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

) el_ectronic Cf%%%%@l%hcms €.g. microprocessors ormemory _chips. Sta_lrting 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 ne%arlg’)ée deviation 20 from a backside-referenced ideal

plane for the entiHeHBAT sfeRF o PR SEHID MR VaTT Y N8 riEspomtR tYETTV (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 Csite hacksuriace eferenced ideal anelianas. = magniyds oL e posiive and
negative deviation from a backsidereferenced ideal plane for an individu component 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 exafpplesto: seaments.ekan area Gsid eflaneasurarmenbwindows hayingsa size 3hef 26 x 8 mm2
e gecmel e sl aepel AL Selmec geples e e un SR vle o
lzrge scale integrated electronic components such as
fﬂﬂgﬂ e.g. microprocessors 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.
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 compenent 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.



Maximum site-referenced flatness or geometry values such as the SE3iRmax are usually determined
~“taking account of acertair edge exclusion (EE ="edge-exclusion”j-of 3-mm; by-way-of exampte--An---
areasilicon wafer within a nominal edge exclusion is 5 usually referred to as "Fixed Quality Area",

abbreviatedztﬁd:s%éog € Ei{tes which have part of their area lying outside the FQA, but the center of
“which lies within'the “dré'called "partial sites". The determination of the maximum local flatness

often does not involve using the "partial sites”, but rather only the component areas able to compare
so-called "full sites", that is to say the lying completedy 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 regardMg-sptiviizingteosts i kefregderithpéustomary risvaddysnoeiousjectersilisen vrafer owing,
for examples iy, to a:eorporantareadhatexceedsthe.gBiRm value, 20 spesifieg: by the.gomponent
manufacturgg, Buttather topermi fi tage, e.0. 1%, of component areas with higher
values. The percentage c()tfgthe sitt%s% \%ﬁic g%eﬂo?%%%g pgrr%ﬁt%d %t%éolﬁe %%Ié%/]v%)% gp?ec?ﬁiﬁ?ﬁl%\ialue of a

geometry parafietdr i€ ustiafly Shechicdbya PUAY Pefoettlydeabls AeagXls 185 which, e.g. in
the cade oftESBIRMBESHIReS than op etjfiaked0 Jugiidnd ArREA, valbk of 80946 =states that 99%
of.the.siteskhave anskIRmaxoflessthanarequalio O 7amiwhile bigher:SBIR valuasg.are also
pe”muedfeﬁé%F@@PQEﬁg%he 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
_Jo 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.



("chip yield"). 30 According to the prior art, a silicon wafer can be produced by a process sequence of

“separating a singte crystal-of siticon nto wafers; Tounding the mechanicatly sersitive edges; carrying ™

" out an abrasive step such as grinding or lapping 35 followed by a polishing. EP 547894 Al describes a

lapping methgg; ﬁﬁgaﬁ%? ods are claimed in the applications EP 272531 Al and EP 580162 Al.

* 2009P00031DE/KI 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,
thefpotlishiq%e%%%'@o(?i\g%t%%&a#wg%%slrisieaﬁtﬁédaaa%@t@ﬁeﬂ@:&%%&@igk@_%?%%%l@ntarbsilicon
wafer tow e ‘e roll-off" ching methods also llicon wafer to be
treated to %Qrseuajtgﬁggteen dggﬁfﬁél %drg[;letaﬁnO to?‘%rp%%lénsu%ﬂognneg?gtép%%ﬁ%?é tg%?ﬁ o%éfer%%ycou nteract
that, it3s ciiStofERPRdEsiliEoH Waférttotie Polisiid Lofcarely of L8RVERY ARGt aveipéished
silicon waferisdhinniey in ¢hel centarptherrincieaseiaztsithickiess towald the edgesiritbhias a
decrease ig thickgess, inbanpuieedge redion: By contrast & sanvery pelished silicon25,wafer is
thicker in tt%% ceng%ﬁggensgﬁgrggge% 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 ,

10 In the case of polished silicon wafers, therefore, an attempt
m\w: is made to achieve the reguired flatness by suitable processing
steps such as grinding, lapping and polishing.

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_. 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



30 monocrystalline silicon wafers, which layer is made of silicon with the same crystal orientation, a
so-called €pitaxial layer, on which sémiconductor components are applied Tater. Sysiems of this type

" have certain advantages over silicon wafers made of homogeneous material, for example the
prevention efp, 6harae;3pgewersal in bipolar CMOS circulits followed by the short circuit of the

- component ("latch-up problem”), lower defect densities, for example reduced number of COPs

- ("crystal-originated particles"), and also the absence of an appreciable oxygeh 2009P00031DE/Ki 4
content, whereby it is possible to preclude a short-cifcuit risk due to oxygen precipitates in
component-relevant ,regions. 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 - CIBRAFGE ePREARPYDEM 00258 ASAD 161 ERaRTTE [dieE08e SHPMENT 3t Producing a 10
silicon waferiwith enepitaxiaitayer depositedton its front Sidwcsaid methbeveomprsiggdhe following
process steps:  (a) a removal polishing step as sole polishing step; (b) (hydrophilic) cleaning and
drying of thg silicon wafer; retreat t of front side of the silicon,wafer -15 temperature
of 950 to 12%:(53é Jégéo‘ége% %%Isié?i% gr% ?e%i%gg ’re,g t”éF;égr? i?g) §§§§§i#o§ j[(; 3é\%Oenpﬁ"t<istr"§£'alel]1gyer on the
front sfde oFtife PraTeiiad sifcBh Wafera 20 %t SrastBhkr Hntordér 15 prstetf sific 5 Wfférs from
particle loaglirgieo subfect thasiliconpvdfephfong - 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},



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 undg gyéj(ggg Atmosphere (also called H2 bake). 30 In a second step, the surface
- roughness o tie"front g%e %?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 medium such as
HC1, a silane compound, for example silane (SiP14); dichlorosilane (SiH2C12), 2009200031DE/Ki

trichlorosilane (TCS, SiIHC13) or-tetrachlorosilane (SiC14), is also added to the hydrogen atmosphere
in an amouh¥ $G8H AR SIHEIPdFbsTtior Aha Silicatt etdHing FBmbvar aréiteqditibriédn. BSth reactions
proceed atalsufficiédty high Shreattich ratepheweveriso thal siloneeiethe sgifaée idiiobile and the

surface is sneethed and defects aresremevead endhestiiacs. Epitewy reagtorsowhich are used in
particular n he semicanduCiot ncusiry for e deaasiin &f an spliaelayeron g jcon wafer, are

. i< L paie S
described in Thé prior alrjfleurlng ali:coatlng or deposition steps, one or more silicon, wafers are heated

by means mééaitﬁff‘gﬂs&ﬂ%@s S@W@gﬁﬁﬂbﬁo that silicon on the surface is

mobile and the surface is smoothed and defects are removed 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.



15 means of upper and lower. 'heating sources, for example lamps or lamp banks, and subsequently
exposed o a gas mixtlre, comprising a Source gas, a carrier gas and, if appropriate, a doping gas. 20
" A susceptor, which comprises graphite, SiC or quartz, for example, serves as a support for the silicon
waferinap S m y .the epitaxy reactor. During the deposition process, the silicon wafer
~rests on this'susceptor or in Rillled-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 one or more
silicon wafers. 30 In the case of silicon wafers having relatively large diameters (greater than or equal
to 150 mm), single wafer reactors are usually used and the silicon wafers are processed individually
since this results in a good epitaxial layer thickness regularity. The uniformity of the layer thickness
can be 35 estahlisheadyy various measiyesios exastpladyyaltering the gas dlewsd#=2, SIHC13), by
incorporating,and adjusting gas injet, devices (injectors)s hy.changing the depgsitiop temperature or
modification t%the s%sce tor. %OO%PQ 031DE/KI (?: In ?‘Plgﬁ/ it is furthermore customary, after one
or more epﬁaxcfalléléqposﬁﬁ m"5h silicon waféis”® oegar?f out &n &Ehﬁ]gsﬁgg&ﬁ%edf the .suSceptor

withouPa sGisstERe, RftHe's eBukseeof WraPiHe s te pidrand Jiss otverparestofthe process
chamber arerfreed of siisehdeposits s Thistetel, udingdwdragenschieridatHel) forexarmpie; is often
already caryied.Qut afterthe pracessing of assmall pumber ofssilican wafers (aftgy, 110 5 siligon wafers)
in the caseoof sin gwafgr 10 reactors, and is.not %%réffl %ut epar;[)gntll, ﬁfter therPchessmg of more
silicon Wafer%t(a er ?[B‘to% 5{{8&&’ wa Iellgs)cfr%: the casé of dep03| ing th?rjf e:bﬁgﬁa %&C/%FSEI Usually, only
an HC1 etchird #eatmBht or 8k @ HEEERHNg freafment fsividd BY BiikE céafing of the susceptor
i;gg@@d]fﬁmttors, and is not carried out in part until after the

' processing of more silicon wafers {after 10 to 20 silicen

wafers) in the case of depositing thin epitaxial layers.

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

treatment followed by brief coating of the susceptor 1s carried

SN

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



The production of epitaxially coated silicon wafers with good global flatness proves to be extremely

~difficult since, as mentioned above, a concavely or convexly polished silicon wafer 20 is usually

i

- the 25 direction of t

present as the substrate. Although the deposition of a thicker epitaxial layer in the center of the
concavely %ng?gg%yvﬂer, where the thickness of said layer would have to decrease outward in
e edge of the silicon wafer, could compensate for the originally. concave
farm-of-the silicon wafer and thus. also improve the global flatness of the silicon wafer, this is not
considered in the epitaxy of silicon wafers since an fmportant specification of an epitaxially coated
silicon wafer, 30 namely a limit value for a regularity 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 B EBRVEY pbiEREE wWaréWitioGHirsE iﬁ:ﬁ’&gﬁéﬁ}&ﬁ@ 9Bt AFoRh SPte Wafer, and
subsequently 35totetghintoishape! thae: dpitatial by cbior chy ensarseebdther ratetial removal

‘methods sugh as palisbing for.exarmple: inthis aaystorsmpraye therovesabgepmeinnefithesepitaxially

coated Waf%.il n t{]is cass, a;{gogggf%ecr%q;igg% tng xtent %thﬁl ;0@&2@9@?1@@/& 7 material removals
d'wa ing ' ial fa

required, an epltanglﬁ/ oa aving an inhomogeneouys epitaxial %%/er thickness results, which

er
constitite S ARAEESHtabIe 8isiivaTage” Thetstord "mathSa€BrinTE & pepiay Brachitally no part in
the epitaxy/605umdicacrystaitimecsiticon wafdrsdrdving tlidmeters ofS0DRMMAMCABSIMM for very modern
applications-imihe sgmiconductor industry.  DE 102005045339 Al discloses a method for producing
epitaxially 10 coated silicon wafers, in which a multiplicity of silicon - ?wafers which. are polished at
least on their front sides are géovided and are successivelg coated indjvidually in each case in an

epitaxy reéﬁo?@ﬁ%oﬁr%%éaﬁ ﬁllwﬁﬂ:ﬁ%tlf’e%ep%c‘i‘lv@edtﬁéo for producing epitaxiaily

10  coated silicon wafers, in which a multiplicity of silicon
<::: wafers which. are polished at least on their front sides are

provided and are successively coated individually in each case
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.

I 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



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 sIlm 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 sImjpspseecnd step. is 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 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 flathness value GBIR of
0.07-0.3 um, relative to an e e exclu3|on 2 0 y good.geometry of this
epitaxialljjeb&fed Sitcof Wafer feSults fio 9nhe %%E%ﬁ%ggegﬁ%%%ﬁhﬁydrogen flow rate in the
second stegrofitiie- 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 hefre he epitaxialicoating, sier. Pisaduaniages okihe method disclosed in DE

102005045339 are that although the reduced hydrogen dntensifies the etching effect at the
edgéoftﬂ@rﬁbﬁhégrzﬁﬁgﬁﬁ(ﬂ%ﬁ?[? chaqér %{hé‘g gs%?vgg%%rt%g = mic d%ito%wafer is not

0
laminar. Epigcdifenty of tetindestion §88k ‘f’o‘"‘p‘?o?{/?dehﬁf‘f Alterratv oaﬂgf
silicon wafegs such that

Axiafly coating

According to an aspect of the present invention, there is provided a method for producing
10 epitaxially coated silicon wafers, in which a multiplicity of
o silicon wafers which are polished at least on their front sides
sre 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

: 1 3 g 3
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 sim 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

o 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, & circular region having a diameter of 1-150 zmm



epitaxially coated silicon wafers having good global flatness result. According toan aspect of the
préesent invention, jleré is provided a method Tor prodicing 10 epitaxially coated silicon wafers; in

= which a multiplicity of silicon wafers which are polished at least on their front sides are provided and
successive%%%%g% dgilgﬁi lIy in each _case_in an epitaxy reactor by a procedl_Jre'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 hydrogen atmosphere at a hydrogen flow rate of 40-60 sIm and
in a second step with addition of an etching mediun#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 subsequently coated epitaxially on its polished front side and is removed from
the epitaxycreacist, whitpéinedurihgeh& s8eend stelf of e hpfetisamentdhesovideof heating
elements areanged atiovweand fielewthesyseeptor is regulated in such a way that there is a 25
temperature difference of 5-30C between a radially symmetrical .region flencompassina. the
central_axis_-. of- the silicon wafer.. - to be epijtaxially coated anda,part of the silicon wafer that lies
outside salTeGT, 30 PhE TVGhiGHRARBS USE of thé FRctHaT e FemBUal IE dRAn g reatment of
the silicon Wiffe ERRRIH/ERE &R 2REFST FARGEEN + 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 tegipn-having anextept i 130man, ifthe diameaterof the silicgn wafer is 300
mm. By Wa)éof example, a circular region having a.diameter of 1-150 rm 2009200031DE/Ki 9 can be

involved, th §

I%ﬁjiﬁp(z)f?] Of WHiEH Co respgtg;f(lilst B the céiter oF thé Siicon Wwarer “Brter preferred
embodimehts 8t tHelink8ntidh $FE efhirmbalin #he de patd eht prodectetdimss ItisEssentiarto the
inverion thedthe terhjperatiwetinian an cuter zone {edge region). On account of
- 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

S e

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



inner zone around the center of silicon wafer & susceptor  (heating is effected from above and from
below) is higher (or M lower) than that in an outer zone (edge, region). On account of (-=- the
“temperature dependence of the removal rate, this has the consequence that the material removal is
higher eith%d@%w}g{g@p@pr 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 properties canbe provided. . The
method according to the invention shows for the firsé¥ime 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 for carrying out the method. It comprises a reactor chamber, determined by a reactor vessel
having a firSPAGmE ST 253 L8 GdMe Biry Shpbsite, Whith 378 nélifhitakFSoupled, a holding
device for-holdivegrd Siticon veafet s eatiag-devicesior theasingithe Biemicontuetor vafer, wherein the
heating devige comprises: a fiskheating seurces nichhis situated nutsidaghechamber and is
arranged '“a%%%'}lge‘%a%!‘% e&e{%@a%o fFadiated through e first dome, to.4he silicpp wafer; and a

second heating sdurce, which'is likewise situated oytside the champer and is arranged in such a way
that erergy itadidted MR UHRthE RBREIGHE 518 sTRBRSWARP &nd also a gas inlet and outlet

apparatus for introducing gases into the 35 chamber and for evacuating gases from said chamber. The

heating of sificemuafesand susceptps isstherefore usuiglly effectadby beating elements arranged

above andpelow e 200R000TDE A0 uscaplor, I8 lambe are Inygiven i case when using
d p

conventional epitaxy reactors such as the Epi Centura from Applied Mategt%ls, cf. EP 0 445 596 EI.
Said lamp<E&n B8 ﬁu‘?ﬁ%é’cﬁm cirttlat TadHiSh Hor examhple T BBeRE, StheFfbeLSFfigating
g,eméﬁts ara dsdeopediodbleanner 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.

‘-w.-\w’,

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



In addition, it is Possible to regulate the power of the heating elements separately from one another. In
the case of the TR Tamp banks; it iS possiblé to difect the thermal power 107in atargeted manner onto—
“an inner region of the reactor (--- chamber and separately therefrom onto an outer region of the reactor
chamber. Thi @%9@@&}&&% 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 invention - between inner zone and outer zone can be realized through a suitable choice of the
power of the heating elements which influence the teriiperature in the inner and outer regions. As
shown in figure 2 it is possible, through a suitable choice of the average temperature, to define e.g. the
extent of the material removal with regard to width and height in the center region of the silicon wafer.
Therefore tHBS tefiparatdifeiiffefemed BEAEe MRIIGHRS of Beesifceh wafer aid Hise 8hwiteDf an
average temperatufe of 950= 1050¢€ arecessentiabtd thesinvertian-30:Heataied description of the
invention In principle in the method according to the invention, firstly a multiplicity of silicon wafers

which are palish at least on th rfront ides are provided, 35 For this p pose, a silicon.single
g Srior i Ere?eragf "By cricibie plﬁﬁ’] glg &El?ﬁjg tS° CIBchfaiski, is

00
crystal produce accordrng’to t%e prior ar
s&Nn"ﬁoa?ﬁ@ﬂﬁﬂﬁ&ﬁ*Eﬁ%&ﬂ%ﬁﬁéﬁgﬁygrlndlng methods (838G}, simultaneous

double-side grinding methods (“double-disk grlndlng”F DDE) 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



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 effected,
‘'such as sequential single-side grinding methods (SSG), simultaneous double-side grinding methods
("double-disk gripdingl3RBPEkar 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("flat") is generally processed as well (edge rounding, "edge- notch grinding"). Chemical
treatment steps comprising cleaning and etching steplg are additionally provided. 15 After the grinding,
cleaning and etching steps, the surface of the silicon wafers is smoothed by removal polishing. In the
B (B e L B e e e
carrier plate by means 20 of cement, by vacuum or by'means df a hesion. In'the case of double-side
polishing (D3P SiliciF waler e ndéhdE Iy ffo Hthfh fdtied ik End’pbfighed on the front
and rear sidezshp@itaneously in a manner "floating freely" between 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 ahaze-free manner, for example using, a soft pelishing cloth.with the aid of.an alkaline
polishing so?; in SOlor"fd(ér to ok ta&jfﬁ th(—fzS %atness qft e S%ICCOQ vyaf%r pro%”u%%% lﬁﬂp gej thc?gf s%‘ga%he
material renfovAlS ate 1a18TelY shvil ahREcase, preferdbly o-66 %5 198 piit5tHig &¥p & often referred
to as CMP pélishirg (chehopiechahical podishing) #t thellitedatafe. icon layers -
(“strained silicon”) or s80I (“strained silicon-on-insulator™)
wafers. Methods for producing S0I or sSO0I 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



‘the prior art, The cleaning may be performed either as a batch method with' 2009P00031DE/Ki 12
“simultaneous cleaning of a multiplicity of silicon wafers in baths, or by spraying methods or else as a
single waferdsro2&88.05 ThB Atlicon wafers provided are preferably wafers made of mono-crystalline
“silicon material, SOI ("silicon-on-insulator") wafers, silicon wafers having strained silicon layers
("strained silicon”) or sSOI ("strained silicon-on-insulgtor”) wafers. Methods for producing SOI or sSOI
wafers such as 10 SmartCut and methods for producing wafers with strained silicon layers are known
in the prior art. The polished silicon wafers provided are subsequently pretreated individually in each

case in an epitaxy/gactokLs, (e prefreatment eagh $ase COMRISES:a freatpspt gkthe silicon
wafer in a hydro e'nfhat%os here lg112 bake%ﬁnd a treat&nerlt of the silicon.wg%r with, addition of an

. = ared 11 such 3 wa at a ragdlall etrical redgion
etching medium fo thé hydrogen atmosplgere, in eachtaséina féqfénmpera%ure rar%e of 950 to
1050C. Thetetehitpmaditin i Breterdbiy hyardgen ciibridé THEL) L CTHe Hréfdathiertdn a hydrogen
atmospheresisigffected. ay a@b:hydiogen flowiate of 13160sim (stahdard fiterparaminute), particularly
preferably 40:4,60 -3t Ehe duration.ef the pretreatmenting hydragen.atmespherg is preferably

10120 s. 30 f)qring the.prstreaiment with g eiching rogdiumy e flov gte of the etching medium is

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
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



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 siliconwafenipmheepitaxially coated and having a diameter of 1-150cm has a 5 temperature
“increased by 5-30C relative to that part of the silicon wafer which lies outside the said region. A
treatment duration of 10-120 s is preferred, very 10 particularly preferably 20-60 s, during the 1-iC1
etching treatment - depending on the desired materidf'removal at the edge of the silicon wafer to be
epitaxially coated. The particular advantage of this method is that after the 15 pretreatment steps the

Silicon Waferlg)btains acrhg;gtirgg Jform of the fron;ﬁside fog: thc%sug%%%%ecntodfp%ition of %? epitaxial

_The hydrogen flow rate is also 1-100 slm, particularly 35 preferably-40-60 sin, during the pretreatment

o crnose O 54 I L CULLE 1NN
silicon layer since ?He convex or concave fLOl'mpOBTrt € sllicon warer Is compensa e&for%y e

pretreatmerftYtene SR orARRIEP C2E In2RE niéthot SFRSFdiIRG 16 tHe ffertire tReinf#Zone
preferably conresponds touteircle tlawimgca diangetenof 4:150 mmtareanddhe céntertof the silicon
wafer, while-the-@uter zone _ .5corresponds 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 fiavifg & 8GoBF&e GaATRTEI of U5 2ngP Ahabiitér 26485 afe cABEET AEE8kdingly, 30
likewise in the dessesof smaliéresysstriatéssudiras 200inen-odr 56 MmAiafers wafer. 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 depositionsg 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



The invention makes it possible to choose the outer zone depending on the initial geometry of the
silicon wafer to be 35 epitaxially coated.. Preferably, firstly the initial geometry of the polished wafer is -
"determined in a batch of silicon wafers to be epitaxially coated and then the corresponding process
settings for thepprejteaiment gteps in the epitaxy reactor are 2009P00031DE/Ki 14 chosen, 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. 5 After the pretreatment steps, an
epitaxial layer is deposited at least on the polished frbht side of the silicon wafer. For this purpose, a
silane source as source gas is added to hydrogen as carrier gas. The epitaxial layer is deposited at a
10 temperature of 900-1200C depending on the silane source used. TricggorosilanqéTCS is
preferably Used qa°s@ thaedgﬁ”gh%eaggﬁg%%, 3%%%&%%0%%%%%%%%?5%% 1080°F1568C \FRich thérefore lies
above the tERTPERAILFE PANGE bssEtialRfiingthEE preteatirent Stepeemhethickness of the

deposited epitaxial layer is preferably 20 After the deposition of the epitaxial layer, the epitaxially
coated silican wafek is removeds frgpLthesgpilaxyeactant’ quatess, the-suseeptords traated with an

euﬂ“n%rneg%%%htion is suitable for producing a silicon wafer which

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

(: . 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



25 preferably with HC1, in order to free the susceptor of silicon deposits, by. way ofexample- 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 153Q% o Ryeferably, besides the susceptor surface, the entire process chamber is flushed
~with hydrogen chloride in order to remove 35 silicon deposits. The susceptor is preferably coated with
silicon after the susceptor etching and before further epitaxial processes. This 2009P00031DE/Ki 15
may be advantageous since the silicon wafer to be epftaxially coated does not then bear directly on
the susceptor. Moreover, it has been shown that the method according to the 5 invention is suitable for
producing a silicon wafer which comprises a front side and a rear side, wherein at least its front side is
polished angﬁ%féepﬁﬁa%i]aﬁf |ayetiis applidd at Teds! o?laif%tﬁgﬁigiﬁ%?aﬁﬁ?ﬁ%ﬁ%]a‘é a global flatness
value GBIRf ©202-006°pm, Telativets ah edgecexdinsioh-of:mmnIe it an edgerekéigsionsof 1 mm
~ is employeds thatds i 8ay ssmorestriigent Coterio this resulisi in GBiR:+aiues.ef 0.04 to 0.08 pm. 15
The local flaness, expressed Ry he SBIR, in the.ease of the sllicon-water epitaxially coated
according to the inventjon, is reaL%rftE?}% or equal tf 0.02.pm and less than or equal to 0.05 pm,
likewisé givER BN &dge e%‘lﬁ?%n of 2 fi %ﬁd%g%‘ﬁvg%t&aerﬁal regions of an area grid of segments

having a size of :
If, in the prior art, it is attempted to corxect the concave

initial geometry of the polished silicon wafer by a procedurs
in which a thicker {or thinner)eplitaxial layer is deposited in
16 the center of the silicon wafer during epitaxy, or by a
fﬁ 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%.
20
Example:
o~ The example relates to an epitaxy reactor of the type Epi
T Centura from Applied Materials. A schematic construction of ths

" 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



_ 20 26x8 mm2. This results in 336 segments, of which 52 are "partial sites". The "partial 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 axwates qpade of menocrystalline silicon material, an SOI("silicon-on-insulator") wafer, a 30
- silicon 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 silicon wafer according to the
invention 35 preferably has an epitaxial layer thickne 5 regularity of at most 2.0%. The epitaxial layer
thickness regularity can be determined by measuring average value t and range At = tmax-t n of the
epitaxial layer thickness. At/t is patticularly 2009P00031DE/Ki 16 preferably 0.5%. - 2.0%, ver
particularly gtr}elfeF:zalebﬁf/"E 1.0%2 %gf’% %iel%%?hg& g%é’or%?n%bfo %ﬂ"ilh?/}érl\ﬁgﬁ%o??hae eéé sand gas flow
distributions- BihfthedPpéraits'the? « FrodBétion DY EpiaRRAN Toated silitBn IR FEAEANG these 5
epitaxial layesthickness refutaritiesi fif iinghe wrioeatt; it isattempted tecorréet the toncamemitial
geometry ofthespalishelsiliconswaferhy) a praeedure dnuhich adhickes (rzthinner)epitaxial layer is
deposited in (e center of fhe siicon wafer dying gpitaxy, a1,y 3 prosedyie hich. alijoun firstly a
largely regucrar epli:axﬁlslay& IS aaeposﬁeg, the concave geometry of the epltaX|aﬁ)y coated silicon wafer
is subsequently corrected by etching removal at the epitaxial layer, it J impossible to keep the epitaxial
_layer thicknes®regulanitypatametewhick is Extramay mpontamtdnd sritical fértheleamponent
manufacturggs,dn that-narrew range gilessdhap or egueh 1. 2%, 20-Example;e Theexample relates to
an epitaxy teaclol.of e g FpLeeniua am AppliedMaterials. 4 2608Rplls constiygliey of the 25
reactor chamber of SUCH an INStallation is Shown in igure 1.
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




Figure 1 shows the schematic construction of a reactor 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
illustrates thepsemmatic genstruction of a reactor 35 chamber for carrying out the method according 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 suscepto 4 2009P00031DE/Ki
17 for receiving the silicon wafer to be epitaxially coéﬁed, 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 i, pins) aNd pyimeters 61.and G2 of coniacligslypeasing i emperayre in the
reactor chamber Table I now showis by way of'example typical values for lamp powers in the case of
the Epi CerfdrebRERAeanFd Mo teHRpBlifd diferéice 2 c8satidi 16 & tHvEntioh 2 hetween 10
inner and odtertzones 1 Cdnocthisicase, the total lamp power is 70 kW, distributed among the four lamp
banks illustrated in figure 1 (top/inside, top/outside, bottom/inside, bottom/outside). This corresponds
15 o ap average lemperare n e hambier of Appraupalely A0 H0AGs £8%.0f the total power
comesfroni the Upperlamp banks or heating elements. 20 o

homogeneous tempe;atufe istribution between silicon wafer and

susceptor. Here the temperature is substantially identical in
all regions of the silicon wafer. In order to achieve a
homogeneous teﬁparature distribution, an optimum energy
10 distribution has to be determined for each reactor chamber.
- Said 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.



Table 1 2009P00031DE/Ki 18 The distribution of the lamp power between inside/outside is 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. Here
the temperatgresiscsuissiatiatly 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 Centura). The following pllsocedure 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 >,10Q oh is used, Diff t.energy. distributi re set for each
wafer (e.g. v%%ferg%:%i%%%??%% Wasfe%%?&%%&%?gtc ?!_%ﬁg%% %vélgfei Jé%r%t_ Qegngm%aagﬁ?e %ﬁr
example 20°0€ing ant3B 1T/t SEatterig FdastrREntihstifemardm et Yo cEr-RG i
necessary -iexamiriesl undera pucrosddpe. An averagesetting iswhosel faethdifarthébepitary steps.
The aim is tovachieye arenargy distiutiamthatis as hamegenaoisas pessible-eyrrdhe slligon wafer
for the ;pita@/ %]tggf%p_izse%S gg%ceg%e %g@gggf%%eeq%o g%r'i'lréqnping a slip window" among experts.in
the. field of seficonductor epitaxv. In the course© proz?uctlon,*w“’afers 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 dmoptimumsettinghdfitbe enetgp distdmitio:herefore, 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 5-30°.
I .
(:»“f The distribution 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.



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 thg inner zone for the etching pretreatment in
order to obtain the required temperature difference between inner and outer zones.

2009P00031DE/Ki 19 If, for the epitaxy process, for example, an optimized value of 54% or 62%
results for theqpowercifdhespper 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 pretreatment, therefore, the energy distribution
proceedingfromnBprévidus BptimiZatiBh 1§ dviiys-aiosen différantly th rdet ©6 ackRiE the 7
temperature 10 difference essentialltothe ynvehtionlof &30, WEheedistribution 66946/1694 frohetable: 1
leads to a tempeyatue difference of approximately-20C.Vayiations of thisq  distrlbution make it
possible to set the temperature difference 15 in the entire range claimed, Figure 2 shows the material
removal from siIi%BﬁWeﬁsnﬁaWH”éiﬁadlr;%efé? ot 360 rﬁﬁ?@hgféfoarg the H:s%%i%tiSﬁ Bfi'thé a%is from -
150 mm to + 15@ mmyas afunction ofithe avetaye 20 temmperaturefofithe silicbhwwafer Aerdistribution
66%/16% from table | was used.n the-pretreatmentsteps othe temperatyetdifierense between inner
and outer zones of the s%i%%n wafer.was therefare approximately 20C. 25 It is evident that the material
removal in the in]hser?egelon oﬂhe sificon‘wafer around the center %ereofa(x-gms :ga% exhibits a
significant temperafiredependatice: AtehperaiurelsFogoe and 1066C @hd>1020C exhibitd an
etching removal psefile thattis particularty-suitablesfos cogrecting: thengeometry:for-30 mast convexly
polishea silicon Woters I3 Pariuatly advantagequa manner. ANGIETLE NS ACPeER{ULS FANR s

f
especially preferr e method according to the“invention.
a flow rate of the etching medium of 0.5-1.5 slm and at an

average temperature of 950~1050°C, and is subsequently 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 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 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 -



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 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, and is pretreated in a first step only
under a hydrogepratmospbere at-a hydrogendfloweate of 40:60:3lmyand in-a seterd stepuwith addition
of an etching medium 9 the Bydipgen aimosphere.ala Dydiogep flow.ipte of 40:80 8l ata flowrate
of the etching medium of 0.5-1.5 slm and at an average temperature of 950-1050C, and is
subsequently coated epitaxially on its polished front side and is removed from the epitaxy reactor,
wherein, during thiessecondcsiep of thezpretréaiment, the powérofitreatingeeléments:arramged.above

and below the susceptor.js fegulated.in sych away thatthereris atemperature difference,of 5-30C
between a radially symmetrical region - encongfassin the central axis - of the silicon wa er to be
d

epitaxially coated GHAH paft bt tHe Sificoh waferthak fes outdide Said fayion. 2. rhe mettiod as'©
claimed in claim ] Whepeinthé churatiorbef the ipretréathent 4920420 h otk braweatentent steps. 3.
The method as claimed in any of claims 1 to 2, wherein a temperature difference of 10-20C 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 950-1050C.
5. The method asefaiftedifanyof ¢laimsctito-4, whereh tHel Sedohd stép of the'pretréatmentis
effected at an average temperaturerof 989- 020G 6 Thermethibdras elained.in anyiofclaims 1 to 5,
wherein ihe radialiRUBIENLGAl fegion  encaMPARRNGIME Sentra) 25« o oLe sliconawigk 1o be
epitaxially coated has at most a diameter of 50% of the diameter of the silicon wafer. 7. The method as
claimed in any of &hifi§™ (675, Sher8in‘the Gicofrwartr Kas atiametst Hr300niH ahdthe radially
symmetrical regidh>rencompassing the central axis - of the silicon wafer to be epitaxially coated has a
diameter of 1- 150mm. The method as claimed in any of claims | to 7, wherein the silicon wafer has a
diameter of 450 mm and the radially sgmmggrical rgz%jon - encompass gtthegcentrgl axis - og}'%he silicon
wafer to be’epitaxially €oateéd has a diamatst of1-225nih. §. The method as tlaimed fn Bny 'of claims
1 to 8, wherein the Epitaxy stepris bffecteblin e niperature Tange 61950 12 12600 and With:©

homogeneous temperature distibutionm en silicenwafer angd suseepter. 40 Theunethed asclaimed in

any of claims 1 to 9, wherein_the heatigg eIemenL§ are IR lamps.
s311CCn waiel 4an suscepltor.

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

heating elements are IR lamps.



Abstract Method for producing epitaxially coated silicon wafers A method for producing epitaxially

-sides are provided and successively coated individually in each case in an epitaxy reactor by a
procedure '@W@ﬁb@é@%@%@ﬁf 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 hydrogen atmosphere at a hydrogen flow
rate of 1-100 sIm and in a second step with addition ofan etching medium to the hydrogen
atmosphere at a hydrogen flow rate of 1-100 sIm, at a flow rate of the etching medium of 0.5- 1.5 slm
and at an average temperature of 950-1050[err]C, and is subsequently 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 below the susceptor is regulated in
such a way that there is a temperature difference of 5-30[err]C between a radially symmetrical region -
encompassing the central axis - of the silicon Waiarsmfﬁe;gpltaxmlly coated and a part of the silicon
wafer that lies outside said region. Fig. 1

Mathod for preducing epitamzially 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
fﬁl in which a respective one of the silicon wafers provided is
<:7kd placed on a susceptor in the epitaxy reactor, and is pretreated
in a first step only under a hydrogen atmosphere at a hydrogen
flow rate of 1-100 sim and in & second step with addition of an
etching medium to the hydrogen atmosphere at a hydrogen flow
rate of 1-100 slm, at a flow rate of the etching medium of 0.5-
1.5 slm and at an average temperature of 250~1050°C, and is
subseguently 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 below the susceptor is regulated in such a
way that there is a temperature difference of 5-30°C betwsen a
radially symmetrical region - encompassing the central axis -
- of the silicon wafer to be epitaxially coated and a part of the

gsilicon wafexr that lies ouitside said region.

Fig. 1



