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Epitaxially coated silicon wafer and nmethod for
produci ng epitaxially coated silicon wafers 5 The
invention relates to an epitaxially coated silicon
wafer and to a nmethod for producing epitaxially
coated silicon wafers. Epitaxially coated silicon
wafers are suitable for use in the 10 sem conductor
industry, in particular for the fabrication of |arge
sc%Pét@ﬁ%ééiﬁtGﬁabaécsménconcwaﬁeneana seehods £6rUproducing
n1croprocessorépgﬁagggpiy £BLPSs SEREL] ﬂgwa terlals
(substrates) with stringent reqU|renen?
gl obal and |ocal flatness, thickness dlstrlbutlon,
si ngl e-si de-referenced 15 | ocal glstness .
nanoto al o and freedom fromdefects are require
T djgﬁ;r?rgnyl) St ht SPiGBal i aoniaed rel biewn wafer
anﬁotth@.awﬁ&m@&ﬁﬂﬁzyxbdﬁcﬁhgﬁﬁﬁltd%ﬂﬁmﬁﬁ(Hoé%gd”sﬂmﬂBBh
. dge exclusion to be defined. It is 20 described
by the GBIR ("gl obal backsurface-referenced idea

pl ane/ range" = nmagni tude of the positive and negative
Epd.@‘éb@bllgt@r cfora@@éﬁ skiqqlf:%'nd% ref,er enced, j.degl; plane ufs(e)ar in the
r.ont e of e sem conduct or ),

SeWﬁFBRQBEESéSﬁGﬁW§tFy'tH@-?ﬁvtl@uﬂéﬁaﬁqﬂmhﬁ@uiabrlcatlon of

laxgei athdg" ﬁn&l&@@a&le@a@l@&tmtlcm%n&)%ﬂ&rﬂsy sueh as

The LTV ("l | thi tion")
- Gol PPk obASeRkE s ot o PPy Peus SOt o MRREIR)S

Subgi:g’naeed we tbr S'rtnrg'ngenn:hee&EMren&h&@;d&fa@eb)be@leal and
loka §'E@a@ﬁ%ggurkﬂgskﬁgggrﬁgg% %%%10%0 %g%n gis&%_—F?gﬁFenced

nitude o ositlive an neg ative
LogenEk FhgoFef BReResrOig) 8ndng resfomn Frodi dedeaks are

regabpetenbramnegeal nnedodi@BRSHAR)Y-sand corresponds to
the GBIR or TTV of a conponent area ("site")
Therefore, in contrast to the global flatness GBI R

Gl@hélSiﬁaknsssefeleneedtbotﬂefénedr35sﬁEEEd& off hhgeml—

coﬂ%@fortﬁgf?fsmgﬂugagn %&%ng}r}gﬁ.e to Sggng 896F€§6 ;t is

ar ea neasur enen Ravn
de%cﬁ%QEd(QYtEh@eﬁﬁﬁﬁr9)91¢h@lnhachanr§ate ge@&eényed ideal

pladd pea SR R = 2magn1tude of the positive and negative deviation
from a backside-referenced ideal plane for the entire front
side of the semiconductor wafer), which corregponds to the TTV
(“total thickness variation”) specification that was formerly

customary.

The.LTV (*local thickness variation”) specification that was
formerly customary is nowadays designated according to the SEMT
standard by SBIR (“site backsurface-reference ideal
plane/range” = magnitude of the positive and negative deviatiocn
from a backside-referenced ideal plane for an individual
component area defined dimension) and corresponds to the GRIR
or TTV of a component area (“site”). Therefore, in contrast to
the global flatness GBIR, the SBIR is referenced to defined
fields on the wafer, that is to say for example to segments of
an area grid of measurement windows having a size of 26 x 8 mm?

(site geometry). The maximum site geometry value SBiRmax
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speci fies the maxi rum SBIR val ue for the conponent

areas taken into account on a silicon wafer. Maximm
site-referenced flatness or geonetry val ues such as

the 5 SBiRn,. are usually determ ned taking account

of a certain edge exclusion (EE = "edge exclusion")

of 3 Mm by way of exanple. An area on a silicon

wafer within a nom nal edge exclusion is wusually

Sﬂﬁﬁffiﬁﬂ tloe asak FnXxRASKARI V4 Yu & €87, t BELESHPSLES:- 1 Qreas taken

,QEA ‘%Ee)tmrt_les vvh ch _have %art of their area lying
sTele tfe iaicfkl ot et eent er of which lies

within the FQA, are called "partial sites". The

Mé%ﬁﬁﬂﬁﬂé%%éf%#f%réﬁ@é %ﬁH&%&QQg} géé tng§s%oiues such as the

does not ve using partial
SE ke ra 1 | Y EHELS di%%@lrr@mecﬁ utadksng eisdcomhlatmf satoeseyin edge

exddisiCANPONENt SE@AS 4t NG LD efely Mt hé%p VE ngAéxample
In_order to be 15 able to conpare maxi mum f1 atness

AR A0 O 2 | S ESSEhtTaT o 071 dheiF P Rl OIS (sl ion is
usared vhuse fidreresi zies afs e sREGA @Iﬂlﬁwrﬁf@’mrﬁoﬁﬁv1ated to

e t r. not, the . .sites" have
C{%pk%rgc%/nmgsela%esrbu 1&2615’5{” tgf%achoc?’i ERGh ar]%egaar]é”trkg Cutside
EhgpFidh zinvg dost sseritter off neguEntlies wﬁkmmrmmm@ﬁd,ayease
cat"l@.tecit O J-8)t8GH1 &isidd conmmpal el Quing, ?Le %%Hn%xn.mum local

onl y to a conponent area t hat excee

EI0IPGES Qe .d&f%yl%ewwiﬁfcﬁqéwﬁl%mh%dm@mhmtes" but

rathichebriley peranido-aaldefd n&dllllersﬁi&@sage,t}%‘tg 1s1%o0 @‘ay the
ercentage

nt,_areas W|thh 5 val ues
COE% %gl%m réasasv\hlyc?ﬁlq ie :1 pé"ﬁ#‘tllned: Y4 e PeIGRer to be
abg es ec ichiw arienmaxiatue Gl taegeometliygsparianetseredsential to

sp'é%'s!%!y'l xh%g%@g@ %gmlixasq %ﬁén@ Rergent, U% %%Tg#@%" )FSOSA and

val ue, . case of an
FurkhaRTBPTEq R %c%ww@ﬁt@ﬁ@r RTPOAty dlhge 'ORrIY%L sites" have

beshateiehhah +29%-0buthe sites 30 have an SBI Rmax of
| ess than or equal to 0.7 pmwhile higher SBIR values

are also permtted for 1% of the sites ("chip yield").
Fuptberdpng. t withe rporod avt opaisikiaencsafter, d¢anike frequently

chEQﬂ 9§dne%ad%§s nBEo%88§e§%gEegcg Ec%%par tlngw%ﬁg for

sin ecr stal “of silicon nto waf ers, rdand
eXRPPhRani €8 yytgeﬁsppmp@ngggegrea that exceeds the SBIRy.y value

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
to lie below a specific limit wvalue of a geometry parameter is
usually specified by a PUA ("Percent Useable Area“) value,
which, e.g. in the case of an SBIRp.x of less than or equal to
0.7 pym and a PUA value of 99%, states that 99% of the sites
have an SBIRmex ©f less than or egual to 0.7 pm 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
& process sequence of separating a single crystal of silicon
into wafers, rounding the mechaniczlly sensitive edges,

carrying out an abrasive step such as grinding or lapping
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carrying out an abrasive step such as grinding or

| apping 3 followed by a polishing. EP 547894 Al
descri bes a | apping nethod; grinding nethods are
claimed in the applications EP 272531 Al and EP
580162 Al. 5 The final flatness is generally produced
by the polishing step, which nmay be preceded, if
appropriate, by an etching step for removing

£ oll Séwied ey ca ysbak shayg! SE?HSJM 954 r.@ﬂvaégerﬁﬂagr ét L €8ping

suitabl e tchln hod is known_from DE 19833257
%§h % b?ge?gﬁge S It ?gﬁe@réﬂlFh%néppllcatlons

EE|2EQ5§S|NE @nﬁlshlh@OhEmaﬁs 10 generally lead to
poorer plane-parallelisns, polishing nethods acting
on both sides ("double-side polishing") make it
ThpsEime Llatpessuce sehecahlwaperduodd by npheviedlishing step,

wHi @t Ness bd idegase Pf £§%£§§P Sk i nawﬂéfﬁﬁing step for

t her ef or an attenpt iI's made to achi eve
TRFATR L e %ﬁy%Eﬁ¥a%#%e%ﬁo%%@sf%@ renepbngubhpurities.

Aasmgfam ngsch-appimgrasd POlbshiNoE-diRVEY ef983 8857 c1, by way
il.icon f er usual ]

| hi
BBIAUS, Tl S oS UL 0L 159 L8485 metiioas
germealdly ZJOEddIG:CecthDJ(é'Je@gEI[@J@amﬂfl'éllﬁis:,hlIﬁtgliﬁth@&nethods
acég i3y tcﬁ{]%&’&l aéfc?é:é( dllé Cé)lrb oelr él?dPe" rr e edjhé oposs:Lble

greater extent at {he e e Jie
toedﬁf@% q -FFFLCah verigRars tvcl@bmmcamd thegtngsgs | s
customary for silicon mafers 25 to be polished
T C%Fcavek¥ Q%co cavel al.ished silicon wafer is
T Fin &P 5% 4 QQMW%%§§§|§¥?q%§Q4ﬁcKﬁé§$temPt
1st owsied tot eledges andk mﬁﬁﬁéﬁfﬁﬁ égasdu:ky (H(ig.&&:ﬁolél Pbcessing
er. regi scri bes
stqiso 08 9%% ke fgt a%%%lplnq a%}l or%L Tystalline

p03|t|ng a “monocr
silicon wafers, which layer is made of silicon mﬁth

Hot«r@ere&am%h%r bﬁl@'sh@.&ige@@ted Q.1 1330 wedld2d LRITHAX ve rise to
n1conductor conponents are app

i F%t%éfﬁ‘as WEERE AT PSS BE (e SRR Fiddviam dgder toward
thevedg3|IwedgeNMb&ﬂSOEEﬁe oEt&&;&@n&gﬁmﬁﬁﬁsaﬂ&kemeﬁd to attack

crLO5S PO e D S8 e Ry e e oo

and o produce guch an edge roll- off

In order to counteract that, it is customary for silicon wafers
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.

DE 19938340 Cl describes depositing a monocrystalline layer on
monocrystaliine silicon wafers, which layer is made of silicon
with the same crystal orientation, a so-called epitaxial layer,
on which semiconductor components are applied later. Systems of
this type have certain advantages over silicon wafers made of
homogenecus material, for example the prevention of a charge
reversal in bipolar CMCS circuits followed by the short circuit
of the component ("latch-up problem"), lower defect densities
(for example reduced number of COPs ("crystal-originated
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of the conmponent ("latch-up problent), |ower defect
densities (for exanple reduced nunber of COPS
("crystal-originated 4 particles") and also the

absence of an appreci abl e oxygen content, whereby it

is possible to preclude a short-circuit risk due to
oxygen precipitates in conponent-relevant regions. 5
According to the prior art, epitaxially coated silicon
PARFeEsesd) eapdodﬂlsed theombsentabb€é bat ap@éb@b@ieb}éxygen

aﬁggﬁ of e f _renova ol
c E tporﬁgﬁ%%% ?ﬁ gggg&slg t9a§§eciﬁaﬁEa1559%§7Tlrcult
Fior E?aﬁﬁygendp§@Pé§é§a§eﬁELhodompannodueﬂﬁgaﬁt regions.

S|I|con wafer with an epitaxial layer deposited on the
froq%.é s% sai d, net hod conpr|3|n£ the foll ow ng
Procesd %pghe P5}05 #EhovaPlperia Irgceeepdasidpben wafers
amlpmm@emmm(mltmé ophi bi6dacheap ryEn
é%uéﬁ%%f% [ ém waf er .. . %ﬁ é% £etreat B? %?Q?Q 4Eng process
Nt Si et SrPte ferthpay p?%h%%%%@urecb¢anlng -

eYEEH0- 1250 degrees Celsius in an epitaxy reactor;

and (d) deposition of an epitaxial l|layer on the front

e of the pretreated silicon wafer. 20 It is
DEi u—&% Ay offerexayprot etiselosevm wadeisd f fF@mproducing a

sqﬂmddnﬂwaﬁéﬁﬂﬂjﬁh 410 S pets ﬂrﬁéﬁéf'&é§b%ﬁ%§%f&%&f front

rophidic ni ng after palishing
kgi?ééar%l[‘%lngci prtgr%:ﬂfge% I&%ﬁﬁ%%)ﬁ% - k96l 9g gt oeaRe r%‘aﬁps
aél@egembwaﬁanﬁixﬁhmngnsnmﬁ(ﬂs\Mﬁlﬂ1pdiﬂgﬁihéfﬁﬂb
a t-al O e endln t he type of
(kh gg%?%ﬁﬂgthﬁ%aéﬁfgﬁéﬁ#?]1$ﬁ %k?ﬁ%%con wafer;

r)eﬁ’ﬁ\%éfeiaﬁnteﬁ)é Surde (ffroaltprsetdreea:tMe igi liarorepid By at a

tefrpaet@nrender o9& hydy agen |
reSOtgake In a second step, the surgace r&%gﬁ%es§;£%axy
tHe“fro |de of the silicon wafer is reduced and

(deHEQthgidafEftana%@iteﬁn%ﬂdla&kgnkthh%“E&%@% R¥de of the
prHgyallyssumhl apounts of an etching nedi um

It is customary, in order to Protect sgilicon 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
gilicon 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 (alsc called H;
bake) .

In a second step, the surface roughness of the front side of

the siiicon wafer is reduced and polishing defects are removed
from the surface by usually small amounts of an etching medium,
for example gaseous hydrogen chloride (HCl), being added to the

hydrogen atmosphere.



—

10

15

20

25

30

35

35 for exanple gaseous hydrogen chloride (HCl), being
: added to the hydrogen atnosphere. 5 Soneti nes,

besi des an etching medi um such as HCL, a silane

conpound, for exanple silane (SiH ), dichlorosilane
(SiH2A 2), trichlorosilane (TE€S, SiHCL3) or

tetrachlorosi lane (Sid4), is also added to the

hydr ogen atnosphere in an anount such that 5 silicon
S@m@bsm@sonbaaﬂdsslaﬁoetehihgn@ea@ﬁﬁvéhcﬁraslHcl a silane

ﬁﬂﬂ uﬁgrlfg} gggm eSaCt%éegr %% é?&g} SUffICI%QaleECIJ,

reacflof ra
tEiE h@%0$slan@bKT@San81H@B sumfa&&mafhﬂnrﬁénﬂhﬁﬁN131C1 , is

aﬂ§$e§&§e@r€orgﬂgvﬁ9d98 %ﬂhgtﬁgé%ﬁ 19 Egltgéxnt such that
reactors, which are us ?ar t fie
Sbt T rideR ?%%t%%ﬁu%?@ys¥b¥c@%ee§@bb@gtr@mowalaﬂre in

eeapi X it Blm| ayeEh @@a@tﬁéﬁéc @@é@rataéesgﬁﬁféigﬁglynhlgh
rélyﬁ:prlor art. coating or deposition

rin
Stepe™ orfe-or ?RW%V§¥1|%%n h3jaretLiere Peatle Byrheansis
mqifiltmamd]gtls@wme’sac@rﬂ esradb Yhdy @RS OELHIPREE Plfoved on

t%é) ing sources, for exanple lanps or |anp
w§£ and subsequently exposed to a gas m xture,

conprising a source gas, a carrier gas and, if
ELARREGP i 85018, %ﬁ&{)'a@e 98Seq AS té%hamﬁ Nhe
coqgggfes{ggaphlt SI C or quartz, or
§ry d‘rmf H%l%.qlﬁwwIeroﬁ nara Eﬁﬁb‘%ﬁ?@sal layer

cxnhamhdﬁaﬁhtﬁ&féﬂﬂtéﬁé/déﬁﬂﬁiﬁed[3ﬂ|ﬁﬁhtﬂﬁﬁégﬂgﬁﬂt'on
process, 25 the silicon wafer rests on this susceptor

or in mlled-out portions of the susceptor in order
Dugrgnehsude cpamiirfooran hﬂmtqmg::.candsﬂapsp,r afrector herde€adilicon

wa¥ede Qf-d hRatidd eRn wafgr ’OiDrllle\Myl% Méé’ Bsqﬁ ieerasbly by

no deposition, fromthe source ) accor
MeGREh Otfhélpmroranéir tLowere b@aééé@s same@r s T es@mple lamps or

lad@S bgne;d; f @O ReIHeding 19/ |6 e & Jdt thsGase
% r§s con waf ers havi ng rel at,i vel Iar e dlaneters

grear e’ fhalf 6 edds fo CPE6 1M I9§ @ppropriate, a
dopéarst 6AS -ar e

A susceptor, 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,
the silicon wafer rests on this susceptor or in milled-out
portions of the susceptor in order to ensure a uniform heating
and to protect the rear side of the silicon wafer, on which
usually there is no deposition, from the source gas. In
accordance with the prior art, the process chambers are

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
regulatrity. The uniformity of the layer thickness can be
established by various measures, for example by altering the

gas flows (H;, SiHCl;3), by incorporating and adjusting gas inlet
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usual Iy used and the silicon wafers are processed

individually 35 since this results in a good epitaxial

| ayer thickness regulatrity. The uniformty of the

| ayer thickness can be established by various

measures, for exanple by alteribng the gas flows (H2,

Si HC13), by incorporating and adjusting gas inlet 6

devi ces (injectors), by changing the deposition
d@%h@@ﬁaﬁuneeotoramdlbycahang$n90thbed§pseeﬂiah tbflperature or

s-fu e tomary, after one or nore
mg@%%?%%&%g?éd%%oé%?|%ﬁgéo%8§?I|con wafers, to carry

out an etching treatnent of the susceptor w thout a

Tsubsiake, it NisNeupONESRPE WHEEDL NG SH§ESPt?£ea§9 Jrore

arts,of the process c% nber are freée
e%ﬁ??%ﬁ%fdé%§%$%gloﬁﬁl%neﬁk%lc%%l%@feh§dr5@eﬁaéhYo®uﬂean
e{¢Cn)g ﬁIEaEMGM@|@f tﬁe0§ﬁ§@e@téﬁaﬁytﬁ@u$|§d?ﬁggﬁﬂéte, in the
er of silic
et SETAPLORCORE 10 Sl ST AT elSS oheRcortcn of the
Pﬁﬂqﬁﬁﬁa@hﬁmberr@mgtEW@edamﬂ $slrmmno®£m¢§ﬁt@utThﬁsp@t&h using
h}"ang}EI?féﬁOf{@e IPfF@f)eSSfJEg é)}ga él CP@eno?fready carried

after 10 to I con waf ers |nt e Ca
ﬁd‘%ﬁeﬁ g} rﬁlfp%%ﬁ%wa #t | aywnasll midkeral ¢%, s bl gomnwaters
(amjexetlcmm@ te et dmtwOf et S8 RN U c LI LN A% ingle warer

tnent_ f Ilome by brie coatln of the susceptor
re%f o é%1é/ %%ﬁﬁ?d%q%ﬁ1yaiﬁﬁﬁeﬁﬁe
pmdaammg/\m%n@m tdﬂgamh v\%feg&s:)bﬁfi‘féxatmsﬁo pzmvmfg@m

tr t ment i o ed %%fve
Wack:f%r%gve Ty po aLEf'eédQ:*sH] |df JTn t|hslnus dal s ejs%’efr s-
Usyeliye simdst raét éiC]y rettq?q@qg |t@freeamentafctzere1wre apiHGX)etching

trbla&n@lrﬁb@olfl'cﬁfé&? 3d %éﬂ%g{q‘?ﬁ@ltﬂé asﬁ%t%‘r U carriea

pitaxially coated silicon wafer "have usua
geterlorated 25 conpared with those of the concavely
polished silicon wafer. This is associated, inter

Th@leDdeEq %h%ff %ht%§%%15§fcoé%§$ g%1e Ita¥§§f with good

l ayer al so"has a ce
g Ab@ﬁoﬁéﬁtm@s(j@g@yeta o bk axthicriedy @pJﬁfaMLﬂJt lsdyere, as

mehBibhea above, a concavely polished silicon wafer is usually
present as the substrate. In the prior art, after the epitaxy,
the global flatness and also the local flatness of the
epitaxially coated silicon wafer have usually deteriorated
compared with those of the concavely polished silicon wafer.
This is associated, inter alia, with the fact that the
deposited epilitaxial layer itself also has a certain

irregularity.

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
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 epitaxy of silicon wafers since an

important specification of an epitaxially coated silicon wafer,
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center of the concavely polished silicon wafer, where
the thickness of said |ayer woul d have to decrease
outward in the direction of the edge of the silicon
waf er, could conpensate for the originally concave
formof the silicon wafer and t'hus 35 al so i nprove the
gl obal flatness of the silicon wafer, this is not
considered in the epitaxy of silicon wafers since an
nempbrt ant impecieilvat fon ef reputpictaxi affl yheoapedaxial laver,
c&bhbCoBNBEleneanaMBlY 8 bl TLLKBLYS TOr B
regularity of the epltaX|af ayer cannot be
prevented from being exceeded. The object of the
ThaVEN] £60 YWBSthe PRO¥hI€cA #BL heg 506 2aepit fﬂé{:ﬁuiyfor
cogéin I|co . waf er i whi ch nmakes jt possib
Bt oV g% ?%ﬁ FPPySEOLtEd RipEBnvasBr gokati by possible to
prcn‘m@a eepighobal 1§ | abaess. sThi sonbiigeerkShacihevedsbyved
ﬂg%gﬁ Jeihod for producing 10 epitaxially coated
| COn Wa ers, in which a nultiplicity of silicon
waf ers which are polished at | east on their front

TSI dlash dc@r s %&Yi&?@d%‘ﬁ RUGEESSE Vel ¥ £08% e?or roduecing
|nd|V| uaII I n each case in_an epitaxy reac %y
t@@@dagﬂr Wﬁ%rﬁﬂal%‘é%fbé@m@on@l ‘élﬁl@lheasmmltmllmty of

sMafcej’rS vmmsieﬂlicﬂq Fﬁﬁ%ﬁblﬁeé%@é%t | n theei A5 ront sides

ydr ogen

cto reIr ted under, a )
areetp \%er e a‘Et‘rl li“f% e%@e‘?f’?t? Jr%‘%’ewr‘?’}l ¥Y rst each case
irstagp ea’-nd:amt hr st d:ry of prasceiwhd ngn et ¢hn 4 orddi®=ctive one

oﬂ“ﬂf@%@:%d@%ﬁ ?rcﬁrlsfecé)rhds aefgéjéed hé/dro eeg%tor in the

lowrate in a second step, 1SS sequen

epéﬁ@?%’xurﬁqcf% i1t RISt iasrdeed rlmﬁelfsl%léﬁ:aimbg@ r@mﬁazhere at
fﬁ@tf Myt A TAX - RAGHOTs @t Wiherdmi 6,8 addition of
A e @hﬁ. tre nent of t?}éf%%%%gtor is effected in

eac ?enh Y SERFSRIgIGS G @2 second,
red@a:ladn@wdriqgarhém h@cteaaﬁnraj!smg:d:m tdteep n\a@tsmasequently
coblt b8t laphid 523 FAULE i s t%]é]l d-lv@f Sl Wi £h 2 dfemoved

pol i shed at | east on es are prOV|

Lrpgy LR SP3GRFYs &8s toij @é’rﬁ sﬁurqu@rmm @n mtoduced treatment

ofagner guRgepiort hg @ﬂf@ct@d ArPleRi8r 2l Ry UG RiRcific
uﬁgllln acc%rdln%
ol epitaxial coatings.

In the method according to the invention, firstly a
multiplicity of silicon wafers which are polished at least on

their front sides are provided.

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

with free ("slurry®) or bonded grain {diamond wire).

Furthermore, mechanical processing steps are effected, such as

sequential single-side grinding methods (SSG), simultaneous
double-side grinding method ("double-disk grinding" DDG) or
lapping. The edge of the silicon wafer including optionally

a

present mechanical markings such as an orientation notch or an
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30 Czochral ski, is sawn into a multiplicity of silicon

waf ers by nmeans of known separati on nethods,

preferably by wire sawing wth free ("slurry") or

bonded grain (dianmond wire). Furthernore, mechanica
processi ng steps are effected, 8such as 35 sequentia

si ngl e-si de grindi ng net hods (SSCQ si mul t aneous

doubl e-si de grinding nethod ("doubl e-di sk grinding”
eppeptbpllivappendlifheredgetabntiheg sifl tel@n swafebn wafer edge
(bagckydi ngo ha rkln gs ;su .

as an %r?gngg%ggﬁh%%tgﬁggéggﬁdgg%esseﬁ ndlng edge-
n?%%@lﬁ?h@ﬁingréttenlng of the silicon mafer edge

("flat™) is generally processed as well (-edge

ré%ad g notch-grinding"). 5 Chem cal

e Frg?E%gnEoﬁﬁ?P§lﬁ@mEFeﬁhﬂﬁgCéﬁdﬂeﬂghﬁﬂé steping steps

anpe eaddldi t ooadl v yppoovaded. After the grinding,

cl eaning and etching steps, the surface of the

silicon wafers is snoothed by renoval polishing. In
Aﬁtlf;ﬁ 1@%%%‘1-?21&1139394:@@1:1@9 pamhaisdat@lgl:(@%@gj |t1@gn3urface of
tRT LI S| 6.6 ! ar sl de

Sy oAy el LSRG £ ne

o ngglef pl at e. by neans
oI LRSI B Pl i HelraseSHP) do‘%}bliecemdeafers are held

dmﬂgsrpmeemmg @ | i n-aaf e 53 8r &y | NSttt | @éyb means
o E:Ie%e%th'bn t oot hed di aﬂéand oI| hed on the front d‘r

15 FEAr ‘sidle ST e dts 1S S oakt nighe “Case of
dofybde 'L dre tiweieis lim g pIEs P )a,nds:alnlmerwepﬁéﬁ§mm Phadeced
lo%%\é@_%eQLﬁ/ﬂd h & fl’PfH S b, I flr 'osgﬂdecglocrdr}ezmej front and

the Silicon wafers are en prefera
reRTh &6l e dmraousiorn Qﬂuﬂnﬂ&ﬁnﬁﬂrﬂﬁkp&ﬂﬁﬁg freely" between

anp@ﬂpp‘élii RGC [0t bwidrt hdahiesaifhy ?Jle?db Q:ldﬂ% t b SI}} Cé%ﬂlshlng

cl%%% order to obtain the flatness of
ers produced up to this step, the naterial
renovals are relatively snall in this case,

r bl 0% Th| step_is often 25
Th?e?%?%g Sﬁggge h%b%l g (¢ Gﬁ@ PEChdRiFaPreterably
POPAFPSHI iAg) & hazendriset eiaanrwre £hive esdalripden usdier & soft

pomﬁghhﬂgdcéthp%ﬁE%f%QEYaE@lb%h%g.%ﬁ@%ﬁ&%@ypollshlng sol; in
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 1is often
referred to as CMP polishing (chemo-mechanical polishing) in

the literature.

The silicon wafers provided are preferably polished concavely
in order to restrict the edge roll-off caused by polishing
steps (and also etching steps) to an outer edge region of the

gsilicon wafer.

The global flatness value GBIR of the silicon wafers provided
is usually 0.3-0.5 um given an edge exclusion of 2 mm.

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
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in order to restrict the edge roll-off caused by
pol i shing 30 steps (and al so etching steps) to an
outer edge region of the silicon wafer. The gl oba
flatness value GBIR of the silicon wafers provided is
usually 0.3-0.5 mgiven an edgé exclusion of 2 mm 35
After polishing, the silicon wafers are subjected to a

hydrophi l'ic cleaning and drying according to the prior
sifwltareous| carprngnoapibe meﬂtap&&dlewtbérsaalaohahéﬁers in

baEhBOdow L 9 rﬁyﬁﬂbtﬁB%BBascbﬁa%hE% gf a nUItIpIIC ¥
of silicon wafers in S, by spraylnﬁ ﬁ@%ﬁog
PEPSESSs a single wafer process. 5 The silicon wafers

provided are preferably wafers nmade of nono-
ne silicon nmat

T%égr ?%%%no 2 ﬁ§ﬁ|QFBVl§EdmﬁF@r§re§?FFEéﬁ waﬁere Weel of mono-
C€Y$eahedne|$ltnnohameteri st rapped ssikE6ANOK-Qhs8Skor )

a [ l ator?® t hods for
L3885 0 825 S ORI P LA HRLE] e IS L e
et Fous) foF %$@Hué]ﬁ@rﬁamedssmlihosfoa+hedu$atoﬂon wafers.

MHRIS BEL pKAQW & édﬁ‘f BEi 9% fr&afér he, P9 %ﬁtCut and

srlr on_waf ers provr are su sequentTly pre reé?
é% deRd IRES %%Rﬁr%%%%r$ﬁ”hﬁhe%?ﬁ%%@ede%£1©¢0nTh@yers are

kﬁﬁhqnxﬁr&hﬁrpmﬂorraﬁaph case conprises a treatnent of
the silicon wafer in a hydrogen atnosphere (H2 bake)

and a treatnment of the silicon wafer with addition of
Thggn astlchabeg reeidi it ovad fesrs hydroigbed adr@splis€guent 1y

pr@tefe%r@@ ¥ At 2ahlL 10 erature. r an
9 to 1200C: 20 The%é?blééyékaliéﬁgg pre era Weleor. he

hiet SRR 192198 COMRE iteR reedirretiment aof the silicon
waﬁﬁdrO@em wwﬁxﬁﬁeﬂWeﬂMbdﬁﬂﬁﬁﬁa@bybaﬁﬁfe%h%daakr%atmfgt of the

0-100. sl tandard liter
BB 7, Bl et o st << <o

hydrogen atmosphere, preferably in each case within a

temperature range of 950 to 1200°C.
The etching medium is preferably hydrogen chloride (HCI).

The pretreatment in a hydrogen atmosphere is preferably
effected at a hydrogen flow rate of 20-100 slm (standard liter
per minute), particularly preferably £40~60 slm.

The duration of the pretreatment in a hydrogen atmosphere is

preferably 0-120 s.

During the pretreatment with the etching medium, preferably HCIL
is added to the hydrogen atmosphere in an amount, preferably
within the range of 5-20% by volume, such that the removal rate

is 0.01-0.2 pm/min.

Furthermore, during the pretreatment with addition of the
etching medium to the hydrogen atmosphere, the hydrogen flow
rate is significantly reduced in comparison with the Hy, bake

pretreatment.
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The duration of the pretreatnment in a hydrogen
at nosphere is preferably 0-120 s. 30 During the
pretreatment with the etching medium preferably HCL
is added to the hydrogen atnosphere in an anount,
preferably within the range ofl®5-20% by vol une, such
that the renoval rate is 0.01-0.2 mmn. 35
Furthernore, during the pretreatnment with addition of
the etching mediumto the hydrogen atnosphere, the
ThA¥ dro8en 0 a S A y_red d_in
con'pgrls%:))r%h\/\/l}‘y%ﬁ\rﬂtEfgtlE % ggé%ﬁgggﬁga ﬁgﬁ%%g15° ¥hg=10 sim.
hydrogen flow rate is preferably reduced to 0.5-10

AstatucAi oduet tBA BYatbgehydiggenstLow,rat 6_£0,9,552
artlc Iarlﬁ preferred. It has been shown
e

L
p%ﬂg%éﬁkargYO%ﬁ? Pfaffess of an epitaxially coated

silicon wafer can be significantly inproved by the
tol 0 0 uring the
I%?%%%é%?%%n%h$€% gﬂ?ﬁ ?ﬁg éig%lngkg%gn %é i gRfFgxially
ceFtefes bR i wrieor cde Jhgdmg@nfit@nthat empluoved by hehe
rdiictetsdi &g @E@phyéﬂﬁ%éﬁ'ff@ﬁSEaeé &ﬁ%lﬁ lﬁﬁ§2%¥@{§éatment

er extent at t

reduced to a gr
W]t%é % Tt omP9a5 e 1 Wcent er of the silicon wafer.
This counteracts the concave initial geonetry of the
idi fe V%ere s .no inc S erla enoval ,
22 d R L e St Thetlit | MEGO YR o 1 S epuring
the il a?t@l’@fl’l%(ﬁ@m (tﬁt@ﬁdalrdcrﬂ@s$ Idﬂrtlpeersmmtﬁre)wafer is

re@ddg & Ceh'g‘l%aéélatei&rf@ asc.aytﬂ%] oc?é{% l%[%goln H%e direction

concentration, .a materi renova nM occurs
oL EHIGE gthe 1l Lsi9qme ovmivesf e Thiss ccqustigtafs dche concave

imiedudt iger@fc dhes £ Hhd | oW e 0rd- 5-10 sim that is

to say with a significantly increased HCO

concentration, depending on the duration of the 25
Whtetr@@tsmm imcresd@h mA terealimemaliriati O pferk®d 20 She edge

of srhenafhiue praferrgd duri ng, the HC1 etchin
treatnent - epeng{ng Sn the 8% Fgggﬁggegﬁafgm (standard
liter per mlnute) during etching, that is to say the customary

HCl concentration, a material removal of 100-300 nm occurs at
the edge of the silicon wafer as a result of a reduction of the
Hy flow rate to 0.5-10 slm, that is to say with a significantly
increased HCl concentration, depending on the duration of the
treatment with HC1.

A treatment duration of 10-120 s is therefore preferred during
the HCl etching treatment - depending on the desired material
removal at the edge of the silicon wafer to be epitaxially

coated.

The particular advantage of this method ig that after the
pretreatment steps the silicon wafer obtains an optimum form of
the front side for the subsequent deposition of an epitaxial
silicon layer since the silicon wafer is leveled in its edge
region by the pretreatment and the concave form of the silicon

wafer is at least partially compensated for.
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renmoval at the edge of the silicon wafer to be
epitaxially 30 coated. The particul ar advantage of
this method is that after the pretreatnent steps the
silicon wafer obtains an optimumformof the front
side for the subsequent deposititon of an epitaxial 35
silicon layer since the silicon wafer is leveled in
its edge region by the pretreatnent and the concave

Af@ﬁﬁ]@hetbgeskbbtmﬁntW?E@@sLﬁa@Ieb@%%&iﬁqrﬁh§%Eyis deposited

0 a r.. 11 _ After the pretreatment steps, an. .

aép??%%?aFﬁIgégrpfélﬁgsgs%Fgat gt 9Feqdt 2bn leRECpGPES K4 icon

wpfBHt EPdetbiisapukpase.t hessilbheosounabers Eoturthi gas is added

tPURPESBged 8kl BAEIQYUN £EsASTHQU hs,added. t -
hgd?ogeﬁeas carrigreyagsSThgﬁgp%§§§ggﬁapa%gyefsls deposited at

adepUFretuae 8fa PEnpaParar dependdny1200chdepihdhagsonrce

ugd@. sil ane source wused. Trichlorosilane (TCS) is
preferably used as the silane source, at a deposition
tenperature of 1050-1150C. 10 The thickness of the
Tdepobotedi bpneaxTas) | ayepresepepierabby af. bhe 5iVfhe source,

Af : SLL] the epi i ayer, the
aeﬁ%ﬁg§é£§T998€5ﬁ%%§ %%gg{?i%gniggéefﬁ?é ¥enoved from

the epitaxy reactor. After a specific nunber of
Tﬁﬁﬂﬁﬁﬂéﬁﬁe9@9@§|Eh@n§e§6b§ﬁéécgﬂ%tégigiSlﬁ%%? is preferably
0 scgftor is treated wth an etching ned

%#e affy with HCL, in order to free the susceptor of

silicon 20 deposits, by way of exanple. A susceptor
A i i eferabl y-effected in each case after 1-5
%p%]a%lgec%% TGS oft ST c%?ﬁ%%f’fje‘”i"ﬁ. {]% T pe epitaxially
CORgsbsE. Lidnan wpfenaxi sl temaosd e em | il repef 26y i Seactor .
renmoved and the substrate- 25 free susceptor is

reated with HCL. Preferably, besides the susceptor
Aftstlﬁrf Jc SPIRE En Tt stfe 91 tareimble rdenp S tshed ami tdilicon

walfpdrsggethet huyd e din i defedtd QMMME arSidd @0y medium,
pf¥%g§yﬂf§ with HCl, in order to free the susceptor of silicon
deposits, by way of example.

A susceptor etching is preferably effected in each case after
1-5 epitexial coatings of silicon wafers. For this purpose, the
epitaxially coated silicon wafer is removed and the substrate-

free susceptor is treated with HCL.

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

silicon deposits.

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 epitaxially

coated does not then bear directly on the susceptor.

Moreover, it has been shown that the method according to the
invention is suitable for producing a silicon wafer which

comprises a front side and a rear side, at least its front side
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30 The susceptor is preferably coated with silicon

after the susceptor etching and before further

epi taxi al processes. This nay be advantageous since
the silicon wafer to be epitaxially coated does not
then bear directly on the suscéptor. 35 Mbreover, it
has been shown that the nethod according to the

i nvention is _suitable for producing a silicon wafer

bGRE oo tbFpefsaBdaats Rt takdalahdyarr baingi deplaed at least on

iteastoht ssfaent asldgnien hekng ?955§ﬁ‘eglégﬂe§9 alue GBIR of
at least on iIts Yront

epltaxial |ayer being applied )
OS?%E&'%nﬁmmhf%ﬁaﬁhgeatﬂl%%a?dg?a?ﬁ%%%s%gﬁu%fdéﬂﬂnof
0.07-0.3 pm relative to an edge exclusion of 2 nm 5
e. 5411 r, shich was subjected to .
@ b ae L R SRR e S d e R SRS SRR
clganingmisedethaspaliskinytobfanhlesisa hasi Feownxi gede, as a

réQye! JOrpRO.0N; the siliconse Ly PES,SHDSE gtéylicon
etreated in a hydrogen atnosphiere 1n an epitaxy _
W%%EﬁncWa$rﬁ%ﬁ%@ﬁu?%ﬁ¥%d%w%ﬁ¥@ﬁ¢©@ i deh¥dopgemeati@osphere in

arsiédgm _ Y\ﬁf}ﬁ%tca&ﬁdiﬂ\ﬂﬁrc&?hbstﬁguﬁﬁt éﬁtﬁf@%@éﬂ Yhidle from the
addi tiaon ogen chloride to the hydrogen o
='a lr(rzoosnpﬁ‘éafgej? n %“ée"g%%dgg‘f%?ﬁueqw hyd?fdgeh 71w a¢detion of
hyvindgeg bdeimsidmi fo cang deﬁﬁb;me%tfdméﬁweréeﬁ@@dﬁcﬁﬂld step,
' v jlhicon materjal.in a targete .
S NIl SRR A BRI T G oot 1n che
SqGeast siamt I1gF ehseaeovors thegoneaverial timla targeted
ma@eRFetify tofe thRye %%i%i’?%ﬁ't!ﬂé%]%cﬁ{ WELL O VS 1 epst
t silicon wafer_a flatter geonetric form ‘and was
P h GBSy iThed WS IFRFaSR vaditial 1egrmetart ¢f the
pdliehedetriddtomentwasiceaparal deasitveontid SHriadn Sidfsr 20 flatter

' f [ f t ith.silicon .
oot HERE An A ST AR Phewian

layipresifitey, thie pPrsie edpdnsgerteidsowtr disesth cendhcdsmnt side.
havi ng been reduced to 0.5-10 sl maccording to the

inyention during the pretreatnent in the etching
T b iR ROUERE Pé Pooig SPalfoSieAamiareaisa vidtogd 1izpn wafers

epliaaxtihe 1gl ebaltcd dtness ordawe CRHRIYICHRN iFRHRM, with the
hyﬁ%%%%hogio%frate in each case having been reduced to

0.5-10 slm according to the invention during the pretreatment
in the etching medium, the following values, inter alia, arose
for the global flatness value GBIR given treatment durations of
10-120 s: 0.11 pm - 0.15 um - 0.17 um - 0.25 um - 0.29 um, in

each case with an edge exclusion of 2 mm.

The silicon wafer according to the invention preferably has a
global flatness value GBIR of 0.07-0.25 um.

It has been shown that a further improvement of the global
flatness values of the epitaxially coated silicon wafers is
achieved by & reduction of the hydrogen flow rate to 5 slm or

less.

In the course of a series of measurements with gilicon wafers

epitaxially coated in accordance with the invention, with the
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10-120 s: 0.11 pm- 0.15 gm- 0.17 m- 0.25 pm- 0.29

m in each case with an edge exclusion of 2 mm The
silicon wafer according to the invention preferably

has a 30 global flatness value GBIR of 0.07-0.25 pm

It has been shown that a furthé? inprovenent of the

gl obal flatness values of the epitaxially coated

silicon wafers is achieved by a reduction of the
hnddpoganfibowrpstehtoifigsbrear redhckd@ssn kachheageurses sim

dﬁilﬁgs@Béeﬁreérgggﬁghﬁngﬂt% W Lh. s '%hcﬁﬁg%%%séﬁppgﬁred with a

epitaxially coated I n accor A50SS5
thPvhrehe 28 SAyatwvgenrfinewthat 8: Haakel, beea felloeihdnvalues,

iR06h §BSE, t@résélEbrdthnglbﬂslPE;%Eﬁékgeegzpa gﬁﬁﬁ- 0.07 pm -
ef. chi ng rn(conpare W th ow rat 5
g§ L) Th BaQe%4 the 1Bl FBGRNEGEYEl vesh annedge exclusion

ofil 2 apmal@beof seet BRegkobab1E) at ness value GBIR 0. 07
pm 5 0.09 pm- 0.12 - 0.14 m in each case with an

edge exclusion of 2 mm (al so see the exanple).
Th¢%#ﬁ@t¢e,thheeBptt&kahRchoaae&dSSILtﬁﬂnwaﬁéﬁrpreferably has

a k
e Sraiy o, 2 GAL 00000 YdouPm, WSENENLIR, o -

an edge exc e’ Si
Mhy ef erably a wafer made of nDnocrystalllne silicon

material, an SO ("silicon on-insulator") wafer, a

silicon wafer wth a StE ed silicon | ayer ("stralned

'm%% e %%Qﬂﬂwa%ﬁrahségif j%l%é@afer made of monocrystalline
sx&iqqmnmanﬁrrshlawmrsoim@f@ill¢mmwmmkxhsmlﬁt@ﬁ" wafer, a

[ The of the siljgcon wafe
Slg%c%c?g“ﬁélgfét% t %hlg]nve%%}é@oél P %e%rte% iR ay
sigliFqmalteay 9t  hetraiped em:elrﬁ@on 20nwEteubitor”) wafer

prAlddd @vingt e gﬂf&zléi‘]el technol ogy generation
(according to | TRS: hp45 technol ogy node) and the one

after that (hp32 technol ogy node). This al so applies
Theo GHIR hedaled |@l nass, s exip@s ek dy dde25 9BlfR the invention

of""‘l'gé E% Qg: caqéJ of t anl%g}cg]&%/vag?gnqa%:cordl nrgequlrernentS

t he 1 nve I on, ess
made of startlng materlals for the next technology generation

(according to ITRS: hp45 technology node) and the one after
that {(hp32 technology node).

This also applies to the local flatness, expressed by the
SBIRpax, wWhich, in the case of the silicon wafer according to
the invention, is less than or egual to 0.1 um, preferably less
than oxr equal to 0.05 pm, likewise with an edge exclusion of

2 mm and relative to partial regions of an area grid of
segments having a size of 26 x 8 mm?. This results in 336
segments, of which 52 are “partial sites”. The “partial sites~”
are preferably taken into account in the determination of the

SBIRpax. The PUA value is preferably 100%.
Example:
An epitaxial layer was deposited on a silicon wafer having a

diameter of 300 mm that had been produced in accordance with

the prior art and finally polished by means of CMP on its front
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preferably less than or equal to 0.05 pm |ikew se
with an edge exclusion of 2 mMmm and relative to parti al
regions of an area grid of segnents having a size of
26 x 8 mmR2. This results in 336 30 segnents, of which
52 are "partial sites". The "partial sites" are
preferably taken into account in the determ nation of
the SBIRR The PUA value is preferably 100% Exanpl e:

s38eAnTapi talialon apFeras GRPRSiEELiQA 1§ Sid-ire f
of 30 at hald bgenogro uc‘:“}e% %roncavely

ianmet er
pggéor%ghc%gm%tﬁ Fﬁesﬁylg@gg‘ CgﬁﬁaﬁﬁnéPPﬁlﬁéIB§ﬁ€@t@V and an
edgansodl-CfB.on its front 14 side. The silicon wafer
to be epitaxially coated was concavely polished, that
is,to say had a concave initial geonetry and an edge
DypingoFhe Breqepa§MERt pfethést meAtcoh thifsrsihi che epitaxy

r@@éﬂbrlnfihgtﬁﬁl&a§¥etE@§ER@ﬁt Ehr§th¥d§ogéﬁtégﬁkg§ﬂgre was
#g c ¥drogen atEE}$ ere was fected at w
FeEOF b fnit: WKF??%‘%@H@%qﬂEﬁt pr et r eat ment
w th hydrogen chloride added 10 into the hydrogen
H2 e.was_reduced _accordin

p e the at to
B ok e st Pt FrecHiRa: vorobviReser chforlde addea
lmﬁ%t?@@Ih@@rOgﬁmhahmdﬁpgenechthe|Hﬁ.ﬂ%&wfﬂhﬁe W reduced
alRb @l @l v b ayer M@@eﬁygéﬁqugg % gﬁfoﬁ%éeguratlon of the

de 05|t|on 15 tenperature
PE&Y WW%%H%%M%W%@@ erlayidenwaghelOresults are
expl ai ned below with reference to figures 1 to 6,

mher %gxflggf es 2, 4 and 6 show schematically the
abolofeT HEgi § %ﬁuﬁﬁ?}¥oﬁeﬁ%§%?%dl%t a deposition

t%@@mrwmf FLIRO®C lastionst then psoddibed thew rate of

14 hilckness of a concavely polished silicon wafer
against its dianmeter ("line scan"). 25 Figure 2 shows

SBI R val ues for this concavely polished silicon
THfeisulits are explained below with reference to figures 1 to

6, whereas figures 2, 4 and 6 show schematically the geometry

of the circular silicon wafers in perspective.

Figure 1 shows the profile of the thickness of a concavely

polished silicon wafer against its diameter (“line scan”).

Figure 2 shows SBIR values for this concavely polished silicon

wafer.

Figure 3 shows the thickness of the epitaxial layer against a

line scan.

Figure 4 shows SBIR values for the epitaxially coated silicon

wafer.

Figure 5 shows the thickness of the epitaxially coated silicon

wafer against a line scan.
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Figure 3 shows the thickness of the epitaxial |ayer
against a |ine scan. 30 Figure 4 shows SBIR val ues

for the epitaxially coated silicon wafer. Figure 5

shows the thickness of the epitaxially coated silicon

35 wafer against a line scan. 15 Figure 6 shows, for
each conponent area on the epitaxially coated silicon
waf er, the change in the SBIR values relative to the

F%@%%%v@l§h9wﬁrsﬁed aaflr cobpbhguteated| bisthat epitheialily

chdi&kness; dbst ik PuUli opy fcﬁa 809 g%% ﬁﬁ#%fvagﬂgsnﬁglatlve to

silicon wafer having a |ane
ERY GAUBVRH BsPRl f shedi vater . the radlus as a |line scan.
An edge exclusion of 2 mmis taken as a basis here.
é%e*l ncreases fromthe center in the

FHTE2 T oh ?S?¥ﬁ3%ﬁg AntR1OFREHF it St iR heR| @B concavely
paleicrtent es bt 1 ¢ dre mtg@ lﬁaﬁzgﬁwaﬂlémfﬁéw%fv?@gerﬁﬁ ~148 mm
f r t ven an_e clusion o nmm
t&|+9184ré;ng?\ Efeﬁsu%étfa e%l%l?t%fg PELFY VR Fes? SEHRE fRFan . An edge
eXxius i o rdave | ym piot | hieeh sid | @ Crewiad diefp VETh@ thickness

o8l S0 N S SOMMENANL B1RAS {o51d S0l NaYIDg

i.ze of 26 X mP. 52 ese conpon
e%%i% ﬁﬁu%l%ﬂQQﬁﬁ%%@ntlQQQEF%ﬁ?éﬁgéhﬁaﬁﬂqg4on of 2 mm
or an FQA of 296 mm and taking account of all 20 the f
aI S|tes a__maxi site geonetry value SBIR o
A gi%%)%lum Festi s |a&3%|%§é{ q:'igjgdri”é TEIYH s t9iates an edge
excasdiolf exferfcemi.n t hi ckness between the epitaxially

coated silicon wafer and the concavely polished 25
silicon wafer as a function of the radius as a line

Figure 2rAildushirerate fiddd waomatine s ldesr @ds Jamrhitike
cone:at;euyi @ouh%he@! rsaqtllc@al ofaftdie £4gs f skﬂﬁl‘%fﬁ orfNdito 336

gain_in g dge .region, but does not
Comé’r 8& ofd 65 the°‘1§ 3| h@ﬁ‘l@i@néss%l&re e 26d@pdsitdd 52 of
thepet a%bakohppearentbatrcsat beke absettiakesiaeeountyQhd B8 edge

exclusion of 2 mm or an FQA of 296 mm and taking account of all
the “partial sites”, a maximum site geometry value SBIRp.y of

0.174 ym results in this case.

Figure 3 illustrates the difference in thickness between the
epitaxially coated silicon wafer and the concavely polished
silicon wafer as a function of the radius as a line scan. This
difference in thickness decreases from the center in the
direction of the edge of the wafer and rises again in the edge
region, but does not correspond to the actual thickness of the
deposited epitaxial layer, but rather also takes account of the
changes in thickness as a result of pretreatment steps. Since
material was removed at the edge of the silicon wafer during
the pretreatment with the etching medium, significantly more
silicon than illustrated in Pigure 3 was accordingly deposited
at the edge. The material removal at the edge was approximately
150-200 nm, which was then overgrown by a uniform epltaxial
layer having a thickness of 2.6 rm + 1.5%. This complies with a
specification for the laver thickness regularity of the

epitaxial layer.
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30 changes in thickness as a result of pretreatnent
steps. Since material was renoved at the edge of the
silicon wafer during the pretreatnent with the
etching nmedium significantly nore silicon than
illustrated in Figure 3 was acaerdi ngly deposited at
the edge. The material renoval at the edge was
approxi mately 35 150-200 nm which was then overgrown
by a uniformepitaxial |ayer having a thickness of
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particularly in the edge region of the eplitaxially coated
silicon wafer, which can be attributed to the leveling of the
silicon wafer in its edge region by the pretreatment of said
silicon wafer with addition of HC1 to the hydrogen atmosphere

at a significantly reduced hydrogen flow rate.
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silicon wafer in its edge region by the pretreatnent
of said silicon wafer with addition of HCL to the
hydrogen atnosphere at a significantly reduced
hydrogen flow rate. 17 Patent Clains 1. A nethod for
produci ng epitaxially coated siikicon wafers, 5 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
' reactor by a procedure in which a

a pi
PPE?B cFﬁ?& ne of the silicon wafers provided is

pl aced on a susceptor in 10 the epitaxy reactor, is
pretgeatgg er a h % at nosphere at a first

hydrogen Pg Pﬁt@ro ugl 9r§?lgﬁ§b 1{vafgafefnhsilicon waters,
addi thowhdfhaa mtithipdimedirunrt eithechydadgeB which are

at t d,_r flow rate

o Eond el TESB on CAMEE oA asr: AAPAPFy Ao and
its SEScﬁéﬁigﬁéﬁ ﬂ@@ﬁ@ds@ﬁélahduﬁilyennvedChroasehen an
ep't@%ﬂtéﬁﬁciééctéﬁdbﬁuétB?&E@&Srénlﬁtﬁﬂigﬂ %rEQEEBBElve one

of th suscegtor is effected in each case a
spec?f i CPRUTDLT COBf VRbPFaxPRPVESaEi hgsPl20eg. ofha susceptor in

nEthb@eaSQntaKﬁEﬂ?aﬁtﬁfglﬂ$1préhﬁe@té@rﬁﬁﬁ&?néshyarogen

eacC g ecte In at erature rang
Cact s el oei o bl g Cemer el aIGEREY
2, t3rd erehi ngddediom of 25 addethy oneéfituhydoogea hydrogen
at msphesen dek ng: hy dgogeny Ch}_.g%ﬁ&i hﬁdrgﬁgn Me{ 59d-85. in a

claimed in one of clalns dur

pr et TR CF R al%y%%@%@%@%%p?@%egh%phy@n{b@bhy on its

f | owoIisdte=def rign 20s e Sérﬁﬁlai@ félﬁo@é‘dafi“&ﬂ Ohet 881 taxy
preg;eatnent The net hod as

tor, %Jﬁur% > ea of the
cl ai'med in cl &t TR Iﬁ?/la‘? Jger® WW? at "2 ety
40- wmemt@ﬁ B ghiceaetdioth asaach atasel 4 fr@nes ofpecific number

claidm ity 5 1 N diydiogen flow rate during the
pretreatment wth addition

The method as claimed in claim 1, the pretreatments in
each case being effected within a temperature range of 950
to 1200°cC.

The method as claimed in claim 1 or 2, the etching medium

added to the hydrogen atmosphere being hydrogen chloride.

The method as claimed in one of claims 1 to 3, during the
pretreatment in a hydrogen atmosphere the hydrogen flow
rate being 20-10 slm and the duration of the pretreatment
being 0-120 s.

The method as claimed in claim 4, the hydrogen flow rate
being 40-60 slm.

The methed as claimed in one of claims 1 to 5, the
hydrogen flow rate during the pretreatment with addition

of an etching medium to the hydrogen atmosphere being
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of an etching mediumto the hydrogen atnosphere being
18 reduced to 0.5-10 sImand the treatnment duration
being 10-120 s. 7. The nethod as clained in claim§6,
the hydrogen flowrate 5 being reduced to 0.5-5 sIm
8. The method as clainmed in onéd8of clains 1 to 7, the
epi taxi al deposition being effected using
trichlorosilane at a deposition tenperature of
1050-¢d86€d 16 9.5Fhe serhaddashel akeREMEALOR8ration being
claigg_1,40.8, hydrogen chloride being used as the
et chi ng nedlun1dur|ng the treatnment of the susceptor
and the etching treatnment of the susceptor in each

7caseTE§'ﬁgtﬁéﬁeggeglgiﬁgﬁ % t81§ mlg eghgaékarogen flow rate

deposi tions ained1’'n o
cIa|?%lﬁgtﬁe@uc?ﬁetosgséeét%lmbelng coated with
silicon after the treatnent wth the etching nedi um

he, nethod as clained in one of claims 1 to 10,
8 he a7 et Eln R Io BRe ot vt eike ool the

nono@my@&ai$ln@ep@$itn@nnhé£mgEéfféﬁleﬂ"ﬁkih@oﬁrﬂﬁhlorosilane

i icor 2P ST ESn Set Rl RS oy oAbl "

("strained silicon-on- insulator”) wafers. 12. A

9 si | imon Mafiesa hayi itk Bnd s oY cﬁﬁéjeofn(‘.jl%nﬁ§ai ‘? ot d lﬁgdrogen

| east |ts<%:1é nt, si de being polished and an e

| ay &P Lo B AP TE BT RmsttOH G SR GRS the
and weacthnehas &f gimaéuéd@ﬂftﬂfo‘%ﬂ@'%k% @&&%ﬁg Oc Oz @ncht of
pmr t e .excl usi.on o

si | |%oeﬁ éWa err as - cl'a %‘%&llcﬁa%ef H55S Ef%lvg?h%ecg %%ﬁ?o]f to 5
35 GHtaxizE piapdsttikives silicon wafer as clained in
claim 13 having a GBI R of

10. The method as claimed in one of claims 1 to 9, the

susceptor being coated with silicon after the treatment

with the etching medium.

11. The method as claimed in cne of claims I to 10, the

silicon wafers provided being wafers made of
monocrystalline silicon material, SOI (“gsilicon-on-
insulator”) wafers, silicon wafers having strained silicon
layers (“strained silicon”) or sSOI (“strained silicon-on-

insulator”) wafers.

12. A silicon wafer having a front side and a rear side, at

least its front side being polished and an epitaxial layer
being applied at least on its front side, and which has a
global flatness value GBIR of 0.07-0.3 pm relative to an

edge exclusion of 2 mm.

13. The silicon wafer as claimed in claim 12 having a GBIR of

0.07-0.25 um.

14. The silicon wafer as claimed in claim 13 having a GBIR of

0.07-0.15 pm.
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0.07-0.15 pm 19 15. The silicon wafer as clained in
one of clainms 12 to 14, which has a maxi num | oca
flatness value SBIRm of less than or equal to 0.1
pm relative to partial regions of an 5 area grid of
segments having a size of 26 x 18 nmm2 and an edge
exclusion of 2 mm 16. The silicon wafer as clained in
claim 15 having an SBIRR of |ess than or equal to
0.05 pm 10 17. The silicon wafer as clained in one of

16l ai mEe12i1 0 , Ll g f ing .a fer d
of no gc istg%ﬁiﬁgkegi?chggﬂgégrﬁél?ggnggcﬁw%épgrgaago 14,
si | i €ohWaf8F &i PAXATUE: farpédfsprnesn vayee 6BI&Rm. of less

FSCltMﬂﬁGGIMBQQEliSODDOYiﬁﬁﬁ rddaWi{B @B ﬁQEE@éhakegions of an
ay€lyes grid of segments having a size of 26 x 8 mm2 and an
edge exclusion of 2 mm.

16. The silicon wafer as claimed in claim 15 having an SBIRpax
of less than or equal to 0.05 um.

17. The silicon wafer as claimed in one of claims 12 to 16,
the silicon wafer being a wafer made of monocrystalline
silicon material, an SOI wafer, a silicon wafer with a
strained silicon layer or an sS0T wafer which is provided

with an epitaxial layer.





