥%@rﬁeﬁmuﬁY?ga@e5t§m86§?ﬁ¥r%uipn5h?héeaCtor

ch&@eendi st 90+ U0 e B e @Hea%@ﬁéﬁeofeﬁﬁﬁtﬂhgf@léﬂehh@
reacta 15 cha r%is 950- 1050C and t he
g

AT R TR RPERTaRS bajounten SRSvEOhAR hel bePRketed in such a

wa g UBRED! Biet s 1§galaémﬁer@tsﬂ@hdﬁff@@yntéabftBeBe Csbatween a
nce, of 5-30C between a

éegﬁgrature dlffeLe a#lgl —

radiamey r PEErCT 47D re%ﬁ%%npa%%?ﬂ@p?ﬁélE%nFP%IC%Q §az gfis

ofthbessilt@@nmaéﬁertbobbee@piaaxﬂhlyycoaheddaaddaappatt of the
the 2 f tsid

s BTt Has O b P erbp e R e P R DG RhORT ol Fafei 89 the

thiedustept bh®. bydfogém flow rate is reduced to 0.5-10 slm.

The object is also achieved by means of a second method for
producing an epitaxially coated silicon wafer, in which a
silicon wafer that has been polished on its front side is
placed on a susceptor in the epitaxy reactor, is pretreated in
a first step under a hydrogen atmosphere and in a second and a
third step with addition of an etching medium to the hydrogen
atmosphere, and is subsequently provided with an epitaxial
layer, wherein during all the pretreatment steps the hydrogen
flow rate is 1-100 slm, during the second step the flow rate of
the etching medium is 0.5-1.5 slm and during the third step the
flow rate of the etching medium is 1.5-5 slm, during the second
step an average temperature in the reactor chamber is 950-
1050°C and the power of heating elements arranged above and
below the susceptor is regulated in such a way that there is a
temperature difference of 5-30°C between a radially symmetrical

region - encompassing the central axis - of the silicon wafer
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The object is also achieved by neans of a second net hod

200 €00 PEPLkNY an epitaxially coated silicon wafer, in
mﬂ§ a ZSPS?Ilcon waf er that has been polished on its

front side is placed on a susceptor in the epitaxy
reactor, is pretreated in a é§irst step under a

hydr ogen at nosphere and in a second and a third step
with addition of an etching nediumto the hydrogen

nospher e dis ent | ided with an
to Rl TR S En TS e R er i of A Thoth FRE nit hrefeue n that
lls$e@mt$h®ehsﬂi@geagiémOM/rate IS 1 100 slm during the
second step the flow rate of the etching nmediumis

0.5-1.5 sImand during the third step the flowrate of
Prefreraobyi npn nell sinsésond Sustisben  gas | fijowheisbrondced into

t V e t C
th S PSSR B BtARe} PSS ol b et 58| SFe CRABEEIbi ey oy
meamdvel anail véel bW @ hen seigtept ardi anrbgueht eangnoSutheareactor
ch%@y el halylihersd Stﬁe §D918&U{ﬁ e fereure;0he533P€ on a

tween a radially sy trical region - _enconpassing
reghen careund ﬁaescenb@rt%% thei sbhiqen evabopomndoteep®s flow

1n9théoo@@e§ptéﬁélééty Sﬁaéﬁde@@Q Pepibh OF the §iii§8ﬂ wafer,
wafer that  |lies outside said region. Preferably

ang hig %%%o%@lﬁ%tma%tr@%%m¢mBmgt¢mtF%ﬂu@batrhbgtlgntﬁé the

et ERAEG Ohe&D@ADER D¥n&BaDSd Obut & €£6RES AseTdbstrpbut edys,
by mneans of valves into an outer and an i nner zone of

the reactor chanber, such that the gas flowin the

Thénﬂ@veﬁ@ﬁ@naméﬁegnuge 6E£0tRa ﬁé@undlhh@rcgn1§r Phat hehe
on waf er n t he. out er z ne actﬁ

t
reRv et Rates  Uaf o oFreREnett et bar or1 485 aAtER B

hydhogéen paedf €At hpdtogéep+t Secki sl rinddiumnapté témperature-
deeéchég mediumin inner and outer zones is I/O =0 -
9% %% The i nventi on makes use of the fact, inter alia,
that the renoval rates during treatnent of the silicon

T RS LERLY ST hERER ERPL Shic PAEPEPp 5o Dbl FEREESY axis
- okgia 81bnc9np®s§englshpreéarahlyaaisegionfhahéng an extent
of S11166MNal £f {5 PAELRLRELYoR ££E 901 DAYA"G2 R0 eX5C8D0 mm. By
way of example, a circular region having a diameter of 1-150 mm
can be involved, the midpoint of which corresponds to the

center of the silicon wafer.

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

It is essential to the invention and common to both methods
according to the invention that the temperature in an inner
zone around the center of silicon wafer and susceptor (heating
is effected from above and from below) is higher (or lower)
than that in an outer zone (edge region). On account of the
temperature dependence of the removal rate, this has the
consequence that the material removal is higher either in the
inner zone or in the edge region. Thus, the convex or concave
initial geometry of the polished wafer can be counteracted, the
global geometry (TTV, GBIR) can be improved and, finally, an
epitaxially coated silicon wafer having good geometry
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20 of 1-150 mm if the dianmeter of the silicon wafer is
20 deBsiy/pey of exanple, a circular region having a
i ameter of 1-150 mm can be involved, the m dpoint of
whi ch corresponds to the center of the silicon wafer.
25 Preferred enbodi nents of tfge nethods according to
the invention are clained in the dependent clains. It
is essential to the invention and common to both
met hods c [ 0 e invention that the
pr?%enl:phlglr%? ucsaerg%lgﬁlg?%ln%érgSO zone around the center of
silicon wafer and susceptor (heating is effected from

Thé%é’@n@é‘%éé&fﬁ%:i%e&?%hi% t%:ﬂ éﬁg\@g)th%@?ﬂ%ghat

In an outer zon 1 on : accoynt (0]
tenpempEl Bl Ireang D950 He ienessenthalk, fohithhas

ThéeIt %rgpsﬁﬂﬁQQ@@bﬂ@ﬂﬁré{¥%£@ﬁéﬁ{aét%gng%a%ofﬁ heOREEs

er inthe 35 inner zone or Int region, _
acqei@ing heo cldm eknenicbere dvest i be tehfe FgChselnein this
teﬁg@f§0g§@V@§ﬁgepan be counteracted, the globa
geonetry (TTV, GBIR) can be inproved and, finally, an
epitaxially coated silicon wafer having good geonetry

The SR &t od de EPDSEd | B8 BANO be4Progeded, fiBE example,
. metho ccording to, the invention shows_that the
1S (bt @irkery a?%‘”e%lfn@%‘étlo@b% methedentt aFORRY LERF @ reactor

chémdée) ed ot €xmihed Sieg andrPs et s eatdesé ]l Sh&Ppihg Hofbhrst dome and

nethqgs according to the invention nust bg effei ed led
a L AYE L YHRE ORRAPET &t UFie TANYES BRGIANT £ ;y coupied, a
hoI@quOdeﬁ?@@;f@@dhérdfﬁbCh4é515@@nB&if%ﬁf exagpt eng dévice

is sujita or carrying out the nethod..lt _conprises_a .
Fo METLHIO b er L GRS KB 85 sy Bt 917 vERE ehepg iR device
compfisssd: donkiasd heasiewgnsoudooe, | which oppositeatadii chtside

r ni I [ Vj f di pg
nd'SIRLELERLLY SoLRhet B, DAL RA i Ane: Shegl e
racdhatednthcewgh walier finslerédme t he bleat $hhideni ¢a@fds; and a

O ) . h . U b | tu .

seSORAERRIng Lotelelem g FOUL PR L by LoaeLinalediae cne
chameeyyand is aliearged hioughchhe ¥aysthabnenengyhes radiated
thSbh g OPh¥eiEEon@dofle to the silicon wafer; and also a gas

inlet and outlet apparatus for introducing gases into the

chamber and for evacuating gases from said chamber.

The heating of silicon wafer and susceptor is therefore usually
effected by heating elements arranged above and below the
susceptor. IR lamps are involved in this case when using
conventional epitaxy reactors such as the Epi Centura from
Applied Materials, cf. EP 0 445 596 Bl. Said lamps can be
arranged in a circular fashion, for example. However, other

types of heating elements are also conceivable.

In addition, it is possible to regulate the power of the
heating elements separately from one another. In the case of
the IR lamp banks, it is possible to direct the thermal power
in a targeted manner onto an inner region of the reactor
chamber and separately therefrom onto an outer region of the

reactor chamber.
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second heating source, which is |ikew se situated
20038 &d ﬁﬁl . chanber and is arranged in such a way that
enerégﬁ?s radlated 20 through the second dome to the
silicon wafer; and also a gas inlet and outl et
apparatus for introducing gasgs into the chanber and
for evacuating gases from said chanber. The heati ng of
silicon mafer and susceptor is therefore usually 25
ef.f ect ed by heat elenent arra ed above nd bel ow
T TR RO A AT A ool S T L CasehBhen
inuesitnigpn corh@nte&maulnw tzmg,e ramﬂ:tcmtsels undnascameb&prealized

th%@{%%@f‘{:ﬂa%fggéﬂoe&ev%frﬁﬁe Spov?ér cgf 19'1 441%3 ?@&@ elements

arranged ina cir |on
whisstanipl Bl udiove vidre e r Bour e/ pigs die hzamelngared emms reglons
are al so conceivable. In addition, it is possible to
regul ate the power of the heatlng el ements separately
The riepmrere bho erfferendr kelsiewrt re®ionR ¢hnpheanksicorn wafer

and StHROSSH M & t1OF dif effetdife {@ﬁﬁ@aﬂ%ro§595(§l-m50 C in the
Setargeted manner onto an 1 nner region of the reactor

SRR ISR 18R P @fh diE RS ACERESENT el ofhe
in®ntith deactid r&ferded s s009P0005806 Kinddnt Ihe,

tenperature difference - which is essential to the
i nventi on - between i nner zone and outer zone can be

In lHaad |Iﬂ@ﬂﬁc|>d§1réb@$1rcalhr$gﬂh¢@bl%l|@e Cﬂwecxethpcﬁn,t hei powvey &f the
eat el enent s iC nfluence the te erat re
P il DUHTOR SRS WIS e TR i) ihee at least on
th@iffﬁf@m&&shﬁvﬁm piﬁgW:Dd@de the silicon wafer and
the choice of an average tenperature of 950-1050C in

the second pretreatnent step in both methods according
Fot cthie purpesd, on oi ki ddrerefogbe e:ss;emttéhl ptodtded according

vention, O I n th ?o S accor
vo WEMIER v othif TRy iy FEFR PP PR iapepgaing to

sztih:cdnlakie, piod |$dmerm| atd easuublnlplimtyfcvf)nsslbld@nawefers by
me&’l{é"ééﬁ:%mér? 5%5&4‘&&&%@&?8@? SEEEEPR, I NGY € FEYSE R ing

pro accor
with free (“slurry” ) or bonded grain (diamond wire).

Furthermore, mechanical processing steps are effected, such as
sequential single-side grinding methods (SSG), simultaneous
double-side grinding methods (“double-disk grinding”, DDG) or
lapping. The edge of the silicon wafer including optionally
present mechanical markings such as an orientation notch or an
essentially rectilinear flattening of the silicon wafer edge
(“flat”) are generally processed as well (edge rounding, “edge-
notch grinding”).

In addition, chemical treatment steps comprising cleaning and

etching steps are usually provided.

After the grinding, cleaning and etching steps, the surface of
the silicon wafers is smoothed by stock removal polishing. In
the case of single-side polishing (SSP), silicon wafers are
held during processing on the rear side on a carrier plate by
means of cement, by vacuum or by means of adhesion. In the case

of double-side polishing (DSP), silicon wafers are inserted
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to the prior art, preferably by crucible pulling

6%§EU ' Czochral ski, is sawn into a nultiplicity
20o mq#%Q%HQerrs by mneans of known separation

nmet hods, preferably by wire sawing wth free
("slurry") or bonded grain (dhamond wire). 20
Furt hernore, nmechani cal processing steps are effected,
such as sequential single-side grinding nethods (SSG,

Si | t.aneous , .douhl e-si d ri.ndi n t hads
LoqRa LTS MATReT S 6P IS T Wil pmt and
redmesisid istiomu Mafrerousich uidi reg reptriconad! i odd5hi mpy efSisdly” between
nmechani ca rki ngs such .as a rientatio t.ch n
an TERA A 7R Bty At vl S o Mmoo

ening o si'Ticon ‘wWa
clagdge ("flat") are generally processed as well (edge
roundi ng, "edge- notch grinding"). 30 In addition,
chem cal treatnent steps conprising cleaning and
Theetfghinty ssidgss ofr hes sl 1 ycqoy ova ek anfe drhamepxgfierhngy
| AN i éHH% t éﬁﬁ% f cd idd€on
pOl\c/‘\l./af er sq%saégﬁlo%ﬂdtr%y%tpc & teFr?I)I\S/;ﬁGIr'J _ |és)hlfsnlg%belérs1 éd’3§5@ .
poliidhiges € It hsjwigite -Wiada@ igbld s Mm@ [}eSAne Kl vhafsrl in

ordde heldhdun] NhPrOGRIINY N dhe JedlcsH i Y R produced up
carrier plate by neans of cenent, by vacuumor b

. | y .
to s Fremdids drtanahaigelvfarputiakiwly small in
thiRoldadd NG AdFRRab 1S} 1000 efiers (ad.e tHiserdtsh is often

2009P00058DE/ Ki_ 12 _ | gosely into a thin toothed disk .
re L&y §sbIti s sy QF PR ¥SHM arfdienesfie iael @ R bhdbtrgy 1in
thd Niaxdmytigte . fl 0ating freel y" between an upper and a

| oner polishing plate covered with a polishing cloth.

5 The front sides of the silicon wafers are then

Afyefmylabhingyoltitshed it harfefd erdasuleiectfad wxaapl e
sing @a soft ol i shi cloth wth the aid of an
hydfiqelth fie” St el Biting dieiatip e hadrior arc. The
clddritmessofod hee sfid ineah eviatfless g8 ed Usetctlupneithdd witits
. St t he teri.al removal s .are relatively. in .
sinfiindds Tehlifle i ¢ AT FiB LRy pddrers in
batdfd,eror by spraying methods or else as a single wafer process

(single wafer cleaning).

The polished silicon wafers provided are subsequently

pretreated individually in each case in an epitaxy reactor.

The pretreatment in each case comprises a treatment of the
silicon wafer in a hydrogen atmosphere (H, bake) and two
treatments of the silicon wafer with addition of an etching

medium to the hydrogen atmosphere.
The etching medium is preferably hydrogen chloride (HC1).

The pretreatment in a hydrogen atmosphere and the two
pretreatment steps with addition of an etching medium to the
hydrogen atmosphere are effected, in the second method
according to the invention, at a hydrogen flow rate of

1-100 slm (standard liter per minute), preferably 20-60 slm and
especially preferably 20-40 slm. In the first method according
to the invention, the hydrogen flow rate is 20-100 slm in the
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referred to as CWP polishing (cheno-nmechani cal
déﬁﬁgﬁﬁ g the literature. 15 After polishing, the
I con mafers are subjected to a hydrophilic cleaning
and drying according to the prior art. The cleaning
may be perfornmed either as a pgatch nethod with
si mul taneous cleaning of a multiplicity of silicon
wafers in baths, or by spraying nethods or else as a

si.ngl e, waf er rocess 0] er_cl eani ng) he
1 i T e & SR ST Bt | jodtEed o
0. rEl reht e ek nalolisal ty 0 r5€eachlcasin i thantkejprd axtyep.

reactor. 25 The pretreatnent in each case conprises a

treatment of the silicon wafer in a hydrogen atnosphere
The Hﬁl:tmtldegn anfl tived preteceatomest ofn thehgdrogem akmespherd is

pr@J‘?léjltsp ere. %bﬁe%m%l ng %ﬁr%?@%&%ﬁnw S

hydrogen Ch' oride (HCl). The pretreatnent in a
D e LW0ep RS L1E6R TROERSEEPSCCord
upﬁﬂ% addltlon of an:Q%%% 2ep ccoraing

rmdlwntot e
to gihpshhesrt ere BIYEEQERN rrﬁr%@%@d@@@l%iho es Tow rate of

th@ ki MY b iovemions gfma hydrogen flow rate of
1-100 slm (standard |iter per mnute), preferably 20-60

slmand especially preferably 20-40 sIm In the first

Théreéé@%@gsﬁ@féwtmé@ttmth Nyieat & ©dh i dg/emék\lﬂlﬁlﬁg@é‘kéé%\d.ace at
rate i s first and

0- 10 2009P00058
2 (P Bt o St et o IS0 okt Ghie | <A$ 2 ERT Paver Of the
heé)tfngloelsémenw &iﬁfafmi;édtéb@vé anslvelown the slhrsdielpswpls

re %atlon reatne %%%f a h dro% _
%‘E Ghets F4C 5apVi’ae¥ Bt 2 157 1Y $LhaRtyregion
enqomd £ sdrhy ﬁ@ZG@e@trﬂérax@stheoﬁecmdsp%ﬁmeaWﬂg@r Bb epe

f bot t hods ,accordi n e inhventpo ro
ep Dt P D e A EH F10ing of S (L "k a0 RGP E g i,
1-160 Qub, 115150 munl@rTheZ@s@ammdhqnsear'eahpenatw're hitbeeased by

5- S0 09, Telura Akes PLACE b oA LEMPELal Wige ] 9ROCHOLies

i s case, e powe
outside the said region

A treatment duration of 10-120 s is preferred during the HC1
etching treatment - depending on the desired material removal
at the edge of the silicon wafer to be epitaxially coated. A
treatment duration of 20-60 s is particularly preferred.

The particular advantage of this method is that after the
pretreatment steps the silicon wafer obtains an optimum form of
the front side for the subsequent deposition of an epitaxial
silicon layer since the convex form in a region around the
center of the silicon wafer is compensated for by the

pretreatment of the silicon wafer.

In the method according to the invention, the inner zone
therefore corresponds e.g. to a circle having a diameter of
1-150 mm around the center of the silicon wafer, while the
outer zone corresponds to a ring having a width of 1-150 mm
which encompasses the edge of the silicon wafer. These values

correspond to the application of the invention to silicon
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heati ng el enents arranged above and bel ow t he suscept or

20d§%0d6§§ﬂﬁyﬁ¥jin such a way that a radially symetrica
regi on enconpassi ng the central axis - of the

silicon wafer to be epitaxially coated and having a

di aneter of 1-20 mm 1-50 mm4 1-100 nm 1-150 nm or
1-200 mm has a tenperature increased by 5-30C relative
to that part of the silicon wafer which lies outside

h id ion._ 2Q At t duyr.at,i f 10-120 s, |
watit GG TRt L LA 1 da S fd ot Hm
wafmard hef ddsd mesktmageatd i t reenmtheatinata the sdget ofdtdmeter

Sidd fer t e [ ' Y..CO
ot dduérdat%l ?rgn 0 n%-a&&sou&gégp%nﬁécgulcaar Ige?fe?%k?f@éé%%seen to be
copaspandiargladviangeys @find hiikewidwdonsredrondingky térealler in
r t [ f I NS t
e e L e e e B A R o hf B s
of an epitaxial silicon |ayer since the convex formin

an =n _ ' Ay !
The IiREEAY G 4 s{);h.ect ﬁ:g)scselrﬁleé 1 o sd ffrgrgé}syﬁ{@rodtc‘er zones

conpensat ed by pretreatnment of the silicon
depggfEimg |an tthe rigtHolk lackenmh gy t@f tiHee i siveigemivafeme to be

epitHl8la ZRP& o dthey ef i e é‘&{gé‘q}@f@ﬁy,‘s-& dOEELIdLd®t 1y where
having a dianeter. of, 35 1-150 nm around the center "of
matqfel &l | AT spily vitendak tutke saMevedr rReplierP Y

thet%:éﬁdlga,h%/i}ﬁtgzhl%/ Vﬂjrlcg mﬁftilafll%d%etwi&f B QPPRESOSd vaafer
. € edage or tne silicon warer. ese_val ues correspon
1s t%fterrémd]:?pﬁ i‘datd ihﬁfd?fh tHe Fiirn PR Si e dof epitaxially

coaaiww hFéQQDh S Klfhel_dclqﬁieésifcﬁqdhmijf' ' r}gr_}caceﬁiélr@’@&imjs 30 nthe
th the use of silicon ers of the next generatiagn .
PIHRARHGT S (DR diBRERAL BY ARPTHAT | Frfer ChoRE oyt drat is
to zonesirc gu i iehelabl thdeghwsernnf oclbe imosr esqpondi tige ylamp

| ar ger nd |ikew se correspondi ngl.y snaller in 5 the
povh st il TN A o G ISR BRI SR o MSh 3 Suter
zormved etwsrinkhethenvetndh iony nakeesstméntpaissi the teactomose | nner

and outer zones depending on the initial geonetry of

the silicon wafer to be
After the second pretreatment step, which influences the inner

region of the silicon wafer, a third pretreatment step is
effected, which is suitable, in particular, for improving the
geometry in the edge region, which is concave in the case of
silicon wafers having a “sombrero” thickness profile, and in
combination with the second pretreatment step leads to a global
leveling of the silicon wafer.

The invention provides three possibilities for the choice of
the third pretreatment step, which is likewise effected in a
hydrogen atmosphere with an addition of an etching medium:

In the first method according to the invention, during the
third pretreatment step the hydrogen flow rate is reduced with
respect to the two preceding pretreatments to 0.5-10 slm, while
the flow rate of the etching medium is not altered, that is to
say is 0.5-1.5 slm.

In the second method according to the invention, by contrast,
the flow rate of the etching medium is increased to 1.5-5 slm,
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epitaxially coated and, consequently, to define exactly

qggy er|aI is precisely intended to be renobved.
20 refg¥%ﬁ1y, therefore, firstly the initial geonetry of

the polished wafer is determined in a batch of silicon
wafers to be epitaxially coafsed and then the
correspondi ng process settings for the pretreatnent
steps in the epitaxy react or are chosen, that is 15 to

rti extent of the inn e,
prqiRratlibds Lt 1t Tt e Y RSy b -0~
4.0 reler, aid leuttdre Mpahwsyadurf g tresteetadn rigp thegsit neortstant.

the reactor. After the second pretreatnent step, which

i nfluences the inner 20 region of the silicon wafer, a
In tdrie cerpoostimesattment tStiep nethad f echadys e cthe sincreased flow

ra '&@g:lkfe éﬁ}:}‘ﬁ g\}(ﬁéﬁ]ﬁf ’ fqr 1§ma{l°§6 r@'hgthteed g.ﬂrg%@t{ﬁ/ei@tching

ge region, I'S concave 1 n e cas
me@um S S @rrstmaaudﬁflene'cémﬁﬂﬂaro%ﬁ Hilek redge pregiomre, of the

t
si 312;2) S'?ua bali eve(% %?é’itl%fgf iy Wgéﬁ@c@ manner

e silicon wafer.
thens end dw plrrmpicaées Q}‘rﬁ e@rpt@suqﬁqe t9YNEFY £ he choi ce
of the third pretreatnent step, which is |Iikew se

effected in a _hydrogen atnosphere wth an_ addition of

Preferabli mgdMeditingd metreatieent rskemethREREARY Ry 2 0
tentﬂz@fatru@tﬂamge B i 9ED the 1400 7d, i e Bt S ePrdEy at
rogen flow rate i s reduced Wit h respect to the two

105@@8&34 %bﬁsreeét%ﬁ%aft%% HNIFE SR ﬁﬁ?‘é P%felqllﬂo%ly
prdfderad dm eih@gflrm eréts]:émm@dﬁ eftesh Wlddr is H@drogen
t he second net hod accordlng

atneoosrffr%r G SR ok 2 (A TSA DTG ¢ he

et chi ng rredl umls |ncreased to 1.5-5 slm

2009P0005 r ef er.abl 0.2.0-4.5 slm
BY SEReiaIt erAth e ioRGE CF K I 4R |4 5kep 3 Of the
sech;mtt omhcfd calmcrcmcmmgartdoeth@eptnwnsimtls linaoreased to

of thls thod ngsi de_ t as
% }H rﬁ"‘? I?ales carlﬂeoé nl?é dgc?rhé‘{é)ﬂ the

S0 ens
tthctim@&mmgthmmqrasm@ezr nto redetedetd rasggmlamrtetvetent

atelfmee é&c_% %aq itrl?ethe direction of a center of the silicon
wafer. This counteracts the concave geometry of the silicon

wafer in its edge region.

While at an H; flow rate of 50 slm (standard liter per minute)
and an HC1l flow rate of e.g. 1 slm no increased material
removal is observed at the edge of the silicon wafer (rather,
the material removal is essentially uniform over the entire
wafer), a material removal of up to 500-700 nm at the edge of
the silicon wafer occurs as a result of an increase in the HC1
flow rate to 1.5-5 slm, that is to say with a significantly
increased HCl concentration, depending on the duration of the
treatment with HCI.

The particular advantage of both methods according to the
invention is that after the pretreatment steps the silicon
wafer obtains an optimum form of the front side for the
subsequent deposition of an epitaxial silicon layer since the

silicon wafer is leveled in its edge region and the concave
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silicon wafer in order to renove material in a targeted

206%?UU§586§1 e and to inprove the convex edge geonetry.
1 Preferéﬁ?y, the third pretreatnment step is effected

in a tenperature range of 950 to 1200C, especially
preferably at 1050-1150C. Thgse tenperature ranges are
al so particularly preferred during the first
pretreatment step under a hydrogen atnosphere (w thout

additi.qn of.,.an etchi nedi . 15 By virtue of the
foff e ik iRl SRt MY odds Bedidn s Lotinsated for
by netehdrhiact @k tnge d tondrite. | v erdnilmima tsiomoreds etthe osdcénd
he .hy. f r C
orgyBaing a0 iE HR 8 G600 Yol il SBALL
thigghrss msafentes 20 dre thevelkz@ than in the direction of
a center of the silicon wafer. This counteracts the

concave geonetry of the silicon wafer in its edge
It rggirprt Ml lar it advaptggenus dikatofa Saminay syasdakew

prevd€rs RS MAude)e &0 @ @n ek rrla_‘%‘@ el Afs §r@fekably

slmno increased material Trenoval i s observed at the
kepddgeorsitate sin i eUH w@lertq ridtherirst Heetheéraggording to the

invEOVH, iduesiential diyi i d st ovfiedhestedld i 6 tmaf££dond
a material renmoval of up to 500-700 nm at the edge of
methRd QFGUEH R e ursverstiPResult of an increase in

the HCL 30 flowrate to 1.5-5 sIm that is to say with

a signhificantl i ncreased 1 concentration, d ndi n
Bs GIERPORA ATVVE 0 17 KNS (RESESRIRS v HAe N et the Second
metggm | et d ity ard agee Oﬁn\bﬂt&%‘m,t haehsi reg corieli tigi £t t Ee
i nvention is that after..t he pretreat S s t he
P TS HTE T e K5 OB (1 S UG HT For B ¢ het FOgtr the
resdtder fatanider Ssbsegesnt 1l eepdiiis oimafease epthaxsalectivity

si,l i can quertéggge t.he er is_ |eve

ilican W%é g in

of i1ihse eedtg%hlr i on annéerfthea%onlc%v% 20090 O%ﬁf % preferred.

formof the silicon wafer in the edge region is

£ 'EZE?{ ' r cﬁ'en? t 1
Fo c%ﬁ?n | ger&ﬁ%at eegés]é;%%%df p%?e?éré%?énen 5 § {]‘? st his
apgﬂsﬁtqﬁxnalﬂeﬁfkgcm$ﬁ¢tﬁnﬁﬁ(awailable, comprising valves
(“metering valves”), which enables this distribution of the HC1l
flow. The flow of the etching medium is distributed into an
inner and an outer zone of the reactor chamber. The control is

preferably effected by means of suitable software.

The etching medium distributed into the inner zone acts on a
region around the center of the silicon wafer situated on a
susceptor. That part of the etching medium which is distributed
into the outer zone of the chamber acts on an outer region of
the silicon wafer, that is to say, in particular, on the edge
region. Overall, inner and outer zones altogether correspond

approximately to the size of the silicon wafer to be treated.

The distribution of the etching medium between inner and outer

zones is 0 to at most 0.75.

This ratio results from the quantity of etching medium in the
inner zone with respect to the quantity of etching medium in

the outer zone.
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t hi ckness profiles to be leveled. 5 1t is particularly
6§pﬁqg§§§§) . that a lamnar gas flow prevails as a

20 result o '?ﬁ% H2 flowrate that is preferably kept
constant, in contrast to the first method according to
the invention, during the thjrd pretreatnent step of
the second 10 nethod according to the invention. As
nmenti oned above, in one preferred enbodi nent of the
second nethod according to the invention, during the

third pretreatnent step, the distribution of the HCl
I/30 -0V imedrss themstiny, dfenberhe sereoite odt @uting hnsdium is

' £ crivit t e t, an
o= QREREEF IR SE G 06 SO0, LORR RO iy
the emtgeorsedirampiheds Vbt @m awesfelan I/acpp-ar(atbfs cal | ed

V,
cor HRAdhat s iy T O L% B Boridhicted jint the
inngie 240k dridviourhed 1ty ofta rtehéetcumenlg mrmunwhlsch can lead
it _ed ﬁg&
to ?éegﬁﬁoér%ic nllbégé&%heh contr owda pre er a %ele}faé eicl?g%lh% edge
regiedhs of suitable software. 25 The etching nmedi um

distributed into the inner zone acts on a region
,around the center_of the sjlicon wafer situated on_ a

WitdyeRGRTt . torHdte pfQ SR WM iyl 3es Ym uF EFn1 ELcant
difistdidnitiod ndit e diey ] Zodee &f ﬁ@eu@éwpmﬁcsr agt®s, Ofhich

an outer region of the siljcon wafer js to
Presrphes @St ot dRfe B0 rayiteh. G&éﬁaﬂn%m%rgtchmg

t rétthenitt &fs zianass aldepester3gpraespond approximately to
the size of the silicon wafer to be treated. The
di stribution of the etching nmedi um between inner and

ThoWiete aPngse iinrkt cartd dsdr Ozotbes e Tdit bve atd othe silicon
vt GEULAS 1P AE SRILLLY et SILIO JEQAMAY, L0 csponaing
arr&nhementlaﬁdmndnﬂrgumatmonZﬂﬂgﬂﬂgmﬁﬁIﬂmﬂeﬂjappdfhtu@es

( BASe o F 08 SIS &Pl L ENSA L85 OSSN Bl MR L chamber.
By way of example, the inner zone could be a circular region
having a diameter of 75 mm in the center of the silicon wafer,
given a wafer diameter of 300 mm, as already described in
US 2008/0182397 Al.

In the method according to the invention, the inner zone
preferably corresponds to a circle having a diameter of

1-20 mm, 1-50 mm, 1-75 mm, 1-100 mm, 1-150 mm or greater around
the center of the silicon wafer, while the outer zone
corresponds to a ring having a width of 1-20 mm, 1-50 mm,

1-75 mm, 1-100 mm, 1-150 mm or greater which encompasses the
edge of the silicon wafer in each case. These values are
likewise based on silicon wafers having a diameter of 300 mm.
With the use of silicon wafers of the next generation currently
in development and having a substrate diameter of 450 mm, inner
and outer zones, analogously thereto, are preferably chosen to
be somewhat larger (e.g. up to 1-200 mm or 1-250 mm).

The quantity of the etching medium in the inner and outer zones
is preferably realized by altering the diameter of the gas
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essentially di stributed into the outer zone, that is to

20 edge region of the silicon wafer. 1/0 =
q?ﬁ%?%? correspondlngly nmeans that three parts are

conducted into the inner zone and four parts into the

outer zone, which can lead t@ a material renoval

hi gher by approximately 1/3 in the edge region. 10

Wth regard to the I/Odistribution clained, a

. si-gni fi di f.f erence nifested wi,th respect to

oL G, A et b Sl e SOP SR s DAL LY 15 the
etdhing n@.dimtummg:etdp&scﬂimm readeatdrent mesduginds the line
dla%PQ§!0182397 Al . 15 The size of the inner and outer

zones relative to the silicon wafer can |ikew se be

controlled, nost sinply by corresponding arr angenent

t f
tn AR e DR lo M B AR, shis,
embgiehimsert. o Bytheays agforek ariihed tamecduthiarg zmwethﬁ)unrwemt@n the
gasC' t%ft;f?% %‘éf%c;gﬁ&@d}%e%ﬁ'é@s% ﬂ“oﬂ%dﬁﬂf&f&e

cehter of e si iven waf er di anet er o

thagpa smRbles tal rsetdyp ddsoy ingde |Crf bstrargr PLde3od A slm. This

ga§ I%ﬁ;affﬁdlbc%}j acaH hdd R d fﬁf%mlrpflgaé hei ddN&S Zeheedle
referabl corresponds to a circl avu%g a di anet er

Valdre81 denag arl%mﬁﬁr RO Himand ftrcﬁtrﬁﬁbqt ohfger The
regqﬂe&tlern ArPWrkedth®) NIt 10nd e ivd 16R8s \A@f@julavw&dre of the

he outer zone correspopds to a ring having &
llf@ sHamfter S mm IR Sl OVt D F IRA S 11%??%&@96} 1Y Ofo one
ancg:l’rféa:t er MY i ANGemRARss efad h{mar&&tﬁ@ Dfe tdreesiddtt@duced

i1 A STED. PG AL 205 LRSS, TR P

haSJSﬂleafacBﬁdntHg‘e vafar sawforidtel nexdntgesiertaf ingeresird @nddytable
n developnent nd having a substrate dianeter of 450
ﬁﬁﬂaﬁﬁw 3ﬁier zones, anal ogously thereto, are
preferably chosen to 35 be somewhat larger (e.g. up to

Aft]erzoc%e prett'hreazénoenmstoe-gvhe oy ant ttanJ.alt t’Elfaae\?tfhl{'Sdeposited

THNer- and fout e 70Hes
at rMs’quh heldeElrisied Meratitarsids of ttlrtfe gfalsicon wafer. For

thﬁ¥%%ﬁ%&%§§”§*ﬁif§%e source as source gas is added to
hydrogen as carrier gas. The epitaxial layer is deposited at a
temperature of 900-1200°C depending on the silane source used.

Trichlorosilane (TCS) is preferably used as the silane source,
particularly preferably at a deposition temperature of
1050-1150°C.

The thickness of the deposited epitaxial layer is usually
0.5-5 um.

After the deposition of the epitaxial layer, the epitaxially

coated silicon wafer is removed from the epitaxy reactor.

After a specific number of epitaxial depositions on silicon
wafers, the susceptor is usually treated with an etching
medium, preferably with HCl, in order to free the susceptor of

silicon deposits, by way of example.
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pi pel i nes for the inner and outer zones. The quantity
2063(? |ng mediumis respectively reduced by
u0|ng the line dianeter. 5 In principle, the
following setup is preferred in this enbodi ment of the
second net hod according to thg invention: the gas
guantity is set by neans of a Mass Flow Controll er
(MFC) that is able to set a fIOM/rate of between 0.5

A SR o T i S A e (T ahf SR LrC=ee dtter

1- ]Zorm)tamh]dmsiammgsecbﬁ hﬂrJELconhavafeigiLl afowonthiss purpose,
eff V. .setting, th valves regu [ ne
eaDnle erlafkily Eoadiy i ée g.l.é }ttspen ént%%?otfﬂé

i hner and‘ fier Yones 1T one
sukzﬂtmdteerﬂfre'ﬁweswbcﬁp‘uctmtm g tpdntith gClare t hen
introduced into the reactor chanber by neans of an
injector. This setup 15 has the advantage that

Pr@ﬁﬂmy,c begitded  the memreifos unfdee, sdfe ventelieg process

S 1 A e R LI RS R A e

SlkﬁCQHmﬁQHQSkkﬁrmﬁfer For 20 this purpose, a silane
source as source gas is added to hydrogen as carrier
gas. The epitaxial layer is deposited at.a tenperature

Theyfs WrRPIZI0 G yeaich haP loh eIrted |wiHd shukeonsefter the
susﬁémpr&%ﬂlafnf ke fSrPraf Aadl Yepisesk sl t;th_eo@éééé@ This

source particularly preferably ‘at a deposition
may é??pearda‘ﬁ‘ﬂt@%m&%ﬁ)’-rl%d@e SPhiel GO iR o7 RdieePitaxially

codtenpddead @it axdalbd Ay edidSctispadd Yehd. Sudc it 080

After the deposition of the epitaxial |ayer, the
epitaxially coated silicon wafer is renoved fromthe

Thee [ i laXdor aacied .is A}c_fx_teaj.feﬁaksmca fv'wféh_urme b f efdpiextpétalline

4 L 19 ek D S FO R Doy Onl S gt o 5F s

siMiddn HGlfer wirtdex stt;rafrr&ai tételmt&cemwr of“stsrdimwed
51ld1e c?ﬁc”” be}/n Waé’OID{“ exa ed SPPQP&QO(%SD%S}%la@or ") wafer
which is provided with an epitaxial layer, or a silicon wafer

which is provided with a silicon-germanium (SiGe) layer.

The invention is explained below on the basis of examples
relating to an epitaxy reactor of the type Typ Epi Centura from
Applied Materials, and with reference to figures.

Figures
Brief description of the figures

Figure 1 shows the schematic construction of a reactor chamber

of an epitaxy reactor for carrying out the method.

Figure 2 shows the material removal at a polished silicon wafer
having a diameter of 300 mm by etching pretreatment in an
epitaxy reactor for various treatment temperatures. This
corresponds to the respective second pretreatment steps of both
methods according to the invention.
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A susceptor etching is preferably effected in each case

206ﬁ§6ﬂ05§Déﬁk epi taxi al coatings of silicon wafers. For
his purpose, the epitaxially coated silicon wafer is

renoved and the substrate-free susceptor is treated
with HCl. 5 Preferably, besigles the susceptor surface,
the entire process chanber is flushed with hydrogen
chloride in order to renove silicon deposits 10 The

suscep ref r abl coated mnth S ter
Eu‘%‘hscept Co}}OWetc’cc etenrol% foer"emf ae‘fmf]a%[(}lleg Sll{ggn water
haqmmmes&ﬂanéﬁen;oﬁnﬁomemamwﬂﬁtqhﬂng;pmetmﬁatmﬁmillm0ﬂt

eplg?g)gctﬁ[ea@ceo pftra&}aaill us f%?%dtoeess éf]epn@ %t&?ﬂ{g medium

y on he susceptor . e Ssilicon wa
ancprbt@rraiﬁzyoet VRtfeers arented oﬁetttmrbcaqmmmmeto sthé comvention

tteg eﬁgér%édél nent nec[é r@%ﬁ%@ésoé c) J\.A@tf, St al]h%dhere.

S con 1 ayer
SI I | con") or an sSO ("strained silicon-on-insulator")

Fidd&ra My thd-@ré’rswétf’c%’ ﬁ’lﬁiékr?é‘s@%fc%i?és | 858501 PEnéd

Silicon wafer which iIs prOV|

sﬂsﬂtcrqrwfﬁ%%twtnﬁqta ey e amfheattﬁﬂérﬁt%ttr%tment

acwﬁﬁtg{te&; bel OW 1BFe A thieo P ast Sndfe XA BShe &b Atd LY #Oactor.
an epitaxy reactor of the type Typ Epi Centura from

Applied Materials, and with reference to figures. 25

mdingétr1esl1131steﬁa$@§0ﬁh@tsatbrﬁ&tt@%ém9w@§t§&n Fb g U4 erélactor
shows the schenmatic construction_of a reactor chanbe

Chagibed Q5 tEBEF HRE DT fidhe BRTRRAPGTRTEHI net hioke favention.

Figure 2 shows the material renoval at a pollshed
si)]icon wafer \Y; a dianeter of 300 etchln
Hedi g EARILs Lhn S o Eon Faattnt (b VP o
redi@at, E18 (lsopesmt Uieser Tﬂ‘e@mmprammdsbct'ot(brhe outer
ective, cond.ﬁ%g ,ﬁgtnent st eps of both netho

reGRAth ity Horthe g o0 COREE 155 20 S E QT oL 4
foB sdmmi ¢ ireg neiers vl i cenowateatt@ pol ésheaksall gotoaeé@r a gas

inlet apparatus 2, a gas outlet apparatus 3, an apparatus 5 for
mounting and for lifting susceptor and substrate (e.g. by means
of so-called 1lift pins), and pyrometers 61 and 62 for

contactlessly measuring the temperature in the reactor chamber.

Table 1 now shows by way of example typical values for lamp
powers in the case of the Epi Centura which realize the
temperature difference - essential to the invention - between

inner and outer zones.

In this case, the total lamp power is 70 kW, distributed among
the four lamp banks illustrated in figure 1 (top/inside,
top/outside, bottom/inside, bottom/outside). This corresponds
to an average temperature in the chamber of approximately 950-
1050°C.

60% of the total power comes from the upper lamp banks or
heating elements.

The distribution of the lamp power between inside/outside is
chosen to be different during the etching pretreatment than
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15

having a diameter of 300 mm by etching pretreatnment in
20@boRHd jreactor for various flow rates of the

etching nme |un1 and I/Oratios. The second net hod

according to the invention 5 and its preferred

enbodi nent are expressed inteliligibly here. Figure 4

and figure 5 show thickness profiles of polished

silicon wafers without (figure 4) and after _
duéwetr atnent acy ordlq%d{o the invention (figure 5) in

SR 1A 0S8 P Figure 1 il lustrates the
schenatlc constructlon of a reactor chanber for

In ql—é{({ )ﬁr%lg ‘{é ﬂﬁet ?ﬁgspﬁclco er&?e%%o%])hf% I1]rzg/a(e Ii%ll nner
hommm)temx(atome)rﬂlsmémtnegi drgtwareh 1st|il(bmrt omfer and
sué%}g or r%ﬁ%tl’?er Q:é ééﬁgﬂfq.s I gtea"}‘r:g g‘chE)ér?‘@fcaal in

ept or receil vi ng the silicon vva
allemet%arbﬂ Iof ddwe el licqyugiafiant etImappadat d-'sO ?_aCl'aleé% a
ho&&éﬁo@%@é&&r@%l@&%&m@oé f ok Néh

for lifting susceptor and substrat’e (e.d. by neans

digfridmtdan &pg i%a e metermyd s rigneteaad arie%m:c%chf%vber

Sal@@r@cﬂdf%&étmﬂquzém%mw &l iU e tdh it heed @Bt W¥hambers
chanber.” Table 1 now shows way_ of exanpl e typica

ev%lctfestf?eorsa}f%?npfe stm?t@%%as%ﬂof CoHg ) - CentRRSES no
proMlicats rest itzee ther sXn tanperad uire whid farencs fiesspptiat a

to the |nvent|on - bet ner and outer zones. In
hon G ea C RS AR | T LR 00 W i Stvs but ed
Ianp banks |IIustrated in figure 1

anong the four

Tabglgﬁot

i nsi de,
ni out si de).

30 top/outside,

to an

bott om i nsi de,
Thi s corresponds

aver age

tenperature in the chanber of approxinately 950- 1050C

60% 0T [N€ total POVEJ,JeqiiEs T Jom {Ne UPAEhyE@aNP DajIKs
Totwl 35 heating el ene %%tlIgf stributiorf, % 55 gpp
povyzawer between i nsidef qutsi [ chosen to ffefent

d.l..fri fa¥a] hg QtGhi ng p 21

during {he epitaxial 2<% i ng. 45kw
70 kW = 60% of = 40% of

T0kW T0kW

Distribution

inside/ Inside Outside Inside FOutside

outside

Epitaxial 13.5 kW 5.85kW

coating = 54% of |11.5 kW = 13% of |39.15 kW
25kW 45kW

Etching 16.5 kW 7.2 kW

bretreatment = 66% of 8.5 kW = 16% of |37.8 kW
25kW 45kW

The following procedure is preferably adopted for determining
the optimum energy distribution for the epitaxy step:
20 A group of p- wafers (e.g. five wafers) each having a substrate
resistance > 10 ohm cm is used. Different energy distributions
54%/13% ..

The five wafers are then measured for example

are set for each wafer
58%/14%,

(e.g. wafer 1: wafer 2:

etc) .
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In the Epi Centura the distribution 54% 13% | eads to a
zodgyaggggﬁyyﬁgenperature di stribution between silicon
wafer an susceptor. Here the tenperature is
substantially identical in all regions of the silicon
wafer. In order to achi eve a ,honbgeneous tenperature

di stribution, an optinmumenergy distribution has to be
determi ned for each reactor chanber. Said energy

di stribut.ian n vary in different reactor chanbe rs
us D e, S D S g Sl SierieE RISt | fron KLA
Terpesesamb - prfobieemsssfary t-hesparisord sisndeireda mmdﬂ'usca:fpe I ®&n
firstl et ene yre dlstrlbutlo
avengis, PG G TR Ko R I Han The
aimelissrerdt 9cdrimmtam Mq}ﬁldﬂ/stﬂ&bdm:orﬁo%aﬁ s 4a)§/omjmogeneous
i .
as Gl ot L b U AL S B g LR, s
pragfedires Jla/vaisrs%&freﬂmdlaths 25nndisigNa B ok ol r_ﬂ_cBms" among
t s 6% of 37.8
exd%%t%%\ﬁ%k ﬁP Ir%evl\%lncgbqucgrl%gt%u?eeéﬁ?% p‘%efer ably

adopted for detern1n|ng t he opti mum ener gy

dr_'l'rcet rdcﬁﬂtéé)'bff cifrc;(ﬂﬁteﬂir{ a)Waﬁresp ard AQIOUP Pfeimined for

wafers (e.g. five wafers) each having a substrate

POSrfééqlﬁ &Hdes &f dmﬁrcqnarse Usldeps @1 fiéreritafgies gythe “slip

wirlsd Ut NS n HRiSetod Y a%aq el e t{rrgh navad £l ot imum
549% 13% ... wafer 2:  58%1 etc). The five wafers

setdring i thea I oH %(%ﬂrﬁﬂtel%wPOOOSSDE Ki

In the present invention, preferably proceeding from an energy
distribution optimized in such a manner for the epitaxy
process, the power is increased in the inner zone for the
etching pretreatment in order to obtain the required

temperature difference between inner and outer zones.

If, for the epitaxy process, for example, an optimized value of
54% or 62% results for the power of the upper heating elements
into the inner zone (for a homogeneous temperature distribution
over the whole wafer), then a value of 66% or 72%,

respectively, is preferred for the etching pretreatment.

During the etching pretreatment, therefore, the energy
distribution proceeding from the previous optimization is
always chosen differently in order to achieve the temperature

difference essential to the invention of 5-30°.

The distribution 66%/16% from table 1 led to a temperature
difference of approximately 20°C. Variations of this
distribution make it possible to set the temperature difference

in the entire range claimed.

Figure 2 shows the material removal from silicon wafers having
a diameter of 300 mm (therefore the inscription on the axis
from - 150 mm to + 150 mm) as a function of the average
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22 using an SP1 |ight scattering neasurenent

20dd¥ﬂddé gr(nn KLA Tencor and - if necessary -
exam ne undler a mcroscope. An average setting is
chosen for the further epitaxy steps. The aimis to
achieve an energy distributiog that is as honpgeneous 5
as possible over the silicon wafer for the epitaxy
step. This procedure is also referred to as "running a

sli mnndomr anong experts in the fleld
te Torth&pitiddyEon WalfE colits & rﬂrotabtdarr He¥/16% from

tabiaf a{]ma@ e;sreegllirarﬂne @e_rafﬂh 'xrmf fedit sﬂlﬂégmssmtﬁ eteﬁﬂlpem‘ature
. there are slips on the wafers, the "

O G e A AR (71 S FAGE S byfni Lcon Wafer
wass efgpg ik iafatidisy @0y di stribution. In the present

i nvention, preferably proceeding froman energy 15

di stribution optimzed in such a manner for the epitaxy
It preo@esisiertthe haowetrhe snai’dmrjeﬂsacémdvat]heiri rrtex izovex frovgion of

t he etch| Jr et reat r..to obtajn the _
ther esqlull & "‘f errper a]iodlrnd.[}q}ef ecreen nce btekfev\]iﬂeeeon]"1 | <1nearX and 0)
exhdltidrs zorsiggniXiidant fampdratepid agpgrdeess., X dremperature of

98 PR EL 1 A ‘E{Jtér{ﬂ Z&fh (vl Lia{%ch‘?fblﬁ's“% e@&@r{%%ﬁ&if profile

t he ‘power of the upper hea ements
thazton@ (ﬁantla:ui@nigemamr@hl@nfe:rratqn@eﬂtsmq e gyeommtery for

mostﬂ"%d’l“nfgﬁ oelrl)shéd"esrllal ﬁ ﬂ{‘n r$6% o |/}Z’:?x:/t‘i’lcularly

respectively, i's preferre e etchi
advardtagenumemannes. [Rird nef aito élft;lrﬂ rfgermezzta@emremnge is

espEANYS Grd G RNE Y tq{eStnFéttHHd é’cfﬂfl 19 tfH{'HﬁJ@ntion.

previ ous optlmzatlon i's ways chosen ferently In
order to achieve the tenperature di fference essenti al

F:L#l.&-é he slHB(A%Pt’de{‘ fterid0 Rhokhel sty 'Mi%c@%/ﬁll@@n wafer

m t abl e led to a tenperature difference of

in gastoGang eﬁq/r MR 1ok jeftGhoig direatimentd stTheutl Brstration

shdlker teRIs e e SRImdNEL tismer adire difderances tme
t he entlre range clainmed. 35 Figure 2 shows the

diaRRtET A fdifovall FVmYRT9Tom VI eSS RERIFRFSD as a line scan

from -150 mm to + 150 mm).

71 shows the material removal after etching treatment in the
epitaxy reactor at a flow rate of the etching medium of

0.9 slm. This corresponds to a standard etch according to the
prior art with HCl flow rate limited by the conventional mass

flow controller (usually max. 1 slm).

72 shows the material removal at the silicon wafer after
pretreatment with an HCl flow rate of 1.5 slm and a treatment
duration of 30 sec (step 3 in the second method according to
the invention).

73 shows the material removal of the wafer after treatment
according to the invention with an HCl flow rate of 1.5 slm, a
treatment duration of 40 sec and a gas distribution according
to the invention of I/0 = 0/200.

74 shows the material removal of the wafer after treatment

according to the invention with an HCl flow rate of 2.5 slm, a
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a dianmeter of 300 nm (therefore the inscription on the
' . 150 mMmmto + 150 mm) as a function of the

20@?%§2&é§@%%8P00058DE/Ki 23 tenperature of the silicon

waf er. The distribution 66% 16%from table 1 was used

in the pretreatnment steps. Thg tenperature difference

bet ween i nner and outer zones of the silicon wafer was

approximately 20C. 5 It is evident that the materia

renmovgl jn the inner, region of the silico fer .
ErCHRR (HE USRI rOR HUf GHC (30, 25 LS B @ according
to sitlgniffrivearti drerperptar-e oeEndernce. A tenperature of

980C and 1000C and 1020C exhi bits an etching renoval

profile 10 that is particularly suitable for correcting
74 t hien geonteitayl fmor maroiste sctom vae xd g mpiof 1 cdred  id 1 ease wal erlse

iLh a particul arly ., advant ageous manner. Therefore, this
etcfheln%%rrg%nhorveaqlr alnngetl}es < epem%ll(?r%/' preferred for the

nmet hod according to the invention. 15 Figure 3 shows
Ex dmterial renmoval at a polished silicon wafer in

edch case for various etching treatnents. The

illustration shows in each case the renoval in pmas a

fynct i .on of ' i |4 f i :
An (én;t{e]l;c:)erée)glcreél nlt el Jalégr a S?%Egc;csa%ec% pgnms% 1%%%&?0&%%1{510%% @
digrgeter showk0q Hen idiady ikad reemv preduesd ek aegerdance with

thd AdEYrd rhﬂ&‘efirféﬁiff)iyof%%@rbftm@ar{é W r@e Of 168 front

_etching nediumof 0.9 sI'm IS corresponds to a
sidg.andard etch according to the prior art with HCL flow
rate limted by the conventional nmass 25 flow
controller (usually max. 1 S|é21%72 shows the materia

The enphdgomtwafrr ¢ iR FRRFL rcogfred rkad e rtoRFafe edge

gedie Il radv et dedmest 1y il & tegRdiE outdir etié OFenter of
of 3 _secV&%%§P 3 in the second nethod according to 30

thg i h kRt 73 shows the material renoval of the
wafer after treatnent according to the invention with

Fiéﬁkg{E'gééw%{éﬁég ghgaséggrégponding total thickness

profiles by way of example.
The edge roll-off of the thickness can also be discerned.

In this case, figure 4 illustrates a polished silicon wafer
without the pretreatment described, and figure 5 with
pretreatment according to the invention. The process parameters

used for this purpose are explained below.

The profile of the total thickness as a function of the

diameter (0 to 300 mm) is illustrated in each case.

During the pretreatment of this silicon wafer in the epitaxy
reactor, firstly a pretreatment was effected in a hydrogen
atmosphere at an H; flow rate of 60 slm for approximately

60 sec.

This H, bake was effected at a temperature of 1150°C.

Afterward, the process was shifted to a temperature of 1000°C
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treatnment duration of 40 sec and a gas distribution
G??ﬁﬁ ' . to the invention of /O = 0/200. 74 shows
20 rgﬂigﬁa. renoval of the wafer after treatnent
according to the invention with an HC1 flow rate of 2.5
slm a 2009PO0058DE/ Ki 24 trgatment duration of 40 sec
and a gas distribution according to the invention of
I/O=0/200 = 0. 74, in particular, manifests a

signi fi i ncr.ease |n th eanaI i,n,the
(o i e e St s ol L0 | U VR IATELET e
hydmngwrsidﬁmpkvmfee.r ".ll’taallmg:haogéro i awret etre o/fas.’:BO:ﬁhcmén ddatn
e rod ced i n accord Wit the L LOry
60 %ﬁ%l%%p}g IS ecP béy nJ; Qc r%v@ong]rmer?ron drj%]l(letlorl
lea'lﬁhlmgsﬂtd ca)rte/m@rattuebeiﬂiﬁemw | gf cmﬁtédoérade@ inner and

outiCAY R £ e ;%%re ted er ot‘?(@' %&@Pvze&%egefﬁdyc 'F%@}eer than

region aro e silTcon wafer
they mnpefﬁegimee SirsHdve cortress parrek ng Mas atheserk ik

f &ﬁﬁﬂ! r
dlSO{] n%%rp%:/%%ﬁg/l glOGie di sgreer%p @eﬁgd&% Pérhsggé‘¥é)f ‘H@
utmluerdjsﬁcrlatté&% RpoTReYRd & | takke whf AN inerRAseq H@aterlal

renfd&T edl nad descdd ked, i dod# QT Gt M ta%btained as a

pretreatment according to the iInvention. The process
reggktaneters used for this purpose are expl ai ned bel ow.

The profile of the total thickness as a function of the

diameter (0 to 300 mm) is illustrated in each case. 30
Duipg nghﬁ h%ikb?%’l‘i’%‘% R EIERE siThETh RS N¢R %I

efﬁ&ﬂ@d@&uﬁl@&@i&ﬂ‘ogéﬂ f@iidr?d@rﬁd&@tﬁ@n&hwy&fé@@ﬁ ed
atnfqﬁ 'o t alyw%g%a}e ea%fsaésn . fsllomW rT g I-(I)(f:l 61910w rate
was thus increased in step 3 by comparison with step 2. It
would likewise be possible instead to reduce the H2 flow rate
to 10 slm or less (cf. first method according to the
invention). In the example, the hydrogen flow rate in step 3
was 20 slm. By means of step 3, material was predominantly
removed at the edge of the silicon wafer. Step 3 was effected
after the process had been shifted to a temperature of 1150°C.

Finally, in step 4, an epitaxial layer was deposited at a
deposition temperature of 1120°C, a hydrogen flow rate of
50 slm and a trichlorosilane (TCS) flow rate of 17 slm. The
deposition temperature was 1120°C.

The most important process parameters are presented at a glance

below:
Step 1 Step 2 Step 3 Step 4
H, bake Etching 1 Etching 2 Deposition
Distribution
of etching
medium I/O 0/200



This H2 bake was effected at a tenperature of 1150C
e process was shifted to a tenperature of
20%%%%%@%%%%§%€058DE/Ki 25 (ranp) and HC1 with a flow
rate of 1.0 sImwas added to the hydrogen atnosphere.
The hydrogen flow rate was onge again 60 sImin this
step 2. In step 2, a tenperature distribution |eading
to a tenperature difference of 20C between inner and 5
Lanip/igdwe®nes (tenperat usgsi/nekhe i nner zone is 20C
hi gher than the tenperature in the outer zone), was
HC hﬂ;gghmThe dLstr!bytHO@ 6696/.1§?%mﬁth respect to the
anp power was utilized for this purpose, cf table 1.
An increased erial renmoval in,.the region of t
H, éamtenter obt ai 89 as a 102besult. Duri ng gﬁe
subsequent pretreatnent, which was once again effected
TCHvi rogen chloride added to the hydrogen
at nrosphere, the HCL flow rate was 3.5 sIm The HCL fl ow
Tenpéxathirevas t MUS0E ncred9dd i n st epl30by conpari sdbh20i th
séep 2. It would Iikew se be possible instead to
reduce the H2 flowrate to 10 sImor less (cf. first
met hod according to the invention). In the exanple,

the en flow.rate in s 3 | a
1t i U N e T A B e Bt P bt IF - Fabrero
thickress phefslé i CoomvEigure S ean@, waktef f stepdd, ather

C n [fted t t :

et R PE D EoR LT, NS Bt Pl B ASIRELS S58ESY, pibbeen
waker deposid | ont $epdiag ug kolodl 1ibaCess hydr ogen fl ow

rate of 25 50 simand a trichlorosilane (TCS) flow rate

of 17 sim The deposition tenperature was 1120C. The
Therero¢epdrearanetecesin piterret er ke atkopersbnt ddchtagway that
an ﬁf@@xli’?lp%%e§q”}g&9 is _S$§prgg1§15§9 Bs $&Ps fo1E2y PEKCregard

Etching 1 Etching 2 Deposition
to its thickness is deposited.

in
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Distribution of etching nmediuml1/0O 0/200 40

Ki 26 Lanp power 66% 16% HC1 in silm- 1.0
20@?§§Hﬂ¥?ﬁ§?ﬁ% :
.5 - In sim60 60 20 50 TCS in s1lm 17

Tenperature 1150 1000 1150 1120 10 in C It was
t hereby possible overall to cgnpensate for the sonbrero
thi ckness profile fromfigure 4 and, after step 4, the
epi taxial coating, to obtain an epitaxially coated
sil,ican .15 wafer havi ng outstandi ng gl obal flatness.
6355@5% paraneters in step 4 are chosen in such a
way that an epitaxial layer which is as regul ar as
possible with regard to its thickness is deposited.
2009P0O0058DE/ Ki 27 Patent clainms 1. A nethod for

1. Pk ockidiony for gpidduciald arcopethsidlprcomtfed , sibi¢on wafer,

}’Vﬂl ‘R{hiacr?'i i&i"ﬂ%’@& %dafé?ttﬁ?é kpfsierb@&lli ﬁfﬁsﬁé‘?iéﬁ its front
ron Stde IS placead on a susceptor I n € epltaxy

refeds oFs R4 opretyestentén i fihstepttpryingeactor, and is
G oo S ane A i hEMhE] RO e and
athos firgand aantl ia Hubsb e |WA T qrtdit Herl of tan aptching
eRid Ak Ao AYEThy SIS a4 £die g Sis SiisPe@éhtly
during the secorid step the hydrogen flowrate |s ,
Rravsied mitdurathErHeaskrbntpesid tHere bt eparing heufirst

ratdp Ald tder Sighing BN thd By StdgetlUfing e is
seqpnd step furthernore an avengggjiﬁgyerature in the

rdbct T g i 95iraesd @ pouRRs ofhe flow rate
heating & ey Snedfandesl RPHVE. 5 slm, during the second step

furthermore an average temperature in the reactor chamber is
950-1050°C and the power of heating elements arranged above
and below the susceptor is regulated in such a way that
there is a temperature difference of 5-30°C between a
radially symmetrical region - encompassing the central axis
- of the silicon wafer to be epitaxially coated and a part
of the silicon wafer that lies outside said region; and
during the third step the hydrogen flow rate is reduced to
0.5-10 slm.

The method as claimed in claim 1, wherein step 1 and step 3
of the pretreatment are in each case effected in a
temperature range of 950 to 1200°C.

The method as claimed in claim 2, wherein step 1 and step 3
of the pretreatment are in each case effected in a
temperature range of 1050 to 1150°C.

The method as claimed in any of claims 1 to 3, wherein
during step 1 and step 2 of the pretreatment, the hydrogen
flow rate is 40-60 slm.

The method as claimed in any of claims 1 to 4, wherein the
duration of the pretreatment is in each case 10-120 s during
each pretreatment step.
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and bel ow the susceptor is regulated in such a way that

20d5¥§f®58?)1:9’14 senperature difference of 5-30C between a
ra

10.

symetrical region - enconpassing the centra
axis - of the silicon wafer to be epitaxially coated
and a part 20 of the silicon ypafer that |ies outside
said region; and during the third step the hydrogen
flowrate is reduced to 0.5-10 slm 2. The nethod as
claimed in claiml1, wherein step 1 and step 3 25 of
the pretreatnent are in each case effected in a

. tﬁtmenemhmda asarrgba:hﬁec%ﬂutm;ﬂ@f)@:lz%imghb et hpdwlasrein the

A”o A Bre NEL IS ED iy A ﬁtgé’s% 20166 quring

rea nment are in eaé% case e fecte
tQﬁ@hﬁRﬂQﬂEﬁatmgntcﬁta@50 to 1150C. 4. The nethod as
clainmed in any of clains 1 to 3, wherein during step 1
and step 2 of the pretreatnent, the hydrogen flowrate

. iBhelouesithad s 35LEinahel reatpydohsc b bneel to finywlerein

Chd 1By L KO ¢hivhesEdly 5Pethé“%?éﬁf’é‘a@fﬂeﬂ9e the h%drogen flow

pretreatnent i1s_In each case 120 s durihg

prate ekl negduee@pto D0DFD0DEBOE/ Ki 28 6. The rret hod as
clained in any of clains 1 to 5, wherein the duration
of the pretreatnent is in each case 20-60 s during

- cEtd PRI ATentaied. in any ThE GRRHBY hstel &i n\élale}f‘ﬁln

?cE]Wrmg f&l@é [@eé?rﬁ@tﬁteﬁh\ff@f et e Ifglﬂétf@a’&rh@nt hi mdétf@ga?é
e retreat ngn e rogen ow ce 0
OESUEE A TR 0B, b SRt HORl CRAEPSF it 1&‘?}0 ai95§ Cel ai

1to 7, wherein during the second step of the

- o] FonPHoBbelig m SERVORLA bfY protheingL Lheon wafer,

e twbxi e |y @DB&@@nSwéf@@ntM@Eemas Beem npabhi shed on its front
LSO R  SLed Nt Dag, 0880 £2 1 Shele OO E5x 0 20hctor, and is
pretreated in a first step under a hydrogen atmosphere and
in a second and a third step with addition of an etching
medium to the hydrogen atmosphere, and is subsequently
provided with an epitaxial layer, wherein during all the
pretreatment steps the hydrogen flow rate is 1-100 slm,
during the second step the flow rate of the etching medium
is 0.5-1.5 slm and during the third step the flow rate of
the etching medium is 1.5-5 slm, during the second step an
average temperature in the reactor chamber is 950-1050°C and
the power of heating elements arranged above and below the
susceptor is regulated in such a way that there is a
temperature difference of 5-30°C between a radially
symmetrical region - encompassing the central axis - of the
silicon wafer to be epitaxially coated and a part of the

silicon wafer that lies outside said region.

The method as claimed in claim 9, wherein gas flows
introduced into the reactor chamber by means of injectors
are distributed by means of valves into an outer and an
inner zone of the reactor chamber, 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
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side is placed on a susceptor in the epitaxy reactor,

20 Jos 80 Al eated in a first step under a hydrogen
atnosphere and in a second and a third step with

addition of an etching nediumto the hydrogen

at nosphere, and is subsequentdgy 20 provided with an
epitaxial |ayer, wherein during all the pretreatnent
steps the hydrogen flowrate is 1-100 sIm during the

d_ st. he fl f hi di o
G SR o T AR R T S B L TRb Pt of
e tet ecdtinmen treski epm tilse 1d e t5r Shuny i aluro Mgt hdnee selriomgl wé¢@pum in
L th t hamber i
o S A TR aer o/ Deatd rig o1 Dbt o ar r anged

above and bel ow the susceptor is regulated in such a

11.V'far¥e tnl[@;hé&ea(dsecjf A fined SRS Y %dégffé,e%ﬁeféié'@ 1 and
bet ween a radi a Yy symTetrl ca region - enconpassi .
tHeer ehtofal thaxipret pfattenBaee | it ealaf@rse oo bkected in a

Lo &l Ly t1pfotde silicon wafer
tqﬁéatﬁ%%l%sd oeuf%{d%s?gg%%n.%%ﬁhe nmet hod as cl ai ned

inclaim9, wherein gas flows introduced into the

12 [BRE Rl R e - Y1 @ NSh o 14 fth eC1 O $he APiR $tep 1 and step 3
di stributed by nmeans of valves into an outer and an

i herhe e toicatre e At rit el rcase chf focked nbn gas

flipd Matdhe HHpE FPNEDHEtso OM S T€gi on around the
center of the silicon wafer and the gas flowin the

outer zone acts on an 2009PO0058DE/ Ki 29 edge region
13.0fhd heeShdd COH Bd Bfied &Ml dry the d¢hdimls Predreal Mérein
step, the distyibution of thf tching nmediumin _inner
P it HRnk2RY §4ep 2 (L BN pr t’iﬂ?tr'ﬁ%“%t%%ln%%dmgen
cf eowechtd +4 a@0r 0 o$1d0, wherein step 1 and step 3 of
the pretreatnent are in each case effected in a
tenperature range of 950 to 1200C. 12. The net hod as
14 cTtee mesithod cd i ai dilmedvhiat e¢ ha &t ep3,1 windrsiepd3ridd step 1 and

e 2t e e a0 SRR ASaRe ik hatasts 40-

cb@igdd. in any of clains 9 to 12, wherein

15.The method as claimed in any of claims 9 to 14, wherein the
duration of the pretreatment is in each case 10-120 s during
each pretreatment step.

16.The method as claimed in claim 15, wherein the duration of
the pretreatment is in each case 20-60 s during each

pretreatment step.

17.The method as claimed in any of claims 9 to 16, wherein the
hydrogen flow rate in step 3 of the pretreatment is
20-60 slm.

18.The method as claimed in claim 17, wherein the hydrogen flow

rate in step 3 of the pretreatment is 20-40 slm.

19.The method as claimed in any of claims 9 to 18, wherein in
step 3 of the pretreatment, the flow rate of the etching
medium is 2.0-4.5 slm.



during step 1 and step 2 of the pretreatnent, the
.flowrate is 20-80 sIm 14.The nethod as

20@?@?%@%@??}%}ain113, wherein during step 1 and step 2

of the pretreatnent, the hydrogen flow rate is 40 60

slm 20 15. The nethod as cl aggred in any of clains 9 to

14, wherein the duration of the pretreatnent is in

each case 10-120 s during each pretreatnent step. 25

16. The nethod as clained in claim15, wherein the

duration of the pretreatnent is in each case 20-60 s
20 dDhengethold aprelatmédenh shgpofldldhmsnet hod1l8s wherein in

clLained i f clal 9,.to,_16, ereipn th .
nohPBoanoh) S0, BFethRbERenc s she; £E0) ErPet PR AHS; gtoning
20e8hum| s 380FheOnelihod as clainmed in claim17,

wherein the hydrogen flow rate in step 3 of the

pretreatment is 20-40 sIm 35 19. The nethod as cl ai ned
21 Bhanyethod| asnsl9imedl18n ahgreifncilaimst 8ptd 80,t Wherein

p t t f rate ' [ i
OB R8 ER =550 RaobER o kAo b RGN R pog od Tor 0
ctempedatnranynothel apastort ghambenhépePROrA028¢6p 3 of
the pretreatnent, the flowrate of the etching nedium
IS 3.0-4.0 sim 5 21. The nethod as clained in any of
clains 9 to 20, wherein during the second step of the
pretreatnment, an average tenperature in the reactor
chanmber is 980-1020C



