10

15

20

25

30

35

2009P00058DE/KIi.Methods for producing epitaxially coated silicon wafers
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
o e TR oS oy & e 4B o ey g HI L Gl regarence

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

Glghfe EARERTTSITCORARET Whafers  Fofifting the MedhaniCAllyséiditive
coedges of thea Siticomivafersawaedirsg 5:out whiatasivedstepssichess It is
deQGBQBQd“H§pEE@1@%@Weq¢§&@EEmSBE@k5urface~refer@nced ideal
plane/range” = magnitude of the 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
SBIRpax sSpecifies the maximum SBIR wvalue for the component areas

taken into account on a silicon wafer.
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The final flatness.is generally produced by the polishing step, which may
be preceded, if appropriate, by an etching step for W removing disturbed
crystal layers and for removing impurities. In the case of polished silicon
2%5%?@,0&?%, an attempt is made to achieve the required flatness by
suitable processing steps such as grinding, lapping and polishing. 15
However, the polishing of a silicon watgr 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

ndreated o a grealer sxtent at the edge 20 and tg,produce sugh.an gdge o4 by

roll-off. In order to counteract that, it can be expedient for silicon wafers to

2 B& Pofished CORERVElY Ot tonvakfy A-GoncaveRTBoisHed SiEaT Wardfis?
s lipdrferdn B abntdr gid inem25ivcrensds ivits teivkudsstoward the

meet@ge.iSHcon wafers pelishedhiretbisswayrber have s uRdesieed carrying

decreasg g thickness ngl ighth ir o m t edge region._ D 93834
CmCI,dee;cf?bes I(%eposi?ing a r%ono%gys%ﬁme%fer%n f on cr;r/E'gt}l'a |Dn"“ree?a %y “
Podifiebr Wafers, which layer is made of silicon with the same crystal

orientation, a so-called epitaxial layer. Such an epitaxial deposition step is

Thusyallyspreeegedysstock removal polishing ,such %‘%Q%lishing step,

dauble-side polishing), 35 final polishing,such a .
kRNt B EO e s BB G meb 08P &S step for
repesetial iy diffieripetat sl polizhing coth iSusedanCMPsaddpurities,

normally only the front side of the silicon wafer is polished in a haze-free

e 09R0 i (“finishing™). 10025871 Al discloses a
TS R TR P00 ke 00PN Y SIS O Fcempt

5@t SRie? SAEE MR dCsripRsAgthe TofcWing hroedsssipor qagssing

stastockummevalgpalisting stejeap sale poltshingl teipi (). (hydrophilic)
cleaning and drying of the silicon wafer; (c) pretreatment of the front side

Hogf thg silic%n Wafﬁr. atlaa, temg%rature, ?f' 950 to 1250 degrees Celsius in an
e¥é%yh$ e(gg,%% ing a silicon wafer usually gives rise to

epi rea
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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(d).deposition.of-an-epitaxial layer.on.-the front side of-the-pretreated- oo

silicon wafer. It is customary, in order to protect silicon wafers from 15
article Ioadln to subject the silicon wafers to a hydrophilic cleaning after
2058?@}%%8@%( Hydrophlllc cleaning produces native oxide on the front and
rear sides of the silicon wafer which is very thin (approximately 0.5 - 2 nm,
depending 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 atmosphere (also called H2 bake). In a second step, the
(~syHage raughness of the front side of the silicon wafer is reduced and
polishing defects are removed 25 from the surface by usually small
amounts of an etching medium, for example gaseous hydrogen chloride

DE (14845 356 hg A debo the sy do§6ik At oS pRere: Shifiafimes, Bédidsarrater
wietchimg arediamisich agHC ik asilaned3@ sompoundy for exadaplessilane

ne (1) dlorosiens (92012, ipipnsiine (ICS,SHCLY) o
Sicta ¥

tetrachlorosilane |s.also ad to the h drogen afmosphere in an

(@ én?o%ﬁ%%%hﬁﬁ%?é’ﬁ oﬁ’%%b%@&u%ﬁ a’sﬁc?&n%n %?éf%né’?érh%%mreg%ep’
(b pqihiprnnpiBdthabacticns pracestatia sufficieritlythigh Sbliecwtionahe; ;

DOWQEe%Q:H&RSi|$@”t@fétrﬂ§%ﬁa%&§enwbi|§i@@d~s¢'§¢%fﬁ%i§er at a
teIE%OPaQ%%Q”QfdPJ%t e r%*bo"c?e é@eé“if% & 2009P8°%§SQE’K'4

itaxy reactors, which are used In artlcular in t e semicond
reqfdirstry f8R%he deposition of an epitaxial layer on a silicon wafer, are
{ddedebed in the piosart=p Diaingpdll tegting ondehesifionrstepd,dmedr the

priaresiliconwatersarg heated by means of heating sources, preferably
by means of upper and lower heating sources, for example lamps or lamp

banks, and subsequently exposed to a gas mixture, comprising a source
It gas, geakeaiegas ahd, PappropriateraWalopiid gasn wafers from
particle loading, to subject the silicon wafers to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces native oxide on the front and rear sides of 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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A_susceptor-which-comprises graphite-SIC or quartz-fer-example;-serves
as a support for the silicon wafer in a process chamber of the epitaxy
reactor. During the deposition process, 15 the silicon wafer rests on this
2093&? BPBF(%Pnilled-out portions of the susceptor in order to ensure a
uniform heating and to protect the rear side of the silicon wafer, on which
usually there is no layer deposition, fram the source gas. 20 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
Eppadiculardadhe wasewof siliconrwaters having adidmelerof 300:men or

seﬁ%ﬁ%émg}eMﬁg£wt9aa@1%sqﬂyogﬁemﬁh%f%be Hoco&laz_ layer

warers_are 25 processed’individually especially since this usually results in
oma@eﬁ&ﬂa?%%a‘%%ﬁ?%’yeﬁﬁﬁkﬂ@% & nf‘f8rr})1/ of ﬁ%eoféygFﬁlckness

can be improved in this case by adapting the process conditions, for
DueXampla by aptimizinodhegas-iaws &HZS%@}B&M EOfRNratiag andon
wafObs IO D S Rres A Iee AR Ly NG e SEROTL1y by

Stemperatire of elseb modifications 6 the s sceptor In’epitaxy it is
meﬁﬁmé?ﬁdﬁélt%%t@rﬁﬁr} HIRF drRAGTLMOre BpRasial dépSsifisATRRSIHGHPS ©OF

1 amafersnios caey Out ainshy etahiny treatroeatiof theasusce ptanwitheut a
coﬁﬁ;&kﬁ&tﬁ% n,the.caurse of which the susceptor and-alsq gt g.éﬁfﬁ%%%@ a

process chamber are fréed of silicon deposits. 2009P00056DE/Ki 5 The
doBiSHLCHRR of epitaxially coated silicon wafers with good global flatness
proves to be extremely difficult since, as mentioned above, a concavely or
A %@%@ﬁ%@@ﬂshﬂﬂ§HiC@6ﬁtﬁkf§Bi§sU@lﬂbﬁﬁﬁ_eé?nSas the suhstrate, IEthe
prlor art, after 5 the epitaxy, the o%#‘lact s, 9&% H]aeflé)gamag} s
exafnfﬁe épli3 exliﬂe‘flfi/scgaste% s%?cpo% wafer have l%sua%r[L1 eriorated compa?% 0eess

chamhekosE of ife BBASTEY sifidf Wiler. Dtd ‘?§?a§§(§0|§‘l“'é%°ﬁi‘t§|18ﬂa Ruftress.
thihesfatt that the fleposited epitaxich oy esitset@sa has aicertsih i albeitut

podPallnthicknessdrregulatity despite Al Aptimizalion MeASUIes:i form heating
and to protect the rear side of the silicon wafer, on which
usually there is no layer deposition, from the scurce 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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; . 8 ftaxial Iayeﬁa#varylng thickness (c.g. iligilcl
deposition in the center and less deposition at the edge of the wafer) in
pensate for the non-uniform form N of the polished silicon
20%%@%{% way also to improve the global flathess of the silicon
wafer is not considered in the epitaxy of silicon wafers, since the thickness
regularity of the epitaxial layer has to viary within defined limits in order to
satisfy customer requirements. 20 DE 102005045339 B4 discloses a
method for producing epitaxially coated silicon wafers, in which a
Thenuttiplibity ofsilicon wafers wikidh are peliskled ai fezwt ovaher fromt Bideg od
gl8ksprovided and gresucsessively eaatedidiyiduply ineaeh caseds s
me 20 £Dilaxy rBactor by a.proceduye i which 816 e_%% 1 Q0e 9 (N8 SUEAN 5 eer
wafers prowd%d i§ placed on a sﬁ’sceptor In the epitaxy reactor, is
Isprreaked UpER? Ay drdgERatmidepherd &t atistidrBgénflodr fate df FeT
th20-<00:slavin afieststep ahdAlih additiomaf al etchihg mediaih toltheness of
tth%?g@Qﬂm%Pf@sS@é@ 39 seexpd ,Jgﬁygeﬂgwgr%%ﬂgy @8 6t iorated
0.5-10 slm in_a Second step, is sub?i’e, en{ily coﬁ'(ed eplta§|a ly O'Fh'ts ,
CoOBBRRS HohtsitBY4I Rirehisvefro SpitaxyTéaltor-and an-> *°
asetohirg datmetitsf theisusceptdr isferthemtordheffedtbd ineneR dare
epﬁff.%&:_@ é%%iafiiyélu mb@%@&e@il?ﬂamt@gieﬁéﬁﬁ 102005045339 B4
ikewise discloses a silicon wafer havi I r
R St e oH e 15 DAl o o At By e
at least on its 2009P000580E/Ki 6 front side, and which has a global
Thitattess vatiesGBIR @fr0.6:i0.3 i irelativertoodn edgeiexgludice bfigss (e.g.
ni @R The somparatively good geametry of shisepitaxially coated Sasllied edge
wafer results from the fact that the reduction offthe @Adro en_]‘lovgJ;;satl(;:'mrllnfcmm
o fheNSe At Step ot tRE PrétrERtrSRRTIS Addition of ar efching medidm
ofmikesirpdstibié toicithanvaspfateridlht the dge ofale alRONRafeRmyOve
tha typeted nmannaiand torglohally levet the silicer wafenactuadly befereed in
the itaxial-coatj e isadva of the met t ;
D (oL oG To rate EienSiice o lehang oredr a1
o fihEhey & of fel fdlisHaitafdt StHePg d& Fdw avethe e MBS ddcr Warer
orideot famasri Fhis mightampededgrtheements.

DE 102005045339 B4 discloses a method for producing epitaxially
coated silicon wafers, in which a muitiplicity of silicon
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 remcved 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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0.07 pm claimed in DE 102005045339 84. US 2008/0182397 Al disclose
i reactor which provides different gas flows in a so-called "inner
20623%]?%% Eza??)}%/[)a]Ee'za%)g-lcaIIed "outer zone". For a wafer having a diameter of 300
mm, the 20 "inner zone" is specified as a central region of the 300 mm
wafer having a diameter of 75 mm. Thee 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
Trore ofithe tworzonds. @b Sach gagdiswibufidn systemy ataeofiiércidlly

0. evaiable fromApphed,Materials 1neqgendsitheName &piLentura
AccusettTM (Epi Centura is the name of the epitaxy reactor from Applied
Materials Inc.). As an alternative, for controlling the gas flows it is also

The) Qe 6 L& SbYc AR M8 EigW 3DICERhiSIIEP bf 3thAar deiess fst
siregulating ihe flows Thesgds distribatidia ircinbies andreuterZaned &1 of the

nydesignated by 11Qqn US 2008/Q18239¢ Al Jhis, potationwillalsg pedised, ; +n
in the context of the &E[esent invention. 35 US 2008/0182397 Al s%%c]?;fles

b raRg8S 16Fg &S TistARUSIT ™ RGPS rdiig® BF HEPLD. 2916 Hfing™ 2Y

mathe epitarial tbativgandudeddndlysan O of 4205610 diring thae gediing Btgmer

andsubstraterpretreatnent). ZROAR000SSDE/KELHUSAQQB/0245E66AL the

ep{i3dloses amelod inwbich:a caniamipaled.ordamaged Brelolde that
Psubstrate is remo edsby%ieans of an etching gas in order to uncover a .

2 LihDahre-5arACAIRE JETAPSidtrats dah-SuBSERIEhtG I5S epit&xiGiF D179

ef DeatechtThenBowdate ofthehetohirigigasds QHe15 sthelfgasinéitcgasver the

sefieWith f83PGa! 40 the substrate material, @15 SilcAM SUCh AN further
articular, hydragen or e s%ngrog%)tar%on, helium Oéth%#ke is su?pgqlgg,
OPRE o Ha‘fg tdredPfs 2012200 SR “PRE TeMpePAturd O 1 suBStran s ©
GBBoOvgs0eE. 20-9.00(6/51 35i5)imapetifiddbas #EV itlASAthE Wfdrogen
flow. US 2007/0010033 Al discloses influencing the thickness of an 15

v L 100 s the tickness of an 15
e Sone. A HRrRoRE shive: howelet The Sopomion of g~ Le°

difiRkEPEpRadalihp¥rin thetcaitaFat tfcortddiely polishedBfican Srareplled
T ot erderaoecompensatevWoalf e mitial geometinpnéthecpolishEtbwaler, ishe

i MOSHItakIgSING® 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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Would thereby be exceeded The prior art |nd|cates various solutlon routes

Z%ggéﬁ%gﬁyéglmprovement in the geometry of the substrate and/or the

4ted 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 30 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”

Usfomjla Hy s wayy The "somirere’sformyis disiinguishad By, the fagt thatithet oq
t%\ nessfat increased. both 3%% t th%g\dge and in t %enter of the afer.

Sfotafthickhess of the SubStrate is p|%tt§8%%‘5‘? Hendegrﬁgte? tHe"

ettﬁtt:wqesgwoﬂle igEfnatto hecforfiofta SoMmbiaDL 2G0DFEECE58BRAE 8
clzabedinapistofthe invantem seek 40 oifer asokiamio this, foecan@dn The

fl%‘é?'@étt% dbsf‘dé’ﬁé‘t%gc%%% & %Or;t%”d“%%or%‘gstﬂnthetffsgﬁsg%céﬁ gas

the invention, there is provi a method for producing 5 an epitaxially

Jéti‘aftéd‘%ﬂi‘é%n’%ﬁﬁ%?% \Eﬂlc"'rPﬁ sﬁ%ﬁ%&f@?tﬁ“ﬂ%ﬁéen Bofshedt o F™)
sufrdntsside is platetion dssusceptordg¢he epitety eeactor,dgpretreatedrin a
hé‘t@hﬁte@xurtdfé a hydrogensatmpasphereand ina secend anda-third step

%addltlon]_‘%f an etchln edlu tott]he t%djro en atmospES e, % ar&d is
sequentl prow%lrg% & ep axia ?ayer w erein durlng t st Step

! ah—d?damsat%e SedbAA stéss (FPAGATHGR o T 15201200 SIrhhaugrogen
f ltbe second and third steps the flow rate of the etching medium is 0.5-1.5

slm, during the second step furthelmore an average temperature in the

5 chamber is 950-1050C and the power of heating elements

reactor

ﬁ&ﬁ&&éﬁ86898%%86%%%%&%@%@%@&1&&&% %ﬁ&%ﬁth%t an
etthéaeueaétem@emamdﬁfdreme 0f B-36Q bbiwéen alatlialpssyhhsietritalt ion
:LrfeQithnQBQO@@ésﬁmgoﬁlh@e@ﬁ@&{@Xi%sofn@tQtSMW%@v@ P&owever, the

spitaallycosied and a part gfhe;20 siicon yuafer halles oulside <aid o

eglon and urin
concavely polished silicon wafer, in order to compensate for
the initial geometry of the polished wafer, is unsuitable since
the specification of the layer 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
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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third step the hydrogen flow rate is reduced to 0.5-10 slm. According to
the second aspect of the invention, there is provided a method for
20@:%5%3@ :{taxially coated silicon wafer, in which a 25 silicon wafer
that hasbeen padlished 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 agldition of an etching medium to the
hydrogen atmosphere, and is subsequently provided with an epitaxial 30

layer, wherein during all the pretreatment steps the hydrogen flow rate is
Enibddihslim, eluting themenorebtep dreflawsaiasf ihemstching mediunisid te
disodgflts sélsm de during the third step the flow rate of the etching medium is

§585% i 8u11i]ﬁgﬁfﬁoer &cond step an average temperature in the reactor

chamber is 950- 35 1050C and the power of heating elements arranged
Aceydiegdndhbdlowthesudaepiovisieguiniadiipsusia Wakihal thereds.dine

an teppesatuks difference af éﬁp&estmg{aq.iﬁ"x;ﬁ%ggénetrical region -
thﬁcﬂ@%@&?’?ﬁ&ﬁ%’ﬁ@ ag)(rils 3 gth silicon wafer 20 9P0Ck fki'9
to0 be epitaxially coated and a part of e SflicSit Watdrtnat fes dutsidé said
SUSEGRICPreferably, PRhiLEdcorrpARHOd, fasHiosisiatroddced intofi thet step
ungeactor chamipriby=aeaspiof injeatars are @jsg@é@@gﬂbxﬁ@e%nscgg\f@v%%ep
wiRto-a1 outerand-an | f ctor chamber, such that the gas
andlow in the inner zo é{] ﬁﬁ%g?eé%%{g%ugg tﬁ%%eﬁ@éﬁ%?%‘?@sﬁi%@ﬁwh@mf
warer And the gas ol i e 6iter Y4ihe okt 6 hhasdiyelrelioreot theherein
durgipspri-aferive Ang hethe thirddpretreatint stepdha disidbution ohih€rogen
£ Lostchingemediung #1 imes aad Qiﬁggg@netqji@ Q=243 0,754 Tﬂgziirngegg%n s the
fldgaggstgsgf)f{ﬂ%fa% ﬂg}]tenr alia, that the remoyal rates during treatmenf)of
ith 5 Frydr a/6F hSdrsgen> BtdhinGHadigmtdre

the silicon water w ogeri'an

SeRHpeThRRe R HERE The FachaIB eI ieeiné regione encottpassing-tor

chahesseriral 850516 eciloen water jnpeafemblhaeqion hayng A0,
BH20156 de 150, Rl ' e silicon wafer.is 300 mm. By
arr@¥g i the g@én%tﬁég%bao tegukafed 10 silch a

f | ircul mete
W@}(l 0) e%< [enlp e,.a Clrcuiar re lameter o

way., T e is . %Fnhawqg. D ot

involved, the midpoift STNRIEA LIS pBhES 8 BiceemEr bf & Gilibetrween a
radgafdyy 25 st ambbelthentsofeheongthods mgcatting:tnther ]l axis -
of iventidn arexclaimeddn the depepdent:dlaiMsy 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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It is essential to the invention and common to both methods according to

the invention that the temperature in an inner 30 zone around the center
20§f9?j5§%% E{gnd susceptor (heating is effected from above and from

elow igher(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 removat is higher either in the 35 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,
toGBiR$pahdE miprovedadre] finally capepitaxially coatedisitioon wafer that

1iBavipgaoodgeanetry=4989P00058DE/Ki 10 properties can be provided.
The method according to the invention shows that the temperature range

of 950-1050C is essential for this. 5 Therefore, the second pretreatment
Prefeprirlbioth methbasactsrding tBhe Mverttioh it Be et prstisel©
thim théstemperatarebrangey Thesepitaxy reagtorideseribed i £ 0 445586 by

meBh 0bexample, JQ j5-suitable fel.cartying Qut ihe methgde teompriseSd ctor
Chremggtor champer, determined bsy %feactor vessel having a first dome and
w

Tbnd b e?ﬂﬁ& opposité; C war]enmté}aﬁaﬁf&%ﬁﬁ céﬁBl%oa, %ﬁ?mafhga
redévice dorHokird a siitonavafef; &tratingidevicefof Hieating thee dgas flow
inSemicangustorwater swberein the heatingdeyicem1s connisesl adtat wafer,
anREAUNG foutGe; Which IS siluated qutaide the chamber andis;ayanged in.

such a way that energy Is radiated through the first dome to the silicon

et AREH Yacdid hBAGTy 8B6r Wiich R ftewiSe Sfitlated otitside frre

chamber and is arranged in such a way that energy is radiated 20 through
Thweisﬁ@mi@amatgégeﬁgwfwef%;hgaer?,!s%@%digﬁaapdt@ltglcetthe

apparatus for introducing gases into the.chamber, and for evacuatin
o b Sad S er S B of SHEors He g SL S B
hy@@@gﬁﬁqugéﬂy 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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25 effected by heating elements arranged above and below the susceptor.
IR lamps are involved in this case when using conventional epitaxy

Zggf?%%rgs %Lb@/ﬁ the Epi Centura from Applied Materials, cf. EP 0 445 596
. Sa %amps can be arranged in a circular fashion, for example.

However, other 30 types of heating elements are also conceivable. In
addition, it is possible to regulate the pdwer of the heating elements
separately from one another. In the case of the IR lamp banks, it is
possible to direct the thermal power 35 in a targeted manner onto an inner
presfian be the #eadter ehambeeand separately therefrom onto an outer
region of the reactor chamber. 2009P00058DE/Ki 11 The temperature

rrdifference; - which is;essential {g the invention - between.inner,zone and

outer zone can be realized through a sujtable choice of the power of the

tefesiid Bidméatsdfnich infilende thetehip&ratisatihdhe fterard outer
Thragidius:€lhe temperature diffeterce:betveert eagions obthe siitbowafer

acdddhe sheicepfan averagesiemparatue of990-48806 18 thesegond this
retreattment step in both methods according to the invention are therefore

teegseécrﬁlalf]fg thé imvention. In the methods according to the invention, firstly
a multiplicity of silicon wafers which are polished at least on their front side

Thar%prm/ﬁgd.ﬁ@&bmia@ﬂmdmcﬁ diticarp ;'mg&e Etr_;&s%l mbdgfem‘ example,
1s265rding o theprior,ary; preferably Ry cruaibls pulling ageording 10 o reactor

Czochralski, is sawn into a multiplicity of silicon w\%fers b%hn%re

NS of

ChRRiRGH separ&ieH HisthBds ForsRiEhi by Girescadling Wi eij(rﬁﬁr@‘:’)me and
a eepondedgraini(dizrmong i)t 2o MiktEimore, meehanikad platessiigied, a
hojiepsgrasfiesied.cuaias saguantal single-side gAndngmetheds device
fog¥%§&f§%§” ng°%§£§%@%§ 5%%%“w%?%gﬁeﬁ%®§é§$“§%%*%%éting device

grinding”, DDG) or lapping. The edge of the silicon wafer inclu mHg )
COBpHTAR 25 p BalSREfGRgs Yhdr Asidh SichalsH mith bl
thanchamber 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
chamber and is arranged in such a way that energy is radiated
through the second dome to 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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essentially rectilinear flattening of the silicon wafer edge (“flat") are
generally processed as well (edge rounding, "edge-notch grinding™). 30 In
i cal treatment steps comprising cleaning and etching steps
20§?§§§§2§BE ovided. After the grinding, cleaning and etching steps, the
surface of the silicon wafers is smoothed by stock removal polishing. In 35
the case of single-side polishing (SSP)j 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
TheD Sy psiliedvwafdistdrerinseted 2009R00658BEAKI2 odselytinto a
inthinteethed giskausrpalished anvthe Hant @ﬁh&té@arzsjd@ simnltagequsly ired

amaH r"floatlg}g reelx"b twe $Omp§ es oft Iq:%%r R%“ﬂ'}%lo'é?i%mems

cov with a pO|IS ing h The e silicon wafers are
whidh &Fé?é%h?%oﬁ@ﬁe&ﬁ%&%@%@e Hariiet, foisampe (&g s doigions.

polishing cloth with the aid of an alkaline polishing sol; in order to obtain

rhihe lapess afthe sil E@?@f’éﬁf@és PEaguesd v &Potﬁsth@fSt@Het@ﬂ‘Pé%mwa fer

vals are relatiyel small in this case, ferabl hIS

angtggpgls oq‘Pen re?errgd 0 a8 EWSOFSGI%R Hﬁgchgrﬁ% régc%gmcai%ol |ng)
sefrpiié Rerdtare IS pftep belsHifigbhie siiedh wdte s arerslisjected tohe
inhydrophilic:eleaningraid geying ascofdingdo the grionagn Thercleaning

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

N BRI HroCEE 98 dig WeEr Efé‘é%ﬂ%‘)o%he Higighéd sficon

muwaiersiprovidedfarcidubseyuenily pretreatsd individwdlhsineshohtcds@gtt on

thah EpHAXY Feasl@s 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 adhesion. In the case

of double-side polishing (D3SP), silicon wafers are inserted
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25 The pretreatment in each case comprises a treatment of the silicon
wafer in a hydrogen atmosphere (H2 bake) and two treatments of the
i f jth addition of an etching medium to the hydrogen

20@%@@9@% The etching medium is preferably hydrogen chloride

(HC1). The pretreatment in a hydrogen atmosphere and the two

pretreatment steps with addition of aniétching medium to the hydrogen

atmosphere are effected, in the second method 35 according to the

invention, at a hydrogen flow rate of 1-100 sIm (standard liter per minute),
lopseferabily 20-60 Shhraridespeciatiy preferablpbigdsin om thegir§ront and
refiethod aceokdingdadbea inventions the hydioger tew rate i5:20:100 stratineen

the _2009P00058DE/K] 13 fir. st I .
2 loct 6 G 5110 S, Beator o LB E sl i the (i s, - 1o im
cletiation of the pretreatment in a hydrogen atmosphere is 5 preferably

10-120 s, particularly preferably 20-60 s. During the second pretreatment
rhétep-ehhothimetheds ascording tastheigyention fhydragangretehing1y

edium),.the flow rate_of the etching medium is 0.5-1.5 slm. The second
oo el e SE g i Heh SR

retre ] | ce at al‘tlesmp%rqture of 950
poid 3050Q. il il caseltHe Bowde oPthet Redtid efetfie M arPAHdut &Bdvie 17
orasd hejowlihe suseeptat lis reguylatedtincsiuchsa Waysthat afradiallyzoduced up

t o SYRYmetdicalregiqn - encompassing e, gentalaxis 1 of &%&igc%me&n
to be epitaxially coated and having a dlgmeter of 1-20 mm, 1-50

m,
thy s 53, PASHERAR of 19200 nif Has’a WBinperatire ndrea e(fl{% %230C
refelatiesitd: thaa HFVSf preldiibomwalehahichifagiontsivel thecdaigrégioh. in
thé treatment.degration 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
AL baicubdrhy Breterel o5 el faRictif HR aff &g S BPHS it 6@ i€ that
hyaftepthe! pretreatment stepsithérsilioon aaferdbtainsan opdnpmidarmof . The
cl Q_Aﬁaﬁﬁﬁt side forthe subsequend deposition of i epiaxiat silieow layer
sir?xh Cgénggggvgfgg%nfrlxg aorf:egéo?n&E%Ui% E,hc?ity of silicon wafers in
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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30 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

f responds e.g. to a circle having a diameter of 35 1-150 mm
20@1%%@1@@ Egg(ée?rggr 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 correspondsto the 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
f'idisimeterd of 4501mine mrer afd boterzoveswaripreferably be chedentd to

0. e corespongdingly larger; and likeyise corespandingly: smales insg the
case of smaller substrates such as 200 mm or 150 mm wafers. The
invention makes it possible to choose inner and outer zones depending on

Thinefintifal Hedntdtry- 6ftHerSiiess Watetto'Be BpiadamyeBafiarasghere is

predrsegugntly) ta. défise exactty wihibre M matefiatisigreczehsintended to

be removed. Preferably, therefore, firstly the initial geometry of the

polished wafer is determined in a batch of silicon wafers to be epitaxially .
DU g b Al REETOMS GOTFedsoHINiG brocetd SR for e FrafeatheAt o9
tostaps ipnHempitany (dactopare chosarthagistsliosay ik particldar thete of

thextent i the el zanesthe, kmp powat 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 20 region

Thgt fRECoP RRfdE AMRFa pretlrhbat SEphd RicRrt Whith ke suitdmes at
a ireparticatarrorafpfddngthd050°C. In this case, the power of the

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 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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geometry in the edge region, which is concave in the case of silicon
wafers having a "sombrero" thickness profile, and in combination with the
eatment step leads to a global 25 leveling of the silicon wafer.
20@%%%%%%5 prlovides 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!40 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 sIm,
wa@ile thavflow ratedfahe etching nmédiumris Mottditerbg, thee i9fo 3538y ivn
wa 8érd - o 8IMn200RRA00RSIEAG Isnpreiembly 0 2.0-4:5:5l0% espeatadlyr
opr§8”%%¥t?é%%k4-ﬁ%ﬁb&@%@th859§”§9§”§8£%%§%8§g?ﬁ%k%%%sen to be
constant. In'one embodiment of t?ﬁls method, alongside the increased flow

COBLERPEPHE SR UM it AldbrEiisifed WALFRBLAMY et -er in
thpassesimd asdefliet regitis of Hieeedgecskgion dfthersilicon Wafermim wafers.
order to remove material in a targeted manner there and to improve the

convex edge geometry. 10 Prefer ggéo he third pretreatment step is
T B s o B Gty B G ST 16 1500 G LlaTy BrJortiy & ~omes
depeBdIIb0C. Theseliehigerht@ieomnbes £é dIdw partictialy prefeife§o be
epflueng dhe firsiqrereatment stepdangesa hydrogendimosphere {withouhere

mafgdifiop af an etching mediym). 15 By virtue of the fact that the HG1flow

rate in step 3 of the second method, according to the invention is

Ehieedessd td 1535 5imEBGt tHe iydrbgBRALTY Fate Tanbé KBBE c6R&GEANT 3 EeT
i sthettickriesscofithe silloobalvafef is tdduced wad greater erterar2arthel Ly

cofdge thag in theydiredtion-ef-a septarieldhs sdiconsvater + Thisscounterasts
prH18-8oRGAVE 9gomslry Of the siicon waler i I3 €008 /€010 osen, that is
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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While at an E2 flow rate of 50 slm (standard liter per minute) 25 and an
HC1 flow rate of e.g. 1 slm no increased material removal is observed at
silicon wafer (rather, the material removal is essentially
20%}%1%‘(@@%?08%%2 & 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
30 flow rate to 1.5-5 sIm, that is to sayi#with a significantly increased HC1
concentration, depending on the duration of the treatment with HC1. The
particular advantage of both methods according to the 35 invention is that
prafterdhd prétredtniertt steps the sifiesn wafér obtaads aalobtintim Yefn of
4 . thesfrant siger for the subseguent depasitian of anepiaxiatsiticabdayemt .
since the silicon wafer is leveled in its edge region and the concave
2009P00058DE/Ki 16 form of the silicon wafer in the edge region is

In cBRfHHEREE 5Ty e tHirtprafeattent IRtMtlRalior Wb he Ssona o
rapeetegatnienteitas imgs alsdipossible fastirelsombreroithidkhbss profilestohing

neB8gveledsadt ispayticulatyadvaniagaeys hat alamingedasfovh of the
 prevails as.a resy}lt g;‘: t engoﬂon(\é r%tg thag jcse@rf;?ralb}}/ Iéegtaconesé%gt, rinré nner
St tontrast'to thie first methidd accord?ng %o Tie rven ion, during it thi
thprstreaindrit stBp 0P Yise 5BE0RE W RiethEERCEBREAG 1Y the invention. As
mentioned above, in one preferred embodiment of the second method

prEPEQILING to the inventign during the, third pretieatmept step.dhesn o
distribution of the HC1 flow in the 15 rg@ctor chamber |icontroIFled. his

L CRRGERSET ther 8BRRGTY SPthe™@chiy reatiEmeand s thePafors TPy at
10é§pé&éﬂ§@weﬁ%ﬂﬁﬁ temperature ranges are also particularly

preferred during the first pretreatment step under a hydrogen
atmosphere (without addition of an etching medium).

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.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 500-7CC 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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For the Epi Centura reactors from Applied Materials, an apparatus called
Accusettl'm is available, comprising valves 20("metering valves"), which

Zgggggﬁ%QQtribution of the HC1 flow. The flow of the etching medium
i< distributed'into an inner and an outer zone of the reactor chamber. The

control is preferably effected by means of suitable software. 25 The

etching medium distributed into the inh&r 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
foputarfrefion s thecsilicon fiafer Bhatis t6 43§, irepadicula?, 6 theragesc for
by 30Hegion Qveralrinaetasdoutenzones aliagether comesphadsecond

' ly t.the si f the.silic e : istribution
D g Ml DA aG T et and G SRS 1.0 1 B st 0.75,

thaglkfis fafts PdduitSrbm the ity f etching medium in the inner zone

with respect to the quantity of etching medium in the outer zone.
1 2009B0D0BBOF/KI 7 di6y = pavss thargfors, thakihe engse exaling

medium is essentially distr into the outer,zone, that.is t t
SRt s ol sy bl s ele L e SN
kefre6 Pt ate cdfid $HBE TRBEhEINABEZ S hd 65PN B FitBRAAMUEP the
inzene,iwhichican tepd-tosa materiabremaeal tngher [y approXimbtely 4¢3
me 16,8498 £89I0D, With, regard 19-fbg 4/Q distribution claimed, a significant

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
As2008/018239 738018, THe sizecofthe isracan¢Bbtest Zwrs refathstostpeond
mesiiean yeaiet eandikewismbe contptied most sinaply frycamasppnding
oxBTROGEMEN A0dongatoN oL R,033 IS RRY A S IIeGRMT e

that conduct the gases into the reactor chamber. By way of example, the .
reﬁﬁ@?%oﬁ%%%ﬁmfb%%iEW&HéPhﬁﬁ@n 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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20 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.

Zodggla%gg%tgggﬁccording to the invention, the inner zone 25 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 ai¥fing having a width of 1-20 mm,
1-50 mm, 1-75 mm, 1-100 mm, 1-150 mm or greater which encompasses
the 30 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

1 /Silicon waters of the: nextgeneration citeenibydn devetepment arcdihamnings

es§5%¥¥%rI§c&¥gggﬁﬂgfgg)gﬁ@&”@ﬁéaggﬁﬁge%ég%ﬁ&ﬁ%gﬂpggy%X:sa e
e prefera

thereto, are pre ly chosen to 35 be somewhat larger (e.g. up to 1-20
th%ﬁ%-ﬁ%@%ﬂﬁ])?%ﬁé@(ﬁd@éﬁ@/ﬁﬁ?ﬁipeﬁr?é)s f_"orahe inner and outer
cozoaepohhe mubntineehthetétehinghmedinn it segprctiverededdipyto the
imﬁ%%ﬁ_%géQ%ﬂfaefiti@r?ﬁg%rxéslnj%rimi%ﬁgtf&f@ﬁgm&%éﬁtum@@etﬂfediead

in this emhodiment of the second method according t invention; .
to g%snbauta%jfi%fclﬂ‘s ééatnl?yvranqeaﬁnjégo i W%sala%ﬁoéjd%ﬁrgl e‘i (I\? ) i%gat% E}a\hlc‘)aleecme
rega Set a flow rate of between 0.5 and 5 slm. This gas quantity is then

passed via a main gas line to two needle W valves (inner and outer

w1 ZANgShand distribytedithere,; The regulation s gffpeted by seling fheant
_valves (regulation of %he line digmeter for inner and %uter zones

A1 e shicent SHHe Siother) The diStitiad bas dianttias ard fidn *e"
primoddees @ distribution of 1.0 up to 6.0 during the etching

treatment as in US 2008/0182387 AlL.

The size of the inner and outer zones 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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- into the reactor chamber by means of an injector. This setup has the
advantage that automatic control by means of suitable software is

ihl @g r the pretreatment steps, an epitaxial layer is deposited at
20%%%?§§% esg{)ll%%hed 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 tempergture of 900-1200C depending on
the silane source used. Trichlorosilane (TCS) is preferably used as the
silane source, 25 particularly preferably at a deposition temperature of
pip@50144508: T hethickness efittie depasited epitaxidhéayprdstisuglyvf the
et@HrBPMe3l Afte] the depesitiopof fhe epitaxial layer theapitaxdally 1;ne

q4.508at grsilicon wafer is removed from the epitaxy reactor. After a specific
number of epitaxial depositions on silicon 35 wafers, the susceptor is
usually treated with an etching medium, preferably with HC1, in order to

Infree the spiseeptonof siomdenpsitsrby way efre@epled in this
emBBA9RAAPSBPE 1S &%%%%Qé%%t&%“&'&gf{%%a%/ ﬁfﬂ%‘?t‘igxb’éﬁgﬁgn: the

case after 1-15 epitaxial coatings of silicon watfers. For this purpose,

938 EEKRIN t8ated SicoRWAEFR T efoved G the- StibStratelred e  (MFC)
thaiisdeptabisetrégtedatith HGb¥5 Paaferaldlybeésides tile Susoeptbr sim. This

gasudaeethe.entise precess:chamber is fushedwith hydrogen shlofidedneaqie

et ehieh iAo gt el Rl ot e e o

with silicon after the susceptor etching and ore '
reBRicisEes. FRisThay Heeddvantagesis sindestheasifen wargudaieion of the
liepitaidiathy Ceatethbdoes:than anﬁbm@izecztb«mthmsmméﬁﬂ.ﬁﬂbe one
ansiHean wafenis @@%@P&@é’éﬁaf&é g‘%ﬁ%ﬁ%@?@&& rystal l'@ﬁéﬂ'%’ﬁt roduced
r

in atgﬂgl,gna%gl(;sili on-on-insulato wafefr, a silicon wgfer w%}a
strained sificon %ye??('aé?iba(?ﬁeé)y means oL 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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silicon™) or an sSOI("strained silicon-on-insulator") wafer which is provided
with an epitaxial layer, or a silicon wafer 20 which is provided with a

ium (SiGe) layer. The invention is explained below on the
ZOEJ;;E%% ggggﬁ?piféts 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 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

A baving-diamsateh bh30Q smprky eiching pegtreaiment in an:-3%.epiaxy after

rza@c&;lf%y@g@u&&@@msgt temperatures. Fhis.carresponds, to, ﬂ?“t ose,

res ective se tment steps of both methods accordin

retre S
EhRVeRtsh “’“z%%% g s, /Rf%écﬁg‘u%‘%ﬁ%ﬁoﬂxﬁthﬁeﬂaﬁr&%l P& o@gﬁat a
supglishersiteése waleckaving al diahrstet 96300 rhmHsik etching
pretreatment in an epitaxy reactor for various flow rates of the etching

prDEdium-an d%erf&%g Ihe Sggggggpr rpethod ac aofd'“ he '”&%%“0“5%@55

and its preferre d embodiment are expressed inte |g’bly ere. Elgure 4°an
Chaghess Shon hitkese rbhiREbipeRn el SticbAavaters wigmp Ut Pigiraove
sid)and aftep pretteatment according to the invention (figure 5) in the
epitaxy reactor. 10 Figure 1 illustrates the schematic construction of a

reactor ch%mber for carr |n out the met% 1Tﬁordj to the invention.

Tbe susceé
eating elements 17 {fop; ot eryreg?éiﬂ’)e ifddrtcon after the
susceptor etching 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 silicon 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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15region), 13 (bottom, inner region) and 14 (bottom, outer region) are
illustrated. The reactor comprises a susceptor 4 for receiving the silicon

t itaxially coated, a gas inlet apparatus 2, a gas outlet
Zo\aelgéz{r%ﬁjgsbﬁgzﬁr%alapparatus 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 tenzperature 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 -
Figssentil b the ventishs betweesrinnel and outercZongszdn this tase, wafer

hatfsiotal lampdRewer ise7G kW qgistibuted amongsthe four Jamp banks, »,

o illgsgateg iEQJ' ure gop]/insideg3gltoe/outside, bottom/inside, |, ai
P o&o%/oﬁs@%. T i{%cor?ersi“p%%ds to°4n E%Fasge"t.m eraﬁﬁ(ékh’i?ﬁeme Lum
anghdmBef of approxiimatdly 950 ToHod a60%6tithe toeal Powvercornds. on

antfotntthepupFerdasp babksi0indhtheatingealpmenis dl e distribufiosn of there .
lamp power between inside/outside is chosen to be different during the
.etching, pretreatment than 2009P0Q0058DE/Ki 21 during the epitaxial
FLERAnG: I tHe BT Cehtdr e diStHISUOTPBARFLIb €G0S to RO T Shed
s i homoyenebus sempeiatire fsitbatord beaweer Siticon wafer antgnt

acBuseEgr. ddereribestemnperaiine ig syhstantally identicak i albregions of o r .
the silicon wafer. In order to achieve a homogeneous temperature

_distribution, an optimum energy distribution has to be determined for each
Figgrgor cHambeE "Sdiferieify HidtfBatidn caRvahy irdietemtreacisractor

cheh@mbefe YW exenof the samecreactertype (eg:dpl Gentua): Hepdsessna ion .

problems for the person skilled in the art to firstly set a homogeneous
Heg¥gggmg%§%ggggn%€ntgggka%uter region), 12 (top, inner
regionj, 13 (bottom, inner region) and 14 (bottom, outer
region} are 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

The following procedure is preferably adopted for determining the

optimum energy distribution for the epitaxy step: 20 A group of p- wafers

2o I

s) each having a substrate resistance > 10 ohm cm is used.
distributions are set for each wafer (e.g. wafer 1:

54%/13% ... wafer 2: 58%/14%, etc). The five wafers are then measured
for example 2009P000580E/Ki 22 usimg an SP1 light scattering
measurement instrument from KLA Tencor and - if necessary - examined
under a microscope. An average setting is chosen for the further epitaxy
dusteps. Tive apiisaeiachieve bargnergy distribution that is as
homogeneous 5 as possible over the silicon wafer for the epitaxy step.

InTpg%p%)

experts

e

cedure is also referred to as "
e sl i s

nnin
101

47
Itaxy. In"the course O

owamong
production,

hofpgeresreT cherEf  ekarhmct foF M Poksie BRjsartherd hiedlipyahetheand
sum@mme Hslipewiﬂd@vﬁ'd&pumm@r@e_rian@ﬁ;agamem_eynmmical in
a19PiEWMseting el thegnargy digigbution in the present inugntion, ,

roceeding from an_ener

eferabl

hoRagenes

b ihetar

15 distribution optimized in such a

Broeedd StHelfovaP T inBre 43R b 1 e SRSG%one

di fdrheustehinghpretreatrhentititondet tedbfain the sequired tempehauie: .

sadifferpaee pebweer itnariand edterzones: 204 ferthefpitaxydrosessanbers
r 6%% r%c,ultg for t)he Rower of

%. g entura) .

evi9l @@mple. an opt igs@a@'%gp@%&%e

the upper_heating elements int

e inne

Z0n

for a

goses no
homogeneou

PT fiphBRrathRE dishifodforseverthéWRtieiRalehs: théit abraldd 6F6bY Bpt 2
hom2gsrespectieamipss preferratl for thewtching pretreatment. 25 During the
etching pretreatment, therefore, the energy distribution proceeding from

T tlee p&evious optimization is always chosen differently in order to achieve
e temperature difference essential to the invention of 5-30. 30

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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The distribution 66%/16% from table | led to a temperature difference of
approximately 20C. Variations of this distribution make it possible to set
e temperature, difference in the entire range claimed. 35 Figure 2 shows

20%«?9@@5 RIElyeIFrJroval 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 2009P00058DRE/Ki 23 temperature of the silicon

wafer. The distribution 66%/16% from table 1 was used in the

pretreatment steps. The temperature difference between inner and outer
uszogesof #18 silicgh wafesn was@pproximratetye: 2061 Silhistevidenttthét the KLA

TeMalerialremoval Ieé%%gygeggegl%k%fﬂb@eﬂ“%mwef%r %{QHE‘QéE%;@@”tQ{n
vthereof gms 0 exh blts a sgnlflcah% %m %ture de%endencte n

¢ ?errﬁﬁera ﬁre of'8s GO £660 and Toits At ?@H{ngs régt%%va?r ©
aiprcffe 10 tﬁahﬂ@wn@m;ﬁwﬂﬁabqié forrddredcting tHeadedrfiefty fGoMpaEneous

ascopyexly poliskhed stliconsiafersin apasticulary sigkyastageots sasper.This
IZQSH%IPEG’ tE“Satfé%p‘?Jé‘Eéf £18R98S §§Peglﬂﬂxlﬂﬁﬁfe£re&f% t@%H&%tQﬂdamong

according to the invention. 15 Figure 3 shows the ‘material femoval at a
exBofidifed BiliEBR Wdretth Qgcﬁ%’ﬂég‘?&d\‘f&jf&?s sRhirff¥eatments. The

illustration shows in each case the removal in pm as a function of the

xndi@s@et@é@fé@e éﬁicgecyz@@ﬁirbmmx&m%ea&e@ %%@dipgrwr@m%ﬂé@ for

+1 0 mm) shows the material re oval after. etchln “
po? ? ere, ar ?\ﬁ ? ‘8
re 2 ep| axy (Eactor at a flow Tate of the &tc |ng Sfedilim o

wipdpyim lﬁh.g%rﬁésp%fagrfo%naamat&paé&ﬁﬁm@lquh%fpmﬁtd@Mh
seHGhflowfaté miteddayy thél earnvientionah mass 25flow controller (usually

max. 1 sim).
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



10

15

20

25

30

335

72 shows the material removal at the silicon wafer after pretreatment with
an 1-iC1 flow rate of 1.5 slm and a treatment duration of 30 sec (step 3 in
e thod according to 30 the invention). 73 shows the material

zeég%%@é%gﬁ?ég\}vafer after treatment according to)the invention with an

HC1 flow rate of 1.5 slm, a treatment duration of 40 sec and a gas

distribution according 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 I/O = 0/200 = 0. 74, in particular, manifests
terepsigaificaat oficrease #ri the-bretekifig renfdval thiteredye: feyio6%/16% from

@P'@a@f%;(%(l)@&ﬁ&%‘h@bfﬁf é&lb Ld@@@@mded@ns%éﬁ@onmaet@@p@gaawe
meter o mm that had been produced in accqrdance with the prior
dlgggr%ll ?’naﬁy poli fished %y means8 O?P&%\ﬁlg onits F’ron%rg Tﬁe&SII?C%IF‘I Fer
wa fyafep e bereditkialklcsated had a concave edge 0 geometry and a
convex geometry in a region around the center of the silicon wafer. Figure

Tt J_%”dev%é%é Sé}%C@Hgsag@mggt%msmqssiHroﬂk%s by ey Qagion of

example. 20 The edge roll-off of the thickness can also be discerne )In

th%ﬁjc]a%‘éoﬁglﬁﬁefﬂlillﬁﬁ?’é’tag a PSRt ol GaRSH wilodbthe =
exiprétiéatnae stideddribet) antdfiguee Sowith dependence. A temperature of

980°C and 1000°C and 1020°C exhibits an etching removal profile

that is particularly suitable for correcting the geometry for
most convexly polished silicon wafers in a particularly
advantageous manner. Therefore, 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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25 pretreatment according to the invention. The process parameters used
for this purpose are explained below. The profile of the total thickness as a
f i e diameter (0 to 300 mm) is illustrated in each case. During
zotﬁg%ir%@rgéﬁ%égf of this silicon wafer in the epitaxy reactor, firstly a
pretreatment was effected in a hydrogen atmosphere at an H2 flow rate of
60 aim for approximately 60 sec. This k2 bake was effected at a
temperature of 1150C. Afterward, the process was shifted to a
temperature of 1000C 2009P00058DE/Ki 25 (ramp) and HC1 with a flow
t rratérodiiO sl avaiscadded 40 theshydrogen atfmosphere.ibhe hydregerording
oflQWdate,\wasonee again 89 simyinthis 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
T4enpeidrelifthe outBpPeAes Wastchiosen! Theadistribution690in 6% e
etwithrgspegidodhe lampreoweatwasatilizad for this purpose, cf table 1. An
increased material removal in the region of the wafer center was obtained
as a 10result. During the subsequent pretreatment, which was once again
ExXaREMEY with hydrogen chloride added to the hydrogen atmosphere, the
HC1 flow rate was 3.5 slm. The HCL1 flow rate 15 was thus increased in

AnS%Qi%Q%MnQ%VW with fﬁ%@l@sﬂﬂfé@ulg(id;kgﬂé%% P%&g%%@%g@@%@ a
. reduce the w rate.to 10 s r less (cf. first method according to the
d ﬁ]ril/ee%l%gn)c? n%ég e%m?pkfg t tﬁ’éahg;(ﬁrgggn E?I%?vd}ia?gr?n Steg (\:/\(/)a:{:sg iﬁ%?mm th
theyihéans oF step'd, rhbierdl iwae pictrainantpoarenmdvediat g ddge front
sidkthe silicon wafer. Step 3 was effected after the process had been

shifted to a temperature of 1150C. Finally, in step 4, an epitaxial layer was

degoiited ata ) .
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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d\_.woitiu._. temperature-ot-rT2oC - Hydroger-fiow Tate 6T 25 50 SIim and a
trichlorosilane (TCS) flow rate of 17 sin. The deposition temperature was

20 S%Wft important process parameters are presented at a glance
elow: 30 Step 1Step 2Step 3Step 4 H2 bake Etching 1 Etching 2
Deposition 35 Distribution of etching medium 1/00/200
2009P000580E/Ki Lamp power 76 66%/16%

‘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



LDt H

2009P00058DE/KL
26
Lamp power 66%/16%
BCL in sim - 1.0 3.5 -
5 Hy in slm 60 60 20 50
TCS in slm 17
Temperatura 1150 1000 1150 1120
10 im °C
Tt was thereby possible overall to compensate for the sombrero
thickness profile from figure 4 and, after step 4, the
epitaxial coating, to obtain an epitaxially coated silicon
15 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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westhereby possibte overatt™
to compensate for the sombrero thickness profile from figure 4 and, after

20@?? él%ég%gpﬁlxial coating, to obtain an epitaxially coated silicon 15
e

wa aving 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 igteposited. 2009P00058DE/Ki 27
Patent ¢ 1. A method for producing an epitaxially coated silicon wafer,
5in which a silicon wafer that has been polished on its front

Patent clains

1.

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 subseqguently
provided with an epitaxial layer, wherein during the first
step and during the second step the hydrogen flow rate is
20-100 slm, during the second and third steps the flow rate
of the etching medium is 0.5~1.5 sim, 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 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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ide-is-placeckonersuseeptorirthe-epitaxy-reactor=amHs pretreated ina
flrst step under a hydrogen atmosphere and in a second and a third step

d/\_él%b 1[9,:?/?{ .an etching medium to the hydrogen atmosphere, and is
subsequent

OprOV|ded with an epitaxial layer, wherein during the first
step and during the second step the hydrogen flow rate is 20-100 sIm,
during the second and third steps theZow rate of the etching medium is
0.5-1.5 sIlm, 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 susceptor is regulated in such a way that

. there isetepaparataesdiffetenae ah3-30C batween a radiafly syhwmetricathe

r%%ggt#§§QEp@%%nggg%fgggﬁ5ﬂﬁsi§ﬁtﬁeég@ﬂnéﬁﬂgrﬂ@bﬁo s during

Itaxi coated and a part 200f the silicon wafer that lies outside said .
ré’@SH Eﬁ&%ﬁﬁ“ﬁ%ﬁhﬁﬁ%@ep the hydrogen flow rate is reduced to

0.5-10 sim. 2. The method as claimed in claim 1, wherein step 1 and

) Sﬁ.@fpe3£é@rﬁé|&e pretraatment arg inepchcaseafiected tvadempesatte

ra ugr?_z%g ZOOﬁfe pr The En%tltz]gd arse%@gg%gtér}lgal@]‘?e Vﬁ%@%en flow

etreatment are in each case effected in a
SQ%péﬁtﬁ@%ﬁe 6P16050 10 1358B€. 4. 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 i$;40-60.slmy, 3§r?:th methad as claimed iname oh
e

claims 1 to 4, wherein the duratio retreatmen §|st in_each case

189959 d%ﬂ?ﬁgseeg&%‘ re?frealfm% 86§I§868"§ E/Kﬁr%a & The®
miethod stalaiméd if-hay of efims Pﬁﬁabﬁ/ﬁei*eﬁn 968 dhPAfbrfof the
pretreatment is in each case 20-60 s during each pretreatment step. 5

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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Femdr @t tgs-etameckirramy-ofcltams T o6, WHeEreT during the third
step of the pretreatment, the hydrogen flow rate is reduced to 0.5-5 sim.

Zoog(g,éieaéglgﬁ?}{iod as claimed in any of claims 1 to 7, Whergln during the
second step of the pretreatment, an average temperature in the reactor

chamber is 980-1020C. 9. A method for producing an epitaxially coated
silicon wafer, ISin which a silicon wafé? 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
wityadariohoor & etdiing iediam Bhethydtdert ArhBEphre: And is
sbsequently 20pravdged ndthidm epitaxial tayerfwhbreir duhingaalig@i ur in
prefreatment sfeps.the hiydrogen flow ratgyis.1-4.0fsslm, 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

11 stépe ans?Savirage témpuestuie ircthelie abtsrichdmbEn_ Y50 16568 dndnd
t@%%@v\@f&f heatingelements.afranged ahovezand belosv thefsuscaptanisa

regulated in such a way that reCig 3 tepperature difference of 5-30C
b%%%@%ﬁ aalc}lardﬁlalﬁ/agﬂ%m(ﬁiggl%region - encompassing the central axis - of
the 30silicon wafer to be epitaxially coated and a part of the silicon wafer

12 thatdiescouisitiessaid redion 106The aiethdd aswiainedd: irpElaim 9, and step 3
wherejn.g %Q@%’é&'egeﬂ%c%qmrth%%%@Ct@égea@@ﬁé@waeags of
injectors 35are distributed by ns of v. into an outer and an inner
z ﬁ@%ﬁﬁé%ﬁctﬁ?%ﬁgm%ér,l glii é%t ]tr%\é;i% flow in the inner zone acts
on a region around the center of the silicon wafer and the gas flow in the
13 OWLR! ZENReLaelS0N ana20RIPAR0SBHEAE claims 9 to 12, wherein
during step 1 and step 2 of the pretreatment, the hydrogen

flow rate is 2{0-80 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.
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S-edge-regien-efthe-sttcorrwater-armd-rthethirt-pretreatment step the
dlstrlbutlon of the etching medium in inner and outer zones is I/O =0 -
6) Z)% % ethod as claimed in claim 9 or 10, wherein step 1 and
20 s%ep % He pretreatment are in each case effected in a temperature
range of 950 to 1200C. 12.The method as claimed in claim 11, wherein
step 1 and step 3 of the pretreatment te in each case effected in a
temperature range of 1050 to 1150C. 13.The method as claimed in any of
claims 9 to 12, wherein during step 1 and step 2 of the pretreatment, the
hydrogen ISflow rate is 20-80 sIm. 14.The method as claimed in claim 13,
>0 Whesenauring stepd andlesiep R eitheqfetréatments the hjy@rogdmeffogn in
raleds 49 89 Sl 20,45 The-melfiod anlaimed inany efciaims Steddng
wheréinthe duratjo the pretreatment is in each case 10-120 s during
eBER brtrdgtmertt stef. $36.The method as claimed in claim 15,
wherein the duration of the pretreatment is in each case 20-60 s during

21 €3¢ PretreRiment stap. ;tmeémh%mﬁtb@d as:claisned invany of elaims Hn

to 16, wherein the 30h ogen fI te in st retrea
2@%1&% RE mé‘t%uod as cl3 clalme n %Iralr%%%i thhtfggfrtt-g)ln %:?e %i/}g%%%en

floWRRET RIS 3.6f tHeepreerakRentesBaD difm. 30T $9 Hethod 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 sIlm.
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wherein in step 3 of the pretreatment, the flow rate of the etching medium
is 3.0-4.0 sim. 21.The method as claimed in any of claims 9 to 20, wherein
20%9@%&%d step of the pretreatment, an average temperature in the
reactor chamber is 980-1020C. 20095000580E/Ki 31 Abstract Methods
for producing epitaxially coated silicon wafers The invention relates to a
first method for producing an 5 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, Ekpseireated in a first step under a
9&@&%@%@ hersand: ina sgeend andsa thircksiep with 8dditiop.afean:
etching medium to the hydrogen atmosphere, and 10 is subsequently
provided with an epitaxial layer, wherein during the first step and during
Thahe rseeohd step e hydrdgensfldw rate 8e202260 &hn, BUfAAG & Seednd

ep%@gﬂﬂe%é%ﬂowl@%&ﬁ the ﬁ&ﬂngmaaiu@sww 5L &M, dutieg that
padh secondgte? 6{therm Qre an average tgmpeégl elg the r%a%tQEceptor in

thamberis £656C and'the’ power 0 heatln ements arrang
thermtaio bERAF IR suddefiseisegtftded i Sulh Bolay that tﬁ%ijéi?’s Ey

hydemperatutadifferenee af 8-30Chetweend rmatially symmetscalregion-

2d&NCoPPassing, the. centy; %ﬁl%t%S@E@nMEB%Qe@@H@%ﬁUMre, and

coated and a part of the gsmco%wafer tha l;clles ogt éde said region;

is o%‘ﬁﬁﬁetﬁﬁefﬂﬁ&%t?ﬁ e fiSidrober Idh rafe'isFédtced 6 0's- 18 fn a

dusergntimethibds by ohtrastcd dhng e thive m@ﬂ@aﬂnéﬁﬁﬂem*ﬁeffmogen

flé@t%ftt@eﬁcw@gﬂ@@dm,is increased i1 Seboim, wihiedhe fydsagers the
159U does dich have:te-he g Jedicqd dyring the thirg step,ofthe <ne
pretreatmen

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.

In a second method, by contrast, during the third pretreatment
step the flow rate of the etching medium is increased to

1.5-% slm, while the hydrogen flow rate does not have to be
reduced during the third step of the pretreatment.

Fig. 1



