2009P00031DE/Ki Method for producing epitaxially coated silicon wafers ~ The invention relates to a

—method-for producingepitaxtalty 5-coated-silicomwafers:Epitaxiatty coated siticon-wafers-are-suitable

" for use in the semiconductor industry, in particular for the fabrication of large scale integrated
electronic Cf%%%%@l%ﬂﬁs e.g. microprocessors ormemory chips. Starting materials (substrates)

“ with stringent requirements made of global and local flatness, thickness distribution,
single-side-referenced local flatness (hanotopology) and freedom from defects are required for modern
microelectronics. 15 Global flatness relates to the entire surface of 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 and negative deviation 20 from a backside-referenced ideal
plane for the enti%%ﬁ@s@o?%%fl%n%%%ﬁ%ﬁ@?{ WIRBHE0rfeshonoR t53EFTV ("total
thickness variation") specification that was formerly customary. 25 The LTV ("local thickness
variation") specification that was formerly customary is nowadays designated-according to the SEMI.. .
standard by, SBIR (site backsurface referenced ideal planeliangec 2. magniiyds ofthe posiive and
negative deviation from a backsidereferenced |(§eal plane for anin vidual 3 compor‘Yent area of
definell dirigA&BR) ShHEHPed6rIsto the GBIR or TTV of a component area ("site"). Therefore, in
contrast to the global flathess GBIR, the SBIR is referenced to defined fields on the wafer, that is to
say for exapple.te; seaments. oban areaarid efzmeasureraertwindows havingsa size 3nef 26 x 8 mm2

(site geometr % Them ximuméite eometry val eégi mafggegtfligség na iEn.u(gn S%R value for
the compo%%%{ areas faken into %%E%gﬁt cjir:[l:l aps%cg”n wa err. 2009P00 ?é%ﬁ% ZLN%x?mum .

site-referemEé@faiiféd<Sor ESHERYThIGEE SHERAETNEBRSRGHAR 4B Us1ARly determined taking

@xggmtoEagenmﬁnedgeocessors or-memory chips. Starting materials
{substrates) with stringent regquirements made of global and
local flatness, thickness distribution, single~-side-referenced
local flatness (nanotopology) and freedom from defects are

reguired for modern microelectronics.

s

15
Global flatness relates to the entire surface of a semi-

conductor wafer minus an edge exclusion to be defined. It is
described by the GBIR {“global backsurface-referenced ideal
plane/range” = magnitude of the positive and negative deviation
20 from a backside-referenced ideal plane for the entire Ffront
side of the semiconductor wafer), which corresponds to the TTV
(“total thickness wvariation”) specification that was formerly

(iu\ customary.

25 The LTV (“local thickness variation”) specification that was
formerly customary. is nowadays designated. according toe 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

30 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 3BIR 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

35 of 26 x 8 wm? (site gecometry). The maximum site geometry value
SBiPpax Specifies ihe maximuim SBIR value for the component areas

taken into account on a silicon wafer.



exclusion (EE = "edge exclusion") of 3 mm, by way of example. An areasilicon wafer within a nominal
“"edgeexclusion is'5 usualty referred-to-as “Fixed -Quality Area";-abbreviated to FQAThoese-sites-which
“have part of their area lying outside the FQA, but the center of which lies within the FQA, are called
ion of the maximum local flatness often does not involve using the

"partial sites’ é éjgeé] [ r{aig
""partial sitessz? g? r ge]rrBéP Ij'the component areas able to compare so-called "full sites”, that is to say

the lying completely within the FQA. In order to be maximum flatness values', it is essential to specify
the edge exclusion and thus the size of the FQA and  furthermore to specify whether or not the
"partial sites" have 15 been taken into account. Furthermore, with regard to optimizing costs, it is
frequently customary nowadays not to reject a silicon wafer owing, for example, only to a component
area that exXEEetisuheSBRineValerRe dpddifisa bysthercamposémynmanlifacturerchut Ethbeto permit
a defined pemeniage.e gu ik 1afcompenentaseas it pigher values, sThe percentage @fthe sites
which lie or, mitte lie ific imit.val eometry parameter is usually
specified b%%%%%ge?ge%}t 'Ul;gé;%\%a %%?’5%%%%55% iccgh?néﬂ.é. I th%& asoegg)]? gr) ?Q’max of less
than or equdtt6 B gfitaid T PEANAIE 0F 0995, -thfe StHHTE 995 bf THE SiteEHAE GR SEIRmax of
less than oregaalts 07 gnyadilehigiver SBiR dallies! dtevakogsetmitteld fer 186 efithecsites ("chip

yield"). 30 FQa. Those sites which have part of their area lying outside
the FQA, but the center of which lies within the FQA, are
called “partial sites”. The determination of the maximum local

flatness often does not involve using the “partial sites”, but
10 rather only the so-called “full sites”, that is to say the
‘ component areas lying completely within the ¥FQA. In order to be
able to compare maximum flatness values, it is essential to
specify the édge exclusion and thus the size of the FDA and
furthermore to specify whether or not the “partial sites” have

15 been taken into account.

Farthermore, with regard to optimizing costs, it is freguently
customary nowadays nof to reject a silicon wafer owing, for .
example, only to a component area that exceeds the SBIRpmx value

20 specified by the component manufacturer, but rather to permit a
defined percentage, e.g. 1%, of component areas with higher
values. The percentage of the sites which lie or are permitted

(j-» to lie below a specific limit value of a geometry parameter is
~ usually specified by a PUA (“Pexcent Useable Area”) wvalue,

25 which, e.g. in the case of an SBIRméix of less than or equal to
0:7 pm-and a PUA value of 99%, states that 99% of the sites:
have an SBIRpay of less than or equal to 0.7 pm while higher
SBIR values arée also permitted for 1% of the sites
(“*chip yield”y}.

30
According to the prior art, a silicon wafer can be produced by

a process sequence of separating a single crystal of silicon
into wafers, rounding the mechanically sensitive edges,
carrying out an abrasive step such as grinding or lapping

35 followed by a pclishing. EP 5478%4 Al describes a lapping
method; grinding methods are claimed in the applications
EP 272531 Al and EP 580162 Al.
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According to the prior art, a silicon wafer can be produced by a process sequence of separating a

“singfe crystatof siticorrinto wafers; Tourding the mechanically sensitive edges, carryingoutam——

abrasive step such as grinding or lapping 35 followed by a polishing. EP 547894 Al describes a
lapping methgg; Eﬁgﬁ;&g}? ods are claimed in the applications EP 272531 Al and EP 580162 Al.

I 3 The final flatness is generally produced by the polishing step, which may be
preceded, if appropriate, by an etching step for removing disturbed crystal layers and for removing
impurities. A suitable etching method is known from3DE 19833257 ClI, by way of example. While the
traditional single-side polishing methods generally lead to poorer plane-parallelisms, polishing
methods acting on both sides ("double-side polishing") make it possible to produce silicon wafers with

improved flaftfessiadlinftha taesofifol BRRESHoh RAaRSHS ChidrBforeNsn Rftthfstis !n&deto achieve

~ the requiredlflatiessaly isaitablecproedssing steps suchassgrinding nlappirigiand podishifige However,

the polishing.gf-a silicon;wafersually gives riseta. 13 a decrease i:the thigkngss of the.planar silicon
wafer towaﬁd g@e‘ ggg? e("e qﬁ&g{l-og" tE{t}c ig% metgggs J,_‘als.oc}):[1 ted? %@%@?ﬁtp%?ilic%n V\égaa]:er to be
treated to & greAter 6Xtent & . e%dge an to'prp}élﬁce su‘clﬁ an edge roll-off, 20T order t6"counteract
that, it3s ciiStofERPRdEsiliEoH Waférttotie Polisiid Lofcarely of L8RVERY ARGt aveipéished
silicon waferisdhinniey in ¢hel centarptherrincieaseiaztsithickiess towald the edgesiritbhias a
decrease ig thickgess, inan puteedge region: By £oNtrash & canvery pelished silicon25,wafer is
thicker in tt%% ceng%ﬁgkéensgﬁgrgg§e% iggg éhiﬂ%g@és toward éh fdggéansd_exhibits a pronounced
decrease in thickness in"an outer edag"é region. 19938340 Cr describes depositing a
monocrystalline layer on 30 monocrystalline silicon wafers, which layer is made of silicon with the
samelerystat otieatatior; acsocalled epiaxial layer, em fehich sémeartuotor eompohentstare applied
Iﬁfekr;, Systermsraf dhistypgs hiavescertain advantages eversilicon wafersmade of hosagenepys
material, for._examgle g]e preventi%n of a Clhar e 35 rever z%! in bipolar_CMOS circuits followed by the
.’ ' §Teps Such a5 grinding, apgz_ng & ‘?_3 1isiding.

short circuit :

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

15 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.

20 In order to counteract that, it is customary for silicon wafers
to be polished concavely or convexly. A concavely polished
silicon wafer is thinner in the center, then increases in its

(j_u thickness toward the edge and has a decrease in thickness in an
T outer edge region. By contrast, a convexly polished silicon

25 wafer is thicker in the center, then decreases in its thickness

toward the edge.and .exhibits a proncunced decrease in thickness

in an outer edge region.

DE 19838340 Cl describes depositing a monocrystalline laver on

30 monocrystalline silicon wafers, which layer i1s made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductor components are applied later. Systems cf
this type have certain advantages over silicon wafers madé of
homogeneous material, for example the prevention of a charge

'35 reversal in bipolar CMOS circuits followed by the short circuit
of the component (“latch-up problem”), lower defect densities,
for example reduced number of COPs (“crystal-originated
particles”), and alsc the absence of an appreciable oxygen



of the component ("latch-up problem"), lower defect densities, for example reduced number of COPs
("crystal-criginatéd particles™), and also the absence of an appreciable oxygeh 2009P00031DE/KI 4~

" content, whereby it is possible to preclude a short-circuit risk due to oxygen precipitates in
component-feleyapt gegignsy According to the prior art, epitaxially coated silicon wafers 5 are

- produced from suitable intermediates by means of a process sequence of removal polishing - final

- polishing - cleaning - epitaxy. DE 10025871 Al, for example, discloses a method for producing a 10
silicon wafer with an epitaxial layer deposited on its front side, said method comprising the following
process steps:  (a) a removal polishing step as sole polishing step; (b) (hydrophilic) cleaning and
drying of the silicon wafer;  (c) pretreatment of the front side of the silicon wafer at a 15 temperature
of 950 to 1555 4&Giees ERISTTY in-dn ERiItBRY TeddtBr; Ehé ™ T deFodtiGhof aneritaidl layer on the’
front side of fhecpritredted sHicprrwafer c2@ 1tts orstdmarprinmrdet to-pisteetdilicoryivafers from
particle loading, to subject the silicon wafers to a hydrophilic cleaning after polishing. Said hydrophilic
cleaning pr \Y ide o ont.and !?1 éfth ili 3r.which_is very thin
(approxima%gggo%%ggﬁnﬁgé%%%e e%?c%r% %%%ﬁ,ee%gé % (%Selg in§ (}é%r%%%qe%g?’ecr\ﬁgngﬁ is" native oxide

is remdvedih thB TTrsE of AP EEIENt iR aEpTERY HEAG0r BXdBR AT P dgén BRABEPRere (also
called H2 bek@ye3@e of removal polishing - final polishing - cleaning -

epitaxy.

DE 10025871 Al, for example, discloses a method for producing a

10 silicon wafer with an epitaxial layer deposited on its front
(j:? 'side, said method comprising the following process stepé:

{a) a remcval polishing step as sole polishing step;

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

(c) pretreatment of the front side of the silicon wafer at a
15 temperature of %50 to 1250 degrees Celsius in an epitaxy

reactor; and

(d) deposition of an epitaxial layer on the front side of the

pretreated silicon wafer.

20 It is customary, in order to protect silicon wafers from
particle loading, to subject the silicon wafers to a .
hydrophilic cleaning after polishing. Said hydrophilic cleaning

— produces native oxide on the front and rear sides of the
(:\» silicon wafer which is very thin (approximately 0.5 - 2 nm,

25 depending on 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 Hp
bake) .

30 .
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

35 hydrogen atmosphere.

Sometimes, besides an etching medium such as HC1; a silane
compound, for example silane (SiH,), dichlorosilane (SiHyCls},



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 (HCI), being added to the 35 hydrogen atmosphere. Sometimes, besides

an etching @W@@Tﬁ?? 1, a silane compound, for example silane (SiP14); dichlorosilane
- (SiH2€12),§W§009200031DrzZ }gtrichlorosilane (TCS, SIHC13) or tetrachlorosilane (SiC14), 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 5 reaction rate, however, so
that silicon on the surface is mobile and the surface is smoothed and defects are removed on the
surface. Epitaxy reactors, which are used iné)articular in the semiconduCtor indystry for the deposition

of an epitafiala)ePER A <iAEeN Wifer, afd-delelibBy ifthe Fridr &t Durilyall toatifty or'deposition
steps, one ai. mworesiliedniwafers dneticatst by Freaps:of healingsodircay: préferbblsy: 15 means of
upper and lowier-heating,saurcesnfosexample damps«iantp banksizancsebsequently exposed to a

gas mixture, comprising,a souree g3, A ¢ayrler gasand, L anprapriate.a doping gag, 20 A susceplor,

. [=] + .
which compr%es grap or quartz, for example, serves as a support for the sjlicon wafer in a

process chBfftsar 61thé Bptax)} PEEISE Dithg e d8posiiBh ftBcdss, tRESHOh wifer rests on this
susceptor owinirhitledroltigortions 6kthe duscaprortinestderdo nSard a WwiforfeReathsy on

the surface.

Epitaxy reactors, which are used in particular in the
10  sgemiconductor industry for the depesition of an epitaxial layer
h-"""‘\ 1 ] O
C on a silicon wafer, are described in the prior art.

During all coating or deposition steps, one or more silicon
wafers are heated by means of heating sources, preferably by
15 means of upper and lower heating sources, for example lamps ox
lamp banks, and subsequently exposed to a gas mixture,
comprising a source gas, a carrier gas and, if appropriate, a

doping gas.

26 A susceptor, which comprises graphite, SiC or gquartz, for
example, serves as & support for the silicon wafer in a process
chamber of the epitaxy reactor. During the deposition process,

- the silicon wafer rests on this susceptor or in milled-out
(; - portions of the susceptor in order to ensure a uniform heating

25 and to protect the rear side of the silicon wafer, on which
usually there is no.deposition, from the source gas. In
accordance with the prior art, the process chambers are

designed for cne or more silicon wafers.

30 In the case of silicon wafers having relatively large diameters
(greater than or egual to 150 mm), single wafer reactors are
usually used and the silicon wafers are processed individually
since this xesults in a good epitaxial layer thickness
regularity. The uniformity of the layer thickness can be

35 established by various measures, for example by altering the
gas flows (Hz, SiHCls), by incorporating and adjusting gas inlet
devices (indectors), by changing the deposition temperature or

modifications Lo the susceptor.



25 and to protect the rear side of the silicon wafer, on which usually there is no..deposition, from
the.source.gas. Tn .. accordance with the prior art, the process chambers are desighied for one of Wiore
“silicon wafers. 30 In the case of silicon wafers having relatively large diameters (greater than or equal
to 150 mm),.singl tors are usually used and the silicon wafers are processed individually
=since this re%?aptg %}‘Qﬁ%ﬁdﬁ Zgljfaxial layer thickness regularity. The uniformity of the layer thickness
can be 35 established by various measures, for example by altering the gas flows (1-i2, SIHC13), by
incorporating and adjusting gas inlet devices (injectérs), by changing the deposition temperature or
modifications to the susceptor. 2009P00031DE/Ki 6 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 5 course of which the susceptor and also other parts of the process
chamber argdreetd etsilican deposiis:Tbisretek, usisgdydrogen thiarideéHQL), ferexample, is often

already Cargiq&%%tfr gg%gng gf asmallpumber of silicon wafers (gfier 1o S silicon wafers)

in the case of s nq{lle wafer 10 re@ct%s, %nd.is not catrrled Ql% ing)art un%irg)after the processing of more
silicon-wafef faﬁetglﬁifgazﬁ%ﬁfi]conowaifer%) fi'the Easé of o p8 ﬁinag thi Sﬁilfg}}igl’lai‘/é’rs?lﬁsually, only
an HC? etchfi-eeatfieitécdisklh FCIeRhniy GBatRéAefoielil b biief edatitif of the susceptor
is carried 1peut-diwe piodustion:ofepitaxiallycbated sdicondeaters with gaod glabst flatigssyproves to

be extremely, diffigtilt, singe,as saentiongd abaye, A gopeavely or cenvexly palished silicon. wafer 20 is
usually preser%t %%m}e s%gstrate. Althoul%ﬁ the deposnﬂw of a thlckg%eggiﬁlal layer in the center of the

concavely pD(BJIIShed_SIﬁCOI’] water, wiiere the thickn8s€ o s%%n%%r Would T1ave o tiecrédse outward in

the 25 diredticrt 6Fthe 8ge of tHe- ShitoHaF&rer Jcotild Ebfnpserisate foptHerdhgmaiE toncave
farm-oé-thersilegrowaferzand thus:@tsaimpiove thegldbabathessof the sieonamafer, this is not

 donsideredjndbe epitaxy s siican walers since.a impestant spesification of ansepitaxially coated
siicon wafer, 30 namely a it valye for g regulaiity of the eplaxialiayer. |, ... .

Usually, only an HC1 etching treatment or else an HCl etching

treatment followed by brief coating of the susceptor 1s carried

13 out.

The production of epitaxially coated silicon wafers with good
global flatness proves to be extremely difficult since, as
menticned above, a concavely or convexly polished silicon wafer

20 is usually present as the substrate,

Although the deposition of a thicker epitaxial layer in the
(:u, center of the concavely polished silicon wafer, where the
e thickness of said laver would have to decrease outward in the

25 direction of the edge of the silicon wafer, could compensate
.for the originally.concave form-of.the silicon wafer and thus.
also improve the global flatness of the silicon wafer, this is
not considered in the epltaxy of silicon wafers since an
important specification of an epitaxially cocated silicon wafer,

30 namely a 1limit wvalue for a regularit§ of the epitaxial layer,
cannot be prevented from being exceeded. The same applies to
methods which aim firstly to deposit a regular epitaxial layer
on a concave or convex polished wafer without firstly
influencing the geometrical form of the wafer, and subseqguently

35 to "etch into shape" the epitaxial layer or, by means of other
material removal methods such as polishing, for example, in
this way to improve the overall geometry of the epitaxially
coated wafer. In this caseé, too, depending on the extent of the



cannot be prevented from being exceeded. The same applies to methods which aim firstly to deposit a

“régular epitaxial layer on a concave or convex polished wafer without firstly influencing the geometrical

i

- of the epitax

" form of the wafer, and subsequently 35 to "etch into shape" the epitaxial layer or, by means of other

material rergggﬁ%@g%%;%h as polishing, for example, in this way to improve the overall geometry
ially coated wafer. In this case, too, depending on the extent of the 2009200031DE/Ki 7

material removals required, an epitaxially coated wafer having an inhomogeneous epitaxial layer
thickness results, which constitutes an unacceptablé disadvantage. Therefore, methods of this type
play practically no part in the epitaxy of 5 monocrystalline silicon wafers having diameters of 300mm or
450mm for very modern applications in the semiconductor industry.  DE 102005045339 Al discloses
a method BPpRichicing SRRy 16EbatEq silon Ratets i WiichoF hittidiftity o Giica - 2wafers
which. are polishédatteast onstheip fiomt Sidesl ates providedanearessuctiessivelyicbated individually

'in each case.isan epiaxy Feacion by &-praseduse yxwhieh agespective-ane ©f the silican wafers

provided is&lggeﬁ @%ay%sr Ogc:r% é@c&h@aﬁfop%%x ég@_crﬁg, and iségrﬁg%g}ggynder a hydrogen

atmosg]here at a ow rate of 20- slm in a first step and with addition of an etching

mediurn toRBHEYSGErt HimbspfereSata ¥BEGHE, retiliced IdrB§ef fiow rate BFEs X0 sim in a
second stepf; dsmulisequently coated e pitaribligan.vg polishéd20frontsitel amtis removed from the
epitaxy reagter; #ngkan etching treatment of the susceptor is furthermore effected in each case after a
specific number of epitaxial coatings. DE 102005045339 Al likewise discloses a silicon wafer having a
DE 10200504533% Al discloses a method for producing epitaxisily
10  coated silicon wafers, in which a multiplicity of silicon
<j:: wafers which. are polished at least on their front sides are
provided and are successively coated individually in each case
iﬁ an epitaxy reactor by a procedure in which a respective one
of the silicon wafers provided is placed on a susceptor in the
15 epitaxy reactor, and is pretreated under 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 second, reduced hydrogen flow rate of 0.5-10 slm in a
second step, 1s subsequently coated epitaxially on its polished
20  front side and is removed from the epitaxy reactor, and an
etching treatment of the susceptor is furthermore effected in
each case after a specific number of epitaxial coatings.

(:\, DE 102005045339 Al likewise discloses a silicon wafer having a
25 -fxont side and a rear side, wherein at least its front side is

. polished and an.epitaxial layer is applied at.lsast on its

front side, and which has a glokal flatness value GRBIR of

0.07-0.3 um, relative to an edge exclusion of 2 mm.

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

35 and to globally level the silicon wafer actually belore the
epitaxial-coating step. Disadvantages of the method disclosed
in DE 1020050453389 are that although the reduced hydrogen flow
rate intensifies the etching effect at the edge ¢f the polished



25 front side and a rear side, wherein at least its front side is...polished and an. epitaxial layer.is....-

applied at.least on its front side, and which has a global flatness value GBIR of 0.07-0.3 um, relative to
an edge exclusion of 2 mm. 30 The comparatively good geometry of this epitaxially coated silicon
wafer resulis drag dhe factdhat the reduction of the hydrogen flow rate in the second step of the
pretreatment with addition of an etching medium makes it possible to etch away material at the edge of

. the silicon wafer in a targeted manner 35 and to globally level the silicon wafer actually before the
epitaxial-coating step. Disadvantages of the method disclosed in DE 102005045339 are that although
the reduced hydrogen flow rate intensifies the etching effect at the edge of the polished

2009P00031DE/Ki| wafer, the_gas flow over;the semiconductar wafer is not lamjpar. Embodiments of
the inven‘t‘@h‘?s?é’ek“f?)epr%'ﬁ%eﬁf.%rﬁD Altérnative rﬁetho\g}%‘or epitaxially coating silicon wafers such that -
epitaxially zvared: silicon wafers having good global flatness result. According toan aspect of the
present invention, jlere is provided a method for producing 10 epitaxially coated silicon wafers, in

which a multipliity,of sifieen wafers whichare,priishediatigast on their front sides are provided and

successively coated individually. in.each case in an epitaxy.r )] pcegdure in which a
respectivE TSt tHe siftfor Wg e"ir%‘?%o‘fo{fiO e%%g%lgcé%"% ?t%%%r %ft{he gpiﬁéy reactor, and is
oge

pretreateeih e first lep BARARTRET R AyHOgER S MDsphRsre™® £R Frffow Taté dt40260 sim and
in a secopgdsstep with addition of an etching medium to the hydrogen atmosphere at a hydrogen flow
rate of 40-60 slim at a flow rate of the etching medium of 0.5-1.5 slit and at an 20 average temperature

of 950-1050C, and is subsequentIX, oated eef&igagiﬁa}}lgyeo‘ it poli g%ggg%%gmiﬁrgamgd from
the epitaxyCFESEHST herdif 8ty %ﬁ%%é%ondn step o?’?,he “oretreatment, the power of heating
eleffentsarrbaged above kel v the usEapior fv r‘ebrﬁllé'?g&?ﬁl sﬁcﬁ‘%&\ﬁ:é?fﬁacﬁhgreols a25
Q@peratgmgﬁfﬁnemea@fg-aaﬁ betwesn poddidipSymmdireal.régioR RHeoRTFasSiry. U5
Cennm—%ﬁﬁgbgnggéﬁk&@dN@Eﬁeessively coated individuelly 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
15  epitaxy reactor, and 1s pretreated in a first step only under a
hydrogen atmosphere at a hydrogen flow rate of 40-60 slm and in
a second step with addition of an etching medivm to the
Mm%wmmmmeaaMM%wﬂmmmmﬁMéO%mma
#low rate of the etching medium of 0.5-1.5 slm and at an
20 average temperature of 250-1050°C, and is supsequently coated
epitaxially on its polished front side and is removed from the
epitaxy reactor, wherein, during the second step of the
. pretreatment, the power of heating elements arranged above and
(; ‘ bpelow the susceptor is regulated in such a way that there is a
temperature difiference 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.

30 The invention makes use of the fact that the removal rates
during treatment of the silicon wafer with hydrogen and/or
nydrogen + etching medium are temperature~dependent. This is

shown in figure 2.

35 The radially symmetrical region - encompassing the central axis
— of the silicon wafer is preferably a reglon having an extent
of 1-150 mm, if the diameter of the gsilicon wafer is 300 mm. By

way of example, a circular region having a diameter of 1-150 mm



to be epitaxially coated anda part of the silicon wafer that lies outside said region. 30 The invention
makes use of the fact that the Temoval rates daring tréatment of the silicon wafer with hydrogen and/or
" hydrogen + etching medium are temperature-dependent. This is shown in figure 2. 35 The radially

symmetrica% (;gjgls%go %Q%?ggssing the central axis - of the silicon wafer is preferably a region having
- an extent of 1- mm, if the diameter of the silicon wafer is 300 mm. By way of example, a circular

region having a diameter of 1-150 rm 2009200031DE/Ki 9 can be involved, the midpoint of which
corresponds to the center of the silicon wafer. Furtt¥er preferred embodiments of the invention are
claimed in the dependent product claims. It is essential to the invention that the temperature in an
inner zone around the center of silicon wafer & susceptor  (heating is effected from above and from
below) is hitfHerter Miowerythar-ittatiy QR oLiér 26na{ea e CFEHHGR OWEcESURt St (- the
temperature=gependenceref thelremavakeate rthis has the consequence that the material removal is
higher either in the inner zone or in the edge region. Thus, the convex or concave initial geometry of

the polished W%I_[(\-:-r can be coun%ra‘%gd, the%%l]gbal geopwetr,y %TTV,,GBIR canﬁe, improved and,
finally, an Spitaxily E5&ea it fjeqjﬁ% 5 g86d GEOMBHH propartias tanbd Bioviddy.  The
methotl acEBRIIRGHE I THyvanToR KHowsLfdt Hife first time 20 that the temperature-range 'Of

950-1050C is essential for this. The epitaxy reactor described in EP 0 445 596 BI, for example, iS
suitable fog carryingout the method; i.comprisas afeagtor chamber, determiped by a feactor vessel

hav@ng a first dqp%ggd 25ra se ongﬁ?dom%@nr}g' ggpgﬂtgé\c/}vgi%a%erm&?cgggggllg cxgupled, a holding

dewce.for-ﬂh%]ilcﬁng A sificSh \‘/)v%?er;% ea?f?lg- evice pto
(heating is effected from above and from below) is higher (or

¢ lower) than that in an outer zone (edge region}). On account of

<j;jr the temperature dependence of the removal rate, this has the
consequence that the material removal 1s 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

15 - global geometry (TTV, GBIR) can be improved and, finally, an

epltaxially coated silicon wafer having good geometry

properties can be provided.

The method sccording to the invention shows for the first time
20 that the temperature range of 950-1050°C is essential for this.

The epitaxy reactor described in EP 0 445 5896 Bl, for example,
(;-u is suitable for carrying out the method. It comprises a reactor
N chamber, determined by a reactor vessel having a first dome and
25 a2 second dome lying opposite, which are mechanically coupled, a
holding device. for -holding a silicon wafer;. a heating.device
for heating the semiconductor wafer, wherein the heating device
comprises: a first heating source, which is situated outside
the chamber and is arranged in such a way that energy is
30 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

35 chamber and for evacuating gases from said chamber.

The heating of silicon wafer and susceptor is therefore usually

effected by heating elements airanged above and below the



for heating the semiconductor wafer, wherein the heating device comprises: a first heating source,
which is situated outside the chamber and is arranged in such a way that energy is 30 radiated
“through the first dome to the silicon wafer; and a second heating source, which is likewise situated
outside the §Bg%w§5{@nged in such a way that energy is radiated through the second dome
~to the silicon wafer; and also a gas inlet and outlet apparatus for introducing gases into the 35
chamber and for evacuating gases from said chamber. The heating of silicon wafer and susceptor is
therefore usually effected by heating elements arranfed above and below the 2009P00031DE/Ki 10
susceptor. IR lamps are involved in this case when using conventional epitaxy reactors such as the
Epi Centura from Applied Materials, cf. EP 0 445 596 El. Said lamps can be arranged in a circular
fashion, forERHES However 2Bier fes SF RS elbnidnd &838s8 RBAcBRADE. In addition, it is
Possible toreygutats teepdwep of they heating elementiseparately Fom Geretanethérdn the case of the
IR lamp banks, it isspessile e directthe thermal powerel Gsin, a targetedimanner-pnie an inner region
of the reactor b glamier andsenprate v lsfeliom eoto g gutsiredion ofthe reastar.chamber. This

is analogous to t ready known possiblility of distributing the gas flows in the reactor into a so-called
inner zbne BN BEté?%W’iSEIﬁ‘?é”?e’?ﬁﬁera&fﬁréa&ﬁf%réﬁ)&c?%W%‘essential to the invention -

between inner zone and outer zone can be realized through a suitable choice of the power of the
heating elempentgavhich.influancesthedesnerature indhe inner antogtergegions: As shown in figure 2
Itis poss'bi?eéf%f?ff hg syitable C%Q%%%:%‘nya‘ﬁféﬁeéﬁg‘%%%%ﬂ? defing.e.9.fhe extent of the

material removal with regard to width and height in the center region of the silicon wafer. Therefore

the_tempefaiire BiffetBicd BRkifeen fediSnE of e~ o direct the thermal power

10 in a targeted manner onto an inner region of the reactor
{:;:' chamber and separately therefrom onto an outer region of the
reactor chamber. This is analogous to the already known
possibility'of distributing the gas flows in the reactor into a

so-called inner zone and an outer zone.

15
The temperature difference - which is essential to the
inventiéﬁ - between inner zone and outer zone can be realized
through a suitable choice of the power of the heating elements
which influence the temperature in the inner and outer regions.

20
As shown in figure 2 it 1s possible, through a suitable choice

of the average temperature, to define e.g. the extent of tﬁa
(iym material removal with regard to width and height in the center

~— region cf the silicon wafer.

.. Therefcore tha. temperature difference between regions of the
silicon wafer and the choice of an average temperature of 950-

1050°C are essential to the invention.
30 Detailed description of the inventieon

In principle, in the method according to the invention, firstly
a multiplicity of silicon wafers which are polished at least on
their front sides are provided.

35
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 s5ilicon wafers by



silicon wafer and the choice of an average temperature of 950- 1050C are essential to the invention.
30 Detailed description of the invéntion In principle, in the method according 1o the inventiomn, firstlya—
‘multiplicity of silicon wafers which are polished at least on their front sides are provided. 35 For this

purpose, a sﬂigggimgﬁ%s}%produced according to the prior art, preferably by crucible pulling
-according to Czochraiski, is sawn into a multiplicity of Siliconyafers by 2009P00031DE/Ki 11 means of

known separation methods, preferably by wire sawing with free ("slurry") or bonded grain (diamond

wire). Furthermore, mechanical processing steps are Bffected, 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 B&&HiaNy r&eMifeaf SRREhinG B eSS walssdge 1o 5t yYisrgeraralipprocessed
as well (edgeirobndinge "ddge-untgt grimdingshdEkiemicail tre adrmenb stepsieemprising cleaning and
etching steps are additionally provided. 15 After the grinding, cleaning and etching steps, the surface
of the siicon.wafers is, smoothed by feiqval potshing, i e, gase, eLsingle:side polishing (35P).
silicon wafers are helc ,

5 sequential single-side grinding methods (88G), 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

10 ("fiat”) is generally processed as well {edge rounding, “edge-

notch grinding™}.

Chemical treatment steps comprising cleaning and etching steps
are additionally provided. ' '

13
After the grinding, cleaning and etching steps, the surface of

the silicon wafers is smoothed by removal polishing. In the
case of single-side poclishing (8SP), silicon wafers are held
during processing on the rear side on & carrier plate by means
20 of cement, by vacuum or by means of adhesion. In the case of
double~side polishing (DSP), silicon wafers are inserted
locsely intc & thin toothed disk and polished on the front and
rear side simultaneously in & manner “floating freely” between

C;L- an upper and a lower polishing plate covered with a polishing
25 cloth.

The front sides of the silicon wafers are then preferably
polished in a haze-free manner, for example using a soft
polishing cloth with the aid of an alkaline polishing sol; in
3¢ order to obtain the flatness of the silicon wafers produced up
to this step, the material removals are relatively small in
this case, preferably 0.05 to 1.5 um. This step is often
referred to as CMP pclishing (chemo-mechanical polishing) in

the literature.

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



during processing on the rear side on a carrier plate by means 20 of cement, by vacuum or by means

of adhesion. In the case of double-side polishing (DSP), silicon wafers are inserted loosely into a thin
‘toothed disk and polished on the front and rear side simultaneously in a manner "floating freely"
between an gpperand ailowex polishing plate covered with a polishing 25 cloth. The front sides of the
‘silicon wafers are then preferably polished in a haze-free manner, for example using a soft polishing
cloth with the aid of an alkaline polishing sol; in 30 order to obtain the flatness of the silicon wafers
produced up to this step, the material removals are rell%tively small in this case, preferably 0.05 to 1.5
pm. This step is often referred to as CMP polishing (chemo-mechanical polishing) in the literature. 35

After polishi ili afer bjected rophilic cleaning and drying according to the
prior art. Thg%ﬁ{é%%%&%ﬁ%@/bﬁo%%?ﬁgd!De”!ith%r%%%%%tc %r%wjé%’hoo wﬁﬁ%JZB%%P%%g?ﬂBE“ZRi 12
simultaneoueci8aning o AYmEmipiity 6f SHESRWFafers MiFsthe Sofby SPERIng #idthods or else as a

single waferyprocess.-5 The silicon wafers provided are preferably wafers made of mono-crystalline
silicon material, SOI ("silicon-on-insulator") wafers, silicon wafers having strained silicon layers

(‘straingd siigar'a.of 284 rined sliconapuinsulaor dwafers, Mefheds Jof,roducing 50) o sSOI
wafers such as 10 SmartCut and methods for producing wa e_rs.w&[h strained silicon fayers are known
in the prior &Y ¥ he'potidhed shicontvaikers brovided Are SubsedGamn pretissiéd itividually in each
case in an efFtaRy Feactbr. 1191 T e frstredirietdn ebch tasd colprises d &reatraent of the silicon
wafer in a hydeagen atsaosphere 4112 bake)aod atreatraentof the siligen-wafer yitihaddjtien of an

emh”@lﬂewgggggbegggkgggn@HQO@@gaﬁgﬂﬁgangaggi%§01 wafers such as
19 SmartCut and methods for producing wafers with strained silicon

ii““f layers are known in the prior art.

The polished silicon wafers provided are subsequently
pretreated individually in each case in an epitaxy reactor.

15
The pretreatment in each case comprises a treatment of the

siiicon wafer in a hydrogen atmosphere {(H; bake} and a
treatment of the silicon wafer with addition of an etching
medium to the hydrogen atmosphere, in each case in a

20 temperature range of 950 to 1050°C.
~The etching medium is preferably hydrogen chloride (HC1l}.

(u\\ The pretreatment in a hydrogen atmosphere is effected at a
25 hydrogen flow rate of 1-100 slm (standard liter per minute},

particularly preferably 40-60 slm.

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

30
During the pretreatment with the etching medium, the flow rate

of the etching medium is 0.5 - 1.5 slm.

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

medium.

During the second step of the pretreatment, the power of the



20_temperature range of 950 to 105QC. The etching medium is preferably hydrogen chloride (HC1).
‘The pretreatment in a hydrogen atmosphere is effected at a 25 hydrogen flow rate of 1-100 sim
“(standard liter per minute), particularly preferably 40-7.60 SIm. The duration of the pretreatment in a
hydrogen ataidsphedé il pef&ably 10-120 s. 30 During the pretreatment with the etching medium, the
‘flow rate of the etching medium is 0.5 - 1.5 sin. The hydrogen flow rate is also 1-100 sIlm, particularly
35 preferably-40-60 sin, during the pretreatment with,the etching medium. 2009P00031DE/Ki 13
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 diafagtef0f 13306 hasa-pdemneraiednargased by.p-80C relative fodhat part of the
silicon wafe£ \y}vh&&h i%s ogtsic{i?% tthe %aidareg{ n. 1:A ge% EQIEﬁuration Oef t1T0jj1,2~ sris {eferr_(ad, very 10
particularly pré%eraab yag-éb S, guring {5e 1 ?L.etching rea n%én?%pe‘h ing on thHe Ubsired material
removal at fe-EaEE FthHessifidtih WaldridbéEpitaxialy céaRds TheGpartivake advantgye of this
method is tlatiafterithé 1p pretreatimentistepsithg Silicorawaferrobtéins-ad dptimuns .form of the front
side forsthe sibseguent.deposition.eban iepitexiap sticer jayer-sinee, the,genyex-er gengaye form of the
silicon wafer iagogn{gegg%rﬁe? fgﬁggf&hg p{ggtrgﬁt{ggﬁt ofttgg sél(iacocgl wafer. 20 In the method according

to the inven%icl)n, the inner zoné preferably correspon%s t0 2 Gircle hra?/ﬁwlgog“diameter of 1-150

A treatment duration of 1G-120 s is preferred, very
16 particularly preferably 20-60 s, during the HCl etching
’“”“; treatment - depending on the desired material removal at the
edge of the silicon wafer to be epitaxially coateci°

The particular advantage of this method is that after the

15 pretreatment steps the silicon wafer obtains an optimum form of
the front side for the subseguent deposition of an-epitéxial
silicon layer since the convex or concave form of the silicon
wafer is compensated for by the pretreatment of the silicon

wafer.
20
In the method according o the invention, the innexr zone
prefexrably corresponds‘to a circle having a diameter of 1-150
h mm around the center of the silicon wafer, while the outer zone
(“’Hﬂ corresponds to a ring having a width of 1-150 mm which

25 encompasses the edge of the silicon wafer. These values
correspond to_the application of the invention to silicon
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 ocuter zones are chosen accordingly,

30 likewise in the case of smaller substrates such as 200 mm- or

150 mm-wafers.

The invention makes it possible to choose the outer zone
depending on the initial geometry of the silicon wafer teo be
35 'epitaxially coated. Preferably, firstly the initial geometry of
. the pelished wafer is determined in a batch of silicon wafers
to be epitaxially coated and then the corresponding process
settings for the pretreatment steps in the epliaxy reactor are



width of 1-150 mm which 25 encompasses the edge of the silicon wafer. These values correspond

" to.the application, of the invention to .silicon wafers having a diameter of 300 mm. With the use of
silicon waferspofothgomextgeneration having a substrate diameter of 450 ram, inner and outer zones

" are chosen accordingly, 30 likewise in the case of smaller substrates such as 200 mm- or 150
Mm-wafers. The invention makes it possible to choose the outer zone depending on the initial
geometry of the silicon wafer to be 35 epitaxially coatéd.. Preferably, firstly the initial geometry of the
polished wafer is determined in a batch of silicon wafers to be epitaxially coated and then the
correspondi rocess settings for the pretreatment steps_in.the epitaxy reactoy. are .
2009P0003§g%ﬁf114%cﬁ%§er%sth%?issta say Ilm‘t'}paarr |Jéﬁ|§? e Ex?en %?et%g inor%rg%%e?]ﬁwnee%mp power
and the terr%%‘?&turéWfé@ﬁ@e%%éeﬁﬂ%&%&@%?%@ﬁ@% HurhERECtERingRFestfent in the
reactor. 5 After.¢thre pretreatirrent stepss afepitaxidiiayertisideppsited atteast omtherpolished front
side of the siligen-wafer. For this purpose, a silane source as source gas is added to hydrogen as
carriergas. The epitaxial layer is deposited at a 10 temperature of 900-1200C depending on the silane
source used. Trichlorosilane (TCS) is preferably used as the silane source, at a deposition
temperaturé oF §5562PL50¢ WKk hREefoTeaRS afov e the R fifdrat@éTange &enfialdtring the 15
pretreatmenttstépssThethicksessdfitheatbpbsitet epitixiab faysrds préferablywafer. For

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

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

(: i Trichlorosilane (TCS) is preferably used as the silane source,
at a deposition temperature of 1050-1150°C, which therefore
lies above the temperature range essential during the

15 pretreatmeni steps.

The thickness of the deposited epitaxial layer is preferably

0.5-5 pm.

20 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 treated with an etching medium,

('\

25 preferably with HCl, in order to free the susceptor of silicon

depasits, by way of example.

A susceptor etching is preferably effected in each case after
1~15 epitaxial coatings of silicon wafers. For this purpose,
30 the epitaxially coated silicon wafer is removed and the

substrate-free susceptor is treated with HCIL.

Preferably, besides the susceptor surface, the entire process
chamber is flushed with hydrogen chloride in order to remove

35 silicon depcsits.

The susceptor i1s preferzbly coated with silicon after the

susceptor etching and before further epitaxial processes. This



20 After the deposition of the epitaxial layer, the epitaxially coated silicon wafer is removed from the
epitaxy reactor. (- cwafers, the susceptor is treated with an etching medium, 25 preferably with HCT,

‘in order to free the susceptor of silicon deposits, by. way ofexample- A susceptor etching is preferably
effected in eaphoeassafier k45 epitaxial coatings of silicon wafers. For this purpose, 30 the epitaxially

~coated silicon wafer is removed and the substrate-free susceptor is treated with 1-101. Preferably,
besides the susceptor surface, the entire process chamber is flushed with hydrogen chloride in order
to remove 35 silicon deposits. The susceptor is prefe]t%bly coated with silicon after the susceptor
etching and before further epitaxial processes. This 2009P00031DE/Ki 15 may be advantageous
since the siIIglcon %/gfear toal% ge%itaxially coated %oes ngt.then bear d}irectly on the susceptar. Moreover,
it has been'SROWN-that the ietRod aceorting o the s Tnventiodis Suitable® r%%&'ﬁé?ﬁglalﬁlicon wafer
which compii&esea frone siderdnd asBaPsiye, WhHepsihlat 64stitsfromesigpi®polished and an epitaxial
layer is applied at least on its front side, and which has a global flatness value GBIR of 0.02-0.06 pm,
relative to anedgsexclusionaf? sup, 1Qu il anedge exclusion;ofd mupis-gmployed, that is to say a
more sfringent crlgérBlon, this res%%%al GBIR value&uc():fi%84 lo S01(18Jw pm. 1w5a »Q% I%%ail_ élgltness,

expressed %?Yﬁg (ﬂ%.,llﬁ the caseof the - ¥°°

comprises a front side and a rear side, wherein at least its
front side is polished and an epitaxial laver is applied at
least on its front side, and which has a global Fflatness valﬁe
GBIR of 0.02~0.06 pm, relative to an edge exclusion of 2 mm.

10 .
(m: If an edge exclusion of 1 mm is employed, that 1s to say a more
(: B stringent criterion, this results in GBIR values of 0.04 to

G.08 ym.

15 The local flatness, expressed by the SBIRp.:, in the case of the
silicon wafer epitaxially coated according to the invention, is
greater than or egual to 0.02 um and less than or equal to
0.05 pm, likewise given an edge exclusion of 2 mm and relative
to partial regions of an area grid of segments having a size of

26 26x8 mm®. This results in 336 segments, of which 52 are
“partial sites”. The “partial sites” are prefexably taken into
account in the determination of the SBIRp.:z. The PUA value is
preferably 100%.

(\

25 Relative to an edge exclusion of 1 mm, an SBIRg.y of 0.04 to

. 0.07 um results.

The silicon wafer is preferably a wafer made of monocrystalline
silicon material, an SCI(“silicon-on-insulator”) wafer, a

30 silicon wafer with a strained silicon layer (“strained
silicon”) or an sS80I (“strained silicon-on-insulator”) wafer

which is provided with an epitaxial lavyer.

The epitaxially coated silicon wafer according to the invention

35 preferably has an epitaxial layer thickness regularity of at
most 2.0%. The epitaxial layer thickness regularity can be
determined by measuring average value T and.range AL = fpsx~tmin
of the epitaxial layer thickness. At/t is particularly



silicon wafer epitaxially coated according to the invention, is greater than or equal to 0.02 pm and less
than or equal to 0.05 pm, likewise given an edge exclusion of 2 mm and relative to partial regions of
"an area grid of segments having a size of 20 26x8 mm2. This results in 336 segments, of which
52 are "partigh sites) o FRe Hpattial sites” are preferably taken into account in the determination of the
~SBIRmox. The PUA value is preferably 100%. 25 Relative to an edge exclusion of 1 mm, an SBIR. of
0.04 to 0_07 pm results_ The silicon wafer is preferably a wafer made of monocrystalline silicon
material, an SOI("silicon-on-insulator") wafer, a 30 siltéon wafer with a strained silicon layer ("strained
silicon™) or an sSOI("strained silicon-on-insulator") wafer which is provided with an epitaxial layer. The
epitaxially coated si agjon wafer accordlgg to the invention 35 eferably has an epitaxial layer thickness

regularity of Bt RG22 0%. The epitaxi Iaygﬁtﬁ%@%gglr%ﬁﬁ ity cBh Be"dédtined by measuring
average valde $and rang§é At emasiioef the ephakid [dyerthickhegsrAdeis naticulaiy Jas
" 2009P0003 ¥DEAHS o prefealdy £.5%i=2.0% vefy pariicisary prefeeably 4s0%ie1.5%. The method

according to. {05 gueqtion Jer i3 0as &A1, ops lowddisyibulions.claimed. pegmis (e production
Of epltaX|aI oated silic n wafe ers A\%ﬁ ﬁﬁese 5 erﬁltamal layer thickness regularities. If, in the prior

art, it isatte &58%6‘% %%’ fHe E iaf GabrHatRy 6fthe polished silicon wafer by a procedure
in which a thicker (or thlnner)epltamal layer is deposited in the center of the silicon wafer during
epitaxy, or hya praceduredp whichralthaughify sty adargely regulas epdaxiat layetr is.depesited, the
concave geomatry.af the gpitaxially:coated silion yafer m%%pq&mly wremct d by £iching removal
at the epltaX|aI Iaﬁ){er itJ npg i‘%let kee the %Pé?mal la er ness reg § ity %ar%rgfeter which is
extremely impoRARt and pon BRLFACE u?ers frthat harow range™of 188s than or
equmfgzg@gg)center of the Slllcon wafer during epﬁtazy, or by a
’ procedure in which, although firstly a largely regular
N epitaxial layer is deposited, the concave geometry of the
epitaxially ccoated silicon wafer is subseguently corrected by
etching removal at the epitaxial layer, it is impossible to
15  Lkeep the epitaxial layer thickness regularity parameter, which

is extremely important and critical for the component
manufacturers, Iin that narrow range of less than or equal

to 2%.
26
Example:
o~ The example relates to an epitaxy reactor of the type Epi
T Centura from Applied Materials. A schematic construction of the

" 25 reactor chamwber of such an installation is shown in figure 1.

Fignre 1 shows the schematic construction of & reacter chamber

of an epitaxy reactor for carrying out the method.

30 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.

Figure 1 i1llustrates the schematic construction of a reacto£

35 chamber for carrying out the method accerding to the invention.
Heating elements 11 (top, outer region), 12 (top, inner
region}, 13 (bottom, inner region) and 14 (bottom, outer
region) are illustrated. The reactor comprises a susceptor 4



. Example: The example relates to an epitaxy reactor of the type Epi Centura from Applied Materials. A
schematic construction of the 25 reactor chamber of such an installation is shown in figure 1. Figure 1
“shows the schematic construction of a reactor chamber of an epitaxy reactor for carrying out the
method. 30 Figied shaws 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. Figure 1
illustrates the schematic construction of a reactor 35 chamber for carrying out the method according to
the invention. Heating elements 11 (top, outer region}?lz (top, inner region), 13 (bottom, inner region)
and 14 (bottom, outer region) are illustrated. The reactor comprises a suscepto 4 2009P00031DE/Ki
L7 for receling the.slcon walsrione epliaxialy coated, 2.0a8 el Apberglus 2.2.a5 ullel
apparatus 3, an apparatus 3 for mounting and for lifting susceptor an sﬁbé{r:ﬁeie,g. by means of
so-called liftpihgY, PPy RTEters:6 £ ahdite P ior 5> CoRERASEN fneasutihg iR BRTgE atirE A the
reactor chambert {able 4mbdwt shows biyiwgy of example typical mahsgs fordanmp.gowérg imdhexase of
the Epi %e%waswhl%ﬂ;ﬁ@&Z%&h&t%%rﬁ;unﬁnﬁiffgmt%&@%@l g}awe%mvgaajon - betwefen 1|0
inner and outer zones. C.In this case, the t a ower is 70 kW, distributed among_ the four lamp
banks i?lustFa(félé ird fﬁgﬁrses S(to%eﬁﬁgﬁ%??c?p%ﬁ%iig)%ﬁ)%ﬁ hside ,%&%&m%%atg%g)? 'I%%I}:Qa?rjééponds
15 to an average temperature in the chamber of approximately 950- 1050C. 60% of the total power

~ comes fronTtielepgeriampebanies ovheating élememple typical values for lamp

powers in the case of the Epi Centura which realize the

temperature difference - essential te the invention - between
10 inner and ocuter zones.

In this case, the total lamp pewer is 70 kW, distributed among
the four lamp banks illustrated in figure 1
top/outside, bottom/inside, bottom/outside). This corresponds

(top/inside,

15 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 elsments.

20
Table 1
Upper Lower
I Totai heating heating
(;,“ power elements elements
25kW 45k
70.. kW = 60% of. . =.40% .of -]
TOkW T0kW
IDistribution
inside/ Inside Outside Inside Cutside
cutside
roitaxial 13.5 kw 5.85kW
plt’?‘“a = 54% of [11.5 kW |= 13% of {39.15 kW
coating 25%W 45%W
o chi 16.5 kW 7.2 kW
Ctmgt |7 66% of 8.5 ki = 16% of [37.8 kW
Epm LeAtMEnt by 5w 15k%wW




different during the etching pretreatment than during the epitaxial coating. In the Epi Centura the

- distribution 54%/13% leads to a homogeneous temperature distribution between silicon wafer and
susceptor. Heresthedempesature is substantially identical in all regions of the silicon wafer. In order to
-achieve a homogeneous temperature distribution, an optimum energy W distribution has to be
determined for each reactor chamber. cr-Said energy distribution can vary in different reactor
-chambers even of the same reactor type (e.g. Epi Celrsltura). The following procedure is preferably

. adopted for determining 15 the optimum energy distribution for the epitaxy step: a group of p- wafers
(e.g. five wafers) each having a substrate resistance > 10 ohm.cm i . Di t rgy
distributiongI %?e %%Ltsfgjflé%% g\/\(/)éjfe?fse.%‘éa%ﬁaigﬁn T ?4%%?é%mﬁéé%r%ﬂ%%%?§%%g%n %gé five wafers
are then méeHstiFed $6y-edampRE2G HEINyLAH B1A. IR SEREARY mEAETreffentifstrtifient from KLA
Tencor andeqif heedssaryge@xanygned under a microscope. An average setting is chosen for the further
epitaxy steps. The aim is to achieve an energy distribution that is as homogeneous as possible over

the siligon wafef for the epitaxy sleb. Tis 2 proegduie s g elayradings synning a slip windowr
among expeﬁs.ln %héPrield of semicon uctor epitaxv. In the course of production, wafers are regularly
examined fBPPESSBRAIPsT ARERP &I Sli Weater, BRF“&ss windSh 1€5rbfRtinYider once
again to determing an:optieum seting obiterefnergy distripdtiopantially identical in

all regions of the silicon wafer. In order to achieve a

homogeneous temperature distribution, an optimum energy
10 distribution has to be determined for each reactor chamber.
- Saild energy distribution can vary in different reactor chambers

(N even of the same reactor type (e.g. Epi Centura).

The following procedure is preferably adopted for determining
15 the optimum energy distribution for the epitaxy step: 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 each wafer (e.g. wafer 1: 54%/13% .. wafer 2:
58%/14%, etc). The five wafers are then measured for example
20 using 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 steps. The
aim is to achieve an energy distribution that is as homogeneous
as possible over the silicon wafer for the epitaxy step. This
25 procedure is also referred to as "running a slip window" among

experts.in the. field of semiconductor epitaxy.

{1

In the course of production, wafers are regularly examined for
possible slips. If there are slips on the wafers, the "slip
30 window" is run in order once again to determine an cptimum

setting of the energy distribution,

Tn the present invention, preferably proceeding from an energy
distribution optimized in such a manner for the epitaxry

35 process, the power is increased in the inner zone for the
etching pretreatment in order to obtain the required

temperature difference between inner and outer zones.



In the present invention, preferably proceeding from an energy distribution optimized in such a manner
for the epitaxy 35 process, the power is increased in the inner zone for the etching pretreatment in

" order to obtain the required temperature difference between inner and outer zones.
2009P00031DEdin 19 3 forthe 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 5 is preferred
for the etching pretreatment. During the etching pretrlagatment, therefore, the energy distribution
proceeding from the previous optimization is always chosen differently in order to achieve the
temperature. 10 difference essential to the invention of SVQH% e di ibé%i 6%1/16% from table 1
leads to a tgr%wpgﬁgtﬁritqaﬁfeergﬁcg ofa g%i?é%afeglp%cééar g%hs%g hi Qgrgw%& bl

thi Istribution make' it

possible to S&EtHE tefiferafie diferefte TEHinRREENtRE rahiGe BRAFEI BRuTED SHERS TS material

removal frommsiicohevafersshravinga didioeter 680G rm ¢tersfone ¢hie insceiption oniftetaxis from -

150 mm to #+H0 gue) asafdngtionef theravarage 20 teapearatye of thesiliconavafer+the distribution

66%/16% from g@%e@&@/?g used inthe Q{;%tﬁ@%tgﬁj@ es{%%satmeﬁtcemperature difference between inner
of the sili refdre a \

and outer zone llicon wafer was there pproximately 20C. 25 It is evident that the material
removal in the inner region of the silicon wafer around the center thereof (x-axis = a) exhibits a
significant tewperatires epentence P& tempetatard of 088Cdid $000Camh@20C exhibits an
_etching removal profile {hat is Raskcany; suitahle deecorresting:he,geamekry fop30 most convexly
polished sileapyafets i a paiiedaly advaniageops manner, Jedglore IS (empaiatgsange is

especially preter or the methoc accordlng to the invention. .
10 ° difference essential to the invention of 5-30°.
I ,
(:»“J The digtribution 66%/16% from table 1 leads to a temperature

difference of épproximately 20°C. Variations of this
distribution make it possible to set the temperature difference

15  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 4+ 150 mm) as a function of the average

20  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 zones of the silicon wafer

was therefore approximately 20°C.

(N

25 It is evident that the material removal in the inner region of
the siliceon wafer around the center . thereof (x-axis = ().
‘exhibits a significant temperature dependence. B temperature of
980°C and 1000°C and 1020°C exhibits an etching removal profile
that is particularly suitable for correcting the geometry for

30 most convexly polished silicon wafers in a particularly
advantageous manner. Therefore, this témperature range 1s
especially preferred for the method acceording to the invention.



20 Patent Claims 1. A method for producing epitaxially coated silicon wafers, in which a multiplicity of
silicon wafers which are polished at least on their frontgides are provided and successively coated
individually in each case in an epitaxy reactor by a procedure in which a respective one of the silicon
wafers provided is placed on a susceptor in the epitaxy reactor, and is pretreated in a first step only
under a hydepgenatomsphere at a hydrogen flow rate of 40-60 slm and in a second step with addition
of an etching medium to the hydrogen atmosphere at a hydrogen flow rate of 40-60 sIm, at a flow rate
of the etching medium of 0.5-1.5 sIlm and at an average temperature of 950-1050C, and is ,
subsequently coateteépitakially oS poiisHed fdht side 3&(5 Yo feMdvEl fromthe epitaky féactor
wherein, during theisecondistep dpthe-prefreatmerit] the powerf efrseating-élementsarfranged above
and below the sysceptor s regulated;ip sych & way. thatthere s afempsrature differgnce. of 5-30C
between a radially symmetrical region - encompassing the central axis - of the silicon wafer to be
epitaxially coated ARdE part Of the-Siiidon’ waferifatlies'Sdisitie <Hid Fégion.2. The method ds
claimed in claimf; wheteinghe duratior ofathe preteeathvent 42 $0<120td i Ibothipretreatehterit steps. 3.
The method as ¢laimediinany-of.claimsil 9,2, wherein artemperature difference,0f-10:206preyails on
the silicon wafer .during tge ésg%ggd %ep of#Q% Sparetggfatm%nt.ﬂ. E@l%éngtgo%aa Icgairggd in any of
claims 1 to 3, wherefn both pretreatmeni1 steps are’e fected at'ar average te%pergture of 950-1050C.
5. The method ag'claiftfeesinanylof€ldiMarP w4, whereir tHeSsetonti'stép of tie pretreatment is
effected at an avesage terspesature:of 980-1020C, 6 The-methadias;claimedn any of.elaims 1 to 5,
wherein the radigly, sunmetiicalicgian : encempassingdhe cenya) axs ¢ 21 of e slicamyafel fo be

[
epitaxially coated has at most a diameter of}LSO% of the diameter of the silicon wafer. 7. The method as
claimed in any of ciaifi¥ 118 5° wheréiith& 'siifcondvater hag atiametsr of 300MmHHd thé rabially
symmetrical regiene renponmpassing:the central 8xig~1of the’ Silicemwafer toubes epitaxidllyycoated hds a

diameter of 1- 150mm, .The-method as.claimad inany et cJaims | ta.7 wherein thesilicon wafgr has a

diameter of 450 mm and the radially s mmetgl(%al region - encom quing the ceétral axis 'Pfét}% silicon
wafer to be epitaxidllyGoated Had G Hiambter b1t 225mm g “The method a8 cthimedin &hy of Claims
1 to 8, wherein the epitaxy-steptis effectepdnartepiperatuie rangel 61950 t 2000 and \witlvve
homogeneous tempersdurg.distibution;ensilicen wafer gnd suseepter. 40:The methodrascclaimedkin
anyObeﬂnS1tgél§M¥g%$éggg§§gn%f¥¥g%g§égeé%I%mgéoc between a radially
symmetrical region - encompassing the central axis - of the
silicon wafer to be epltaxially coated and a part of the
gsilicon wafer that lies outside said region.

2. The method as claimed in c¢laim %, wherein the duration of

the pretreatment is 10-120 s in both pretreatement steps.

2

The method as claimed in any of c¢laims 1 to 2, wherein a
temperature difference of 10-20°C prevails on the silicon

wafer during the second step of the pretreatment.

4. The method as claimed in any of claims 1 to 3, wherein both
pretreatment steps are effected at an average temperature of
950-1050°C.

5. The method as c¢laimed in any of claims 1 to 4, wherein the
second step of the pretreatment is effected at an average

temperature of 980-1020°C.

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

radially symmetrical region -~ encompassing the central axis -



Abstract Method for producing epitaxially coated silicon wafers A method for producing epitaxially
coated silicon wafers, in which a multiplicity of silicon wafers which are polished at least on their front
sides are provided and successively coated individually in each case in an epitaxy reactor by a
procedure in which a respective one of the silicon wafers provided is placed on a susceptor in the

epitaxy reactor, amd is\pretreatechin a;first step-only under ahydiagen-atmasphere: at:a hydeagen flow
rate of 1-100 sim %%%&568?”%@%epo‘f’“feﬁé’dg@;ﬁh%ft%}etgtéingﬂaegiﬂﬂ@oﬁbewyﬁé%gen

atmosphere at adhy rogen flow rate of 1-100 slm, at a flow rate of the etching medium of 0.5- 1.5 sIlm
and at an average temperature of 950-1050[err]C, and is subsequently coated epitaxially on its
polished frant sidenand ds:temoved framithed pitaxy ngactor, witvetrein, during the séconeisteplof the

pretreatment, the pewer of heating glements arranged above and:below the suscepiaris regulated in
such a way that there is a temperature difference of 5-30%%%[2& tﬁtween ara iallg Jg%mmetgc region -

encompassing the CBftrdi’dxis - of theSHicon Waférks hd iaffy codtetand & part of the sificon

wafer that lies owsitlecsaid vediom. Fig. be epitaxially coated has a diameter of 1-

150mm.

8. The method as claimed in any of claims 1 to 7, wherein the
silicon wafer has a diameter of 450 mm and the radially
symmetrical region - encompassing the central axis - of the
silicon wafer Lo be epitaxially coated has a diameter of 1-
225mm.

9. The method as claimed in any of c¢laims 1 to 8, wherein the
epitaxy step is effected in a temperature range of 950 to
1200°C and with homogeneous femperature distribution on

silicon wafer and susceptor.

10, The method as claimed in any of claims 1 te 9, wherein the

heating elements are IR lamps.



