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The invention relates to methods for producing epitaxially 5 coated silicon
wafers. Epitaxially coated silicon wafers are suitable for use in the
20&2RIE63GRESKiIndustry, in particular for the fabrication of large scale
integrated electronic components such as e.g. M microprocessors or
memory chips. Starting materials (substrates) with stringent requirements
made of global and local flatness, thickness distribution,
single-side-referenced local flatness (nanotopology) and freedom from

de&%&s&’sf%&r%&ﬁwﬁ{r@@mﬁﬁm@%@é@lo@ﬂﬂa@e%ﬁm

relates to the entire surface ot a semiconductor wafer minus an edge
exclusion to be defined. It is described by the GBIR ("global
backsurface-referenced ideal plane/range” = magnitude of the positive

Thang-Argative-deviation 20 fepma-hacksidereferencrd idpad planextos the
entir froTt sige (%J‘E}rtngj:ssemiconductor wafer), which corresponds to the

0 ("f'ojtaft%la(ness variation") specification that was formerly customary.
25 The LTV ("local thickness variation") specification that was formerly

Ep Custoradrysis aesiadhysidesignateslfaccording touthe 388 | Standasd byn the

semblRGSite backsurface-tefetenced. ideal planeangeh = ragpitude obthe, ¢

positive and negative deviation from a backside-referenced 'gjeal plane for
la5RSndthal S0 oM AsEnCaRR G e et dIRTEREIoN) &Td Coftésponds
mi t ther GBIRsor BT ¢ 0f lsesemponbnpare 5 sitdy nBhegferel ad Bontrast to
(st@@@éh H@M@ﬁ-@}@@l&iﬂfﬂ@eﬁ@l%&@@@ﬁ@@ﬂémm&dgi@damuhem
wafer t is to say,for example,to segments of a a ri - ror d
T e L o e

LoTpd hHaRFMARSIEGEBHeR) Vele SEIRNTE LpReiicShR Makifmim SBR

revaluedar e camponenharaas: laketrinto ascount on a silicon wafer.
2009P00058DE/Ki 2 According to the prior art, a silicon wafer can be
produced by a process sequence that essentially com%rise separating a

Glghife EARERTTSITCOhARTT Waers o fiiting the Mddani ly*séhsitive
coedges of theaSiticomwalersataegirg 5ot epiabrasiveostepstichess It is
degl@'@fiﬂ&ﬁgﬂga\ph@m T_@i%?we@‘mawﬂﬁﬁmkgibgéﬁﬁggmf ria@@ngﬁjim
roduced by, the polishi tep Ich ma rec o QP Vot
D18 eLGAG Siep BN Toruotng Mot TR aost AT e gy o
frpﬁp@nmﬁgksidemreferenced 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
SBIRpax sSpecifies the maximum SBIR wvalue for the component areas

taken into account on a silicon wafer.
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~.In the.case.of polished silicon wafers, therefore, an_attempt is made to...
achieve the required flatness by suitable processing steps such as
rinding, lapping and polishing. 15 However, the polishing of a silicon
2@%8\%[? Wg‘f@es rise to a decrease in the thickness of the planar silicon
wafer toward the edge ("edge roll-off"). Etching methods also tend to
attack the silicon wafer to be treated tg a greater extent at the edge 20
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
aceReavely polished siiegp wafer isthinnerdp,ihg septerand hengd quced by
increases in its thlckne%s tgward the edgi. Silicon wafers polished in this
2 REYTRER have S ifdsSPed GeareksEan HickARES bRRSInTRER Gidfifod
slagde regivht 2 DE 1 99888A0 Cliddstrietedepositinga inenddrgstalline
melaiyen 08230 nonsesysialivesiicon wafarsewbich:layar isanads of Silicpping

ith th stal ori jon,.a so-called epitaxial layer, Such.an
Ou\gpigé{xigﬁ epgsﬁt?{)r%%tegi?égt?gua I?/ r%ée ég %yéé?oé% P%ggalyﬁgg ‘l"rnegd by a
Podd@48%:g. DSP (double-side polishing), 35 final polishing such as CMP
(chemomechanical polishing) and a cleaning step. DSP and CMP
Thessaniially differw-dbat a splter polishing clathisdised iInEMBand i g step,
hg%%mfanlgl o&l%/gthe %%%Séde_o t_he s_lllcon wafer is polished ina haze-freé c
Hanner Y2059P36 IKICHIMERINGPY BDE $00588 71 AF HidtifsesqeP for
refrRtied fotsroduerd asiliconlwateyvith an@épltaxial fayey depositedpht ies.
its front side, said 5 method comprising the following process steps: (a)
a.stac o] ishj tep. alishing step; (b)(hydrophilic
B R AL Ch N
sofSsifiCort Wats &t & dmperBtiFe o 656 191250 Igieds TRiSiuBTR RS S ing
stepitaauhrescton andi(d), dépgsition; ok ad gpitaxih iayer on the front side
of the pretreated silicon wafer. It is customary, in order to protect silicon

wafers frorR o _— : :
However, the polishing of a silicon wafer usually gives rise to

a decrease in the thickness of the planar silicon wafer toward

the edge (“edge roll-off”). Etching methods also tend to attack
the silicon wafer to be treated to a greater extent at 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. B 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 laver on
monocrystalline silicon wafers, which layer is made of silicon

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

Such an epitaxial deposition step is usually preceded by stock
removal polishing such as e.g. DSP (double-side polishing),
final pelishing 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
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15 particle.loading,-to subject the.silicon wafers to a.hydrophilic.cleaning. ... e

after polishing. Said hydrophilic cleaning produces native oxide on the
front and rear sides of the silicon wafer which is very thin (approximately
zog%gﬁ%ﬁpgéﬁénding on the type of cleaning and measurement). This
native 20 oxide is removed in the course of a pretreatment in an epitaxy
reactor under a hydrogen atmospheres(also called H2 bake). In a second
step, the surface roughness of the front side of the silicon wafer is
reduced and polishing defects are removed 25 from the surface by usually
(~smallsynaynts, of an etching medium, for example gaseous hydrogen
chloride (HC1), being added to the hydrogen atmosphere. Sometimes,
besides an etching medium such as HC11 a silane 30 compound, for
DE k8t éitarfd (SiHi): Bithfordsiiaid pSiHZEL DT fieHidresilané {Teson watfer
wiSHHEA 3ot tetrdctilofosilane (SEoHA) tslalso addedrtoothe hyidiegesaid
me BHBASRRARESINAMAMt sYeh 4hat-sjlieen depasition,and silicon etching

removal are in eg&lunitétrium. Both reactions proceed at a sufficiently high 35

(2 tedetitrifalte HBNETer, B8 thal difleor brtnaSsufat® BIdbit 5Hd heP’

(b surfagd iopiobiled ahdadefagtsare remover of tHdisugadeécon wafer;

(c PO2ROPOREREKI 6£R?1%y,ﬂ’@§ﬁf@r%z@ﬁb“@@@ﬁé@ﬁﬁﬁ%ﬂ%@f%ﬂ%ﬁ: a
C ctor.ingdustry for eposition of. an epitaxial layer on a silicon

tel\%ﬁa%r?(%g%u%e%griggg ir:{ ?heg“ %ﬁgr gﬁ.gsé%grir(\ggeg Jélozgtir%él or e%%éﬁ%}ﬁy

re3fdifar ondt more silicon wafers are heated by means of heating

{d sodmess praferakly byrmephs ot Lippel apddower heatifig sotirgeigjéonf the

pre¥xample laraps or lamp hanks, and subsequently exposed to a gas

mixture, comprising a source gas, a carrier gas and, if appropriate, a W
doping gas. A susceptor, which comprises graphite, SIC or quartz, for
It examples tseees asiasogpern férothersiicorwaldrinenproces shinser of
pathe epdanpEraalgr. DWing:-depasiton PIaerss, dafbesilicorawater
nyolEst 19{11{{1 s susceptar or in, |Iled-<iut %ornopsgf the susceptor in ordelr to_ .
yeng rea unifor%%éat%gaang] fo ?otécsztt e rear aé:lLdie ofyiire gltﬁéor% wa er‘?amng

PrEAYARENRALANG tREEAE iyiayBR dépBEftioANAoRPiNe StiHeE k. the

silicon wafer which is very thin {(approximately 0.5 - 2 nm,
depending con 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 (SiH,), dichlorosilane {SiH:Cl.),
trichlorosilane {TCS, SiHCls) 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, sc that silicon on the surface is
mobile and the surface is smoothed and defects are removed on

the surface.
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s of the-epitaxy-reactor are-designed-for-onre-of-—

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
20@88%&15§P5g)§?nm, single wafer reactors are usually used, wherein the

silicon wafers are 25 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, SiIHC13), by
Epincoxporadingancsadjusiing gasdnlet e vices-30(injectbss), by chianging
seffiedanRsiion temperature ek else by modifigations 19AheSUSSERIOE; Y 1ayer

epitaxy it Is furthermore customary, after one or more epitaxial depositions
ONof SHicbHRAfera ffearty SutaR 35 ek Ring trEafmERt SFtha stsceptor

without a substrate, in the course of which the susceptor and also other

Du@%gg F%é%% @g%%%%c_ﬁ%mﬁé%a@ﬁ%% 051_,8&115_9{; deROSis. more silicon

I € _production .of epitaxia ed sl I
wawrletﬁSgo‘;‘\‘o]'ﬁdeg o%agfﬁgtn%%snp%%\gfgs (t)c()% bge&%égrﬁe@gd%gi%% %’si c'cre%%gs@g% By by
me pfehtivhedRISIVE B IR 6REdRIRAY pBfisted SHiEoR¥RdtRlfs tamps or

1atisualbnpresent dsdhe sedystratel in dlve eiod att afteg Stheepitaxy, the
cofiobaltiatnessand-alsothe local flatness ofthe gpitaxially coatedsilicon., a

wafer have usually detefiorated compared with those of the polished
dopifiegn Sfer. This is associated, inter alia, with the fact that the deposited
epitaxial layer itself also has a certain, albeit small, thickness irregularity
A @@%@&%@h&@ftiwmiprthm@aﬁ_ 5 yg%% E@gameﬁtioem aﬁzerajiwte:;ljiay@o&f
varying thickness (e.g._higher deposition.i n ositi
e ) P S LT e (8 pocess
chrigrake Yol ished YidorWafes 3P thiwa) Qs fo FRBIOTE ey IEBQCcess

thiateeds obthe sifieon weafes ionot-tarsidersckipithe epitaky of silited-out

podatersssipeedhe thickpess reaulariy,efdhepitaxial jayer hasiteo@Yheat ing
within defined Ilmltl_sx in order to,saa\tlsfy cugtomer requirements. 20 .

and to protect the rear side of the silicon wafer, on which

usually there is no layer deposition, from the source gas.

The process chambers of the epitaxy 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
iayer thickness can be improved in this case by adapting the
process conditions, for example by optimizing the gas flows

(Hy, 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 alsoc other parts of the

process chamber are freed of silicon depcsits.
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5 5339-B4-dliscloses amethod for pl’uuuullg epitaxiatty coated
silicon Wafers in which a multiplicity of silicon wafers which are polished

front sides are provided and are successively coated
zog%Fﬁgégﬁyéprf eEach case 25 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 undef a hydrogen atmosphere at a first
hydrogen flow rate of 20-100 sIm in a first step and with addition of an
etching medium to the hydrogen atmosphere at a 30 second, reduced
Thhygnogdnftownatefok®.5t 20 s Iy asetond stépiismsubsegaeatly Ebhtegrod
g16Biaxialy epdisspelisheskfrent side apddsiempveddramithe epitaxg, as

menecacto A gmo!oan etchln%treatmeﬁjt of trhec%%%c )p]{%r ? fggthg%go%eﬁq%%tgdwaier
ia ti

ih-each case ahef a specnfcc number of epitax
3_5192@@@@53%'9?Banme%ﬁsé@%c%%%tﬁﬂ%onwa@%a%b% froht sicet Fer
thandpireas gjde, ehereim af [ebbh its front side islpalishied dnctan epltakiaéss of

th@y%i&%@'é%%t leaston 'Ls»l29985’099%@95{!2%ff@@hﬁt@ﬁyaagﬁfé@%rated
has ‘a global flathess value GBIR of 0.07- é)éné relative tp an e

CO@?&E?%nwdf@ nﬁ%o*?ﬁe%%n?&fraﬁeé& ety SfthiE eplgag(wﬁly
aseoatedB:dilicon veafes FsultsHfid thbefaétam*at the feduttionssfapéted

ephydrogen floywy sateiindbe secopd step of thesprefieatmentaith addition of
cpadn ketchlng medlu mal eg |t dg n?) |ng tgﬁtch a%q%& %?1' atdhe edge of
ted ma globally

& sificon waferin a targ nner and to level the silicon
wafer actually before the 10 epitaxial-coating step. Dlsadvantages of the
Thmetlege ater that althoughethetredileéd hydeogertflowratenintéhsifiégatdses (e.g.

m%&n%@ eetiatibg edge pithehnlishednvatersthegasflow aver he the edge

semlcon jcg)Jctor wafer is not laminar. This mlgh |mp% e further

PEHRiZARibRE thE g?&lglﬁl?latfﬁescsogl@% St posseblecg]Bfﬁ'va Eof X
o fo 'ofrepmcclamh@ﬁurﬁmamoo&o‘@sm ws@e@/@m’z@dﬁ A Bfscigyeseve
than @D&B&K reactonwiuch @rm@egar_ﬁe&em gas ewsdn @so-calied Yapes in

O%e h%%ﬁg,so C%'keﬂc%ﬁ%ée%% &' For gwafernhaving éﬁ@@gt%%fﬁ%omy

inner zone" is specified as a central regign of the 3 ,
ke HRRAG & I amEReieGt f@ﬁﬁ%ﬁ@@éumgtaﬁhe it gla@“ﬁ&ﬁs #f
ortdi}@rre‘actozfa$mféztedlbysmamgrté@mammmtef the gas pipes; thus, e.g.
reducing the pipe diameter also reduces the gas flow in the direction of

D B RO Adpied WA IR " cRASF 6 Ao g et o eekially
COoREATBeHTM ¢ED @@ﬁﬁj‘-’réﬂs e A optHERdsitddArehbibraforh Mgty
wafers which are polished at least on their front sides are
provided and are successgively 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, is subsequently coated epitaxially on its polished front
side and is removed from the epitaxy reactor, and an etching
treatment of the susceptor 1s 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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iatertats-tre)—As-an-alternative;-fer-eentrolling the-gas-flows-it-ts-alse———
possible to use so-called "Mass Flow 30 Controller" or similar devices for
lagi low. The gas distribution in inner and outer zones is
20@%%@%%@%6%}%}0 in 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: firgtly a range of I/0 = 0.2-1.0 during
the epitaxial coating and secondly an I/O of 1.0-6.0 during the etching step
(substrate pretreatment). 2009P00058DE/Ki 7 US 2008/0245767 Al
fratigclesea methodhinakhichsa eontaphinatetietdamagedlage GOk of
0. cubstrate;is, repaqvad by means,otag£teRing easdh Qrdep togncover a
substrate surface. This cleaned substrate can subsequently be epitaxially
coated. The flow rate of the etching gas is 0.01-15 sIlm. If an inert gas
Thejrfertwrk 28dpEdtto IRESUIRAAES matedal 8iF o) strehlas, frated
s i pactcular fyeregem ot elserpitrogies, asgon, ttelitint be the tike: tsi supplied; he
nydigdew rafedhereot is 10.1510Q sk, fhe tempepatiig of the SUBSKRIRIS i tn
600-850C. 1.0-7.0 (5/5 - 35/5) is specified as /O ratio, of the hydrogen
294l s SboFo Gt Al BRI SRS g RS THitkFedSof Ay 1522 Y
matepitagiallg depositeddayortby hegathig dfe gas elisttibutio vy gatisgemanner
and@nEbary buteRr1ZoneL Assmegtiongd Bhove, haweyekdhedeppsiionekathe
p {RigkeL SRRl yerin fne eanterof e cancavely polished sicgnuafgy,
in order to compe sate fof the initial geo etry of the poflus e_of)wa er, is .
alihrurBbleisineE Poqhe Jpetimetonioitie Tayér thitkpressregtlatfFofitel 1ng
ef bpitaxmat layer vealgdd thérellyebeexdetded wHTe priot et indicafdovwarous: the

semPlUignroutes forQitaining ap improyement ity the.geometny, Qfdhe rurther
substrate, and/or the 25 epitaxjally. coated siljcon wafer by means of a.

oD LB EnIDE oF IR PlacUeals BantARY diiRoREE or B EARAR:

GBERepkaane duifingthd apitaxda deatingnHBMWeler 0ha0kopd8ed methods,

as described above, are

Us 2008/0182397 Al discloses an epitaxy reactor which provides
different gas flows in a so-called “inner zone” and a so-called
“outer zone”. For a wafer having a diameter of 300 mm, the
“inner zone” is specified as a central region of the 300 mm
wafer having 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 avaiiable from
Applied Materials Inc. under the name Epi Centura Accusett™
(Epi Centura is the name ©I the epitaxy reactor from Applied
Materials Inc.). As an alternative, for controlling the gas
flows it is alsc possible to use so-called “Mass Flow
Contrcller” or similar devices for regulating the flow. The gas
distribution in inner and outer zones is designated by I/0 in
UsS 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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isadvantages-and for-

at aII for |mprovmg a Irkewrse frequently encountered geometry of the

» u%b éé\aég eprtaX|aIIy coated, namely the so-called "sombrero" form,
inth é é‘ sombrero” form is distinguished by the fact that the
thickness is increased both 35 at the edge and in the center of the wafer.
If the total thickness of the substrate is7plotted against the diameter, the
thickness profile is similar to the form of a sombrero. 2009P00058DE/Ki 8
Embodiments of the invention seek to offer a solution to this, too, and to
avoid the disadvantages of the prior art. According to the first aspect of

U§h§d%‘?@tﬁfb 1herenis providedsa methaddarprogucing sranepitanially: nated
ted srlr(ig waferolg which a srlrcon wafer that ha(f t%een ollshed on |ts

fro it side %‘%%% on aasug’s%egf)ﬁ:}:r&ln?he Sép)tg%cl}‘{eactor/ iISp e‘t?eated ina
etfﬁbmfépqmérm ﬁyéﬁfgetrpatrﬁ@@pr@reaamlﬁsé:§éé@n@aﬁa@ﬁwdl?§té9
cwith addBighsefrant etehing mg@@wmogpmmmp@pmgrezd&@m iSThe

fl%%%%&”% nrggldggawg,%ng%qt%alda -yheseln dLHE“Qa‘iP 1UISL8ePa
urln%ge second step drogen flow rate’is 20-100 slm, during

Utﬂ%%‘ec A fRRFSteR tE’éeflc‘i\‘/tPrﬁFefBFfﬁé‘”@tEﬁﬁfgaﬂmoﬁrrﬁ is Big4aen)
swglin, deringrthpasecbondlstep fusthelmere ar avdrsgentemparaturesdn gos,
ha€aGtorckd ehamperds 9304050G and ttaﬁepomrpftte@éingwée@eﬁt%

ré%n%eLd ab%e d below the sus tor |s S %l,élatetd |n 3%@/

t ereis a’temper urgdrf?‘erence 0 5 ween A radi I symmetrrcal
1 -RgiorP- éAéompaising thé%éﬁ?éfﬂa&tsedoﬁﬁelg‘@cwm% gde hydrogen
f lepitaxially coated and a part of the 20 silicon wafer that lies outside said
region; and during the third step the hydrogen flow rate is reduced to
Im.. According to the second asgec t of the invention, there is

052 HATH by ARG S Gy bbb AT St 2
epwfichie 25 siliteprowaferdhdtias beenysalished omoitd frenysisleds ptavdeition

irOA SUseeptafriA the epitaxy reaetor, s Pratkeatesiag Hist step adear, the
deg;/ ggeggtgrgsghlefé %Q% in & secor lafitnqae thlrd steQ with addC|t|on o% ap,

|ng medium to n atmosp here andis s sequen y
tbekrfwﬂﬁJahsét@tiaﬁarlemyéra&ﬁére.ﬁiau%@edtr ffe Srefieannehe for
thsteps the hYdrpgensfiow rafe isht 1:001slst eldring ibe secondrstep thdllewsince

th@t%ﬁfeglefg@mgaﬁ‘e@fu%'é G: 3% 2 sim and during the, third; stepdhe flow
rate of tr}[ tchln al%r] s 1.5-5 s% durln the second stepan
ep&vearaés u"l"é’ eea?c‘tBP/ chamB&r e&'?(ii 35 1050C and the

power of heatlng elements arranged above and below the susceptor is
THegplated ik sduch aaway that there is:a temperature difference f 503 3G ining

arDemeenaTadialy symmelicals ex-igggno@nrfﬁ@p&?é@&@@ecea}woa%'smgf
the silicon wafer 2009P00 58D
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
assoclated with other disadvantages and for example are not
suitable at all for improving a likewise freguently encountered
geometry of the substrate tc be epitaxially coated; namely the
sc-called “sombrerc” form, in this way. The “sombrerc” 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 cof the substrate is plotted against the diameter, the
thickness profile is similar to the form of a scmbreroc.
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9 to be epitaxially coated and a part of the silicon wafer that lies outside
said region. Preferably, in this second method, gas flows introduced into 5
aber by means of injectors are distributed by means of

Zoﬁgﬁrﬁrgﬁégter 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 ouger zone acts on an edge region of

the silicon wafer, W and in the third pretreatment step the distribution of

the etching medium in inner and outer zones is /0O =0 - 0.75. The
Enibyéintiensmakes usecafithe dast, intefralia, ibatithe remeyaldalesdydingoid the
disgg&tr@;%% 01;4t e silicon wafer with 15 hydrogen and/or hydrogen + etching
Medium are t &%Ké%t%%-dependent. The radially symmetrical region -

encompassing the central axis - of the silicon wafer is preferably a region
Actraving antlexfent 2 ef biB0 immnibierdiametesoidha slaen WaTBFdSucing

an 38Piromx By Wy ©f exagpie a eBsulan irgion having.a diameter o ctt:c%ﬁlgnroa fer
ero

invQlved, idpoint of which corresponds to the'cen

th%&%ﬁ%&éﬁs i'g“ é?é%é?r%‘g é% oé:,ﬁwoé'h‘tts 8%??1%) BtRIRCAEC S to
SUIfERNENtich dfaSISRdPtheRsentent slaims it isgssential o therst step
undevertionysadgem mmusbhémle&ﬁﬁﬂ%@cc@rg@gggﬁh?g{ye&]ti@g@% g@ep
wid inper e_center of silicon wafer an
R Erep (haniin Bt T e TR bl oRenporonere,

(‘fgwgr) haniHaf oBET THBYctidt hegBn ok atdedntisfthe, wherein
dunhfperhturé Hependsase ohthelremaoval rhte, thishas the $ONEREUBREE- 0 gen
“1chattheeniaierstemovlis, highes sifiara the B Janeraensonip He. oo 1

0 i

10 ia. Thus, the convex or.concave ipitial gegmetry e polis
wa%%n%bl%e E%%nté??c}%& ,gth%egciéﬁéq g‘esor# ét%" ?T'?\/,%’BJR?%&% the

- SeGRI o FEFRNEL AR BATE iRk AR Adted Sitiopr neferkavingigeodreactor

chagésmetry 20@99@@@58D5ﬂ61£h@0p6ﬁE§(5¥1Hé@ﬁ%ﬂ%e@lements
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 ig reduced to 0.5-10 slm.

/mmmmgwme%mmd%m%oﬁthmmmemmme%damwmdﬁr

pProducing 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 sim, 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 850~
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
reglion - encompassing the central axis - of the silicon wafer
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The method according to the invention shows that the temperature range
of 950-1050C is essential for this. 5 Therefore, the second pretreatment
5 OE@% |qu% eéP%tlhods according to the invention must be effected precisely

it ?s temperature range. The epitaxy reactor described in EP 0 445 596

BI, for example, JO is suitable for carrying out the method. It comprises a

reactor chamber, determined by a reastor vessel having a first dome and

a second dome lying opposite, which are mechanically coupled, a holding

device for holding a silicon wafer; a heating device for heating the
tosbmictriduetdrbafer cwheeginahd heatingtdevice: 18 cohlprises: @affrst that

11 Beating sedeces yehich-is;sitliated outside the chamber and is arranged in
such a way that energy is radiated through the first dome to the silicon
wafer; and a second heating source, which is likewise situated outside the

Prefghpel Bnddis affahgedSRi QUENE WS that 8fiefgy TE Tadiated P6qRFoudH ©
t htherseconst-demearodheisilicorewafer f and per agasantet @nstalifiett ed by

m@@ﬂ@a@@%éqrxﬁ_@@%@!?ga&@w@FP_ %Cﬁim%fl@@d fenevacuating reactor
ases from %gd hamb(%.E The heating of smﬁeon wafer and susce@tor IS

h{rEfore TLCAIY 28 e fdtied BY Heatihg Slehntd Wahgdd shéle Snd™ 2
regélow thecsustepior. IRI&MpsHretingolvedin s walewhas utingy gas flow
inCameerdionak epiiaxy reactorssueh agdle kpy Cantwa from Applietbn wafer,
anMajeralg. cl. = 0 gé‘ée%‘%%?ém%%@ 'é%‘? GqfLbg Artangedin g citgulap
fashion, for example. However, other 30 types of heating elements are

etaldtbrtei/dble 1 ddiifidn AP OEiBle1B e gulte tHE poWer of thel ° -

heating elements separately from one another. In the case of the IR lamp
Theaalfﬁ;éhi@msfmé@fdg%t the m?{]”@é@@weiféeiﬂ aaiailggtea@@naﬁé

onto an inner region,of the reactor cha r and separate épllgltare rom.onto
B Ctler P O earla bt 200aPOOGROE RIE L o)
hydrogen and/or hydrogen + etching medium are temperature-

dependent.

The radially symmetrical region - encompassing the central axis
~ ¢of the silicon wafer is preferably a region having an extent
of 1-150 mm, if the diameter of the silicon wafer is 300 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
conseguence 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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The temperature difference - which is essential to the invention - between

inner zone and outer zone can be realized through a suitable choice of the
208@‘@’568%@%?&@“9 elements which influence the temperature in the

Inner and outer regions. The temperature difference between regions of

the silicon wafer and the choice of an average temperature of 950-1050C

in the second pretreatment step in bothtmethods according to the

invention are therefore essential to the invention. In the methods

according to the invention, firstly a multiplicity of silicon wafers which are
prpokstckat leart b theip Yot Side are provided. 15 For this purpose, a

silicon single crystal produced according to the prior art, preferably by
ThelY6RIE Avllingacearding to Czachialskl, s saw, it adpultinlicty of

silicon wafers by means of known separation methads, preferably by wire
ERGFEHIER e BEILTy" 5P DARGSd graih (BRRBAAWrcho20 ot
ThEudfermore; rmeckanicdl proeessiayrsteps atepfféotde; sucheishods
acsequantipl sinagside gupdingMethad 65 3@ ksinuitapesus soublersiden s
teﬁ‘rérégcingur]r:lgthoadns gdouble-disk grinding”, DDG) or lapping. The edge of

Sificon wafer f?‘ncl‘uding optionally 25 present mechanical markings

such as an orientation notch or an essentially rectilinear flattening of the

Theiliepri water edge  Hlat=ge genesaliy:pricessed asHwéll fadge rourdingple,

is &dgeeaptch EH&'P@Q'QEQA%%“%&W@@%HEQW €R%es a reactor
comprising cleaning and etching steps are usually proyided. After the
ChGfRihe, HRAHIAL SRA ctehiRg SIESE, The SEPRED OI1HE Michn wafers fome and

a smoothbdibyestdakiramovalqblishingyvi G5 theedsedisiigieldide coupled, a
noRQiSiNG£S8R), gilicomyrdersaare hald thsinguprosessingrantheneadsidee

on a _carrier plate by means of cemen yac I e f . :
Rao T e ta STUBES e Bikhng B3 B aerdag, device
COREHBAS 2000POBE58 BEMILLS |G¥eRF fino Wthfiftooth&d bkt gy cutside

thpoligtrdben the frons aad reagsideisinsitanesuslyyin thataneee Hipating
rafigalyefetwesn &n upRerand.a lowgepelishing plate cavered with,a ang a
polishin c%_?lh. The front S|dehsiof the snic,gfn wafers are th%n _Qr%f{?{ablé? the

secall haa lﬂg s?urce, W 13 lLEewise Il Ha ? ﬁl
polished In a haze-free manner, 10r exampie using a Sott po |sh|ng Cclo

chyatthefie 20 of BnaRARNESSOlIShiFE S8, in Brdkribadbtarehelatfesagiated
thihesiicamwaersprodicsd ups the silicon wafer; and alsc a gas

inlet and outlet apparatus for introducing gases into the
chamber and for evacuating gases from said chamber.

The heating cof silicon wafer and susceptor is therefore usually
effected by heating elements arranged above and below the
susceptor. IR lamps are invelved 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 concelvable.

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 conto an inner region of the reactor
chamber and separately therefrom onto an outer region of the

reactor chamber.
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10 to this step, the material removals are relatively small in this case,
preferably 0.05 to 1.5 pm. This step is often referred to as CMP polishing

cﬁﬂgm - ical polishing) in the literature. 15 After polishing, the
2Osi |con%vg§f%%

are subjected to a hydrophilic cleaning and drying according

to the prior art. The cleaning may be performed either as a batch method

with simultaneous cleaning of a multiplicity of silicon wafers in baths, or by

spraying methods or else as a single wafer process 20(single wafer

cleaning). The polished silicon wafers provided are subsequently
Therdteagteddhdivid udlly s eachecasexdh i e pitags reactdr R5CThé he
in’ﬁé%lﬁqaimentﬁ%ﬁﬁ@@rﬂéﬁﬁﬁﬁﬂﬁ%s ardeeatment ofaﬁ%siﬂgalnwfgém@zed

rqgen atmaosphere (H2. bake twq treatment the silj watfer.

o e e nencs
whgthing: fletfitirfis PrefdraBReRydrBgen Chidrde (Y. TRE pRatFetmgifi 2 ons -

in a hydrogen atmosphere and the two pretreatment steps with addition of

Théh&l '@Qéﬂﬁg@f@ﬁﬁ&_@%é@%‘t@}@é@ﬁp}@ﬁﬁg effected. inthe con wafer
econd method 35 accordln?qtto the invention, at a h drgg&glfg% g%te.of

ang 1 sl(r%i?sltgﬁdgrfd ﬁt%rap% rﬁiﬁﬁteﬁ?rﬁpgfgﬁa Lfff ©0%o0 sim and especjl‘élllythe

se praferanly Poe4dBRA L Insthecirsbnietiidd e Ebfling 46 @ thventisn, tHee

inhydrogen fow ratesiss2(:100simdnitha 120Q9RBC0OSSREASIiLhiirst and
second steps of the pretreatment and is reduced to 0.5-10 sin, preferably

to 0.5-5 sIm, in the third step. ‘ ‘ ]
In the methods according to the invention, firstly a

multiplicity of silicon wafers which are polished at least on

their front side are provided.

For this purpose, a silicon single crystal produced according
to the prior art, preferably by crucible pulling according to
Czochralski, is sawn into a multiplicity of silicon wafers by
means of known separation methods, preferably by wire sawing

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 c¢leaning 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 (8SP), silicon wafers are
held during processing on the rear side on a carrier plate by
means of cement, by vacuum or by means of acdhesion. In the case
of double-side polishing (D3SP), silicon wafers are inserted
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The duration of the pretreatment in a hydrogen atmosphere is 5 preferably
10-120 s, particularly preferably 20-60 s. During the second pretreatment
thods according to the invention (hydrogen + etching

Zoﬁn%galgfron%% e/ ow rate of the etching medium is 0.5-1.5 slm. The second

pretreatment with the etching medium takes place at a temperature of 950

to 1050C. In this case, the power of thig heating elements arranged above

and below the susceptor is regulated in such a way that a radially

symmetrical region - encompassing the central axis - of the silicon wafer
logspeepitsdally doutad wethading sdiamatepol 1 Foemnen -Bosmiyont and
redr1QQ AaMe1db0:-awe &6 4200 mm hasademperature inpreased by 5-3@Geen

relative tq that_par ili er.which |j ide the said.regiof.
o o T30 L pretehiad deni e T oty hin
clehtment - 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
Thoagjharlypreferred. 28<The paricylaradvantage of this mathed is that

gfte tkaa pretregiment steps the silicon wafer obtains an optimum form of
POme front sideor the suﬁsequeﬁ]t &ep’osmon of{ah%pltama sﬁ’icqn ?ayer ‘
poSiihe kv foilin i reqidal apdurid tifel 36 EbnteiT thesiRdnsnafer 17
origompessatethfor by thegretreatraéntoktheisiicamwalete s thesombtioed! up
ro2FROING [9,the. inveptien, theiinngr zone herglors qarresponds.q:g: 0 an

circle having a diameter of 35 1-150 mm around. the center of the silicon

Eh GRSl RB GHBP 28nd Cotrésponds R ring hiving ™ width o =150
refiamugdich @nconipisesithehdduye dilhensiiomrivatdrc Fhepe vbidang) in
theonrespenrd ta-ghe application of the invention to silicon 2009P00058DE/Ki

14 wafers having a diameter of 300 mm. With the use of silicon wafers of

the next generation having a substrate diameter of 450 mm, inner and
Af biferirohediddifpreibrbty bec ottt E5FeSHbRGERGEIatderdand
hytlikewisi Icorrespemndingly ssmalteryn ootheccasedafhsmabertduubgtrates sach . The
188200 or A0 amewaters. dberpyentionymakesrt pessible 9 ghpose

Ehibgd and %”terEQQGEQGpePd'”%@STEEG gl eo"ﬁets?(ﬂé%%s”'g%”rs in

S iPare IO Epitaxially ¢dated and, confequen%l%, fo d8fine &xacty where
baths, or 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 (HCl).

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 glm {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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M material is precisely intended to be removed. Preferably, therefore,
firstly the initial geometry of the polished wafer is determined in a batch of

ili .be epitaxially coated and then the corresponding process
Zoéegt%%%é\%rg g/e%'retreatment steps in the epitaxy reactor are chosen, that

is 15 to say in particular the extent of the inner zone, the lamp power and
the temperature difference between inter and outer zones during the
etching treatment in the reactor. After the second pretreatment step, which
influences the inner 20 region of the silicon wafer, a third pretreatment
figtep isralfevtedwhishdpsuitdblelin padicuts L fornimproving she gdonsstno
0.in-the edge regierwhishysconcaye in the,case, of gilicen ywafershgving a
"sombrero” thickness profile, and in combination with the second
pretreatment step leads to a global 25 leveling of the silicon wafer. The
Thip@htish roviaés e epsidiBities fidr the cholceisPErnthiremosphere is

prptstredimnent Sty Which ps likewisezefiected 4T aiyidrggen admosphere
with an addition of an etching medium: 30 In the first method according to

the invention, during the third pretreatment step the hydrogen flow rate is. .
DR FESL T S8 7 DR B Lo d e orStre AN RSB 881 (Fefrp B
towkile thafiehtdsme of hslsasding medigmiishaoreftersd, thabis tHi3%sagsise of

£he.5=t &hslay 2009R0068DE /i 15:preferably to 2.0-4.5 slm, especially
preferably to 3.0- 4.0 sIm, while the hydrogen flow rate can be kept
constant. In one embodiment of this method, alongside the increased flow

Thg raRFGFthePaEhintrBeiim it i alsd e firdd ialthe éiBhing hadrmr o at
a pesgesmto acdefined>egion b9 iHE 6dgé negibnof the siliconavaferér of the
nefideidodemavernaterial iy adargeied nannerdhsie and tinpLave the; <
reé%e\été(%glﬂga% gsegg?]etg.%\rlaqypsiqu:abé{y,rtg :EQIZ[.dLyp r%g%%t@n%%gtc%fpr%gion -
encompassing the central axis - of the silicon wafer to be
epitaxially coated and having a diameter of 1-20 mm, 1-50 mm,
1-100 mm, 1-150 mm or 1-200 mm has a temperature increased by
5~30°C relative to that part of the silicon wafer which lies

outside the said region.

A treatment duration of 10~-120 s is preferred during the HCI
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 cf an epitaxial
silicon layer since the convex form in a region arocund 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
therefere 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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temperature range of 950 to 1200C, especially preferably at 1050-1150C.
These temperature ranges are also particularly preferred during the first
208? t5%%tg§ ep under a hydrogen atmosphere (without addition of an
efching medi mJ). 15 By virtue of the fact that the HC1 flow rate in step 3
of the second method according to the invention is increased to 1.5-5 sim,
but the hydrogen flow rate can be kept£onstant, the thickness of the
silicon wafer is reduced to a greater extent 20 at the edge than in the
direction of a center of the silicon wafer. This counteracts the concave
wa geomeétaréhthessilidomaater infits3ddgewegitin tWhilkcat e EQ Flow: fte of
wa BRsimy(standargdditer pesmminute)25rang ag HC kilowdate of @igirdeslgrno
of'”ﬁﬁa%%ﬂ materal E%@P‘{:%lt‘fegb%ﬁ’eeg Lihe eggfe%fa@ﬁf%%%wgé%fn to be
(rather, the material removal is essentially uniform over the entire wafer)

CORTAIRA HEMbYalBFGS to 58D 00-KRtAhe UG SPIR-SiRGY wigr Ler in
theccarsca®a resalt beansntreasetinsthe @l 36 floWWrate tord. 5B skny thaters.
is to say with a significantly increased HC1 concentration, depending on

Ththe. duratié)f %f thekt;reatn%ent with, gel. g’ he %artigulal( ggganga}%e 8f %%tp sones
Methdds accc)ordTllr?g %5 the 35 Tiverition isthat afté the prelfreatmen?steps

depigilisen WafbFebtaiid- 4 bpiRamMaFermadt thefront Sidecforthéer to be

epstbsaguant deposiibreeban epitaxiah siicon Jayes siece tie silicon Wafehere

malSIEYSIRAID it edge ragion and the concaye 200RGOR0SBDELKILE form

of the silicon wafer in the edge region is compensated for by the thir

. h , d
EhE & F&HiRrent e ddmibinAfion with tHe §888W§ bretfdathidntPl s fiRhgg for
ispdssiblarforebe Sonsbreed tHickifessigrbfites todfe lovelad B itdpitaxially

coRREiCUATY adwantageous thalsbimpingg gpsdlovspreyadls asa resit ehe

pri eﬁgggfrlr?evyl{aéfegggtsIsi%re{%reab%lj{_%%tx%on:r_%%rgt N.couadhigdng irthae s
method according to the

to say in particular the extent of the inner zone, the lamp

power and the temperature difference between inner and outer

zones during the etching treatment in the reactor.

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 tc 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 fiow rate of the etching medium is increased teo 1.5-5 slm,
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invention, during the third pretreatment step of the second M method
according to the invention. As mentioned above, in one preferred

20@%%% Pﬁhe second method according to the invention, during the
hird pretreatment step, the distribution of the HC1 flow in the 15 reactor

chamber is controlled. This increases the selectivity of the etching
treatment and is therefore especially peeferred. For the Epi Centura
reactors from Applied Materials, an apparatus called Accusett'm is
available, comprising valves 20("metering valves"), which enables this
preffstibbtion bbtiie Pt flowl Thedrme of thel stchirrifmesivrn i$ distriButed
4 . ntg 1, innel padea onter Zanenofiheweastar chamber. Tepicambigdisint .
preferably effected by means of suitable software. 25 The etching medium
distributed into the inner zone acts on a re%i)on around the center of the

IngieBn ket SteatePdn Heis BT hat paREFHiAE etdifindg HhéqRRTe T1ovw
rawhidfisdistributedngtorthdiouter 2one »f disschamber adts-on antdgeetching

me89IRNS] dhe silicopivalescthat ito-say.dn Rafticwar, angiheredde80of the
, fegion. Overall, inner %nd outer zones altogtether corresporn
Si1Lli o] er a 10N &

d
. C ted ma
app%iXIr%aa éellfl t%I%he ‘%lze 0 %ersﬁwggnew%?eret{)lbe treated. Jt‘:e(:“jglstr?jbutloj?lner

thef thexBithiny HEiaitEb Sl cFORTel aRdBUtEF2BIFeS 15-0 to at most 0.75.
35 This ratio results from the quantity of etching medium in the inner zone

pc Y4 IRSPECt 19, e quantity of eiching MediumLin e QUerzeas: in »
2009P00058DE/KI 17 1/0 = 0 means é:gerefore, that the entire ftcfh%l‘g’%ﬁ/ at
e

CeRRSHARTIS RISENEENY Histibuted inf the ouRPBERE thay ISt S5

1088gé ¥&§ioh- offthessilicompaiert 0= RTE Sscarras pokingly Fvéans- sty
priveeRaitare sonducted ivorthg lanezenrABd dewbparsidtodhe plitegen
oD A e S e ey searen o

By virtue of the fact that the HCl flow rate in step 3 of the
second method according to the invention is increased to

1.5-5 slm, but the hydrogen flow rate can be kept constant, the
thickness of the silicon wafer is reduced to a greater extent
at the edge than in the direction of a centexr 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 HCl flow rate of e.qg. 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 500-7CC nm at the edge of
the silicon wafer occurs as a result of an increase in the HC1
filow rate to 1.5-5 slm, that is tc say with a significantly
increased HCl concentration, depending on the duration of the
treatment with HCI.

The particular advantage of both methceds according teo 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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difference is manifested with respect to the prior art, which prescribes a
distribution of 1.0 up to 6.0 during the etching treatment as in US

20&%’9&6%]%?&9&@ 15 The size of the inner and outer zones relative to the
Si

icon watfer ‘can likewise be controlled, most simply by corresponding
arrangement and configuration of the gas inlet apparatuses ("injectors")
that conduct the gases into the reactotchamber. By way of example, the
inner zone could be a circular region 20 having a diameter of 75 mm in the
center of the silicon wafer, given a wafer diameter of 300 mm, as already
fogesedbédn &S 2008/018D3D71A. iMtheeAth¢ atedrdirfy kPieensated for

by investion; the ner zonemdnpreferablyaotrespands id arcincte:hawiogra
praiameter of 4-29 mm, 1:90Q, fgaég%m,iﬁ@%amé#gmgm

greater around the center of the silicon wafer, while the outer zone
thigkeepsnas ef Aty having d&Tdhet1-20 mm, 1-50 mm, 1-75 mm,

1-100 mm, 1-150 mm or greater which encompasses the 30 edge of the
1t slicopyyaferin each cageahhase yaliesare likewise Rasedan giliean
oriafers having & diameter.of 300 mm. W) the use,af slicon walers of iy

nextlgeneratlon currently in eveloﬁmen andahavmg 2 substrate diameter
kept450naFENneridnelierrohekCalhibR gblisRtHErs O dré preterbgly to the
inchesantg 35ihe sgmehat targer fegt npatomde=200 srpornt-250emagcond

me£A0APQAA38REIKI 18 pipglines.janthe,inner and outer zones. The

quantity of the etching medium is respectively reduced by reducing the
line diameter. 5 In principle, the following setup is preferred in this
As enpodhvent oflive secdnd ATethod atesiding tolbeslinventiopftHe gagecond

meHaBlIde S8 Diigneans pé aiMass Flaw Cantiolles (MRE)dhatts able to

pr3T 2 eHcIae of Beiween 03 200 3,801 k8 AL AR t ipnibRsses
via a main gas line to two needle .

reactor chamber is controlled. This increases the selectivity

of the etching treatment and is therefore especially preferred.

For the Epi Centura reactors from Applied Materials, an
apparatus called Accusett™ is available, comprising valves
(“metering valves”}, which enables this distribution of the HCIl
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 cf 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 1is 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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W valves (inner and outer zones) and distributed there. The regulation is
effected by setting the valves (regulation of the line diameter for inner and

r independently of one another). The distributed gas quantities
Zoﬁgﬁﬁéﬁ%ﬁc{(&ced into the reactor chamber by means of an injector. This

setup has the advantage that automatic control by means of suitable
software is possible. After the pretreatrhent steps, an epitaxial layer is
deposited at least on the polished front side of the silicon wafer. For 20
this purpose, a silane source as source gas is added to hydrogen as
carrier gas. The epitaxial layer is deposited at a temperature of

7 /800-120RG wlepernging: 00 the siane sobece:nsede Bichidrosilare {TGS)s

IS, pref y 5! 0 : ti y p I
R R B e

theyghasal et 58 ushall'6. 55 b 050 Wi the HEPositidn 'of the epitaxial
cotayerptheiepitduialhe soatethsilicormhwederis remaoved feomdnetepitakpto the
inke]CtorAfena Speaifichuinben af-epitrdaldarasitienmon $ilicen 3mn lead
wafers, the susceptor is usually treated with an.etchi Him .
to p?efté%tﬁgrlj\?\%% E%f‘lfﬁs‘%r é‘lg%geﬁeé% thé %8%85&%%%%15' iC(v)?r%i %jei)%sﬁgebnge
regjgof example. 2009P00058DE/Ki 19 A susceptor etching is preferably
effected in each case after 1-15 epitaxial coatings of silicon wafers. For

wi {NS PUIRQSE he sRitaxially caated siliconwaier iseemoyed apdithecant
_substrate-free susceptor is treatec!éwﬂh HCltS Pre@%\bé}/t th)es|dae:~:tthewl,l:,Lch
A1 LHELEMOT shffaBa the 82 Proclss CRBRber i€ flSHed With hydrogen _
prehioritesin crdei &5 rémbvé silicoh depbsia. MPThe Budespil i preféfabiynd
+ rE9atpdhwith siliconafterdhe Susgeptor efching and before further epitaxial
processes. This may be advantageous since the silicon wafer to be

epitaxially coated does then not bear directly on the susceptor. .
The size of the inner and outer zonés relative to the silicon

wafer can likewise be controlled, most simply by corresponding
arrangement and configuration of the gas inlet apparatuses
(“*injectors”) that conduct the gases into the reactor chamber.
By way of example, the inner zone could be a circular region
having a diameter of 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
+he 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 guantity of the etching medium in the inner and outer zones
is preferably realized by altering the diameter of the gas
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15 The silicon wafer is preferably a wafer made of monocrystalline silicon
material, an SOI("silicon-on-insulator") wafer, a silicon wafer with a
r}éllayer ("strained silicon™) or an sSOI("strained

trai i
2O§iﬁ%§n&%5r%ih%§d or") wafer which is provided with an epitaxial layer, or a

silicon wafer 20 which is provided with a silicon-germanium (SiGe) layer.

The invention is explained below on thegbasis of examples relating to an

epitaxy reactor of the type Typ Epi Centura from Applied Materials, and

with reference to figures. 25 Figures Brief description of the figures 30
piPigliedssiows tie schematiercdnstruetiorr ofhageatios chamberof anf the

etepilaxy reastonfor §a£ra(§ggeegw@1?em&éauw sbaws;the materil e
Qs rem%val at a polished silicon wafer having a diameter of 300 mm by
lam er. . . .
etc?‘nng pretreatment in an 35 epitaxy reactor for various treatment
temperatures. This corresponds to the respective second pretreatment
Instepsraf otk methodsEcronding te dheinventione 2009R200058DE/Ki 20

embiRSHENQw the malepal remaval ot a palished glicon ‘é‘ﬁ"ieri'ﬁ%‘%%% fon: the

diameter of 300 mm by etching pretreatment in anepitaxy reactor for

y

92Jaffbil fidwratés SPthddtchiifg tetiurm AIRPIFOTHRYSs PR SetdRd (MFC)
thifethed aleéerding te the inllertiond:and ftskprefersed Enfbogimieht afen. This
gaeXpressed iptelligiblydiergakigine 4iand figure,5 ghow thigknessqygfileseq 1 e
vaglRaished,slicn waters without (figure, 4) and after pretreatment .,

according to the invention }ffigure inatﬁe epjnaxy reactor. |gu"reT1
refindt hiethbSs HerRahE EohdtrG&idn 8Fa FosctBR ERaMbEr $erdarkying ouf the
litree misthed accdrding toéhe iméntionetleating elémeaatsehli€iop) putel one

anfRAER) 12ePJNBeL ibuted gas quantities are then introduced
into the reactor chamber by means of an injector. This setup
has the advantage that automatic control by means of suitable
software 1s possible.

After the pretreatment steps, an epitaxial layer is deposited
at least on the polished front side of the silicon wafer. For
this purpose, a silane source as source gas is added to

hydrogen as carrier gas. The epitaxial layver is deposited at a
temperature of 900-1200°C depending on the silane source used.

Trichlerosilane (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 corder to free the susceptor of
silicon deposits, by way of example.
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15region), 13 (bottom, inner region) and 14 (bottom, outer region) are
illustrated. The reactor comprises a susceptor 4 for receiving the silicon

er.tq be epitaxially coated, a gas inlet apparatus 2, a gas outlet
20@%55%%8@ ﬁjapparatus 5 for mounting and for lifting susceptor and

substrate (e.g. by means 20 of so-called lift 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 25 temperature difference -
A essenijal to theirivenyon s hetweendbier arfd euterzaneseirthisgaseafrer

1-the tetaldamppowenis; 70, kW, distribyted, apong the foyr lamp banks ..

N g}lustr% eegl 'E%EL rel (atcgop I Sldi,,30 top/outside, bottom/inside,
BSottorIGutsiiie] Y TRSEorrespontsds aff&fdrans bRTsEFaRiranH e

SUBIRARBER of AP Froximatsly 9501 10506 t e do0%ktaf tHE kotal power comes

from the upper lamp banks or 35 heating elements. The distribution of the

I@@g@ r inside/outside_is chosen to be different during the
: etchir'l%B ﬁtrﬁ%\gn%%%%hgrg 820%&@(%@%%%% JQZO‘?'lcﬁu"ri'r“ltg% ﬁne%%ﬁfé‘ﬁa? rocess
Chaghiiy 4R the BTt tHy Geatttior 542% i, 18285 96a o remove

sihdrroyenepas temperature distribution between silicon wafer and 5
susceptor. Here the temperature is substantially identical in all regions of

the silicon wafer, In order to achieve a homogeneous temperature
SR S ciStra SO diSR BLTON T toHe HERT e for dich

SURSARSPEh&HBBL Saidsherg | eifstributichesn saby ixdifferomoeastsrs . This
maghambess v evea @i $he sasee racten typede. v :Centura). 41108880 1y

coRfRRieRsdor thesperson shdlied iny the art fo firstly set.a homageneous
temperature distribution. Table 1 The following procedure i§ preferably
adopted for determining the optimum energy distribution for the epitaxy
Thsteptlicon wafer is preferably a wafer made of monocrystalline

silicon material, an S80I (“silicon-on-insulator”) wafer, a
silicon wafer with a strained silicon layer (“strained
silicon”) or an sS0I(“strained silicon~on-insulator”) 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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20 A group of p- wafers (e.g. five wafers) each having a substrate
resistance > 10 ohm cm is used. Different energy distributions are set for
r .wafer 1: 54%/13% ... wafer 2: 58%/14%, etc). The five
20\%% eré\l[ggr%qgé%]measured for example 2009P000580E/Ki 22 using an
SP1 light scattering measurement instrument from KLA Tencor and - if
necessary - examined under a microsgope. An average setting is chosen
for the further epitaxy steps. The aim is to achieve an energy distribution
that is as homogeneous 5 as possible over the silicon wafer for the
Figpitax\Bstelpo hidiprocetere és alsereferied to as prinnshga siplwmdowatfer
ha@mgéjga?&%fﬁ%‘@etbecf@@@@ Sﬁ%'ﬁ%%@ﬁ&ﬁ%@%é&é@%ﬁ%@%ﬁf an
o Q%oayctlogé\évgferrsgg re%gilgor%e rg{fpe}gi fJgr §§s§£le slj %.ij therge 3rem
psllps Sn e Wacfers,ct)he Vs ip Window™ s ru it ordér once %pﬁ fod medL
andetefMine AhUptinlm SEargf fes bpdrgogrtibiront i tepiesesit ion
anifivettoprpfeisdly proceeitirg froar anenergy 45Jistibation opiigized re.
in such a manner for the epitaxy process, the power is increased in the
.inner z%ne fgr %e etchi%g pretreatment in order to obtain the required
P S atGrE difeRRR® Betidh inmr SMEFSUBF 28hde D0 F, R thghed
sigpitaxy process, foriexaintpléE hguxsindiyed val e k54 Yot 8 2% results
actastbepowey afithe uppers heatingelgmentsintq the inneszoneforaacror.
homogeneous temperature distribution over the whole watfer), then a
_value of 66% or 72%, respectively, is preferred for the etching
Figiffedtmeht S5 Bl tHecettRRISletfefinpt tHETCIGTe, Ae 2nBRgF Lo
chdstrébutionproceeding;from:thehpreviolsodptimization s abwayhehasgent ion.
differently in order to achieve the temperature difference essential to the
u in%/ention ff 5-30. 3 Th§ distribution 66%/16% from table | led o a
Pt Gherence I &Bproxithitely 3BEVatiatibng o ris di&fibution
regigielit pddsibieototsatthénaaperatieifferedcéddn (o ehtire rangeer

regladnedare illustrated. The reactor comprises a susceptor 4

for receiving the silicon wafer to be epitaxially coated, 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 lift 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 Epl 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/cutside). This corresponds
to an average temperature in the chamber of approximately 950~
105G°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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20

35 Figure 2 shows the material removal from silicon wafers having a
diameter of 300 mm (therefore the inscription on the axis from - 150 mm

fthe silicon wafer. The distribution 66%/16% from table 1
was used in the pretreatment steps. The temperature difference between
inner and outer zones of the silicon wafer was approximately 20C. 5 It is
evident that the material removal in the inner region of the silicon wafer
around the center thereof (x-axis = 0) exhibits a significant temperature

dudépendbrecerA tempeiatare: b 880C and 1000C and 1020C exhibits an
etching removal profile 10 that is particularly suitable for correcting the

0.+ 150 ) as a function of the average 2009P00058DE/Ki 23
20l auA IR

mggﬁfen?a%’ifoé ey “é’%'ydBO 'i—,srhftkgu%
aavan eous manner. erefore, tis

ligon walersqo apartcularly

emperature range IS espec

?ally

hoprsieReedr BT RREIRGY BRcOidig 16 e Mvertibhe s Rgdecerhsakaheand
sulaiptakrenieval atleepalisheelsilicore whiersineacineasel foy vediewsical in

a1 ¢tchl

Geatpents, I he;illusiration showsqp eaclcasethg rpmayal in pm

as a function of the diameter of the silicon wafer in mm (represented as a

hofiRe YRERHForh SHBE TRtES 158'h

MYU5%A sidivS e Fidle FREERoval

di gitei erching tleatment Irethdedisitnd/redctorateitbw ratcobthecbtehing: -
samediverefy 0:9 st This cerrespondsAo a stapdard etchraceordingto-thenpers

evRFOL artyith ggﬁ?lef'%arqé%ﬁn;@gdeby( th

show

controller (usually max.

Sim

e_conyentiona
e bhl

mass 25flo
removal af't

V#)OSES no
e

PTEMEERATRF aftRP pREtFEAfeHt Wilte an Rict Rodiratd-8f £5rgikd dndet @

hotregémentidutatiamesf230:sec {StepSibuthecsecond method according to 30

the invention). 73 shows the material removal of the wafer after treatment
cording to the invention with an HC1 flow rate of 1.5 slm, a treatment

uration of 40 sec and a gas distribution according

Total Upper Lower
heating heating
power
elements elements
25EW 45kW
70 kW = 60% of = 40% of
T0kW TOkW
Distribution
inside/ Inside Cutside Inside Outside
outside
. , 13.5 kW 5.85kwW
ggiiiéal - 54% of [11.5 kW |~ 13% of 139.15 kW
25kW 45kW
. 16.5 kW 7.2 kW
gigﬁ:gtmem - 66% of 8.5 kW |~ 16% of 137.8 kW
25k 45kW

The following procedure is preferably adopted for determining

the optimum energy distribution for the epitaxy step:

B group of p- wafers

{e.g. five wafers)

gach having a substrate

resistance > 10 ohm cm is used. Different energy distributions

are set for each wafer (e.g. wafer 1: 54%/13% ..

58%/14%, etc).

wafer 2:

The five wafers are then measured for example
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35 to the invention of I/O = 0/200. 2009P00058DE/Ki 24 treatment

duration of 40 sec and a gas distribution according to the invention of 1/0O

=0/ = 0. . 74, in particular, manifests a significant increase in the 5
208?0%%:85 f’@r?l%(/gllln the edge region. Example: An epitaxial layer was

deposited on a silicon wafer having a W diameter of 300 mm that had

been produced in accordance with thexprior art and finally polished by

means of CMP on its front side. The silicon wafer to be epitaxially coated

had a concave edge 0 geometry and a convex geometry in a region
usargurchthEPéenteyiof thesiticen ivafendzigursdand figurehisieow from KLA

Teﬁe%s%ﬁdm%@t@léQ‘&gE‘,%%S;rpLOfA%%Q}Mé@y Qﬁ@é@&'@n?@rﬁ%&ﬂ&e An
roll-off of th% thickness also_be discer n this case

fi
av %rﬁsﬁates apo oliehad scﬂc%%evrvlaffe? WI out%ﬁ‘g retfegtpn%enat%%scn%gaf a%l1 ©
aifigdee 5‘Wlﬁf?QS%Vétré&tnﬁ?@mréﬁédﬁélﬁ‘gftbbthéilﬁ‘@erﬁtﬁﬁ ThHe prdceggogeneous
aspptaneters used:fot Has purpess ate explaimed b@l@wﬁif@a@ﬁ&@fatherhis

r&%@h‘iﬁ‘f@“‘fé 51%8f%’%%téoﬁk%th?od'Qg‘e@ﬁﬁ%&%ﬁo@x i [% Wustaled iDyong

each case. Durin retreatment of this silicon Wwater in the epitaxy
eXpethsr ¥st'a pgéﬁé trRENERAL SHRAET fiF a $RUFGGEHr atmosphere at

an H2 flow rate of 60 aim for approximately 60 sec.
In the course of preoduction, wafers are regularly examined for
possible slips. If there are slips on the wafers, the “slip
window” is run in order once again to determine an optimum

setting of the energy distribution.

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 reguired

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
aiways chosen differently in order tc achieve the temperature

difference essential to the invention of 5-30°.

The distributicn 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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This H2 bake was effected at a temperature of 1150C. Afterward, the

process was shifted to a temperature of 1000C 2009P00058DE/Ki 25
20 (gam@%)%%gé-} 1 with a flow rate of 1.0 slIm was added to the hydrogen

%r%% ./ The hydrogen flow rate was once again 60 slm in this step 2.

In step 2, a temperature distribution leading to a temperature difference of

20C between inner and 5 outer zones§temperature in the inner zone is

20C higher than the temperature in the outer zone), was chosen. The

distribution 66% / 16% with respect to the lamp power was utilized for this
temuspese,ref tablecbeAnindreased afaterial remdvaitin the tégion©fiHé 6% from
ravafer cepteras obtaingd as.a t0wesule DUringdhe sutisequenberature

. pretreatment, which was once again effected with hydrogen chjqrid

a1 R o s thE HET Bt 12le o 5 bgi T fer
wa HEPHoWdta 15 wadhids increased in step 3 by comparison with step 2.

It would likewise be possible instead to reduce the H2 flow rate to 10 slm
1t Of o8 (cffirst methodiacqprding {9 fhe. Inyantipn) inihe example figion of

hydrogen ﬁow rate In step 3 was 20 sim. By means of step 3, material was
Ehréddhfitht§P26 TeAbvER thE UGR HihE SRioRwafer 8teh 3 was
exleffetted after thel fiovess Hadnbeen shifedere tslnpeeatufe sEIP50@Lure of
9g frimallydn §tﬁnf)ici;%&pit§gm meé%@%@@@%gfzﬁ%@gﬂfiﬁ@oi&ﬂﬁval profile

temperature o a hydrogen flow rate of 2550 s
R R T o e T S o & ne WAL ometry. for
mo g4 20en igie ide HhPBRENE protest pradmieterstare Hesbhtddad Ylance
adbelovi30 SepdiGiep 2Step3Stepd, this temperature range is

especially preferred for the method according to the invention.

Figure 3 shows the material removal at a polished silicon wafer
in each case for various etching treatments. The illustration
shows in each case the removal in pm as a function of the
diameter of the silicon wafer in mm (represented 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 sim).

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

%3 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 slim, a
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H2 bake Etching 1 Etching 2 Deposition 35 Distribution of etching medium
I/00/200 2009P000580E/Ki Lamp power 26 66%/16% HC1in

2089pb 80 9o ki
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treatment duration of 40 sec and a gas distribution according
to the invention of I/0 = 0/200 = 0.

74, irn particular, manifests a significant increase in the

etching removal in the edge region.
Example:

An epitaxial layer was deposited on a silicon wafer having a
diameter of 300 mm that had been produced in accordance with
the prior art and finally polished by means of CMP on its front

side.

The silicon wafer to be epitaxially coated had a concave edge
geometry and a convex geometry in a region around the center of
the silicon wafer.

Figure 4 and figure 5 show corresponding 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 cof 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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‘ramp) and HCl with a flow rate of 1.0 slm was added to the
hydrogen atmosphere. The hydrogen flow rate was once again

60 slm in this step 2. In step 2, a temperature distribution
leading to a temperature difference of 20°C between inner and
outer zones (temperature in the inner zone is 20°C higher than
the temperature in the outer zone), was chosen. The
distribution 66% / 16% with respect to the lamp power was
utilized for this purpose, cf table 1. An increased material
removal in the region of the wafer center was obtained as a

result.

During the subsequent pretreatment, which was once again
effected with hydrogen chloride added to the hydrogen
atmosphere, the HCl flow rate was 3.5 slm. The HCl flow rate
was thus increased in step 3 by comparison with step 2. It
would likewise be possible instead to reduce the HZ flow rate
to 10 slm or less {cf. first method according to the
invention)}. Tn 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 & 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
Digtribution

of etching
medivpn I/0 0/200



1.1, 20 ek s vyt

10

i3

Jd R p=dbprresetdy AT 6 B I BATASI V= |1 O Si0] 011 O12i BicE % ol b

thickness profile from figure 4 and, after step 4, the epitaxial coating, to

20 Migmﬁ]gimally coated silicon 15 wafer having outstanding global
latness. The process parameters in step 4 are chosen in such a way that
an epitaxial layer which is as regular as possible with regard to its
thickness is deposited. 2009P00058B&/Ki 27 Patent ¢ 1. A method for
producing an epitaxially coated silicon wafer, 5in which a silicon wafer that
has b@een polished on its fron%%ggﬂ%glaced on a susceptor in the epitaxy

L’@gaéntoﬁ@fnd is pretreated in a first step under a hydrogen atmosphere and

m% gmsegggd and a third step with,addition of-ansetching medium to the
ydrogen atmosphere, and is subsequently 10provided with an epitaxial
H, lqyer, yyherein durir@)the first gkep anq duringpthe second st.ep thep
hydrogen flow rate is 20-100 sIm, during the second and third steps the
reHowratg of the etching medium is 0.5-1.5 sIm, during the second.step
furthermore an average temperature in the reactor chamber is 950-1050C
TepetBepayer of heating elements arranged above and below tie20
.. Sysceptor is regulated in such a way that there is a temperature difference
of 5-30C between a radially symmetrical region - encompassing the
central axis - of the silicon wafer to be epitaxially coated and a part 200f
Ttthessilictws wafer that sigs butside sald regionpamd daeihg tfie thitd steppiierero
nyarogen flow rates Fedpced da.0e-4051,;  2c1he raejodsas elagmed in

claim 1, wherein step 1 and step 3 250f the pretreatment are in each.case
epéﬁé&%@%n%fatlng, to obtain an epl axzaﬁqg coateg sfi&ég%

wafer having outstanding global flatness.

The process parameters in step 4 are chosen in such a way that
an epitaxial layer which is as regular as possible with regard

to its thickness is deposited.
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wherein step

: o950t +200C—S—The-metiot-as clamed-inctaim2;
1 and step 3 of the pretreatment are in each case effected in

200@@8 @%@t re range of 1050 to 1150C. 4. The method as claimed in

any of claims 1to 3, wherein during step 1 and step 2 of the pretreatment,
the hydrogen flow rate is 40-60 sIm. 35 5. The method as claimed in any
of claims 1 to 4, wherein the duration &f the pretreatment is in each case
10-120 s during each pretreatment step. 2009P00058DE/Ki 28 6. The
method as claimed in any of claims 1 to 5, wherein the duration of the

Falmratreair@®Bis in each case 20-60 s during each pretreatment step. 5 7.

The method as claimed in any of claims 1 to 6, wherein during the third
step of the pretreatment, the hydrogen flow rate is reduced to 0.5-5 sim.
10 8. The method as claimed in any of claims_1 to 7, wherein

re .dluringnthe p
- SBCBRYIZASD b the® pRANS et arf BYERIE tehip&iatiein the 1680 T

chamberds 980s1020©n9 wa frethbzfor prsduhsd apcepiehb@sllydoated front
S%EQQ Vyl%fe;&zla'i&%avmw a %'m%wa&r_ that bas beenmolishedaartits froatd is
side IS placed on a susceptor In the epitaxy re S

firsts é%’ %%n%gér lamhya'd r(%)%épﬁ %tr%n%ﬁéﬁ hgglé%ﬁyd a?nalggs%gc%gﬁ%ﬂar% %tét%%&ggs%eg paand
with ad#iB6A™SE aPatcRing MERITR$8 thé HYydrsE dfoSthé®, Shalidnd
sibsequentty 20pravidecbuith antepitaxiaklayegwhereirsdusrgadithéy
g{ﬁt&%%t&é%mﬁ%ﬂs the bydrogenfiow 1gte-is 1:400sIm, dutingdhesecends:

ep the flow rate of the etching medium is 0,5-1.5 sim and during the, third
AP eRTOW T Bt St AT i 176 5/t Gl The Recan =

stdp-af P5almraghitempeheresinanedeaetbr idhbhthertis @S0t 656 Ahdrate
therpewer of beatigy eiementsiarranged aboyemandivelonsthersuseeptordss tep
k: %ggeé’g@gg?;r@% way that therg s aterperature gifferance of.5-3Guper 1s
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 slim.

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 sim.

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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grorT= St rataxts = ofte3ositicon
taxially coated and a part of the silicon wafer that lies

wafer to be epi

20@%%’5?936&%/”%@0”- 10.The method as claimed in claim 9, wherein gas
ows introdu

10.

ced into the reactor chamber by means of injectors 35are
distributed by means of valves into an outer and an inner zone of the
reactor chamber, such that the gas flé# 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 2009P00058DE/Ki 29 edge region of the silicon wafer, and in
the third pretreatment step the distribution of the etching medium in inner

. andoouker reaes is H0:310:d0.7h. brikl . Theanethod ds ¢tlainmed il eladirg the

o{if&ga%’f&{e%‘fs@ﬂel and step 3.of the pretrgatment arede eaeheAse during
effected in a temgerature range of 950 to 1200C. 12.The method as
cBAmRdRR IR 11 Whedififstep 1 and step 3 of the pretreatment are in

each case effected in a temperature range of 1050 to 1150C. 13.The

. mathod as.¢lainmed in any&f claimsnY te 2 2-whekein duringsstepteand n

step 2 of the pretreatment, the hydro | IS 20+80_sl
m%?ﬁ%g %stc gir%tgé irr(li cé%r%plé},%v%gr%iﬁg élg}gn%v %qt%&p% ll1lsca"nd4§s%[){(eap (C)ilﬁhgjegﬁ Fhow
prattsatiferftethiCRdrog eh -fflow r&ts 40- 60 sim. 20 15.The method as

claimed in any of claims 9 to 14, wherein the duration of the pretreatment

.ispneach gase 10-130 s fusing.each pretreaiment stePo 7, wherein

during the second step of the pretreatment, an average
temperature in the reactor chamber 1s 980-1020°C.

A 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, 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 subseguently
provided with an epitaxial layer, wherein during all the
pretreatment steps the hydrogen flow rate 1is 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 950-1056°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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Aol ‘ A S=wheTeT e guration of the
retreatment is in each case 20-60 s during each pretreatment step.
200%%‘56?5@8@ as cla@med in any of claims 9 to 16,. wherein the
hydrogen flow rate in step 3 of the pretreatment is 20-60 sIm. 18.The
method as claimed in claim 17, wherein the hydrogen flow rate in step 3 of
the pretreatment is 20-40 sim. 35 19.%he 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. 2009P0Q0058DE/Ki, 30 20.The method as
cldiaved RUany opElaing PloligaRhERtS In siiif3 bR thd Bréthedtment, the
flowe catecfitbaetehing mediudi ist3.Op4:0isim. @1. The nesthbd s alaiied 1o
in a0y 0f claims, 2 40 20, whereln dung.the segongsstep of the
pretreatment, an average temperature in the reactor chamber is
980-1020C. 2009P000580E/Ki 31 Abstract Methods for producing
11 efitaxiedlyoohted sititahnediels ThedATe ot relftesHBEL first nidtRBd fof 9
%Q@#Ci!?g@fl 5 epitaxially coateshsilisen wafeedpiwhisl @ siidercwaderin a
te%% Q%sj?ggg% (rg)?]éiggég ocrgfit _tgrgn%@idgé@@kq:caed on a susceptor in the
, IS prétreated in a first step under a hydrogen atmosphere
and in a second and a third step with addition of an etching medium to the
12 hydeogerr atrospherba indd in claim 11, wherein step 1 and step 3

of the pretreatment are in each case effected in a

temperature range of 1050 to 1150°C.

13.The method as claimed in any of claims 9 to 12, wherein
during step 1 and step 2 of the pretreatment, the hydrogen
flow rate is 20~B0 sim.

14.The method as claimed in claim 13, wherein during step 1 and
step 2 of the pretreatment, the hydrogen flow rate is 40~
60 sim.

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 slim.



O-i Atly-provided-withrarrepitaxiat-tayer, whereinduring the first

step and during the second step the hydrogen flow rate is 20-100 sIm,

20%%‘4 tQﬁﬁfﬂe@d and third steps the flow rate of the etching medium is
i -1.g slm, during the second step furthermore an average temperature

in the reactor chamber is 950-1050C and the power of heating elements
arranged above and below the suscepfor is regulated in such a way that
there is a temperature difference of 5-30C between a radially symmetrical
region - encompassing the central axis - of the silicon wafer to be
epitaxially coated and a part of the 20 silicon wafer that lies outside said

50 regienyand guring the ihine step thenydrbgehdftove rétetis réGucethrein in
0.5:19 sim, In a,second metharl, by contrastdiring the thirdgetreatinent

sfsep e flow rate of the etching medium is increased to 1.5-5 slm, while
tHRERY B GRR fow? réte’ddednot have to be 25 reduced during the third
step of the pretreatment. Fig. 1

21.The method as claimed in any of claims 9 to 20, wherein

during the second step of the pretreatment, an average
temperature in the reactor chamber is 980-1020°C.



