| Epitaxially coated silicon wafer and method for producing epitaxially coated silicon wafers 5 The

invention relates to an epitaxially coated silicon wafer and to a method for producing epitaxially coated

silicon wafers. Epitaxially coated silicon wafers are suitable for use in the 10 semiconductor industry, in

particular for the fabrication of large scale integrated electronic components such as e.qg.

~ microprocessors or memory chips. Starting materials (substrates) with stringent requirements made of
global and local flatness, thickness distribution, single-side-referenced 15 local flatness (nanotopology)
and freedom from defects are required for modern microelectronics. Global flatness relates to the
entire surface of a semiconductor wafer minus an edge exclusion to be defined. It is 20 described by
the GBIR ("global backsurface-referenced ideal plane/range” = magnitude of the positive and negative
deviation fromE® Herskside-Yeferehedd sdéakpraresfirtherahtire from dide afthdwemionductor wafer),
which corresponds to the TT¥{iteiatdrickness:vadakenyspecilication that was foimerly 25

~customary. The LT" ("local thickness variation") specification that was formerly customary is nowadays
designated according to the SEMI standard by SBIR ("site backsurface-referenced ideal 30
plane/range’ = magnitude of the positive and negative deviation from a backside-referenced ideal
plane for af fhdivitiE compenentared definde difidrsidn) ardirespords toef& GEIR or TTV of

a.componentarea {"sits hothérefore;dnwcontrastirtotheiglbbal flatness GBIR;4¢he SBIR is referenced to
defined wygzfers.

Epitaxially coated silicon wafers are suitable for use in the
16 semiconductor industry, in particular for the fabrication of
large scale intsgrated electronic components such as
e.g. microprocessors or memory chips. Starting materiszls
(substrates}'with stringent reguirsments made of glecbal and
local flatness, thickness distribution, single-side-referenced
15 local flatness (nanotopology) and freedom from defscts are
required for medern microelsctronics,
Glabal £latness relates Lo the entire surface of a3 semi~
conducter wafer minus &n edge exclusion te bhe defined. It is
20 described by the GBIR (“global backsurface-referenced idsal
‘ plane/range” = magnitude of the positive and hegative deviatlon
from a backside-referenced ideszl plane for thes entire front
side of the semiconductor wafer), which corresponds to the TTV
(“total thickness varistion”) specification that was formerly
25 customary.

The LTV (“local *nlckpess variation”) specification that was
formerly customary is nowadays designated according o the SEMI
standard by SBIR (“site backsurface-referenced ideal

36 . plane/range” = magnitude of the positive and negative deviation
Ffrom & backside-referenced ideal plane for an individusl
component area defined dimension) and corresponds o the GBIR
or TIV of a.component arsa (“site”). Therefore, in contrast to
the global flatness GBIR, the SBIR ics referenced to csfined

35 fields on the wafer, that is to say for example to segments of
an areaz grid of measurement windows having a size of 26 x & mm?
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35 fields on the wafer, that is to say for example to segments of an area grid of measurement windows
having a size of 26 x 6 mm= (site geometry). 2 specifies the maximum SBIR value for the component
areas taken into account on a silicon wafer. Maximum site-referenced flatness or geometry values

such as the 5 SBiRmax are usually deteimined takirzg account of a certain edge exclusion (EE = "edge
exclusion™) of 3 mm, by way of example. An area on a silicon wafer within a nominal edge exclusion is
usually referred to as "Fixed Quality Area", abbreviated to  FQA. Those sites which have part of their
area lying outSife 10 e FORA Murineteft@Rofwhich lipszwithia thedmQAeake galled "partial sites".

The determiniation ettheumaxinue locat Hathessreften does not involve using the "partial sites”, but
rather only the so-called "full sites”, that is to say the component areas lying completely within the

FQA. In order to be 15 able to compare maximum flatness values, it is essential to specify the edge
exclusion andhos e $i7& of e FPCafd TurRermereown: Spetiftwhethanernetitie "partiaksites”
have beén téi@fintozreounti2DiFudbermnieadith segard to eptimizing:casts. it is freaugntly
customary newataysdiot texeject agilicqnwafer gwing, for example, oné}/ato 2 componant area that
exceeds the SBIRmax value specified bv}/a%l?e component manu?g\nc’turé"r', Gt rétheFt598MAIt a defined
percentage, &g 1% o?‘compo“ne'n? o Keiss }gﬁigvﬂéﬁrn a nominal edge exclusion iz '
ustally ;eferred to as “Fixed Quality Area", abbreviated to
FQA. Those sites which have part of their area 1lying outside
10 the FOA, 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 sitesg” but
rather only the so-called “full gites”, that iz to say the
componént aresas lving completely within the FOA., In order to be
15 able to compare maximum flatnessz values, it is essential o
specify the edge exclusion and thus the size of the FOA and

furthermore to ‘specify whether or not the *partial sites” Have
been takeéen into account. '

20 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 exceeds the SBIRpax value
specified by the component menufacturer, but rather to permit a

. -defin@d percentage, e.g. 1%, of component areas with higher
. 25 values. The percentage of the sites which lie or are permitted
: to lie below a specific limit value of =a gecmetry parameter is
usually specified by a PUA (“Percent Ussable Area”) wvalue,
which, e.g. in the case of an SBIRpax 0f less than or egual to
.7 ym and a PUA value of 99%, states that 29% of the sites

30 have an SBIRuy.. O0Ff less than or equal to Q.? um while higher
SBIR values are alsgso permitted for 1% of the sites
(*chip vield"),

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

35 a process seguence of separating a gingle crystal of silicon s
into wafers, rounding the mechanically sensitive edges, | |
carrying.out an abrasive step such as grinding or lapping



25 values. The percentage of the sites which lie or are permitted to lie below a specific limit value of a
geometry parameter is usually specified by a PUA ("Percent Useable Area") value, which, e.g. in the
case of an SHIRma,, of less than or equal to 0.7 pm and a PUA value of 99%, states that 99% of the
sites 30 have an SBIR.,, of less than or equal to 0:7sum while higher SBIR values are also Permitted
for 1% of the sites ("chip yield"). According to the prior art, a silicon wafer can be produced by 35 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 3 followed by a polishing.
EP 547894 Al describes a lapping method; grinding methods are claimed in the applications EP
272531 Aland ER 58016241, b The finalflatessis generaliv-produced bythespolishing step, which
may be preceded, if appropriate, by an etching step for removing disturbed crystal layers and for
removing fRplffiesTA EHRAEIEETRG ﬁﬁhS%ai%%doWﬁ féin BEP19833557°Cl, by way of example,
While the waditiosalisinglessid&pdishingahethods M generally lead to poorer plane-parallelisms,
" polishing methods acting on both. sides ("double-side polishing") make it possible to produce silicon
wafers with improved fatness. n the case.ohpolished slian walersoihareloe. antiempt is made to
achieve the require fatne§s by syitable Qrgge§§gng%te%s sugh @sélggglbdlrslgé@p%p_g and polishing.
However, tiie BOIRHING o4 Sificon watér USually gives rise to a decrease in the thickness of the planar
silicon wafeFteiwre 6 The*edge HUTE tolir) S ERRinG MetRBAE AIS0 R to-aftiek the silicon wafer
to be treatéd:oiagreaterakicrt aefHeedie BREMD produdcd stéhan etdge rofoffay S
of exampls, While the traditional single-side polishing methods
W generally lead to poorer plane-paralilslisms, polishing methods
cting on both sides (“double-side polishing”) make it possible

to produce silicon wafers with lmproved Clatness.
In the case of polisped silicon wafers, therefore, an attempt
15  is made to achieve the reguired flatness hy suitable processing

steps such as grinding, lapping and polishing.

However, the polishing of a silicon wafer usually gives rise

o

o
s decreass in the thickness of the planar silicon wafer toward

30 the edge {“edge roll-cff”). BEtching methods aiso tend to attack
the silicon wafer to be treated to & greater extent at the edgs

and to produce such an edge roll-off.

1n order to counteract that, it is customary for siliicon wafers

25  to be polished concavely. B concavely polished silicon wafer is
thinper in the center, then increases in ite thickness toward
the edge and has z decrease in thickness in an outer edge

region.

35 DE 199538340 {1 describes despositing a monocrystalline layer on
monocrystalline silicon wafers, which layer is made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductor componsnts are applied later. Systems of
this type have certainm advantages over silicon wafers mads oﬁ

35 homogensous material, for example The prevention of a chargs
reversal in bipolar CMOS circuits fgllowed by the short circuit

of the component (“latch-up problem”), lowsr defect densities

r

{for example resduced number of COPs (Vo vetal-originated



In order to counteract that, it is customary for silicon wafers 25 to be polished concavely. A concavely
polished silicon wafer is thinner in the center, then increases in its thickness toward the edge and has
a decrease in thickness in an outer edge region. 30 DE 19938340 Cl'describe a depositing a
monocrystalline layer on monocrystalline silicon wafers, which layer is made of silicon with the same
crystal orientationfla so-called epitaxial layer, on whiCh. semiconductor components are applied later.
Systems of this type have certain advantages cver.silicon wafers made of 35 homogeneous material,
for example the prevention of a charge 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 also the absence of an appreciable oxygen content, whereby it is
possible to prEdlbeiea’shéft-citedit riskedabI67B8 Gen Preéipitates i tonpoaent-relevant regions. 5
According todhespior et repitaxiallyscpatet silieonwaterslame prodieed fromsstiitable intermediates by
means of apreeesse: sesuenee oiremayalkpalshing <hagkRelishing «cleanipgriepitaxy. DE 10025671
Al, for example, discloses a method for producing a silicon wafer with an epitaxial layer deposited on

its front |d% said ﬁethpg COMRY. J[L§Igljg tal"ys;fole éwlgchp 10CESS, steps: r24;:1lrceol\4lotraL Qollshlng step as sole
F? r e

pollshlng step; ?b drophilic) cleaning and drying of thé silicon wa r, 1S c retreatment of the front
side of the $ifico Pecreéj At 5%?’&&#% of’@%g“tg“ldzﬁfél% BREBRIS iff a‘?r@pﬁ'aﬁy reactor; and (d)
deposition g efitaxial EErsh thelfréht 8ile oFtﬁ@br@ﬁéﬁ%ééﬁhCoﬁWéﬁnzo It i8 customary, ih
order to protecttgiticon 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 S|des of

the 10 DE 10025871 Rl, for example, discleses a method for producing a
gilicon wafer with an spitaxiasl layver deposited op its front
side, sald method comprising the following procsss steps:

{al & remowal pollshlmg-s;ep a3 sclie polishing step;
(o) (hydroephilic) cleaning ang drying of the silicon wafler

15 {¢) pretreatment of the front side of the silicon wafer at =
temperature of 950 to 1250 degrees Celsius in anh epitaxy
reactor; and
(g} depcosition of an epitaxial laver on the front =zide of the
pretreated silicon wafer,

20
It is customary, in order ©o protect silicon wafers from
particle loasding, to subject the silicon wafsrs to a
hydrophilic cleaning after polishing. Said hydrophilic cleaning
produces native oxide on the front and rsar sides of ths

75  gilicon wafer which is very thin (approximetely 0.5 - 2 nm,

-

depending on the type of cleaning and measurement).

This native oxide is removed in ths course of 2 pretreatment in
an epitaxy reactor undger & hydrogen atmosphere (a 1
30 bake}.

In & second step, the surface roughness of the front side of
the silicon wafer ls reduced and polishing defects are removed
from the surface by usually smell amounts of mn stching medium,

35 for example gaseous hydrogen chloride (HCL), being added to the
nydrogen atmosphere.



silicon wafer which is very thin (approximately 0-5 - 2 nm, 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 H2 30 bake. In a second step, the surface roughness of the
front side of the silicon wafer is reduced and polishing defects are removed from the surface by usually
small amounts of an etching medium, 35 for example@aseous hydrogen chloride (HO1), being added
to the hydrogen atmosphere Sometimes; besides an etching medium such as HO1, a silane
compound, for example silane (SiH4), dichlorosilane (SiB2012), trichlorosilane (TCS, SiH013) or
tetrachloposilane (5i014), is also added to the hydrogen atmosphere in an amount such that silicon
deposition and silicon etching removal are in equilibrium. Both reactions proceed at a sufficiently high
reaction ratesheweeer, $6 thaesilkorronithesmddéans mobilesarittihe susfacesis smoothed and
defects aredenpoued ordhessurface. 10:Epitaxy reactors,sihich-are wsed ig:particular in the
semiconduetes cindustey fordhe-deposition of ap.epitaxialon.a silica) wafer -a.re described in the prior
art. 15 During 2l Gogliag. or depasilionsieps. gne.c more silon,walers grg hegted by means of
heatlng_sousrg :%tggeg%ra(piytq% means So{ upper an J?‘!,Ver eating sources, for example lamps.br lamp
banks, and stibsequéntly exposed to & gas Thixtire, comprisiiga sblifceYas, a carrier gas and, if
appropriate® 320 dpifty giltIA 2adceptsrs iieReESpriseSYFdphierSIC drigiartz, for example,
serves as ars@pporrforatie sllicerivamfersin aprocessichambpertofetheseiaxy Yeactor. During the
deposition pricess, 25 thessiticonawafarsests ormthis sascemorof ia raillegdrautpogtions of the
susceptor inwrderteLrsure a uniform heating ' ' ‘
16 .
Epitaxy reactors, which are used In particular in *+he
semiconductor industry for the deposition of an spitaxial laver
" on a silicén wafer, zre described in the prior art.

15 During all coating or deposition steps, one or more silicon
wafers are heated by means of heating sources, preferably by
means of upper and lower heating sources, for example lamps or
lamp banks, and subsequently exposed to a2 gas migturs,
compriging a source gasg, a carrier ges and, L1f appropriate, a

20 doping gas.

& sgusceptor, which comprises graphite, SiC or guartz, for
example, serves as a support for the silicon wafer in a process

chamber of the epitaxy reactor. During the deposition process,

th

the silicon wafer rests on this susceptor or in milled-out

o

portions of the susceptor in order to ensure a uniform heating
and to pretect the rear side of tThe gilicon wafer, on which
ugually there is no deposition, from the source gas. In
accordance with the pricr art, the process chembers ars

30 designed for one or more silicon wafers.

In the case of silicon wefers having relativelv large diametsrs
{greater than or egual to 150 mm), single wafer rezchtors are
usually used and the silicon wafers are processed individually

Ly
tn

zince this results in z good epitaxial laver thickness

B

13
Eha

3

regularity. The unifcrmity of the lzyer thickness can be
sstablished by varicus measures, for sxample by altering thes

gas Llows (Hy, S1iHCl:z), by incorporating and adiusting gas inlet



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 30 designed for one or more
silicon wafers.' 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 unifoimity of the layer thickness can
be established by various measures, for example by altering the gas flows (H2,, SINC1;), by
incorporating and adjusting gas inlet 6 devices(injectors), by changing the deposition temperature or
modifications to the susceptor. In epitaxy it is furthermore customary, after one or more epitaxial
depositions on silicon wafers, to carry out an etching treatment of the susceptor without a substrate, i -
course of which thesusceptar.and alse otherparts ohthe pracess chapMhbger are freed of silicon
deposits. Thgggtﬁt}ﬂ C%%i[l ‘nggog_%g cgkggggt(glr_(;l), for example, is often already carried 1.0 out after
the processing of a small number of silicon wafers (after 1 tosilicon. wafers) in the case of single wafer
reactors, and is not carried out in part until after the processing of more silicon wafers (after 10 to 20
silicon wafers)irfshé a5 bf tposifing TRfiF 8pfakianayers 25 efsudlly, Gnl§ait HCI etching treatment
or else an HERetching wetmentifollowsd byibrdef.coatingof the susteptonis garried out. The
production otepitaxiely-coated: silicor mafers with goad 20:-global Hatness peoves texke extremely

difficult since, as.mentioped abeve, a,concavely olished, silicon,wateris ysually present as the
substrate. In the E1prior art, r%fter the etjtaxey the @@al fLathss and alsfg the Iq:cal flatness of the
& e Ire ac’” 1Cor gebb . Inis

. . TOQESS C - e o} 1 I S1TES g stch, usin
epitaxially coated sificon warer have Usu v detéeriorated ' 9

hydrogen chloride (HCl), for example, is often zlrsady carried
10 out after the procsssing of a small number of silicon wafers

(after 1 to 5 silicon wafers) in the case of single waler

resactors, and is not carried out in parl until after the

processing of more silicon wafers {(after 10 to 20 silicon

wafers) in the cass of depositing thin epitaxial lavers.

sually, only an HCL =tching treatment or else an HCL etghing

treztment folliowed by brief coating of the susceptor is carried
out .

The production of epitaxially coated silicon wafers with geood
20  global flatness proves to be extremely difficult since, as

mentioned above, 3 concavely polished silicon wafer

-

s usually

present as the substrate. In the priocr art, after the epitaxy,
the global flatness and also the local flatness of the
epitaxially ceated silicon wafer have ususally detericrated

25  compared with those of the concavely polished silicon wafer.
This iz asscciated, inter alia, with the fact that the
deposited epitaxial layer itsszli also has z certain

irregularity.

30 Although the depogition of & thicker spitaxial laver in ths
center of the concavely polished silicon wafer, where ths
thickness of saild laver would have to decrease ocutward in the
dirasction of the edge of the silicon wafer, could compensats
for the originally concave form of the silicon wafer and thus

35 also improve The global flatness of the silicon wafer, this i1s
not considered in the epitaxy of silicon wafers since an

imporiant specification of an epitaxially coated silicon wafer,



25 compared with those of the concavely polished silicon wafer. This is associated, inter alia, with the
fact that the deposited epitamial layer itself also has a certain irregularity. 30 Although the depoSition
of a thicker epitaxial layer in the center of the concavely polished silicon wafer, where the thickness of
said layer would have to decrease outward in the diregtion of the edge of the silicon wafer, could
compensate for the originally concave form of the silicon wafer and thus 35 also improve the global
flatness of the silicon wafer, this is not considered in the etitaxy of silicon wafers since an important
specification of an epitaxially coated silicon wafer, namely a limit value for a regularity of theLai layer,
cannot be prevented from being exceeded. DE 102005045339 Al discloses a method for producing
epitaxially 5 coated silicon wafers, in which a multiplicity of silicon wafers which are polished at least
on their frong sides are;prpvided and are suceessively-coated-individually:imeagh.case in an epitaxy
reactor by al E,g&eﬁdgg Qx"e"@é%l% asrespective lggfeegfcgm%ggipon wafers provided is placed on a
susceptor in the epitaxy reactor, and’is pretreated under a hydrogen atmosphere at a first hydrogen
flow rate of 20-100 aim in a first step and with addition of an etch ng medium to the hydrogen
“atmospherelit & SECoHH: Fetiuced RyEfegeRTIcwate et (F521 G SHAYR & Sctiorith5tep. 1i¥ subsequently
coated epitaxialte orsits polishedtfront sidevenid:is Femoved:from the epiteddireactor, and an etching
treatment of.the-syseeptor isfurthermese: effecteddn each:gase aftena spegrific smber of epitaxial
coatings. DE 102005045339.4! likewise. disclosesa shiconwaferhaying a 20 front.side and a rear
side, Wherelgﬁat_lgzaes,tﬁ.i sjgrqn%gédﬁg isi_ poliszhec[,g[]d an epi'tgxi%lglgyeg i§ﬁgggi§&diggl%aset on its front side,
and which has & global flathess value LafBI"RI:}‘cﬁ‘ 0'07-0.3 U, Telativé to an edge exclusion of 2 mm. The
comparatively gotd Gebmialty Gris etiakiay coitéd S iater FESERE Frommthe fact that the
reductich ofahé™ydrcgerrfiow raktin the seebmlstepofithie Protderarentwithsagdition of an etching
medium makes it fossiblétaeichraWay«smadetiat at Hie Buge=ohthe: silicon wafet 4n astargeted manner
30 and to glghally dgvekthe, sliconwafer actually: beforesthe,epitaxial-coating step- Pisadvantages of
the method disclosed in PE 102003045339 are that.although.he redyced hydrogen flow rate

intensifies the efefing,eféct at g edde of fie polished walef, 12, gas figw over the, semiconductor

tep, 1 subseg
15 front side and ls removed from the epitawxy reactor, and an
etching treatmsnt of the susceptor is furthermore effected in

sach case afiter a specific number of epitaxial coatings.

DE 102005043339 A1 likewise discloses a silicon wafer having a

2 . front side and & rear gide, wherein at leasst its front gide is
polished and an epitaxial laver is applied st least on its
front side, and which has a global flatness valus GBIR of
9.07-0.3 um, relative to an edge exclusion of 2 mm.

25 The comparatively good geometry of this epltaxizlly coated

L

S

gilicon wafer results from the fact that the reduction of the
h

addition of an etching medium makes it posszible Lo etch away

@«

of eyt

hydrogen flow rate in the second step of retreatment with

o
o

material at the edge of the silicon wafer in & targeted manner

3 and to globally level the silicon wafer actually before the
epitaxial-coating step. Disadvantages of the method disclosed
in DE 102005045339 are that alcthough the reduced hydrogsn flow
rate intenzifies the etching effect at the edge of the polished
wafer, the gas flow over the semiconductor wafer is not

15 laminar. It has been shown that precisely this impedes further
optimization of the global flatness below the GEIR valus of
0.07 pm cleimed in DE 102003045339 AL,



35 laminar. It has been shown that precisely this impedes further optimization of the global flatness
below the GBIR value of 0.07 )am claimed in DE 102005045339 Al. US 2006/0182397 Al discloses an
epitaxy reactor which provides different gas flows in a so-called winner zone" and a so-called flouter
zone". For a wafer having a diameter of 300 mm, the ",inner zone" is specified as a central region of
the 300 min 5 wafer having a diameter of 15 mm. The setting of the different gas flows in the reactor is
effected by setting the diameter of the gas pipes: thus, e.g. reducing the pipe diameter also reduces
the gas flow in the direction of one of the two zones. Such gas distribution systems are commercially
available from N Applied Materials Inc. under the name Epi Centura Accusettm( (Epi.Centura is the
name of the epitaxy reactor from Applied Materials Inc(.). As an alternative,, for controlling the gas
'lows it is als® possible toisse sh-cakedfMassrlew: Contrallert os:simitarrdeseesdos regulating the
flow. The gas distribution ininngk and guter zonesds designated, by ¥Q4in.US,2008/Q182397 Al. This
notation wil, gj}g,:o e gggd.lnEtQ__g o ﬁ;gtrofn% Bées%e Iil%g,gggno%T?Og098401t%26397 Al sp_ecmes two
ranges for gas |strlzbut|onn 20 700: :ltstTX a range of 1/O = 0.2-1.0 during the epitaxial coating and
secondly an B35 28,0 dtiritif the Etchitiy Stef (substrafe prétr8atmehit)y 1/S™008/0245767 Al
disclosés aithetfotlai which & cotitatiirtited25%r darhatee: leyerdt a subdiataisremoved by means
of an etchinggaslimwerder togncevet@rsubstrafesusfade; Haistcleanedsubistrate=cansubsequently be
epitaxially coategh d he fow: ratesef the eiching: gasds€101-15€lm. dhansipest gas (inert with respect to
the substralg material,e.g.silicon), 30,such as..ipparicular, Hydrogen.ar glse nitragen, argon, helium
or the like i%s pIied,fg]g flo\(é/ rate thereof is 1-100 sIm. The tg_rPPeratu;.F: %flteheﬁ§ubstrate is

600-650+C. -1 0-70 (5/5 - 35/5) s Specified as /O ratio of thé Hydrogen fl ow - US 2007/0010033 Al

disclos¥s irfRrEnGAg thetiekresSof a0 & taxigly d&pdsite - yerty Feqifting the gas distribution
: {Epi Centura is the name of the epltaxy reactor from Applied
Materizls Inc.). As an alternative, for contrelling the gas
flows 1t is also possible to use so-caliled “Mass Flow
Contreller” or similar devices for regulating the flow. The gas
15 distribution in inoner and outer zones ls desigrated by I/0 in
Us 2008/0182387 A1, This notation will alse be ussd in the
context of the present invention.

Us 2008/0182387 &L specoifles two ranges for gas distribution
20 1/0: firstly a2 range of I/0 = 0.2-1.0 during the epitaxial
coating and secondly an 1/0 of 1.0-6.0 during the etching step

{substrate pretreaztment).

US 2008/0245767 Al discloses a method in which a2 contaminated

25 or damaged layer of a substrate is removed by means of an
stcohing gas in order to uncover & substrate surfacs. This
cleaned substrate can subsequently be epitaxially costed. The
flow rate of the etching gas is 0.00-15slm. If an inert gas
finert with respect fo the subgstrate material, 2.¢. silicon)

3¢ such as, in particﬁlaz, hydrogen or else nitrogen, aryon,
helium or the like is supplied, the flow rzte thereof is
1-100 slm. The temperature of the substrate is 600-850°C.
1.0-7.0 (5/5 - 35/5) 1s specified as I/0 ratioc of the hydrogen
flow,

Us 2007/0010033 Bl discleses inflvencing the thickness of an
epitaxizlly deposited layer by regulating the gas distribution

in an inner and an onter zone. ks mentlioned above, howsver, the



in an inner and an outer zone. As mentioned above, however, the 9 deposition of a thicker epitaxial
layer in the center of the concavely polished silicdn wafer, in order to compensate for the initial
geometry;of the polished wafer, is uosuitable since therspesification gk thedayer thigknegs.regularity of
the epitaxia) e woud Msteby he exegeqed. Fmbogiments of he inyelion seek g prgude a

method for epitaxidlly coating silicon wafers which makes it possible to Erowde epitaxially coated

silicon wafers Havirf ifproveLglobaffiaiess By coffpaFisort Rith B8 pricr-&rt. AECSrdingto the first
aspect ofreivetforrthere istprovideda first megfsd forProdueiiy eitakidly wosted sificon wafers,
in which aanetiplaiydot siicamn waderscndrch@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, ong of the.silicon wajers provifled i plaged ong suscspiorin the eptiaxy reaglpr, and is
pretreated only under a hydrogen atmosphere in_a first step and with addition of an etching medium
with a flofPratesfts.s §I?ﬁ%%ﬁe fydrogah affospherE ina seéond step, e Sy(ljlf’%eentf%W rate
being 1-TO0Skfcn BB 3tdps Bhd tRBGIStriBLfioRBf tHé EERing Hédrim- FPrisPand-6Geer zones
being i/0 £0:0ri&5sistsubsegaendycodted epraxallyorits.polished front side and is removed from the
epitaxy reactor. According to the second aspect of the invention, there is provided a second method
for produging epitaxially coated; siliconwafers,.in which a multiplicity. of silicon wafersqwhich are
polished %t Iea;_st ontgledr f%orrlt Sldr%% are Iprogldggaggdﬁuccggsweéy C%&%J;}%ﬁ%@'@/ |nieach case in
an epitaxyirléséctor?aoy P progedlf)re inWhi a?especﬁve:”one‘oaf the sicon wafers prov’ldedn is placed on

a susceptbriiffa fedbtbt BharfbeY of thé SpiEs réactsr wWiteldin §5% Rivs TFBdaEed 7t the reactor
chamber &y meaasof ifjestors cardde distributed byt Arshnssolvalwes dstosarnouter apdta@d inner zone
of the reagiar charabet; stichthat the gas flowain el nner zone-acis ef agegierrafavad the center of

the silicopyvafer.and the gas flowsin the eyler.zene acts.onan edgesegion of the silicon wafer,
wherein the silicon wa er ighgretreated onllfy under a h%groggn a}mtorsep %r(% at 10 a hggrioggn- flow rate
[ afl

i
of 1-100 Sim i a first %tep and W&lgéﬁltio%ag an‘et¢ ing mecﬁu‘ran with a flow Tate of 1.5-5 slm to the

hydrogeEtHhoepRerd I PEEEGNd St8p e hy 8FsFe A oW Hite BEMY"1T06 Sirftin $hES8%nd step,
too, and theaSwistridition b eewehing niediumn $Ainier bhe ST Ysifes begTD= 0~ 6.75, and is
subsequentipaaatedtgpitaxiallyon-ttggolished frontsideiand s-remowvad from the lepitaxwaeactor. W In

the methgd according:to-the inventign firstly asnulliplicity: ofsiligon wafterswhish-are pelished at least
on their f‘i%’e“it's‘de?/%ge provided. For sthiSsBﬁé%%%%n@g}"ic%%é_@%@e_ arystalprodyced,according to the

prior cart pre?grab y by-crucible pulling according to zochhralski,, Is sawn mtg a multiplicity of silicon
wafers by He&RE Of Kridtin Setartion fethSas prafetanty by Wire SAwhig With free (“slurry™) or

bonded grain (diamond wire). 20 Furthermote;:.Mechanical processing steps arerected, such as

sequentialsinglesside grinding nethbds S SG ); Sirhdtanesus doubléeside grindinguhétkods

("double-disk-gin@inghoP OBy Obroducing 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'oﬁe‘of the silicon wafers provided is placed
on a susceptor in a reactor chamber of the epitawy reactor, wherein
gag flows introduced into the reactor chamber by means of injectors
can be distributed by means of valves intc an outer and an inner
zone of the reactor chamber, such that the gas flow in the inner
zone acts on a region around the center of the silicon wafer and the
gas flow in the outer zone acts on an edge region of the silicon
wafer, wherein the silicon wafer is pretreated only under a hydrogen

atmosphere at



lapping. The edge of the silicon wafer present mechanicalmarkings such as an 25 essentially
rectilinear flattening of ("flat") is generally processed as notch grinding”).  Chemical treatment steps
comprising cleaning end etching steps 30 are additionally provided. After the grinding, cleaning and
etching steps, the surface of the silicon wafers is smoothed by removal polishing. In the case of
single-side polishing (SS?), silicon wafers are held 3350during processing on the rear side on a carrier
plate by means of cement, by vacuum or by means of adhesion. In the case of double-side polishing
(DSP), silicon wafers are inserted loosely into a thin toothed disk and polished on the front and 11
rear side simultaneously in a manner "floating freely" between an upper and a lower polishing plate
covered with a polishing cloth. 5 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’
order to obt&irEFE fiathess Of thietsilicdn waftsproduced Gpaotthis steptheditaterial removals are
relatively smeadbin: 16nthis case; ipreferabiy .05 taitb uniibhis:step isoften referredde as CMP
polishing (chemo-trechanicalRalishing) ihthe lRtatrec o, the nydrogen £iow

rate being 1-100 slm in the second step, too, and the

5  distribution of the etching medium in inner and outer zones

being I/0 = 0 - .75, and is subssguently costed epitaxially on

its polisied front side and is removed from the epitaxy

reactor.

16 In the method according to the invention, firstly a
multiplicity of silicon wafers which are polished a2t lszst on
thelr front sides are provided.

For this purpose, a silicen single crystal produced according
15 to the prior art, preferably by crucible pﬁlling according to
zoghralski, is sawn into a multiplicity of silicon wafers by
ans of known separation methods, preferably by wire sawing

with fres (Mslurrcy”) or bonded grain (diamond wired,

20 rthermote;

[y

mgchanical processing steps gffected, such as

ar
sequential single~side grinding methods (8S86Y, zimul%ansous
double-side grinding methods (“double-disk ¢grinding”, DDG) or
lapping; The edge of the silicon wafzr including optionally
present mechanicel markings such as an orientation notch or an
25 essentially rectilinesr flattening of the silicon wafer =dgs
{("flat”} is generally processed a5 well (edge rounding, "sdge-

notch grinding”).

Chemical trsatment steps comprising clsaning and etching steps
30 are additionally provided.

After the grinding, cleaning and stching steps,'tha gsurface of
the silicon wafers is smoothed by rewmovel polishing., In the
case of mingle-side polishing (88P), silicon wafers are held
35 during processing on the rear side on &z sarrier plate by means
of cement, by vaculm or by means ¢f adhesion. In the case of
double~side pelishing {DSP), silicon wafers ars inserted ’

lovsely inte a thin toothed disk and pelished on the front and



The silicon waiters provided are preferably polished concavely 15 in order to restrict the edge roll-off
caused by polishing steps (and also etching steps) to an outer edge region of the silicon wafer.  The
global flatness value GBIR of the polished silicon wafers 20 provided is usually 0.2-0.5 Rm given an
edge exclusion of 2 aau. After polishing, the' silicon W?éers are subjected to a. hydrophilic cleaning and
drying according to the prior art. The cleaning may be performed either as a batch method with 25
simultaneous cleaning of a multiplicity of Silicon wafers in baths, or by spraying methods or else as a
single wafer process. The silicon wafers provided are preferably wafers made of mono- 30 crystalline
silicon material, SOI ("silicon-on-insulator") wafers, silicon wafers having strained silicon layers
("strained silicon™) or 3501. ("strained silicon-on-insulator") wafers. Methods for producing SOI or s301
wafers such as SmartCut and methods for producing wafers with strained silicon 35 layers are known
in the prior a¥ga12sprtreatmentirseachvcase comprises'd reatment bfdheysilicenwsafer in a hydrogen
atmosphere {H2:bake) and a treatmest f she:siliconywateswith addition of.an etehing medium to the
hydrogen atmosphere, preferably in each case in a temperature range of 950 to 120.0C. The etching
mediumis preferably hydrogen chloride (.7101). The pretreatment in a hydrogen atmosphere is
effected at a hydrg en flow rate of 1-100 slim (standard liter per minute), particularly preferably 40-.60
elm. The durdfion of the PratredtmenEinta Hydro g afinospherd 18 préferaBiP 10-120 s. 15 During the
pretreatmenPRithEHE etehd Afediting tHER B ratecst Sreatching Thediumsistt.5-5 sim.

polishing cloth with the aid of an alkaline polishing sol; in’

order to obtain the flatness of the silicon wafers produced up

to this step, the material removals are relatively small .in

16 this case, preferably 0.05 to 1.5 um. This step is often
referred to as CMP polishing (cheme~mechanical polishing) in
the literature. ’

!

he silicon wafers provided are preferably polished congavely
Ea

"
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in order to r
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strict the edge rcll-off caused by polishing
T
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teps (and also etching steps) to an outer edge region of the

silicon wafer.

The glebal flatness value GBIR of the pollshed silicon wafers

20 provided is usually 0.2-0.5 um given an edge exclusion of 2 mm.

After polishing, the silicon wafers are subjected to &
hydrephilic cleaning and drying asccording to the prior art. The
leaning may be performed either as z batch method wit
25 simultaneous cleaning of & muitiplicity of silicon wafers in
baths, or by spraying methods or else as a2 single wafer

Drocess,

The silicon wafers providged are preferably wafers made of mono-
30 orystalline siliceon material, 30T {(“silicon-on-insulator®)

wafers, silicon walfers having strained silicon layers

{(“strainad silicon”) or 8801 (“strainsd con~on-insulator’™)

wafers., Methods for producing $SCI or =301 wafers such as

SmartCut and methods for producing wafers with strained silicon
"33  layers are kpown in the prior art.

The polished silicon wafsrs provided are subseguentliy

pretrsated individually in sach case in an epitaxy reactor. The



The hydrogen flow rate is also 1-100 elm, rarticularly preferably 40-60 elm, during the pretreatment
with the etching medium. It has been shown that the global flathness of an epitaxiallv coated silicon
wafer can be significantly improved by the 75 increased flow rate of the etching medium by
comparison with the prior art. By virtue of the fact tha ihe HCI flow rate is increased to 1.5-5 slt and
the hydrogen flow rate is 1-100 slit as in the 30 first pretreatment step, the thickness of the silicon
wafer is reduced to a greater extent at the edge than in the direction of a center of the sing:in wafer.
This counteracts the concave initial geometry of the silicon wafer. 35 Whereas no increased material
removal is observed at the edge of the silicon wafer (the material removal is uniform over the entire
wafer) at an H2 flow rate of 50 elm (standard liter per minute) and an HT flow rate of 0.9 sin, that is td
say the 13 customary Eel flow rate in the prior art, a material removal of up to 500-700 mm occurs at
the edge of & STl Wafer'as e St STHErE&Se in TREESHOWTatE6 E518 %M, that is to say
with a signifitafftly icreasetr PIGT corcetriation, (5 dépéndingdnsherdaratiors of thelteeatment with
Eel. A treatmeént duratiofeaf $0:120s s prefesedvery-partigutady preferably 20-60 s, during the 501
etching treatipentgdepending oncthe.desiredimateriak gemoyal at the edge,of the silicon wafer to be
epitaxially cgg&e?de. Thegrarticular advantage of this method is that after the pretreatment steps the
silicon wafer obtains an optimum form of the front side for the subsequent deposition of an epitaxial

The etching medium is preferably hydrogen chloride (HCLY.

The pretresatment in a hydrogen atmosphere is effected at &
10 hydrogen fiow rate of I-100 slm {standard liter per minute),
particularly preferably 40-80 sim,

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

Turing the pretreatment with the etohing mediuom, the flow rate
of the etching medium is 1.5-5 slm.

The hydrogen fiow rate ig also 1-100 =lm, particularly
20 preferably 40-60 slm, during the pretreatment with the etching
medium,

It has been shown that the global flsztness of an epitaxially
coated silicon wafer can be significantly improved by the

25 increased fiow rate of the etching medium by comparison with
the prior art.

By virtue of the fact that the HCL flow rate iz incrsassd to
1.5~5 slm and the hvdrogen flow rate 1s 1-100 silm as in the

3¢  first pretrsatment step, the thicknass of the silicon wafsr is
reduced to a greater extent at the sdge than in the direction
of a center of the silicon wafer. This counteractes the concave
initial geometry of the silicon wafer.

35 Whereas no increased material removal is observed at The sdge
af the gilicon wafer (the material removal 1ls uniform over the
entire wafer) at an Hp flow rate of 50 slm (standard liter per

£
minute) and an HCL flow rate of 0.9 sim, that is to say the

jan}



ts silicon layer since the silicon wafer is leveled in its edge region by the pretreatment and the concave
form of the silicon wafer is compensated for It is even possible to convert the geometry into a convex
form, as will be shown later on the basis of examples. 20 It is particularly advantageous that a laminar
gas flow prevails as a result of the increased H2 flow, rate by comparison with the closest prior art in
the second pretreatment step. It has been shown that this has an additional positive effect on the
global flatness of the epitaxially coated silicon wafer, which goes beyond the effect observed in the
prior art (by the reduction of the K2 flow rate in the second pretreatment step). 30 The second method
according to the invention involves controlling the distribution of the HC1 flow in the reactor chamber.
As already described in the prior art, for the Epi Centura-Reactors from Applied Materials, a device
called 25 Acc-asett is available, comprising valves ("metering valves"), which permits this. The flow of
the etchingometigaris distriblted intee akrintes ard-rrtozan owerzone! ef. thereaetoro14 chamber. The
control is pteferabbneffected:bymeans of stitablesofoyare.<The etebingsrediumg distributed into the
inn=," zone,gets0n &5 Jegion.around the center ok the silicon wafer situated on a,susceptor. That part
of the etching medium which is distributed info the outer zone. of E:hglc%]n mggr[ghcts on an outer region
of the silicon wé?er, that is to sr;a}?Q: @aftlcu'laryon“ﬁm edsge region. Bvérall: infier and outer zones

correspond SYERIIFTE &Ppid¥ %TY%S?h@%i%@%fttﬁgaﬁﬁ@Sﬁ Wafet t0-Be treated.

A trsatment duration of 10-120 5 Is preferred, very
perticularly preferably 20-60 s, during the HC1l stching
treatment - depending on the desirsd meferisz]l removal st the
16 edge of the sillcon wafer to be spitaxially coated.
The particular advantage of this method is that after the

pretreatment steps the silicon wafer obtalins an optimum form o

Hh

the front side for the subssguent deposition of an epitaxial

ot
in

siligon layer since the silicon wafer is leveled in lis edge
region by the pratreatment and the concave form of the silicon
wafer is compensated for. It is even posgsible to coenvert the
geometry into & convex form, as will be shown later on the
basis of sxamples. |

It is particularly advantageous tThat 2 laminar gas flow
prevalls as a result of the increased Hy flovw rate by
camparison with the cleosesst pricr art in the sscond
pretreatmant step.

It has been shown that this has an additional positive effect
on the glebal fletness of the epitaxiaily coated siliceon wafer,
which goes beyond the effsct observed in the pricr art (by the
reduction of the H; flow rate in the second pretrestment siep).
30
The sescond method according to the invention invelives
controlling the distribution of the HCI flow in the reactor
chamber. As already described in the prior art, for the Epi
Centura-Reactors from Applled Materilals, a device called
15 Rocusett™ is avallable, comprising velves {“metering valves”},
which permits this. The flow of the etching medium is

digtributed inio an inner and into an outer zone of the rsactor



Ih accOrdande with the second method according to the invention, the flow rate of the etching medium
is 1.5-5 sIm. The distributionof the etching medium between inner and cuter 15 zones is 0 to at most
0.75. This ratio results from the quantity of etching medium in the inner zone relative to the quantity of
etching medium in the outer zone. A clear differencg 4s shown here with respect to the prior art, which
prescribes a distribution of 1.0 up to 6.0 during the etching 20 treatment as in US 2006/0182397 Al.
The size of the inner and outer zones relative to the silicon wafer can likewise be controlled, most
simply by corresponding arrangement and configuration of the gas inlet devices 25 ("injectors"), which
conduct the gases into the reactor chamber. By way of example,.the inner zone could be a circular
region having a diameter of 77; mm in the center of the silicon wafer, given a wafer diameter of 300
mm, as already described in US 2008/0182397 Al. 30 In the method according, to the invention, the
inner zone préf@rabty CofresPomds o fdle Havikg alofamete ot 108 arfifin the center of the silicon
wafer, whilesthé& giter yofieiedfresponds to a ring having a width of 200 mm which 35 encompasses
the edge of the silicon wafer. Silicon wafers having a diameter of 300 mm are Likewise assumed in the
case of these yalues: With.dhe use of silicon wafers ofithe nextgengration: which.are currently in
development ; haying.a, 15 sybstiate diametar.of 450 . jnper and guter zones are chosen
analogously thereto Ilke;(,\qg% |nnt_hte cast of smaller substrates such as 200 mm,or 150 mm wafers. 5
The quantity of the etching mediam is pr(ehférgbwn%élgli?éa Baltertig thé diaféderbrfe gas pipelines
for inner andGGter¥ores SFhé%igantity BF the- BlERh ¢ Rieditin 76 redtéad 1EFeduEihg the line
diameter. the silicon wafen, that is to say in particular on the edge
rggion. Cverall, inner and outer zones correspond overall
16 approximatsly to the =ize of the silicon wafer to be treated.
' In accordance with the second method according to the
invention, the flow rate of tThe etching medium is 1.5-5 slm.

The distribution of ths etching msdium betwsen inner and outer
15 gzones is 0 to at most 0.75. This ratlo results from the

quantity of etching medium in the inner zone relative to the

guantity of etching medium in the outer zone. A clear

gifference is shown here with

H

espect to the prior art, which
prescribes a distribution of 1.0 up to 6.0 during the etching
20 tresatment as in US 2008/C1lE2387 AL.
The size of the inner and outer zones relative to the silicon
wafer can llkewlise bz controlled, mest simply by corresponding
srrangement and configuration of the gas inlet devices
(“injectors”), which conduct the gases into ths yeactor
chamber. By way of example, the inner zone could bes & circular
region having a diameter of 75 mm in the center of the silicon
wafer, given z wafer diametsr of 300 mm, as already describsd
in US 2008/0182297 AlL.
30
In the method according tov the invention, the inner zons

preferably corresponds to & <ircle having & diameter of 100 mm

&
in the center of the siiicon wafer, while ths outer zons
corresponds to a ring having a width of 100 mm which

35 encompasses the edge of the silicon wafer. Silicon wafers
having z tiameter of 300 mm are likewise zssumed in the case of
these values. With the use of silicon wafers of the next

generation - which are currently in develcopment -~ having a



N In principle, the following construction is preferred in the second method according to the invention:
the gas quantity is set by means of a Mass Flow Controller (MFC) which is able to set a flow rate of
between 1 and 5 aim. This is novel since the MFC used in the prior art was limited to 1 sin. This
guantity 15 of gas is then passed via a main gas line to two needle valves (inner and outer zones) and
distributed there. The reaulation is effected by settingthe valves jregulation of the line diameter, inner
and outer zones independently of one another), The distributed quantities of gas are then introduced

" into the 20 reactor chamber by means of an injector: This construction has the advantage that an
automatic control is possible by means of suitable software. With .regard to the treatment durations
and the treatment 25 temperatures, the value ranges preferred in the first method according to the
invention are also preferred in the second method according to the invention. After the pretreatment
steps, an epiEa B iy é¥ i8ieposited 30 afledstion thapolishied froResideef thesilicon wafer. For this
purpose, azikng soulgeds seurce gasisiadded to:hydesgen asseartiergaspbEheapitaxial layer is
deposited at.artemperature @f:90641200G:depending on the silane source used. 16 The thickness of
the deposited enitaxial layer is prefer - 5 um.  After the deposition of the ebitaxial layer, the
eoitaxially 3,coated silicon wafer-is removed from the epitaxy reactor. After a specific number of
epitaxigl dé&gsi%%%ré%éﬁysiﬁgﬁ%&&gﬁg s%%%é%?o? is %rﬁeg’f% %vﬁﬁ ahF8tcHing Medium, preferably
with HC1, iGfderto tiée theStisREptar 6P &ilsh REGEPORHRS, by Wayetexaifipfe & Susceptor etching
iseferably eéffégted Heattrsaséafter tirsepharial vodtinysief sitidonswalars. For this purpose, the
epitaxially cedted siicort wafet is femawed and the subStratel5 free susceptor is treated with MC1.

10 In principle, the following constructicn is preferrad in the
second method according to the invention: the gas quantity is
set by means of z Mass Tlow Conirolley {MFC} which is abls
set & flow rate of betwsen 1 and 5 zim. This is novel since the
MFC used in the priocr art was limited to 1 slm. This guantity

15 of gas 1z then passed via a malin gas line to two neadie valves

‘ ‘inner and outsr zones) and distributed thers. The regulation
he 1lin
diameter, inner and outer zones indspendently of one anothar).

I

is effected by settin

[fe]

the valves {(regulation of

ot

@

The distributed guentities of gas are then introducsd into the
20 reazctor chember by means of an injector. This construction has
s

3
the advantage that an automatic control is possible by means of

suitable software.

With regard to the tresztment durstions and the treatment
25 temperaturss, the valve ranges preferred in the firzst method
according to the ipvention are also prefsrred in the second

method acsording to the invention.

After the pretreatment steps, an eplitaxial layer is deposited

30 at lzast on the pelished front side of the sgillicon wafer. Foz

|88
oF
QO

this purpose, a2 silanes source as source ¢gas 1s adde
hydrogen as carrier ges. The epitaxial laver i

temperature of 900-1200°C depending on the silans source used.

n

3% Trichlorosilans (TCS) is prefarab

eposition temperature of 10%0

jold
rt
.



Preferably, besides the sasceotor surface, the entire protess chamber is flushed with hydrogen
chloride in order to remove silicon deposits. 20 The susceptor is preferably coated with silicon after the
susceptor etching and before further epitaxial processes. This may be advantageous since the silicon
wafer to be enitaxially coated does not then bear directly on the susceptor. 25 Moreover, it has been
shown that the method according to the invention is LRiitable 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 layer
is applied at 30 least on its front side, and which has a global flatness value GETF of 0.02-0.06 p.m,
relative to an edge exclusion of 2 If an edge exclusion or 1 mm is employed, that is to say-a more
stringent criterion, this results in GET? values of 0.04 to 0.08 um. The silicon wafer, which was
subjected to a hydrophilic cleaning after the polishing of at least its front side, as a 17 result of which a .
native oxidexayer fermad onthensilisepvater; was subsequenily-pretrealgein a iydrogen atmosphere
in an epitaxy gea,cgor,&gﬂorder to remove native oxide from the silicon wafer, and was subsequently
treated with addition of 5 hydrogen chloride to the hydrogen atmosphere in a second step, the HCI
flow rate being 1.5-5 sIm in the second sten, which makes it possible to remove silicon material in a
targeted mannet inthe 8aGR redion Of thessifiBoharafer, 16 Compéhsaficrgie &okcave initial geometry
of the polishedtsificon-weder wefex  is removed from the epitaxy reactor.

After a specific number of epitaxizl dspositions on silicon
walers, the susceptor is treasted with an etching medium,
preferably with HCl, in order to free the susceptor of silicen

it deposits, by way of example.

A éusceptoz stehing is preferably effected in each cass after
1-5 epitaxial coatings of silicon wafers, For this purposs, ths
epitaxially coated silicon wafer is removed and the substrate-

15 free susceptor is ftreated with HCL.

Praferaply, besides the susceptor surface, the sntire
chamber is fiushed with hydrogen chilcrids in order to rasmove
gilicon depesits.

it
The susceptor is preferaply coated with silicon after the

s
susgceptor etching and before further epitazial processes. This

Hy

E}
may be sdvantageous since the silicon wafer to be epitaxially

coated does not then bear directly on the susceptor.

(%]
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Moreover, 1t has been shown that the method according to the

invention is suitables for producing a silicon wafer which

i —

comprises a front side and a rear side, wherein at least its
front side iz polished and an epitaxial layer is applied at

3¢ leset on i1ts front sids, and which has & global flaztness value

GBIR of 0.02-0.06 pm, relative to an edge exclusion of 2 mm.

If an edge exclusion of 1 mm is emploved, that is to say a more

stringent criterion, this results in GRBIR values of 0.04 o

32 0.08 pm.
The gilicon wafer, which was sublected to a hvdrophilic
clesaning after the polishing of at least its front side, as a



10 or to overcompensate for it (convex geometry) and to give the silicon wafer a flatter geometric form
after e epitaxial deposition. It has been shown that a further improvement of the global 15 flatness
values of the epitaxially coated silicon wafers is achieved by an increase in the 1501 flow rate to 2 elm
or more (up to 5 sim). This also applies to the local flra}ness,.expressed by the 25 SBIPmm, which, in
the case of the silicon wafer according to the invention, is greater than or equal.to 0.02 'am and less
than or equal to 0.05 um, likewise given an edge exclusion of 2 mm and relative to partial regions of an
area grid of segments having a size of 26x8 mm4. This results in 336 25 segments, of which 52 are
"partial sites", The "partial sites" are preferably taken into account in the dete2luination of the
SPIRmm. The PUA value is preferably 100%. Relative to an edge exclusion of 1 mm, an SBIR, of
0.04 to 300.07 era results. The silicon wafer is preferably a wafer made of monocrvstalline silicon
material, arF STHTHFCERGH-ifs MATGTT WaTeT S a-GHESn 1arar itk a~$fafied Sifeon layer ("strained 35
silicon") or & BSOI¢=trainetksiliconlonirsaler I, L which isiprovided-wittpanr@pitaxial layer. 18
preferably has ap;epitaxiallayer thickness:regulasity: 0f at mast2 H%qd he-epitaxial layer thickness
regularity can be.detgrmined by measwing ayeragevalke:t andfangeAl: cion of
5 hydrogen chloride to the hydrogsn atmosphere in & sscond step,

the BCL flow rate heing 1.5-5 slm in the second step, which

rmakes it possible to remove silicon material in a targeted

manner in the sdge reglion of the silicon wafer, to compensate

for the concave initial geometry of the polished silicon wafer

it or to overcompensate for it {convex geometry) and to give the
silicon walfer a flatter gsometric form after the epitaxial

deposition.

It has been shown that a further improvement of the global

15 flatness values of the epitaxially coated silicon wafsrs is
achieved'by an increasse in the HCL flow rate to 2 slm or more
fup to 5 sim .

This also applies to the locel flatness, expressed by the

20 SBTRpey, which, in the case of the silicon wafer according to
fhe invention, is greater than or edual. fte 0.02 um and less
than or equal to 0.05 um, likewise given an edge exclusion of
2 mm =nd relative to partial regions of an area grid.of

segments having & size of 26x8 mm®. This results in 336

P2
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segnments, of which 52 are “partial sites”. The “partial sites”
arse preferably talken into account in the determination of ths
SBIRme:. The PUA vzlue is preferably 100%.

Relative to an edge exciuveion of 1 mm, an SBEIRge o0f 0.04 to

3 0.07 pm regults.

The silicon wafer ig preferaply a wefer made of monocrystalline
silicon material, an 80I{“silicon-on-insulator”™) wafer, &
siiicon wafer with a strainasd silicon laver (“strained

35  gilicon”) or an s30T (“strained silicon-on-insulator”) waiser

which ig provided with an epitaxisl layer.

-

The epitaxially coated silicon wafer according to the invention



of the the epitaxial layer thickness.. At/t is particularly 5 preferably 0.5% - 2.0%, very particularly
preferably 1.0% - 1.5%. The method according to the invention, for the gas flows and gas flow
distributions claimed, permits the production of epitaxially coated silicon wafers having these epitaxial
layer thickness regularities. 10 If, in the prior .art, it isl ttempted to correct the concave initial geometry
of the polished silicon wafer by a procedure-in which'a thicker epitaxial layer is deposited in the center
of the silicon wafer during epitaxy, or by a ,-,roced,7-e-e in L.5 which, although firstly a largely regular
ep taxial laver is deposited, the concave geometry of the epitaxially coated silicon wafer is
subsequently corrected by etching removal at the epitaxial layer, it is impossible to keep the epitaxial
layer thickness regularity parameter, whiah, is extremely 20 important andcritical for the component
manufacturers, in that narrow range of less than or ecual to 7%. 25 An epitaxial layer was deposited
on a silicon Wafef Faving didmeter 6R 800 niviat Held beerspicdticed #y acedbrdance with the prior
art and finaltyepotlishéd by hteans oCMP bryits frontsides T hessilican. waferto be epitaxially coated
was concavely:petished, thatis:te.saydad ercgacave iritial gepnetry-and an 3Q edge roll-off. During
the pretreatmentof this silicon; wafer in the spitaxy, reaotor, firstly,a pretteatent in a hydrogen
atmosphere was effected.at an H2 flow rate of 50_sim. During the subsequént pretreatment with
hydrogeur?cfﬁgr%,!aglg%g gj(%nttgog the y!a”rbg‘é%%gtrﬁéo"éﬁhcé%e?fhlg Rd Fﬁé?valﬁg was 2.5 sIm. Different gas
distributions Wéfe examitied it JEEOPAANREIRIA-19 (He S880rD TRBHHGR adciding t6the invention. The
duration of thé“pretreatniést wWittrhjafsgéRchiehitle was™B0 s peaach Tades

procuction of epitaxially coated silicon wafers having these

epitaxial layer thickness regularities.

i
If, in ths prior art, it is attempted to correct the concave
initial geometry of the po;ished'siiicon wafer by a procedurs.
in which a thicker epitaxisl layer is deposited in the center
cf the silicon wafer during epitaxy, or by = procedurse in

15 which, althouwgh firstly a largely regular epitaxizl laver is

deposited, the concave geometry o©f the epitaxially coared
silicon wafer is subsequently corrected by atehing removal
the epltaxial layer, it is impossible t¢ ksep the spitaxial
layer thickness regularity parameter, which is extramely

20 important and critical for the component manufacturers, in that
narrow range of lessz than or esgual to Z%.

Example:

25 An epltaxial layer was deposited on 2 silicon wafer having a
diameter of 200 mm thet had been produced in accordance with
the pricr art and finzlly polished Dy means of CMP on its front
side. The silicon wafer to be spitaxially coaited was concavely
polished, that iz to say had a concave initizl geometry and an

36 edge roll-ofi. |

During the pretreatment of this silicon wafer in the spitaxy
, firstly & pretrsatment in a hydrogen atmosphers was
effected 3t an Hy; flow rate of 50 slm.
35
buring the subseguent preireatment with hvdrogen chioride added
into the hydrogen atmosphers. the HCL flow rate was 2.5 sim.

Different gas distributions were examined in zccordance with



~ An enitaxial layer was subsequently deposited at a deposition 5 temperature of 1120C and a
trichlorosilane flow rate of 17 elm. results are explained below with reference to Figs. 10 Fig. 1 shows
the profile of the thickness of a concavely polished silicon wafer against its diameter ("line scan”) Fig. 2
shows the material removal ‘'uan etching pretreatmer]éof a polished silicon wafer in the epitaxy reactor
against its diameter. Fig. 3 shows essentially the thickness of the deposited 'taxial layer against a line
scan. 20 Fig. 4 shows the thickness of the epitaxially coated silicon wafer against a line scan. Fig. 5
shows the lifluence of different process parameters during the etching pretreatment on the wafer
geometry, in ZS particular with regard to the material removal in the edge region. Fig. 6. shows the
change in the thickness of the silicon wafer during an etching pretreatment in the epitaxy reactor. 30
Fig. 7 shows the change in the thickness of the silicon wafer during an etching pretreatment in the ep
taxy reactor'With SEERAAGEYFGEE disHBEGEA. 35 riges %h“cﬁﬁ%%’é‘lR%%ﬁé?ﬁ?%é’ﬂicBﬁ wafer epitaxially

coated accorlifhgrts e iventionifor el eonipGhent AiéavFig. &L ilfustta esahecthiekness distribution
of a concavely

An epitaxial laver was subseguently depopited zt & deposition

$  temperature of 1120°C and a trichlorosilane flow rste o

17 =1

Fh

The results are explained below with reference to Figs. 1 to 8,

10 Fig. 1 shows the profile of the thickness of & concavely

clished silicon wafer agalnst its diamester (“line scan”).
P Rl

Pig. 2 shows ths material removal during an etching
pretreatment of a polished silicon wafer in the epitaxy reactor
15  against its dizmeter.

¥igg, 3 shows essentially the thickness of the deposited

spitaxizl layer ageinst a line scan.

3 Wig. 4 shows the thickness of the epitaxiaslly coatad silicon

wafer agasinst a line scan.

Fig. 5 shows the influsnce of diffsrent process parameters
during the etching pretrsatment on the wafer geomsiry, in

25  particuniar with regard to the material removal in the edge
reglion.

Fig. & shows the change in the thickness of the silicon wafer
during an stching pretreatment in the epitaxy reactor.

kit
¥ig. 7 shows the c¢hange in the thickness of the silicon waler
during an etching pretreatment in the epitaxy rsacter with a
changsed gas distribution.

35  Pig. B shows 3BIR values of a silicon wafer epitaxially coated

according to the invention for gach component area.

®ig., 1 illustrates the thickness distribution of a2 concavely



20 polished silicon wafer having a diameter of 300 ram as a function of the diameter as a. line scan.
Rn edge exclusion of 2 mm is taken as a basis here. The thickness increases from the center in-the
direction of the edge and exhibits a decrease at 5 the edge. A global flatness value GBIR of 0.3 pm
results given an edge exclusion of 2 mm. 10 Fig. 2 shqws the material removal during the etching
.pretreatment as a function of the diameter of the silicon .wafer. While approximately 0.13pm of silicon
is removed in the center of the silicon wafer, the material removal increases toward the edge and
exhibits overall a concave profile, precisely like the initial geometry of the polished silicon wafer, with
the result that a compensation of the concave geometry is achieved by etching away the silicon mat 20
Fig. 3 illustrates the difference in thickness between the epitaxially coated silicon wafer and the
concavely polished silicon wafer as a function of the diameter as a line scan. This difference in
thickness iNCreaSES IGcaily A 8 Sdgd PG, HEWREr St does RBtEBrAdsfond to the actual thickness
25 of the déposftetrepitakid 14)eFbaErathet aldd takEd acABurft Sfthexshanges iatthickness as a
result of pretrsatirertesteps: Sincesmaterial wasTiembvedkatthe édgesefthe Stticoncvafer during the
pretreatmepémigs the efebing mediwn, significanty nere siiconthan Hlustetedin Eig. 3. was acco
dingly depesited @ dhe edge. The material removal at the edge was up to 700 rim, which was then
overgrown by a uniform epitaxial layer having a thickness of 2,6 pm 2.5%. This complies with a

specification for the layer thickness regularity of the epitaxial layer. 35
_ A global flatness value GBIR of (.3 um results given an sdge

exclusion of 2 mm.

16  Fig. 2 shows the materisl removal during the etching
pretreatment zs & functlon of the diameter of the silicon
wafer. Wnile approximately 0.13um of silicon i5 removed in the
center of the silicon wafer, the material removal increasss
toward the edge and exhibits overall a concave profile,

1% precisely like the initial geometry of the polished gilicon
wafer, with the result that a2 compensation of the gongave
initial geometry is achisved by etching away the silicon
material.

20 Fig. 3 illustrates the difference in thickness between ths
spitaxially costed silicon wafer and the concavely polished
silicon wafer s z functlion of the diameter as a lins scan.

This difference in thickness increases locally in ths =dge

region., However, it does not correspond to the actual thickness

B
o

of the deposited epitaxial layer, but rather slso takes account
of the changes in thichkness as a result of pretrsatment steps.
Since materlzl was removed at the edge of the silicon wafer
during the pretreatment with the etching medium, signifigantly
more silicon than illustrated in Fig. 3 was accordingly
30  deposited at the edgs. The material removal at the edge was up
te 00 nm, which was then overgrown by a uniform epitaxial
laver having & thickness of 2.6 um £ 1.3%. This complies with a2
specification for the layer thickness regularity of the

epitaxial laver.

Fig. 4 illustrates the thickness proflle of the epitaxially

coated, CMP-polished gilicon wafer as & function of its

-

diameter &s a Lline scan, rssulting in & global Ilaztness value



Fig. 4 illustrates the thickness profile of the epitaxially coated, CMP-polished silicon wafer as a function
of its diameter as a line scan, resulting in a global flatness value 21 GEIR of 0.056 pm given an edge
exclusion. of 2 mm, in other words a significant improvement in comparison with the global flatness of
the concavely polished silicon water. A significant imgrovement with respect to the closest prior art is
also a manifested. ' Fig. 5 shows the initial geometry of a polished silicon wafer 51. The illustration
shows the thickness of the silicon wafer as a function of the diameter thereof. A concave profile and a
111 decrease in the thickness at the edge are manifested. 52 shows. the thickness of the silicon wafer
after pretreatment with an HCI flow rate of 0.9 elm (prior art). This corresponds to a standard etch with
the HO1 flow rate limited by the conventional mass flow controller. 15 53 shows the geometry of the
wafer after treatment according to, the invention with an'HO1 flow rate of 2.5 elm :first method
according to°tia ierntidnt éfgsﬁé\‘fv%nthaé“gee%?ﬁeﬁ}y%ﬁ?\jéc%a\é“r &ftF treatnient according to the
invention witfPafc1201 6w rate st 2BRIAY FRtPGas 2O HistABLUABH JccSrdi§ t8thedhvention 1/0 =
0/200 = 0 (sétonckrethbd-aecoring tetherimveritioh)s 1a thetaselet 53%and parficakrty in the case of
54, an increasgdpihe-etching temeyalds manifestedparticutarly:in the edge:=tegion. The methods
according tothe invention enable even more distinct changes in the initial geometry of the polished
wafer which convert the concave geometry into a convex geometry and can give the wafer, prior to the
subsequent epitaxial deposition, a gepmetry whjch confofms o the respective requirements and is
optimum - dgé)%hd?né%ongﬁ'uet D ihﬂ?ﬂlaéoﬁ%e ?ﬁéﬁ% %sﬁo%’v%tlh&éhgéaﬁggﬁﬁo%ewaé?)?rnetry of the
polished sili€n wWafer’ds a5esitofaAstehing prefreaiiieiit &écording to tAefntentidn. Here an 1101
flow rate of 25 simweas ohrosen, tdrd @s235 flow distrigtftior: |/ ecEIE 160210 3:7A material removal
at the edge ekypdos200mr;ig manifesteds hete s rkhe diusteationshoses:the difference in thickness Lt (=

material remoyal} oys +he thickness of the silicon wafer after pretreatment
with aﬁMHCl flow rate of 0.2 slm (prior art). This corrassponds
te a standard etch with the HCl flow rate limited by the
convantionzl mass flow controller.
T

15  E3 shows the geometry of the wafer alfter

treatment according to
the invention with an HCI Zlow rate of 2.5 slm {(first method
according to the invention). _
4 shows the geometry of the wafer after tresatment according o
he invention with an HCL flow rete of 2.3

[ TS S

20 igtribution acoording to ths invention I/0 = 07200 = 0 {second
method according to the invention).
In the case of B3 and pearticularly in the case of 54, an
increase in the etching removal is manifested particularly in
the edge region. The methods according to the invention enable

és even more distinct changes in the initial gesometry of the
polished wafer which convert the concave geomeitry into a convex
geometry and can give the wafer, pricr to the subseguent
epitaxial depesition, a geometry which conforms to the
respective recguirements and is optilmum - depending on the

30 initial gesometry.

Fig. 6 shows the change in the geomstry of the polished silicon
wafer as & result of an étching pretreatment according to the
invention. Here arn HCl flow rate of 2.5 slm was chosen, and as

25  flow distributien I/0 = 13171

o

0 = 0.73. A material removal at
the edge of up to 500 nm is manifested here. The illustration

shows the difference in thickness At (= material removal)



77 between polished wafer and wafer pretreated in the epitaxy reactor, as a function of the diameter.
Fig, 7 shows the change in the geometry of the wafer, in which case, in comparison with the example
of Fig.a different flow distribution of I'io =.0/200 = .0 was chosen, with a constant HC1 flow rate of 2.5
slm. Here, too, the illustration shows the difference iq;hickness Lt or the material removal as a result
of the etching pretreatment as a function of the 10 diameter of the wafer. By virtue of the changed gas
distribution, the material removal at the edge is intensified to up to 7.0,0 nm. In the prior art, even with
reduction of the H, flow rate is during the etching pretreatment, which, as already mentioned, entails
other disadvantages, only material removals of up to 300 nm at the edge were possible (of. DE
102005045339 Al). Fig, 8 illustrates site geometry values SBIR for an epitaxially .20 coated silicon
wafer given gesubslivisian itte-536 taompohent @reas-¢'sitest)chaving:asize 0f 26x8 mm2. 52 of these
336 compongnt-argas are;'partiaksitess Using an-edge.exclusion of 2 mm or an FQA of 296 mm and
taking account of all the "partial sites”, a maximum site geometry value SBIR,mx of 0.044 pm 25

results in thig,case. The,ollaying, piogess parametgrs were emploved 0 this expiinle:
F case, in éompaxison with the example of Fig. &, a different
flow distribution of I/0 =.0/200 = 0 was chosen, with a
sonstant BCL flow rate of 2.5 slm. Hers, too, the illustration
shows the difference in thickness 4t oxr the material removal as
a result of the etching preftreatment z= & function of the
10 diameter of the wafer. By virtue of the changed gas
distribution, the material rsmoval at the edge 1g intensified
Sto up te 700 nm,

In the prior art, even with reduction of the K, flow rate
during the etching pretreatment, which, as already mentioned,
entails other disadvantages, only material removals of up to
300 mm at the edge were possible (cf. DE 102005045339 AL).

Fig. & illustrates site geometry values SEBIR for an spitaxilally
26 coated silicon wafer given a subdivision into 336 component

arezs (“sites”) having & sgize of 26x8 mm®. 52 of these 336

component areas are “pariisl sites”. Using an ed xclusion of

Q)
Y]
1]

2 mm or an FQA of 296 mm and taking sccount of all the “partial
sites”, & meximum site geomstry value SBIRgy of ¢.044 um

25 results in this case. The following process parameters were
employed in tnls example:

Srep 1 . Step Z Step 3
30 o
He bhake Ftehing Deposition
Distribution I/0 119/1587 0/200 1107187
35 HCl in slm - 3.5 -
H; in slm . &0 Z0 50

Temperature 1150 1150 1120



Step 1 30 H2 bake  Distribution 1/0110/157 35 HC1 in aim H2insIm60 Temperature1150 Step 3
EtchingDeposition 0/200110/157 3.5 20SO 115014220 23

Patent Claims

1. A method for producing epitaxially coated silicon wafers, comprising providing a
multiplicity of silicon wafers polished at least on their front sides and successively
5 individually coating .the wafers in an epitaxy reactor by a procadure in which a silicon
wafer is placed on a susceptor in the epitaxy reac:tor', and is pretreated only under a
- hydrogen atmosphere in a first step, and with addition of an etching medium with a
flow rate of 1.5-5 slm to the hydrogen atmosphere in a second step, the hydrogen
flow rate being 1-100 sim in both steps and the distribution of the etching medium in
10 .inner and outer zones being I/0 =0-0.75, subsequentiy coating the wafer epitaxially
on its polished front side, and removing an epitaxillay coated wafer from the ep&axy

reactor.

2. The method of claim 1, wherein the two pretreatment steps are effected in a

15 temperature range of 250 to 1200° C,

3. The method of claim 1, wherein the etching medium added to the hydrogen

atmosphere is hydrogen chioride.

20 4. The method of claim 1, wherein the hydrogen flow rate is 40-80 sim in both

prefreatment sieps.

5. The method of claim 1, wherein the duration of pretreatment is 10-120 g in both
pretreatment steps.

25
6. The method as claimed in any of claims 1 to 5, wherein the duration of

prefreatment is 20-60 s in both pretreatment steps.



Patent Claims 1. A method for producing epitaxially coated silicon wafers, comprising providing a
multiplicity of silicon wafers polished at least on ttair front sides and successively 5individually coating
the wafers in an epitaxy reactor by a procedure in which a silicon wafer is placed on a susceptor in the
epitaxy reacéo:ﬁ and is pretreated only under a hydrogen atmosphere in a first step, and with addition

of an etchingy MENATRARTLAT ratderings § 4B WRIH Aoy R LaTYpREFh a second step, the
hyd fl ing 1-1.00 sIm.in. t d the distributi f the etchi di in10i
and outer 201 BB SR e R A e R Ry D RS Bolshed font |+
side, and reaoMaY Al RAIUAY BRI LAIRLILARLIN? SATRSYEASHILY oiify Be method of claim 1,

wherein the two pretreatment steps are effected in a 15temperature range o 0'to 1200 C. 3. The
method of ciadmatervhesRii the etching medium added to the hydrogen atmosphere is hydrogen
chloride. 204. The method of claim 1, wherein the hydrogen flow rate is 40-60 sIm in both pretreatment
steps. %. The method of claim 1, wherein the duration of pretreatment is 10-120 s in both pretreatment
steps. 25 6. The method as claimed in any of claims 1 to 5, wherein the duration of pretreatment is
20-60 s in bdth pretfedierarredtsing spifaraiihecmtetheiiconclaitery, aamansimghereiiidiog wafers provided
are wafers of monocrystalline silicon material, SO1 ("silicon-on-insulator") wafers, silicon wafers

having straiWéj&igsil?géﬁr??ﬁi}l?@ (vHelmBRISRG AL BISE 8D I iramsirescand SHrrRamEGIY) wafers. 5

individually coating the wafers in an epitaxy reactor by a procedure in which a silicon
wafer is placed on a susceptor in a reactor chamber of the epitaxy reactor, wherein
10 gas ﬂows introduced into the reactor chamber by means of injectors are distributed
by mean.s of valves into an outer zone and an inner zone of the reactor chamber
such that the gas flow in the inner zone acts on a region around the center of the
silicon wafer and the gas flow in the outer zone acts on an edge region of the silicon
wafer, wherein the silicon wafer is pretreated only under a hydrogen atmosphere at a
15 hydrogen flow rate of 1-100 sim in a first step, and with addition of an eiching
medium With a flow rate of 1.5-5 sim to the hydrogen atmosphere in a second step,
the hydrogen flow rate being 1-100 sim in the second step, and the distribution of the
etching medium in inner and outer zones being 1/0=0-0.75, and subsequently
epitaxially coating the wafer on its polished front side, and removing an epitaxially

20 coated wafer from the epitaxy reactor.

8. The method of claim 8, wherein the two pretreatment steps are effected in a

temperature range of 850 io 1200° C.

25  10. The method of claim 8, wherein the etching medium added to the hydrogen

atmosphere is hydrogen chloride.



8. A method for producing epitaxially coated silicon wafers, comprising providing a multiplicity of silicon
wafers polished at least on their front sides, and syegessively individually coating the wafers in an
epitaxy reactor by a procedure in which a silicon wafer is placed on a susceptor in a reactor chamber
of the epitaxy reactor, wherein 10gas flows introduced into the reactor chamber by means of injectors
are distributeld by 1&g A8 ftuhatedutse 2erdecgan Bowinaterizd0esofdheiremstor chamber such
that the gas flow in the inner zone acts on a region around the center of the silicon wafer and the gas
flow in the off&EFS8HRAERIEHS an edge region of the silicon wafer, wherein the silicon wafer is
pretreated only under a hydrogen atmosphere at a 15hydrogen flow rate of 1-100 sIlm in a first step,
and with addition of an etching medium with a flow rate of 1.5-5 slm to the hydrogen atmosphere in a
second stepyth t .- | tg second ste, d distribution of the -
etching medﬁ%ﬁ%ﬁ?ﬁ%@ngpﬁq@ gm%%@if#g&l/ F:BSI%] g,pé%%a & ggﬁﬁgﬁﬂﬁeﬂ;ﬁ& H? coating the
wafer o8 its patshstchfianttgide, and removing an epitaxially 20coated wafer from the epitaxy reactor.
9. The method of claim 8, wherein the two pretreatment steps are effected in a temperature range of
950 to 1200 C. 2510. The method of claim 8, wherein the etching medium added to the hydrogen
atmosphere is hydrogen chloride. 25 11. The method of claim 8, wherein the hydrogen flow rate is
40-60 elm in'PotH'profbathil slaite Bswherep thaalwethodbireiasmh®enttie Bdrsthe idwation of
pretreatment is, 10-120 s in both Spretreatment steps. 13. The method of claim 8, wherein the duration
of pretreatm%rnetﬂiga%'%ﬁ YH%oth pretreatment steps. 1014. A silicon wafer having a front side and a
rear side, wherein at least its front side is

10 14. Assilicon wafer having a front side and a rear side, wherein at ieast its front side is
polished and an epitaxial layer is applied at least on its front side, which has a global
flatness value GBIR of 0.02-0.06 um, relative to an edge exclusion of 2 mm, or a

global flatness value GBIR of 0.04-0.08 um relative to an edge exclusion of 1 mm,

15 15. The silicon wafer of claim 14, having a local ﬁatnesé, SBIRma, Of greater than or
equal to 0.02 ym and less than or equal to 0.05 pm, given an edge exclusion of 2
mm and relative to partial regions of an area grid of segments having a size of 26x8

mm?,

20 16. The silicon wafer of claim 14, having a local flatness, SBIR .., of greater than or
equal to 0.04 um and less than or equal to 0.07 um, given an edge exclusion of 1

mm and refative to partial regions of an area grid of segments having a size of 26x8

mmZ.

25 17. The silicon wafer of claim 14, wherein the silicon wafer is g wafer made of
monocrystalline silicon material, an SOl wafer, a silicon wafer with a strained silicon

fayer or an sSOI wafer which is provided with an epitaxiaj layer,



polished and an epitaxial layer is applied at least on its front side, which has a global flatness value
GBIR of 0.02-0.06 pm, relative to an edge exclusiga of 2 mm, or a global flatness value GBIR of
0.04-0.08 pm relative to an edge exclusion of 1 mm. 1515. The silicon wafer of claim 14, having a local
flatness, SBI1 nﬁPx, Qf??qreater than or equal to 0.02 pm and less than or equal to 0.05 pm, given an
edge exclusi Slifafa e vai Thirneaererirsal e diakorsegniemsitialing a size of
26x8 MM2 . 204,6, 4 he silicon wafer of claim 14, having a local flatness, SB1IRmax, Of greater than or
equal to 0.04 pm and less than or equal to 0.07 pm, given an edge exclusion of 1 mm and relative to
partial regions of an area grid of segments having a size of 26x8 MM2 2517. The silicon wafer of claim
14, wherein the silicon wafer is a wafer made of monocrystalline silicon material, an 301 wafer, a
silicon wafer itha stiainedsgiieppiaver QHaRESH m&%&é{v%& iﬁmxgg@grwmop gpitaxial layer. 26
18. The silicon wafer of claim 14, having.an epitaxial layer thickness uniformity of 0.5%-2%.. 19. The
silicon wafef 8Feléibtel4, having an epitaxial layer thickness uniformity of 1.0%-1.5%.



Abstract Epitaxially coated silicon wafer and method for producing apitaxially coated silicon wafers The
object- is achieved by means of a first 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 gpitaxy 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 only under a hydrogen atmosphere in a first step and with addition of an etching Li medium
with a flow rate of 1.5-5 aim to the hydrogen atmosphere in a second step, the hydrogen flow rate
being 1-100 slit in both steps, is subsequently coated epitaxially on its polished front side and is
removed from the epitaxy reactor. In a second method according to the invention, gas flows 20
introduced inte the reactor chamber by inje€tsrs%fe distributed by means of valves into an outer and
an inner zone of the reactor chamber, such that the gas flow in the inner zone acts on a region around
the center of thessiiconnafecandshe:gasdlow-inthastteszone dcts ranwedge region of 25 the
silicon wafer, the distribution of:the:etehing.saediin i ker.asd:quter zones being /O =0 - 0.75. The
|nvent|og1 permits the production of a silicon wafer having a front side and a rear side, wherein at least
its front side is polished and an epitaxiel layer is applied at least OT its 30 front side, and which has a
global flatness value GEIR 0f.0,02-0.0e um, relative to.an edge exclusion of 2 mm

"“The apject is achieved by medns oI Tor plocuc1nd
epitaxially coated silicon wafers, in which a maltiplicity of
silicon wafers which are polished at lsast on their front sides
1t are provided and successively coated individually in sach case
in an spitaxy reactor by a procedurs in which a respective one
of the silicon wafers plovldea is placed on a susceptor in the
epitaxy reactor, and ls pretrsated only under a nydrogen
atmosphere in first step and with addition of an etching
medium with

pon
Lo

2 Tlow rate of 1.5-% slm to the hydrogsn atmosphers
in & second step, the hydrogen flow rate being 1-100 slw in
both steps, iz subzsguently coated epitaxially on ite polighed
front side and is removed from the epitaxy reactor.

In & zecond method according to the invention, gas Llows

20 introduced intd the reactor chamber by injectors are

Q.

tributed by means of valves into an oubter and an inner zone

8]

of the reactor chamber, such that the gas flow in the inner
zome achts on 2 region arcund the center of the silicon wafer
and the gas flow in the outer zone scts on an edge region of

25  the silicon wafer, the distribution of the etching medium in
irner and outer zones being I/0 = 0 - 0.75.
The invention permits the production of a sllicon wafer having
a2 front side and a rear side, wherein at least its front side
is polished and an epitaxigl layer is appiied at least on its

19 ront side, and which has a gickal flatness value GBIR of

.E
g
0.02-0.06 um, relative to an edge exclusion of 2 mm.



