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Epitaxially coated Sem conductor Wafer and Device and

Met hod for Producing an Epitaxially coated

Semi conductor Wafer 5 The invention relates to a

sem conductor wafer having a front side coated by

chem cal vapor deposition (CVD) and to a nethod for

produci ng this sem conductor wafer. The invention

also relates to a device for supporting a 10

sem cE@pdtsticrllyatented riengcohducfapo¥pfepnand Deviggeand

on a front ygkREa Odord &%o&@@i RAUEHDEa N1k BYated

chem cal vapor deposi |Qn % r| ng chem cal

vapor deposition, in PEF°% R85 depositi on of

an epitaxial layer on a PoI i shed sem conductor waf er,
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© "Halo" reférs to a scattered light effect which 'is

-30 caused by 1ight—séattering'gtructures on the Dbackside .

of the semiconductor wafer and is observable by shining

a collimated light- beam onto the backside of the
semiconductor .wafer. The structures mark transitions,

on the surface of the backside of -the 'sgmiCQnductor'

35 wafer, at which regions with & native oxide layer
adjoin regions where such an oxide layer is ‘not or no
longer present. These transitions occur when removal of

the native oxide laver during the pretreatment in a
hydrogen atmosphere ("pre-bake") before the actual



- 2 - epitaxial deposition was inconplete. One
possibility for quantifying this effect consists in a
scattered-|ight nmeasurenent of the haze (turbidity,
opacity), for exanple with an SP1 |ight scattering
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. are formed ‘dutring ‘the pretreatment by dissolving the
35 native oxide layer and the dopants diffusing from the
semiconductor wafer to be coated can escape through the
pores of the susceptor to the backside of the
susceptor, and be taken up by a flushing gas flow and

removed from the reactor. Using the described susceptor



10 to 10 nm Another problemin the epitaxial coating
of sem conductor wafers involves stressesin the
epitaxially coated sem conductor wafers, which can

| ead 15 to dislocations and slips. Several nethods
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epi taxial coating of sem conductor wafers by
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15 to dislocations and slips.

Several methods for identifying slips in semiconductor
wafers are known: on the one hand by visual inspection
with collimated 1light, by means of devices for
20 inspecting the surface of semiconductor wafers or with
devices which are suitable for determining the

nanotopography.

The most sensitive method .in this context, however, is

25 SIRD ("Scanning Infrared Depolarization®} since not
only slips but also photoelastic stresses can be
measured by means ‘of . SIRD. - The SIRD method for
identifying stress fields, slips, sliplines, épitaxial

. defects, which is based on optical birefringence being...
30  introduced, is described for example in US 6825487 B2.

Thermally induced stresses ~in epitaxially coated
semiconductor wafers can be avoided ~during the
epitaxial coating of semlconductor wafers by redu01ng~
35 the temperatures during the pretreatment steps in a
hydrogen atmosphere (bake) and with the addition of
hydrogen chloride to the hydrogen atmosphere (HC1l etch)

and in the actual coating step.



- 4 - -Lower coating tenperatures, however, lead to
an i ncreased occurrence of undesired crystal defects
such as stacking faults or _typical epitaxial defects
whi ch are known by the tetras "hillocks", "nounds" or
"pits". At very |low tenperatures, polycrystalline
growth may even take place. Arother di sadvant age is
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30 the susceptor. An outer dianeter.of the ring
which is a few nmgreater than the dianeter of the
susceptor is particularly preferred. 35 The ring is
preferably at least 0.5 mmthick, particularly
preferably 0.5-1.5 nmthick-ahd-nore particularly
preferably 1 mmthick. -6- The ring furthenitore
preferably has -a |i kewi se annul ar recess for
I eceTivé Nguseipteenduct prefisatblg. ohlewaholll apsr ecgssosity
pref er y deptih -0 Lkcud & | :
prefgéga% yvg. (?r/r(nan ag}évll%%1 foS[gﬁS_ ﬁ%}a%lt 151 ¥nd -2
par t feafid™ ¢ pfererin )‘F°61mr’ng’9ﬂ‘Fe‘ ring is preferably
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ri n?rhé’“ﬂe%%%rbﬁr? %%i\ﬂfyt En% | BLAORC @Eﬁbtﬂf, st may
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havi gy é’%ttﬁéPﬁ% %’gnﬁ}&tia%’??y' CHEFEEHEOD & 1dn;ta}L°\$‘\frer or
par tpanflisdey geeirr gylogustben \Wihkhanssaardor.- :
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cadi ng to t i ny ' i.,S [y, s LK
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f r ord RS ARAEHpRTS ed Materials fAMAT Centura Epil is
particularly preferred. The device according to the
i nveftd ong erahly | d te@®CeiM@h silicon
sem'elg:}%éndurgc%so%feg\r%g%ergghavp%%ggg&(yj!iygne%%r of 1501 t, 200
nm ZF%iffrand 450 nm According to the first aspect
I¢f the invention, there is provided a nethod for
\%Qdﬂﬁé %vleite_la.t lé?ﬁbé%&i:i/n Oaieg)esag;be?ﬂmtfgmﬁmgeesa kng
ich a myltiplicity of sem conductor_wafers pqli
at | O PHECPYf PBNnitPEi F8SCEP & r ephr e nz?n(?q'JEf%t'lgg}y
sucassoigv esglasgardedinndiaspgghl |§E bytappgihiickgean and in
epi tdpabt! ay el Lo drhialr ppopdsiied Eoothasivteadey as a
2%28%%?‘:%&%2‘%@%? dre plggi]l:i}rée%n te ts%bg)elgé@gyraex% ngl'ies%bported

_ axral Tteactor, espective
suppeiticagdeeiec o™ ale& «pr epar ed semi conduct or waf ers
on a device for supporting a - 7 - sem conductor

waf e, ;30 J; Seigonduct aN ffeen is
ri nel,rhli%t sé%%i:ké]fr%‘; facl s a bo% oﬁgtggﬁic%&t or.. »

havi i 5a thER -t LIS <5t PRCEER & BUEORBeS Fort Lt ho, e
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An outer diameter of the ring which is a few mm greater
. than the diameter of the susceptor is particularly

preferred.

35

The riﬁg is 'preferaﬁly at least 0.5 mm thick,
particularly preferably 0.5-1.5 mm thick and more
particularly preferably 1 mm thick.



In the nethod accordi ng totheinvention, a

multiplicity of sem conductor wafers polished at

| east on their front sides are initially prepared. To

this end a single crystal produced according to the

prior art, preferably by crucild e pulling according

to Czochralski, is sliced into a - multiplicity of

SeY C@mﬂ@Ctﬁ][rtWéffﬂbﬁe by, reEansH Df hqa@vvr% ﬁ ll}i@‘ci:-eﬂgse annular
s r - : S ree :

g%%%%?vgof'scﬁﬁggﬁg:%%h%gﬁ%%ﬁgﬁ}géf%%i(dianDnd wire).

Mechani cal processing steps are furthernore carried
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DDg%ior I%SP!n T ?gﬁqu-o the sem conduct or
CUled (ﬂgé%éﬁﬁ? i sti™Y nechani cal narkings
such as a notch or a flat, are generally also
aHecessedi { pedgeradl:eh ghhadbng )i c&hem gaket r eat ment
steps are furthel ore provided, which conprise
cl eaning and etching steps. After the grinding,
dheanishg cdnd ererhagestapy, wBEoRdi hgcrd-ehevri orilicon
arstrotibie s ursf ade ofp ddterseri.conductor wafers is
preferably snoothed by stock polishing. This is
preferably done by doubl e-sided golishing (DSP%, to
whiCh Tend tieS 2Rt R 6hd FORGH Wit et's ar anpiaiced! | Begény a
ithernal n tcootched idiighy andtpol 1&HEW si mfl t ahed08] y WK,
tihe-fiont 8§ d%@&@rgaﬁgs%d@ovmm "Ll eakbng m;ga%%'i‘xalaﬂy
betwgen q@&ggopolls ing plate and 5 a | ower
pot T ?ﬁﬁéﬁkﬂ &0 /B ed with a polishing cloth. The
front sides of the prepared sem conductor wafers are
Fmret heerpee pieterabhy pel i shed ifr{v%?lﬁfir&{nh%a gkt aerla%bly
- e Py 0 g cloth wi e aid o

gg%féﬁ?%g 0 %ﬁﬁgéjgﬁééﬁ#aheIiterMLwe,this _
step is often referred to as CMP polishing _
Usehemncalsimgthanatat potastiryg")irchb Ader de Applied
patéshing.aifte SSHGANEYE] Ofs WalelSyBhe ppféféﬁ%'dy
subj ected to hydrophilic cleaning and d?y ng
according to the prior art. Epitaxi al l|ayers are _
Jligsedaentty aepositad ¢ t hee20lpoititsed fisonprefaedly
ebortrhegupeepated 568 COAAWEOIcHMRFRIDH NwBfers having a
%i'i%!e@éﬁ’"%ffe%pﬂg“é’dq €3 f'ﬂm"%ﬁguﬁ rpvafer inthis
case rests not directliy’on the susceptor, but on a
ring which is in turn placed ,
According to the first aspect of the invention, there is

provided a method for producing epitaxially coated
semiconductor wafers, in which a multiplicity of
semiconductor wafers polished at least on their front sides
are prepared and successively cecated individually by
applying an epitaxial layer onto their polished front
sides by chemical vapor deposition at temperatures of 800-
1200°C in an epitaxial reactor, by respectively supporting
one of the prepared semiconducteor wafers on a device for
supporting a '



25 on the susceptor, so that the backside of the

sem conduct or wafer faces a bottom of the susceptor.

The bottom of the susceptor has a gas-perneabl e
structure. 30 The suscepter preferably has 'a

porosity (pore volune/total vohune) of at |east- 15%
and a density of fromO0.5 to 1.5 g/cnB. 35 The ring
r8§zh_‘b‘ccﬂfdiubbbs sugeepkor thﬂt'hethéngeinscchB:tmt wafer rests

Hn€ﬁ g @fer %ﬂﬁﬁ%ﬁﬁ@rfaces a b&@@&n'&fa§%§ §E%d%ptor

t errra n the susceptor a
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e era Jﬁ F E%WI se annu r ecess Of

r@é%l \)ﬁ’%ﬁj‘%@rﬁ cé’rfdu@@@r Wé?‘é?@toqo 1Eils arﬁﬂﬂtéller’r“@é@ssthe
psehecablycthas umﬁmcptdmmfs n echthamwipar theutard ywnly in

pﬁﬁéer ey Qe i B a@f‘ T\.’\édtkpa(giSJ_?ﬁ'e]-S Wﬂth no stresses
parti cul referal ?gr?g 15Ter|ng

pret Lt algf o né‘le&Pssu Pi E&PHT ferese gpagirement
gl(@ﬁRDt)eoth(FLng?lHW‘Il]@ht]ﬂ% soat ednwnchosi va€en. car bi de,

is also preferred. 20 The r|ng preferably con3|sts

of_a terial .hav a_the C duct |ty t OOC
%n Wr%“igtrh étlcu?%ﬁ llT[‘iqrefgtr%abl ]%V

rfmlélﬁdﬂt:ﬂém afl ?e@ii@@@@%%ﬁ WWlSQSdTRE 1east on
efidiaxitrabnt efcler aiks piiafienabl yrepsaidagl e- waf er

reactor, particularly preferably a si ngl e-waf er

reactor from ASM or Applied Material's (AMAT CeritUra

B ) th is enghe Fp]rr@dﬁr T EERlc ONRRIGSH vafsrsiing to the
prefoer adotty, hpvefewal3); dbanetrerciofie 1508ihing2 6camdildgo to
MR A2 iM  is  sliced into a multiplicity of
semiconductor wafers by means of known slicing methods,
preferably using wire SAWS with free abrasive

("slurry") or bound abrasive (diamond wire).

Mechanical processing' steps are furthermore carried
but, for instance sequential single-sided grinding
methods, simultaneous double~sided grinding methods
(DDG) or lapping. The edge of the semiconductor wafer,
including ahy existing mechanical markings such as a
notch or a flat, are generally also processed ("edge-notch
grinding™) .

Chemical treatment steps are furthermore provided, which
comprise cleaning and etching steps.

After the g¢grinding, c¢leaning and etching steps,
accerding to the pricor art the surface of the
semiconductor wafers is preferably smoothed by stock
polishing. This is preferably done by double-sided



The inventors have discovered that the effects of
susceptors. already described in the- prior art

havi ng gas-perneable structures' (felt, pores,

holes, slits, 35 bores) on the properties of the
backsi de of the 'seniconductos wafer in respect of

hal o and nanot opography are al so naintained in the
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fl ushkhpg,gas, usually a hydrogen atnosphere, in order

to renove the native oxide |ayer. 10 The gaseous

reacti on products formed when dissolving the oxide
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t hr oagha-’eleﬁltm@ patkshigw golt hén stk dtterahhes e t’cl'ﬁé‘y step

are takesrtep byetderdd ovsofad | s ngoxgahiagd (‘etmvadal-

fron%L£§% fﬁggtgglg}éggﬁ?_ﬁdter t he oxi de |ayer has\

been rénov 20 preferably hydrogen
chloride, is added to the flushing gas in order to
ssoohhtéhe ther f ackigfiidie fthent senidendhcthe wafers are

{1120 chhenepi t i
sem ?P@%“a}bﬁ&o f oL e g;gg????ﬁllé {1iR0 b Be & Hryi ng

| aye er to epi taxi al 1ayer,
t he §Eﬁﬁﬁ9ﬁﬁ8u€?o¥ SndFerTt Bbe epitaxially coated is
brought to the deposition tenperature and the, front

si degQfrd:N@15€ed Ugk-ar sydeRfuehlPr Litéd on the

nta t.h osi.tion, ga whi e backsi 2
(? Pﬁt‘%ﬁﬁ{stfﬁ? @ldﬁéf e?g ig’]‘aer}%ffff *E6nt TRUES fictor
to- b@aé%@bsedatQPRQﬁgﬂﬁﬁfthr%ﬁcﬁﬂﬁe flushlng gas. The
dep03|t|on gas contai ns conpounds whi ch, after they

are en1ca|| cl.eav r oyi a t - .
35 tﬁh on eégzsufe a%%egﬁﬁfggé%% §§?n éﬁg%gkly

si | |%IbnthegéPﬁﬁﬁPWﬁraﬁdltt k8 dophrd ST Gan i sib e, placed
29 t eén t hghepiduddepkokayesohashbeentlepdsidkeddet hef  the .

semiconductor wafer faces a bottom of the susceptor.

The bottom of the -susceptor has a gas-permeable
. lstructure. o T T
30 = _ .-
The susceptor preferably has 'a -por_osi'ty {pore
. volume/total volurhé) of at least- 15% and a density of
from 0.5 to 1.5 g/em®.

35 The ring rests on this susceptor. The ring is thus not

connected to the susceptor.

The ring is preferably selected in respect of its
thickness and in respect of its material properties so



- can

epitaxially coated sem conductor wafer is cooled, for
exanple in a flow of hydrogen which is fed through
the 5 reactor. The effect of the ring resting on the
susceptor is that the sem conductor wafer has no
contact with the susceptor an®l-therefore conprises no
stress points in 10 its surface.. The sem _cqnductqr
waf ekhals ¥thacgpopd 8t FREENFY é%{ffﬁ?e?e?l%esenn%he susceptor
mechamd adle stpssses] senicosdwiotacalerA ri ng nade of
silicon carbide furthernore serves to 15 create a
kind of insulation or therpal huffer bet n e .
sem EBhdutrSr waf ePTEAGTER su%cepegrs?' Tpgsef Bt Totok
tthi spasticaeriy timerfeakbyyi ndicdd Sst FessesichphpBR  10Le
coul g, 1@adher fileaeatibopsl and talitps, occur even on
the bearing points at the edge. 20 For exanple,- the
SIRD Metrol ogy System from PVA TePl a or t,fl% SI RD- 300
devi Bee friom Jomabeveors REATEEBPLY R4S dbt B H&E BH BT2"
the si¢ansesr dheisamnsi benltonduktohendfisRisa S| RD
fdevi ce is 6 kPa. A stress-free sem conductor 25 wafer
n the scope of this invention is therefore intended
to nBa anmETcAIRRFSEoPTRAFEFPIhi B3P h%sd%%%_t Pés@ég 0-7
of 6miPapartirolerlBeptefdrebiyofts sitenshd pHeks g 3-15
and SQ, ' 9h1+ he nmem conduct or waf er
@%’ gptau ?ggggﬁ}{ %&Jte%gge RD neasuring. 30
instrunments. There is no edge exclusion, as for
Exanphe imgt he pesiereblyedneiny ofeasliGy carbids.
i nstruMents. Unless 'otherw se indicated, - data
regardi ng stresses in i CO to ens. s ' hyeh
meansPof %§FR§ hé&r e?%arpzhﬁmer ePg]tygg' r gg%@it il\% el ﬁé%oﬁtjhey
frontikicte satbiipkdisdelaAdPsE adefhe edge region
(w t hout edge exclusion) of the sem conductor wafer.
- 12 - Like fok_jnstan It ehatively having a
%qwex'ﬁlé%s%\llrég a%gfﬁ#ﬁg ngf%&:%gfzagg {)rlgc ssggltlgo W/ng
Si | i Elermadr bi gduetdaGde &ur bt )" Canamf}here or e ’
“doespastid@adlyoptéfphtably 5-50 W/mK and more particularly

preferably 10-30 W/mK.

25 The epitaxial reactor 1is preferably a single-wafer
‘reactor, particularly preferably a single-wafer regctor
'from -ASM or Applied Materials (AMAT Certura Epi). -

. The prepared semiconductor wafers . preferably have .a
.30 diameter of 150mm; 200 mm, 300 mm and 450 mm.

The inventors have discovered that the effects of
suscepfors already described in the - prior art havipg
gas~perméable structures (felt,- pores, holes; slits,

35 ©bores} on the properfies‘ of the backside of the
. semiconductor ~ wafer in  respect of halo -and
nanotopography are also maintained in the method
according to the invention, i.e. for the case in which



guide effects. 5 The single-wafer reactors used are
heat ed from above and bel ow by neans of IR |anps. The
effect of this, when using a conventional 10
susceptor, is that the sem conductor wafer is at a

hi gher tenperature than the g@steptor during the
pretreatnment and coati n st eF Ther nal I¥ i nduced h
st r dd4€e s SERHEFEIBECEc it AeEHoREs GFTTontact® the
W t suskepsos dapt an, av\hmm in the worst case can | ead
to 15 di sl ocati ons and slip of the sem conductor

wafer. In th ept.ar. _ha o 0

espd&isl iy & ﬁ Yof’%%ﬂ%%ri c&al;lg Bflge\éhﬁoq\%g{c E:LQQ%;?%; :f

tSemtéueatsamecwidudt@rr WRgeT sWiingfrer ERRCQ 8F ¥ ©

SUSGRPtY: taRdaDds 2030c4 eapeatleetydl HadCleapestd thea

terparature of the s %qycog‘%&ﬂ HalahosThexd 1ol MBlrdes
I nthe

stresdg %%cﬁrﬂnusu or art can erefore be
avoitgedengyr ‘Lé’fefé’éttl’é?s??‘ tPYS when the tenperature
of the 25 sem conductor wafer is |ower than the

%en%r at#ah%ogfs Lhe Hﬁﬁe%trgﬁuc@ esrhdte ¢BSE WASBolving

Ilng € sem conduct or. waf er aft r__the dg OSlrtIIOrom
pr od®8s Ox e e layarn, 25 t et i HY Hith < éjfnéc g Ed
t hercial buhi esndBfotnowhéer advestage & t We@smedhdfusion

aCCQﬁQbH@ht ‘en&h%astélﬁﬁHabQ@ anduthgrsleyt ceneacentabing,
to the i nvention

h b
ver y-BccaraPuPy. tEBegPtPaalty BRLRYS Proone SSE8Rb:

1di mshsbogh ntp ae: Wackstés prkttheo speseprigiiess. thape are
ada@a@&hoﬁpoﬁyt heedevbe eof 3bLwatiogdigag taadt kemoved from
mv&g}\?l on to %reg{p conductor wafer can therefore be
ch al'so " makes it possible to avoid
rrechanl cal stress fields at the bearing points of the
~ senipgepducher oafder . layerl3has Asear dremgoter.anan etchant,
- 2%”bl%%'e%gngb N6 ddaYebi g8s ad hes J idiheke s cdbr estlying
e a

ternative,
ri ngaa FBwWERSY i TRetBPetintiRe St“ﬁ'éagﬁsﬁgp?ber gsllfl’r gace By *
mearseok el panais;tors whteriesfarst depes b et tki@c&@ééamal
al t hgugh this woul d have the advantage that gases
~diffusing out from seni conductor wafers doped heavily
on the backside coul d escape laterally bel ow the ri ng
2&8nd Thautouepi ngto ef flepesitcouble t nePEtdFiethe ta¥fRfved, the

on theiebh@icianatiae t:Be“dSéTBépl&thlllalLbiatdnalredeflfsebtought

WO Id n erthel b a o
- oue BEY £5350¢ ﬁ%yaﬁﬁ%re 890 64 nGHeasedne

di stt8n&8e of R YL re t e 'seni conduct or

i
vaf e EPemginT s@@%éﬁt ots AHPUERE sTRcepPTBI tYHh @
t et gepekitier mghky ivnducedtet riesses dancd sl ks wobbtrate

@e i nerea ng?,%%&i > é,i dr@Bngas coubd daddaer ner enenbefect

WEEN t er the susceptor so that the wafer
baclesi 8 Eevﬁtﬂsdué'ﬁgsgaﬁe coated, which is undesirable.
In the nmethod according to the inventi on, cofnversely,

theTElEnge%gsc‘i‘éiJﬂ rg%‘sy c@ﬁtiﬂ% @ﬁ%obﬁ@gsﬂ:lﬁjﬁ:h, after they

depositiQhs ,are_avoli i nce g

canfée éﬁ’te@rlcﬁi%{/e&}e?ﬂg 5usc8 rov %T gB%&%%ﬁ@é]s @fat form

38enithendegeor s S@ﬁ@a@mcﬂrqfﬁéﬁéibr &gkt sthécon.
bac @Eﬂgnﬂfm the 108l aepsund echaberboron.

.A deposition gas made up of trichiorosilane, hydrogen

and diborane is particularly preferred.



The sem conductor wafer to be epitaxially coated is
preferably a wafer of nonocrystalline silicon, onto
which an epitaxial silicon |ayer is applied. The
sem conductor wafer to be epitaxially coated is
preferably polished at |east 1dn-its front side.
Preferably, the sem conductor wafer to be epitaxially

. coated is etched and polished on its backside.
Pr ef graldl yihé heersierixe ahductyer Wader been bedegistiarial [gpe

Zggt%?gi]ﬂ§§a§l€ éggg% Eém%dﬁb%r 200edvM i 300odTBDS for

t f.
aCCCﬁ%ﬂmﬂieté“tﬁefFﬂWe?ﬁl ﬁéégghg l?é)%ﬂ Igﬁg%%ﬁgugh the

[ ocess-twirndow t o be wi dened in respect of the
deposition tenperatures: 5 Cbnventionally, p- silicon

waf ers (silicon fers w d I

mor ' e FEFEFTeCt \c/)\ﬁéet rré@ge??ﬁ ngn QQI nsglogrﬁz :ﬁgip)é:rgg “tnat
wi t Fetee hisgheéronidpttar | epder hasrhenq erﬁ?é‘FéFEr e¥ioh the
deposiddeRgcanagfi tta%tafotay@impaites 1o pstséds cpmints in

V(\jaf ol Can %%er efqlr b%eﬁlﬂ: &&xfcclgo%y ; Cae{l" 9'1%f therefore

npjatrsed S con warers ositi,on,
tenrfé?@tsﬁréﬁe%\ccérﬂr nQaFon’Ph@eﬁFF‘&'ca&rtStﬁ ses, in its
si ngde-fwater reactors) are as follows: 15 p-/p+
(weakl y doped epitaxial | ayer on heavily doped

silicon wafers): 1120-1150C.
cpi Vhe 405 AR O GABKTY: o 250 TLFET el Ut AR o
1508Q=rEb28Ca manﬁh@fnemh@daac@@rQﬂrﬁ?qﬂ@aﬁhéuiﬁﬁénP?%Wﬁen
g?gvtg{ezqiié&lcgﬁa@c%%%pﬁéféﬂ”&ld an@eSseeBpber | NTEeasetkct
up t that SI tﬁerm fyo J.Jh]d%.ggdf %rtrgségs, aﬁ{jlch
could 1ead to dislocations and slips, occur even on the
bearing points at the edge.
20
For example,- the SIRD Metrology System from PVA TePla
or. the SIRD-300 device from JenalWave is suitable for
determination of the stresses. The sensitivity of the
TePla SIRD device is 6 kPa. A stress-free semiconductor
25 wafer in the scope of this invention‘ is therefore
intended to mean a semiconductor wafer which has no
stresses of 6 kPa or more. Both' the front side and
backside and also the edge region of the semiconductor
_ ‘wafer can be studied.  with thesé SIRD .measuring
30 instruments. There is no edge exclusion, as for exzample
in the case of geometry measuring instruments. Unless
‘otherwise indicated, -~ data regarding stresses  in
semiconductor wafers studled by means of SIRD.therefore-
relate respectn.vely to the front side and backs.1de and
35 to the edge region (without edge exclusion} of the

semiconductor wafer.

Silicon carbide is also particularly suitable as a ring
material because it is hard, solid but not brittle



25 for p-/p-): an epitaxially coated silicon wafer is
obt ai ned which is stress-free according to SIRD, with
reduced defects and an inproved geonetry conpared
‘wi.ith the prior art. 30 The deposition _tenperatures
in the scope of this inventibh ale therefore
preferably selected as foll ows; skl icon er

wi t H1akpi G0 dEPFRRTASeVIMRTERE) | 7] l@ﬁ?é’a)%f'%ff’@sf‘% and
depasirthefnd® Caeailblly oproatssahlgnpepblinqn ofarbide is
351140- 11800, 1S | dik0nterbesse Widds andtoviedapig 1ight
Ieveolp_ p-) The Jépositi on is carried out at a

t emeide P EFRFESE100- 1150C. - 15 - Another advantage
af the el evated deposition tenperatures is that the
- edgey Lol dingh E-Qi rdherppticihedisan aendustied wafer wmve
t hereby be |ﬁr)proved anﬁfltaﬁgsl ayer thickness

pr ofiFePto Y BFPFExTRITT ajer at the edge of the

sem conductor wafer increases with elevated _
depagiet | @FFbeAPelcdE urSs, andhehe edgegr okl - snveapRional

t hereby be co nsat.ed s hedot 0 WalFe rsecoHndt
1§sp€&?¥8?€??en?§v2%%aﬁon?@% heégﬁi%ﬂu?m?i %89 - °

a. s

senihdohgnct bPmRRFE i ChaBonp?? st TP ront g}lﬁ%en_gandthe

a bagksidermethti charics proaviided shents fHermaside wpfyred

an epi.taxial tﬂ%y&roxteh@bch§ Eurthergaane sf bge cbhoart with
|

strésses according tqQ photoe].ast| r ur nt
(" SIHRE" ) SHFEPRAT ch “?“&thelr“rm#%e hgér%l n‘g%%? g%%i &S“ﬁ? £
18N idis1baskisirde angx pléssel e PYHARCTOEr T3tFon (=
peak to valley) of greater than or equal to 2 nm and

| ess than or eq

ual _to 5 nm ba : - especia
meask GRENE2RF ndbva W?%ePar?q‘a?%gug? 6.1320%61}1{93 S and 2
a backsgi de "$idl isonexprriged LOVRESE of gr SAPRFITHAT ©
or eguakihg £s IniyHeaRdahessat hentoe eeprdpitcr Bngphes 2

The sem copnduct qQr. fe ohdi nghd 0 tEhBetimefd | @F i Bhe
ZfOreeteF‘PSﬁiagﬁ%sggslwgcc%%% e i

to characterizati .
Bl RB:emicongme st nﬁ’?%aérh@o%&eﬁ’% t?a’b%egsrsaepsh?’cé’ﬁgr% e
val ugs @Ribt Sabracksi desrdiersde evniird-or wafer
according to the invention has on the one hand no

stress points in_its surface.and i.s t h
str e feEeect | BlSPr &EPFIm"any %ehiehaﬁ(%ﬁ(;g%r%ré%m of t i
1shergmlilopnilndusedwafersdes 1oWAT| tea8uthgc&emBFraEITy ©F
a ring ofsuéggijggg’__caé@i' dis | eHehe caeé howheac c aratiliigyt othe

the invention, which- -_as alrea | Q4E Here
can TEHGPORESEE VRS VI She LR B & saspect

arly in respect-
of idgeimpughmesE)g adye as a kind of theragl ButEaPs

30 Ancther advanﬁége :cf the method according to the.
invention and the device according to the invention is
that the ring -can be 'processgd ‘very accurately,
specifically both in its dimensioning.and with respect
.fo its roughness. The adaptation of the deyice 
35 according to the invention to the semiconductor wafer
can therefore be improved, which also makes it possible
" to avoid mechanical stress fields at the bearing points

of the semiconductor wafer.



- 16- nechanical stress fields at the edge of the

sem conductor wafer (in the prior art at the beam ng

poi nts of the sem conductor wafer on the susceptor)

can noreover be avoided. 5 The sem conductor wafer
according to the invention is {herefore preferably

free fromany stresses according to characterization

by nereansiof photeel @dddimsht ess neasuier@idh$l RER) , ring

bo&@s@? aff%§91%n%m§%ﬂg %ﬁgc%§£d TAQ ??@gfﬂé¥3 S ﬂeél to

€-region ects, reférred
t olgsd | PBE " FF@%t apo. LRt dBbedis §r%vv.a\l9@‘ft%o tie Ssusceptor
nmeasufarenty metdiod efpbpyed;s ar ésf opowexampl®teppreferred

st B@Ehagef aLHlttShon‘H | 0pkS QbuPHt SavBNGrkd é@vﬁx@&ﬁ{@' that
structura [ ? S I}ll\lhl chlcandgg det ect Y doped
nmednsedf ﬁ%ﬁ‘i cggt |n§ 8 LS ocarized Ope
et bt s e e hamt Por i Brbers the
ex anpl eald A'alencopisyr fetmntSPiould StaudifeseOme reduced,
seghcendustl, el ol T SO 309 &gum%faw%ﬁt e9ect would

showe | oW ng resu

ectivel
i nn?ﬂ%r‘b*%fr]iﬁsﬁ EFdre BF?HU%WHB@e ?d‘/@? BRE% T%%ﬂ? %%tance
i ncifdertoe angbe 6fénd hehkasépren thke SPL)corPafdEctr swvager)

cl assm 20 ofumfers, 9and%tot WRlseESti511i19¢ MH Bewns of
thermally induced stresses and slips " would be
increased. Deposition gas could furthermore enter between
the ring and the- susceptor so that the wafer backside
would also be coated, which is undesirable. ‘

In the method-according to the invention, conversely, the
ring rests firmly so that any backside depositions are
avoided since the deposition gas cannot enter between
the susceptor and the semiconductor wafer, and cannot
therefore reach the backside o¢f the semiconductor

wafer.

The semiconductor wafer to be epitaxially coated is
preferably a wafer of monocrystalline silicon, onto
which an epitaxial silicon layer is applied.

The semiconductor wafer to be epitaxially coated is
preferably polished at least on its front side.

Preferably, the semiconductor wafer to be epitaxially
coated is etched and polished on its backside.

Preferably, the semiconductor wafer to be epitaxially
coated has a diameter of 150 mm, 200 mm, 300 mm or 450

mm.



defects ' 5 8 defects ,.. 90 nmO defects- 5 4
defectS. - 120 nm O defects 5 3 defects
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Another advantage of the method according to the
invention is that it allows the process window to be
widened in respect of the deposition temperatures:

Conventionally, p- 31llcon wafers (silicon wafers with
a low doping level} are more sensitive to stresses than

p+ silicon wafers with a higher doping level.

The temperature for depositing an epitaxial layer onto
p+ silicon wafers can therefore be selected to be

higher compared with p- silicon wafers.

Typical deposition temperatures according to the pricr
art {in single-wafer reactors) are as follows:

p—/p+ (weakly doped epitaxial layer on heavily doped
silicon wafers): 1120-1150°C. :

p-/p- (weakly doped epitaxial layer on weakly doped
silicon wafers): 1080-1120°C.

In the method according to the invention, conversely,
said temperature ranges can be increased preferably by
20-30°C ({i.e: up to 1180°C for p-/p+ and up to 1150°C
for p-/p-): an epitaxially coated silicon wafer is =
obtained which is stress —-free according to SIRD, with
reduted defects and an improved geometry compared with

the prior art.

The dep051tlon .temperatures 1in the scope of this
invention are therefore preferably selected as follows:

on-silicon wafers with a high doping level (p+), the
epitaxial deposition is carried out at a temperature of

1140-1180°C.

On silicon wafers with a low doping level (p-), the

deposition is carried out at a temperature of 1100-

1150°C.



200 nm O defects 5 2. defects 25 For a yield of >=
97.7% (economi cal ly acceptable >= 90% this neans: S

i LS defects >= 50 nm A LLS.defects >= 90 nm 3 LLS
defects >= 120 nm 2 LLS defects >= 200 - 30 Wth
respect to the local planarity of the sem conductor

waf er according to the inventilén; the follow ng

results are found: - 17 - The seni conductor wafer
preferably has-a maxi mum | ocal planarity val ue SFQRMM
ofAigridatrer téhbrermraggualeff o GRHO25 prhcarmdddss ddrarsigrion

equaloet-ar0rd4 M5 T hlRe viRxidaga |ﬁ9@i—dﬂﬁrl?ﬂ'i£HeV§bM§shed
clrer

SFOR.,, of from0.025 pmtq.0.04 i S.pr bly. .

cSRl 6hUr Pondi S8l THE-SHkr Oh oo g, Since the
t WoRHIEAS dmals sgrvep Il eneal uEBRre AP 1R dBWs 1aER &t the
Shigﬁﬂﬂﬁ26wﬁanﬁ&mﬂﬁx&hﬁiﬁkombfékdﬁnﬁﬁeﬁhesCwathdelevated
semi condyetor wafer and.an edge exgl ushigl ofo11-off can

thereby be compensated for.

According to the second agspect of the invention, there
is provided a semiconductor wafer which comprises a
front side and a backside, which is provided on its
front side with an epita%ial layer that is  furthermore

free from stresses according to photcelastic stress

measurement: ("SIRD") and which furthermore has a
nanotopography on its backside, expressed as PV height
variation (= peak to wvalley) of greater than or equal to 2
nm and less than or equal to 5 nm based on square
measurement windows with an area of 2 mm x 2 mm and a

.backside "halo™ expressed as haze of greater than or
equal to 0,1 ppm and less than or equal to 5 ppm.

The semiconductor wafer according to the invention is
free from stresses according to characterization by
SIRD.

Tt furthermore has good nanotopography and haze values on
its backside. '

The semiconductor wafer accerding te the invention has on
the one hand no stress points in its surface and is
therefore stress-free, 1.e. free from any mechanical or

thermally induced stresses, in its surface.

By using a ring of silicon carbide in the method
according +o the invention, which - as already
described above - can be processed very well
(particularly in respect of 1ts roughness), the



10 2 mm Conparison with sem conductor wafers -
epitaxially coated on a standard susceptor (according
to the prior art, i.e. without a ring support) shows
.a significant 15 i nprovenment by the sem conductor

waf er according to the inventéon. Conparative tests
under ot herw se equal process conditions, %gt..b

usi rmpchagt ehblar §t36seeptfériPhst &d ofh heSte%i céf the
accosgiiiRgniigctdie wamant (an, tigaveriormexitmen | beal bearing
pl anarl % ¥l e, SERThaudioL dder og%ﬁns%gcgﬁfofﬁ%an
epi A S /y~ coat ed sem conduct or wafers.
seniRGHQUEE ore vidfedccording to the i nventl on

fsurt hernore preferably has an R30-1 nm paraneter of

fr Ofﬁhel%eﬁ}ﬁhohauéé&c nﬁﬁf@l’ HbceRHE LS PEAUEHE OiRvention is

devi ati on, sur st ance f
edge“ﬁf':eif%e SPF? %-‘FF% e){’ree dfrgﬁl aver zfécéég?%%f 580 1di%g

sectticoncustareimadtiohy bivhi veanss so e REGE efbHt LT oRf &ESS
r ef g anRGechime [(sdaiier Hoted ohy ikegEesst osideThirtch drs its

n %dg&gé I I - off lpar t8ls o ?era{}f‘m%pl taxially

oat &t cth uc er pre y has an R30-1mm
paraneter of from - 5 rimto +5 nm The negative
R30-THaM+FlsHes dereespontkferradr 6bl aapLPB5 (P'1éght rpoint

this Reraets e NE.8X tro°|t|heofnéaﬁrernﬁﬁtsﬁgﬁm%ﬂ@?ed, are

fer was over conmpensat ed f p
coatfa¥g xarPig P Het Hodof éﬁuﬁ’é%rs[}ﬁlﬁé’ ﬁ‘ﬁemédﬁlts' and
150! | 3x0f ﬁsnsm‘alm bt coctwefler spiaxieséeiasdd | Whigh, c3n be
Appl 3o RRY S a(n%9993f PP18@n39. sEgeriabl - afsf LLs

prargsters rf thlc es of [

bt of O THET ol SHBE @ 8 eORt b R By Aeand BPoT e
Nanaascarments}pzfgnapnymmm ﬁ'@n§%t3é1r¥1fﬁf’6ﬁ1 %&%
Tencor, by initially cal cuI ating 360 radial cross

2%60“ 03 WI t hna 2 ma:l(.:clzon fJ:O ng%lpse eafgé ?:ﬁlhémg@o the

a silicon_wa
st arﬂmmgta@nt w@oe@ﬁt é?heof f‘?Hé’Werresﬂjréslo W@?Stlvew
sectmeg@araae 1@9Wtﬁ@ﬂal Fyedi vi deldiqust onaties e (BRsY,s BP)
(0 RfiE8ROHId Ml O0nIEEION thealded lindOnEaghnl:

Ions are averaged for each sector. For a

region W|th a_di stance of frem-R5E5—+wmteoRI5—+m-irom
t hd pdgecwofsitbechaser | as® cbfomdders i t|t e (78f ef evizkers
line > 50 mm | < 2 defects ' < g defects
> 90 am v 0 defects - < 4 defects -
2 120 nm _ 0 defects <3 defects_ 1
. 2200 nm _|"" 0 defects < p defects |
25 e '
 For a yield of »>= 97.7% (t_aconomicall'y acceptable »>=
90%) this means: § LIS defects >= 50 nm; 4 LLS defects
>= 90 nm; 3 LLS defects >= 120 nm; 2 LLS defects >= 200
. : . .
30

With respect to the local planarity of  the
semiconductor wafer according to the invention, the

following results are found:




15 ("best fit") is calculated. Finally, the fourfold
symmetry of the edge roll-off is averaged out (by
averagi ng over all the radial thickness cross

sections) and for exanple an R30-1nm paraneter is
obt ai ned by determ ning the-devi-ati on between the
averaged radial 20 cross section and the reference

| i ne Thet eenilpertuntoregréssi prefaraklyi beantemprimum lpepl
f rgmgﬂagaeﬂgp okikbe s\@@ﬁglg oft i‘g&e&%@tagﬁama%ﬁLeQﬁ@BSto
and t s.an_optain I o v or_eac

sect’ 00:1%2§I%mtan Cpslggseéb n toﬁ ﬁ?aelsent i n%/e tion,

average roll-off Values wer e considered. - The

sam qerduekofunal@falagtandiiigy tvalidee SFORgRtof tfrom 0.025

furthermr¢ By egﬁ\r q@' rgéérébff%a%te@n%% Rl fl%ra@tu%%nof

the epitaxi al reater than or equal to +2%

and I?&@sSP?%ﬁg%ﬂnseﬁﬁaP O TBYCRS EPFD- |9 EL PlrelPRourement
pr ef erialibys 260¢h -2 380€: pst T6#& me tome tiendiropy side of

carrizgk Qéaféﬁ“gagheéﬁ&ﬁﬁfdf'%%Eéﬁfhﬂd”%gDeﬁgenb§é1h31on of
EQOt% conductive decay"), which is determ ned by

OF-1ight technol ogy excitation and subsequent
- 19 - neasurenent of the decay curve. The

sem coRgueiin Wakar sbsidimrietabl ¥a fer3LBpGRAMUSIDY coated

Lol ehrbd AR SECERLL PSRt Dey st JEE e
i.e. without a ring support) shows a significant

15 improvement by the semiconductor wafer according to the
invention. Comparative tests under otherwise equal
process conditions, but by using a standard susceptor
instead of the device according to the invention, gave
a maximum local planarity value SFQRmx of 0.045-0.08 pm

20 for the epitaxially coated semiconductor wafers.

The semiconductor wafer according to the invention
furthermore preferably has an R30-lmm parameter of from

-10 nm_ to +10 nm which corresponds to é deviation,

25 measured at a distance of 1 mm from the edge of the
' .silicon kafer, of -an average cross section detgrmined
by thickhess measurement from a referénce line -
‘determined by regres51on This is' an edge roll-off
'-parameter o C o

30 .
The epitaxially toated semiconductor wafer preferably

has an R30-1mm paramefer of from -5 nm to +5 nm.

" 'The negative R30-1mm values correspond to a roll-up,
35 i.e. in this case the edge roll-off of the
semiconductor wafer was overcompensated for by the

epitéxial coating.



Preferably, the sem conductor wafer is etched and
pol i shed on its backside. 10 Preferably, the

sem conductor wafer has a dianeter of 150 mm 200 nm
300 mm or 450 nm The epitaxially coated -

sem conductor wafer is preferndbty a wafer of
nmonocrystalline silicon, onto 15 which_an_epitaxia

Slllbometmybrfqg @@ﬂﬁqqyyg mh@uﬁgge rollTpEfs nGEnfioicon
Wi | 5 vl Iﬂsstaa&@dlm oph WP, t e aipglof Eysh.i gloles.38

P10 L ffions, 3 glewd Ce g wif%fﬁeo peBSmb VANt LOThted to

Fig. e resu i 'RD neasu
25 ath . thw@esg Stioud BRELTS HTESgT oy FOr | exdpe” e
S Rugmasiheqey omeansemontactiznaRaber NBk c drogioagaphy

to th ti T
pOIn?giﬁﬁé?g Q stéﬁ he HeariAg Q@ﬁgggu?eﬁgh?gmiggéjii

expl ‘éﬂ%’&aﬁ)’rn% :@60 fadlﬁg Cris%cshecgaf’ e a‘H
struct use e t%ﬂwlmgacdepmw&% t hé’%ﬁ%‘/e’ﬁ%ﬁ’" n.of a
The %iﬂg:o% Warok aCs@c%xQ&ntghst 3t5heS u:eelept o6f ltheThefeingrhe

2 and the sus t or have Si
onf FERf%ed SEF g%%l V& T he (glubstrat ﬂgﬁ g’siﬁeﬁ e 4

cont seaimran Setes§5 24rerPadd VEdge P egi TS 1 éggi gt 20
t he substir ak6ss. sectﬁ:ﬂls— aFkgavérsjeowsot heactesigcitonf For

an SI RD m%%sur Nt gegfcpj_rg}p@t_grmlyl\a{@m 35 mm from
epi ta J1 at ed accoréf he rior ar

Iocathﬁstqd%sofl@l%@’acfﬁﬁ bé eeﬂr 9 HECED ¥R recg'f:e iﬁlne
e coslitct @ntwaf efs widdicsilegsd. 5 ®Minkldy encldse offoyptold

to 600 Kka P( St e%ﬁef'éﬁéﬁ cap al&0 e seRRagbdt hat (by

edge;
1394svwm¢ﬁ8«5$§f£ﬁ?me€ Sal t Bt FhofE Sections)

t hi cki®sSov arkangke o&nlmwhém/aperame’qﬁrﬁ nyesobhpEned by
creaged n&ﬂ&e%ﬁgr%ﬁggaeioﬁhBeﬁWéEﬂNﬂﬁk anfkraged radial

extraordin J-i
&1 1erein BPOpULt PO valocbpye el Ehg Sk PR oy
r esut¢gmfssann St RR r@eﬁmn@ﬁeﬁﬁ %n‘L éﬂm from the edge of the

wafer.

" fhe deviations between the average radial cross
25 sections per sector . (individual tracks) and ihé
reference line may also be considered as an
lternatxve, so as to obtaln a roll-off value for each
sector. In the scope of the present 1nventlon, average

" roll-off’ ‘Yalues were considered.

30 . |

o The semiconductor wafer according to the invention
furthermore"preferably has a resistance uniformity in
the epitaxial layer of greater than or egual to *2% and

less than'or-equal to. +5%. '

35 |

A uPCD llfetlme is preferably 2500 - 3000 ps. This is
the minority carrier or recombination lifetime (pPCD =
"micro photo conductive decay"), which is determined by
means of light technology excitation and subseguent



15 sem conductor wafer according to the invention.
The sem conductor wafer is free fromany stress
fields, neasurable by neans of SIRD, both in the
surface and at the edge. 20 Bearing points of the
sem.conduct or wafer on the-supperting device of the
SIRD neasuring instrunent can be seen at the edge.
Theymersareneref of hfodegRY rd%ftabl e to the met hod
according to the invention, i.e. they do not

cor rﬁvﬁ‘zoé‘%mfc%nﬁh%éf ¢ L%féfjs uﬁPef”éra'b@.yzi tg@u@o‘n@ﬁctor

art

rom-t earln%N%plntg gf {h n
sen1%%%ﬁhé¥@#5RﬁPePnoﬁ ?hgr@ﬂ% Yk Wt @
fg el glsi tarxe atllel #pdaline thy wekdndedf fJSI’rRDSmﬁe
sem conductor wafer thus has no stress fields with
stress differences great an or e uaI 10 3
Lasti%pfeErglya sHifus Eteﬁ‘écﬁ%%lfﬁ 5§ of *thHe bear %%E@d #ha
poi ngsl iwhsidbbe its PiagksddeThree bearing points can be
seen, which are caused by the sem conductor wafer

Bei g supported on Lhe SUpROLLENG.AEYi £2. 0L LhSnSLED of

ot pol nt. can furthernore be seen,
whi cHpa gmat 299 brml:ab?()@ "8 o feChEMt cal marki ng such as
a notch or a flat, or to a |laser marking. - 21 -

The bear égg %_{)éﬂ&ﬁ b%‘agt@dne%b@:ﬁhué%ﬂ" ng:a\@QkCh is

e seen 1 n any | RD ne§fur%¥e Loso
on aP éBh‘duﬁ oba{@¥ et THRPAYE aﬁ&%%e? hot
i twicah shre§5téxx§ld51mhcmﬂ1hﬂﬂ@tdlbeﬁRﬁkﬁ%ﬁltatlvely
detectable 5 by neans of SIRD. - 22 - Patent C ains
1. A method for producing epitaxially coated 5
sem TRt or wafers, in which a multiplicity of
senmi conductor wafers polished at |east on their front

Si deg,Ali@vBhEPSH 6fk BNGheS UG CRSSIARIdy bebaw edi th the aid of
|nd|V|duaIIy by applying an epitaxial |ayer onto™

hei ¥ 9551 shed front " si des by chemi cal vapor

deposition at 10 tenperatures of 800-1200C in an

epi t#pg.all EBaws 0f ,ddw. ceuppostdimgoheothchdmvepsied- -

. wafers on a device for supporting a '

Fig. 2 shows the result of an STRD measurement (prior

25 art).

T Fig. 3 shows the result of an " SIRD measurement on a

semiconductor wafer accoj:diiiq to the invention.

30 The meaning of the bearlng points visible at the edge
in SIRD méasurements is explainéd by Fig. 4.

Fig. 1 schematlcally shows the structure of the device
according to the invention. The ring 2 is placed on the
35 susceptor 1. The ring 2 and the susceptor 1 have their
dimensions configured to receive the substrate 3. The
'rlng 2 contains an recess 2a in the edge region to

receive the substrate 3.



waf er so that the sem conductor wafer rests on the
ring, its backside faces a bottom of the 15 sssceptor
havi ng a gas-perneabl e structure but does not touch
the susceptor, so that gaseous substances are
delivered froma regi on over #ghe backsi de of the

sem conduct or wafer by gas diffusion through the
suscei-or2 | pheia Elei sASwler of henb&ERBi deasprenrntef a
SusCeptiMondaBthf Urdfai L eakhel 52H:6088Ustrdt@dleto the
CO”?ﬁri'o'} %%Et aﬁ re\:’\,'I tll% taﬁes{nl:g %&Ldgnc rlgebeed %n in the
region of its backside, and furthéernoreé no stresses
nmeastHfce by imearhe of SPhbIGElugsPy c yafess with stress
rfeasdiy Eieerticés ShRMD tec®00 kPat hBrreen ebaTHUCi@m also be

waf egeenZS_ag- T’tt]r?e ”%HBQQ %f&rﬁi gsgréébcﬁi!dai %Lits stress
chan&g;erlzed i n_that tEe prepared sem conduct or

waf 65 T8r&RGRT &F's 16 “fofiodrystal I'i ne silicon. 30

3. The nethod as clainmed in claim1, characterized in

thlatTl'tﬁa gﬁlf@@ﬁfftﬁf@{bet j%:{m@_éﬂflblrﬁlc?\f n&@fﬁiéﬂ&%@; iva%riance of
e ed _f.or epitaxial coating,of,p+ e

13| TRk PE, R R SRE0ng) 1P fORGee pf, the
1, QFsdasrerizaedin eFdRox9depdsi t i bittenpardtur e which
110G-ckpoBEi vl s elaret addf Dfeddit epbhagdtdlonC 0al b&g:of

p- doped silicon wafers. - 23 - 5. A sem conduct or

waf er, conprising a front side and a_backsi de, which

s prévi fedS t7 r bRt df WPk hS &R0 PP 38 Fe oy B 2
IBhatsemd chndtdtenmorwefér eecbpodind r éssesheaciovehtnign.o The

DPOts;éﬁJi%ﬁ&@ct%ﬂ epSrdEasyr eiveat hfr"o%! FQ;‘;) gegey@id%fﬂems,
. furthernor as a nanoto a on its backside
oxpPEOSUERBEE B TR STy Sy RS 1o ek S Lok B9 2t
of diheaedyethan or equal to 2 rimand less than or
.equal. to 5 nm based on square neasurenent w ndows

it 0. area_qof X ﬁ?ﬁ acksj de "hal o"

zgﬁxplr%é%g'zé%& _a} %1’51}% gpf gr é% er g%nglrlgéﬁﬂal‘fat]f%ro, Tnppi-ﬁlwl?
and TueBsTEh WMVicquAT tthes SR M sSUHEIs dRisEsHRERE oFan
waf @e aseehai nd | thel aktyd, They achesi zeHebyrat® not

edge ¢ 0k baff1 PHAERL Ml ok 9BLsdd nbd t%m&:%%t tiigeﬂglon,

whi ch corresponds to a devi ation, neasure o
di stafice™ %Y |99 RS GAFFREPTUY & O T RRS SHGESN SHaRe?S 17
26f &heapeiegexir.ovbisbchapnratetldr frnedtiyy tdairdhgepsints
nmeagyr eRBNLehi AR JLRkERRRE. bhNendeleyddpied. InbYstress
reg%?.%ﬂison'-a%g- . detectable by means of SIRD. The
semiconductor wafer thus has no stress fields with
stress differences greater than or egqual to & kPa.
30
Lastly, Fig. 4 shows the meaning of the bearing points
visible in ¥ig. 3. Three bearing points can be seen,
which are caused by the semiconductor wafer being
supported on the supporting device of +the SIRD
35 instrument. Another point can furthermore be seen,
which is attributable to a mechanical marking such as a

notch or & flat, or te a laser marking.



7. The sem conductor wafer as clained in claimb5,
characterized by a maxi num | ocal fl atness val ue o
SFQRma. of greater than or equal to 0.025 mand | ess
than or equal to 0.04 gm 25 8. The sem conduct or

wafer as claimed in claimb5; dhich has a resistance
unifolmty in the epitaxial |ayer of greater than or.
equal P& 296amid 9 e%‘gmttﬁan ad]‘l e%u’&?c}i‘ad‘ £5% %5‘153 ’T’héCh
sem sonduc porvidédr @St ddeaiseed im alvaisARb, mewdwienigas on
a regoghh N ehl f fhESE. bihdiPERe0f n3R0Per, IR0 PStical

35 10, The sem.conduct or r.as _clai.ned.in claim
char SR JITER PHAER POTLT boqipigrati s ddlctante
rfonokey yerstaals| PReSERP4 con, onto which an epitaxia
silicon layer is applied, which has a dianeter of 150
nm 200 mm 300 nmmor- 450 nm - 24 - Abstract

Epi taxially coated Sem conductor Wafer and Device and
Met hod for Producing an Epitaxially coated

5Sem conductor Wafer The invention relates to a

nmet hod for producing epitaxially coated sem conductor
wafers, in which a nultiplicity of sem conductor

waf ers polished at |east 10 on their front sides are
prepared and successively
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2. The method as claimed in claim 1, characterized

30

35

coated individually by applying an epitaxial |ayer
onto their polished front sides by chem cal vapor
deposition at tenperatures.of 800-1200C in an
epitaxi al reactor, by respéctively supporting one of
the prepared 15 sem conductor wafers on a device for
supporting a sem conductor wafer during the
HapesttChaimd a | ayer on a front side of the

sem conduct or wafer -by chem cal vapor deposition in

“an epitaxial reactor, containing a susceptor_which

has a ga- peehkabl e four URIP@IGHRD a PBIFRAG2L Y acEqated
gglgl_{g&l&y%&(%pt oL aeWbkCh agts yasian thermahnbuplieeity of

ween the susceptor and the supported sem conductor
feEFOnERC E Pt WRAE T SeRTGITRRG off‘gwgﬁéﬁtr &t st h&Tont
i Rgs his paekside haeesuacbeklionlof cbheecsusnepiariually

havi ng a gas-perneahl e structure but .doe t - -

Pﬁuﬁﬁﬁﬂﬁﬁjgbségpt8P}t651?aatiagggeéﬁgxéuggggﬁiegég%ghed
ggb$yergdiﬁé@nw.bya . chegioaloveraphe badkgbgétdpnt heat

em conduceor waf.er. k as di.ffusionsit. h
e B Tt
ggspemﬂiw§lﬁnd fowppisartimge- t e senicdonduerdr werepared
on i thy the rddg Qnl ¥dm thpree

re%?%%@&%#&%:t ;{s%fa%iég: d(ge},] W th no stresses ir%%asurgglg% )
pymheemduetophotdidasticc §hREsstiRasiiett et ROYpHe*
9@§E§rbﬂ9ﬂﬂétﬂﬁhéﬁnlﬁ@”ﬂa@k@&dﬁaﬁabes a bottom of the

.snsceptor having a,gas—perméabie structure but does not
touch the susceptor, so that gaseous substances are
‘delivered from a region over the backside of the
:Semicondubtor  wafer by gas diffusion through the

" susceptor into a region over the backside of the

susceptor, and furthermore the semiconductor wafer
comes in contact with the ring only in the edge region

of its backside, and furthermore no stresses measurable

. by means of photoelastic stress measurement {"SIRD"™)

occur in the semiconductor wafer.

in that the prepared semiconductor wafers are wafers of

monocrystalline silicon.

3. The method as claimed in claim 1, characterized
in that a deposition temperature of 1140-1180°C is
selected for the epitaxial coating of p+ doped silicon

wafers.

4. The method as claimed in claim 1, characterized
in that a deposition temperature of 1100-1150°C 1is
selected for the epitaxial coating of p- doped silicon

wafers.
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5. A semiconductor wafer comprising a front side
and a backside, which 1is provided on its front side
with an epitaxial layer that is furthermore free from
stresses according to photoelastic stress measurement
("SIRD") and which furthermore has a nanotopographj on
its backside, expressed as PV height wvariation (= peak
to vélley) of greater than or équalrto 2 nm and less

than or equal to 5 nm based on. square measurement

‘windows with an area of 2 mm x 2 mm and a backside

"halo" expressed as haze of greater than or equal to

0,1 ppm and less than or equal to 5 ppm.

6. The semiconductor wafer as claimed in claim 5,

characterlzed by an edge roll-off parameter of from -10
nm to +10 nm whlch corresponds to a deviation, measured
at a distance of ‘1 mm fron1 the edge of the “silicon

wafer, of an average cross section determined by

thickness measurement from a reference line determined

by regression.

7. The semiconduétor-wafer as claimed in claim 5,
characte;ized by a maximum local flatneés valiie SFQRmax
of greater than or equal to 0.025 pm and less than or
equal to 0.04 um. ‘

8. The semiconductor wafer as claimed in claim 5,
which has a resistance uniformity in rthé epitaxial
layer of greater than or equal to 2% and less than or

egqual to *5%.

9. The semiconductor wafer as claimed in claim 5,
which has a recombination lifetime by pPCD of 2500 -
3000 us. '

10. The semiconductor wafer as claiméd in claim 5,
characterized in that it is a wafer of monocrystalline
silicon, onto which an epitaxial silicon layer is
applied, which has a diameter of 150 mm, 200 mm, 300 mm

or 450 mm.



