Epitaxially coated Sem conductor Wafer and Device and Method for Producing
an Epitaxially coated Sem 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 producing this sem conductor wafer. The
invention also relates to a device for supporting a 10 sem conductor wafer
during the deposition of a layer on a front side of the sem conductor wafer
by chem cal vapor deposition (CVD). During chem cal vapor deposition, in
particul ar the EpStaspaiilyi cprasedafiemproadiiakoraefeonaadpbeivibedand
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During chemical vapor deposition, in particular the
15 deposition of an epitaxial layer on a poclished
semiconductor wafer, inter alia two phenomena may occur

which are known by the terms "autodoping™ and "halo".

In "autodoping"”, dopants pass from the backside of the
20 semiconductor wafer via the gas ©phase 1into the
deposition gas, which is fed over the front side of the
semiconductor wafer. They are then incorporated into
the epitaxial layer, predominantiy in the edge regiocn
of the front side of the semiconductor wafer, and
25 therefore cause more or less pronounced undesired
radial wvariation 1n the resistivity of the epitaxial

layer.

"Halo" refers to a scattered light effect which 1is
30 caused by light-scattering structures on the backside
of the semiconductor wafer and is observable by shining
a collimated 1light beam onte the backside of the
semiceonductor wafer. The structures mark +transitions,
on the surface ocf the backside of the semiconductor
35 wafer, at which regions with a native oxide layer
adjoin regions where such an oxide layer 1is not or no
longer present. These transitions occur when removal of
the native oxide layer during the pretreatment in a

hydregen atmosphere ("pre-bake") before the actual



the native oxide |ayer during the pretreatnent in a hydrogen atnosphere
("pre-bake") before the actual - 2 epitaxial deposition was inconplete. One
possibility for quantifying this effect consists in a scattered- |ight
measur enent of the haze (turbidity, opame?/ for exanple with an SP1 |ight
scattering rreter from KLA 5 Tencor, in the so-called DNN ("DarkField Narrow
Normal ") or &taDa klf el.d Wde, Nor Channel In order to avoid obI ens
wi th "aut odopi ng*, 208 61%%‘3%15?'8505 t $NGPEPILEE Cs i PRSI nPPRRLBbEE
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the wafer backsi de. ording to US 6596095 B2, there are smal ores in
the entire bot NBF8E ﬁh@rs%@eét QﬁrkgﬁetlﬁewéﬁﬁeNQGmB&ﬂp@@énnﬁére again, the
dopant diffusing out fromthe back5| de of the sem conductor wafer is

transported a b feeding a hi n ast. These neasures are also
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SUSCGpt or, t he aseous reaction pr oducts
the semiconductor wafer can be removed from the

reactor, without previously reaching the front side of
15 the semiconductor wafer, by a flushing gas which is fed

through slits in the susceptor onto the wafer backside.

According to US 6596095 B2, there are small bores in
the entire Dbottom of the susceptor for the same

20 purpose. Here again, the dopant diffusing out from the
backside of the semiconductor wafer is transported away
by feeding a flushing gas past. These measures are also
effective against "Halo" formation because they
facilitate removal of the native oxide layer, since

25> gaseous reaction preducts  which are created by
dissolving the native oxide are likewise transported
away through the holes in the bottom and the flushing
gas flewing past.

30 DE 10328842 discloses a susceptor, which has a2 gas-
permeable structure with a porosity of at least 15% and
a density of from 0.5 to 1.5 g/cm’. By using such a
porous susceptor, the gaseous reaction products which
are formed during 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



are formed during the pretreatnent by dissolving the 35 native oxide |ayer
and the dopants diffusing fromthe sem conductor 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 %gs flow and renoved fromthe
reactor. Using the described susceptor 3 -al'so avoi ds undesired
nanotopographyégffects on the  backside of the sem conductor wafer, which
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this contexi, MF is 25 SIRD ("Scanning Infrared Depol ari zati on")
since not ~only slips but al so photoelastic stresses can be neasured by
nmeans of SIRD. The SIRD nethod for identifying stress fields, slips,

sliplines, epiha¥tabr debesbenwhi G i s hased on (apiigal bigafnipgenge being
semiconductor wafers involves stresses in the
epitaxially coated semiconductor wafers, which can lead
15 to dislocations and slips.

Several methods for identifying slips in semiconductor
wafers are known: cn 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 alsoc photoelastic stresses can be
measured by means of SIRD. The SIRD method for
identifying stress fields, slips, sliplines, epitaxial
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 semiconductor wafers by reducing
35 the temperatures during the pretreatment steps 1in a
hydrogen atmosphere (bake) and with the addition of
hydrogen chloride to the hydrogen atmosphere (HCl1l etch)

and in the actual coating step.



30 introduced IS descrl bed for exarrpl e in US 6825487 B2. Thermally induced
stresses in epitaxially coated sem conductor wafers can be avoi ded during
the epitaxial coating of sem conductor wafers by reducing 35 the
tenperatures during the pretreatnent steps in a hydrogen atnosphere (bake)
and with the addition of hydrogen chloride-to the hydrogen atnosphere (HCl
etch) and in_the actual coating step. 4 Lower coating tenperatures,
however, |ead %S Fhekeaged t@@tﬁ?rrraéh’(?@sof ureRYeed crlysial Hef eéfls such

as stacking faudreasied ym@air@fmé aasfahmd@fsae:tesi V@f’tlfé”talar 8okoews Byichhe
terms "hill ocks" 'mounds™” pits". 5 At é ow t§1rrp§%€t ures,
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roll-off values as well as good local planarity, while avoiding undesired
crystal defects,

Reducing the pretreatment and deposition temperatures

is therefore not acceptable owing to the assocciated

15 disadvantages.

The prior art has not yet revealed any solution
approaches relating to the reduction of stresses,
dislocations and slips in epitaxially coated
20 semiconductoer wafers with high pretreatment and
deposition temperatures, which are categorically

necessary as explained above.

It was therefore an object of the inventors to provide
25 stress-free epitaxially <coated semiconductor wafers
having good edge roll-off values as well as good local
planarity, while avoiding undesired crystal defects,

backside halo, autodoping and nanotopography effects.
30 This object is achieved by the invention.

The invention relates tcoc a device for suppeorting a
semiconductor wafer during the deposition of a layer on
a front side of the semiconductor wafer by chemical
35 vapor deposition in an epitaxial reactor, containing a
susceptor which has a gas-permeable structure and a
ring, placed on the susceptor, which acts as a thermal
buffer between the susceptor and the supported

semiconductor wafer.



backsi de hal o, autodopi ng and nanot opography effects. 30 This object is
achi eved by the invention. The invention relates to a device for supporting
a sem conductor wafer during the deposition of a layer on a front side of
t he sem conductor wafer by chem cal 35 vggor deposition in an epitaxial
reactor, containing a susceptor which has a gas-perneable structure and a
ring, placed on the susceptor, which acts as a thernal buffer between the
susceptor and the supported sem conductor wafer. - 5 The susceptor is
preferably on&hghi ohsdast ar pasosptyfefqiore wvakburmeliai ahawolainppretiat | east

15% and a densj of, f ~2 0o 1. nB.. .5 The necessary.porosity and
density of thgigtl%cefgﬂ%lr{ﬁn@ég&gé o%togiug{ee b?fsugfcabﬁggggmﬁés"si Bhof Xfi bers
or particlesdgusiity prodeer én Softat He Ssws'capt or. 10 The suscept or
preferabl ysconsists of graphite or graphite fibers. The susceptor is
preferably coated with silicon carbide. 15 The device according to the

i nvention conpritsE€CESSAY RAHIAH % iihdan ot ¥ met stheeprdeerthe RiNg

preferably beiengcelaacteed Wy respecdorf idsndHLdngss and Eppergspeet of
its materi al %ro erties so.that it  acts as a 20 thernmal buffer between the
susceptor andPEhé '§dFSorPéd "% EF SPoP tndfér SUPREPtAng preferably has

an inner dianeter which is |ess than the di aneter of the sem conductor
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graphite fibers.

The susceptor 1is preferably ccated with silicon
carbide.
15
The device according to the invention comprises a ring
which is placed on the susceptor, the ring preferably
being selected in respect of 1its thickness and in
respect of its material properties so that it acts as a
20 thermal buffer between the susceptor and the supported

semiconductor wafer.

This ring preferabkly has an inner diameter which 1is
less than the diameter of the semiconductor wafer to be

25 received.

The outer diameter of the ring is preferably greater
than the diameter of the semiconductor wafer to be
received, and preferably corresponds to the diameter of

30 the susceptor.

An outer diameter of the ring which is a few mm greater
than the diameter of the susceptor 1is particularly
preferred.

35
The ring 1is preferably at least 0.5 mm thick,
particularly preferably 0.5-1.5 mm thick and more
particularly preferably 1 mm thick.



than the dianmeter of the sem conductor wafer to be received, and preferably
corresponds to the dianeter of 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 nmmthick,
particularly preferably 0.5-1.5 mmthick &nd nore particularly preferably 1
mmthick. - 6 _The_ring furthernore preferably has a |likew se annul ar

recess for receiVi iy gerfitd: &5 %fahﬁé BaduParl irEeese @wererabl y has
a depth of 0.3c8&cdss5fom rpaetiirtubaskyipoafiecablyw8tbrgam and a wi dth of 3-15
mm particularly preferably 6 nm The ring is preferably a ring of silicon
carbide. 10 The use of a graphite ring, which is coated with silicon
carbide, is alBkepranededd. rapessi pyefreekedabllyaconsiddmstlof od nater Al

having a tsherpml Jet;h ¥ t f B- , rti ardy
preferably 5-5%ﬁvV%ﬁggggh%§?2¥p§?F%%8%§ﬁﬁy(ﬁéﬁe eﬁ%%#yaléﬁgg%Wf#§H§$H%

devi ce accor di g’ tB2¥heCPhyBhY i BREferppby¥efaBny used in singl e-wafer
reactors. 20 Use in single-wafer reactors from ASM and Applied WMaterials
(AVAT Centura Fpi)_ is particularl referred. The, device according to the
invention is p ?e?h%?yl§5pﬁ%ﬁ?F%%}£datBl?%c%fv%l%éﬁPEoﬁﬂﬁé%gﬁ-mafers havi ng
a dianeter of 150mm 200 nm 300 mm and 450 mm The object of the invention

's al so aghj eveg by, & TR had Lor, prpduci g epi {axiAl  y, coat e, sem cqnduct or

silicon carbide, is also preferred.

The ring preferably consists of a material having a
thermal conductivity at 1000°C of 5-100 W/mK,

15 particularly preferably 5-50 W/mK and more particularly
preferably 10-30 W/mK.

The device according to the invention 1is preferably
used in single-wafer reactors.

20
Use in single-wafer reactors from ASM and Applied

Materials (AMAT Centura Epi) 1s particularly preferred.

The device according to the invention is preferably
25 configured to receive semiconductor wafers having a
diameter of 150mm, 200 rmm, 300 mm and 450 mm.

The object of the invention is also achieved by a
method for producing epitaxially coated semiconductor
30 wafers, in which a multiplicity of semiconductor wafers
polished at least on their front sides are prepared and
successively coated individually by applying an
epitaxial layer onto their polished front sides by
chemical vapor deposition at temperatures of 800-1200°C
35 in an epitaxial reactor, by respectively supporting one
of the prepared semiconductor wafers on a device
containing a susceptcr which has a gas-permeable
structure and a ring, placed on the susceptor, which

acts as a thermal buffer between the suscepter and the



30 wafers, in which a multiplicity of sem conductor wafers polished at |east
on their front sides are prepared and successively coated individually by
applying an epitaxial |ayer onto their polished front sides by chem cal
vapor deposition at tenperatures of 800-1200C 35 in an epitaxial reactor, by
respectively supporting one of the preﬁa?ed sem conductor wafers on a
device containin suscept or ich has_a gas-perneable structure and a

ring, placed oif'R CEPLOTONHT ohE MREST a¥°atFAEr P BEFEECTHEREEN t he
suscept or and wdfeer restsupportied sengconhtscbackwafier fsoekhat bicheom of

L

susceptor having a gas-pernea the
suscept or, so ndfatt Yayeoue ssbstapces, ase Bheael gweeedsf samsaansgisoarever the

backsi de of thg | SRMLENAYCOT wafely iy, 9854l flipsl optdWqugh tfie .gusceptor

into a region over the backside of the susceptor, and furthernore the
semi conduct or SAHEGONAUTHRAT | nWRBRAF acPYwi 9% S hed¥5 Hgs bty FhreHEMeddéer egi on

10 of its backsiglesptWt h Np St ressesyimpaswabl e thye MeanssiQfe phat oghastic
stress neasur ement ("SIRD;%gﬁccgrrlng in the sem conductor wafer. In the
ti

met hod accor difF I 1 He i Rrtherngren| Hipl i PRy CORIEERPEondGEEST
waf ers polishetbrads | B@astonoactheikhf rhrt rSirdesordrye imi thal kygpr eparied. To

this end single,crystal produced ,according._tao_the rior, ar referably
by crucib?g pd?%ihgsagggﬁéﬁﬁfw(fl Eﬁogﬁfaﬁg%? T %%él i%YO%ganS

mul tiplicity off sehptordastor weff xess byeasamsmehtknOWAIBDPT ci g cvetriods,
preferably using ¥ﬁ{2?§ﬁa Oﬂ@&gkgfeﬁaﬁgggsive ("slurry") or bound abrasive
2 chani ca

(diamond wire). processing steps are furthernore carried

In the method according to the inventicn, a
15 multiplicity of semiconductor wafers polished at least

on their front sides are initially prepared.

To this end a single crystal produced according to the
pricr art, preferably by crucible pulling according to
20 Czochralski, 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).

25 Mechanical processing steps are furthermore carried
out, for instance sequential single-sided grinding
methods, simultaneous double-sided grinding methods
(DDG) or 1lapping. The edge of the semiconductor wafer,
including any existing mechanical markings such as a

30 notch or a flat, are generally also processed ("edge-

notch grinding™).

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

35
After the grinding, cleaning and etching steps,
according to the prior art the surface of the
semiconductor wafers is preferably smoothed by stock

polishing. This is preferably done by double~-sided



out, for instance sequential single-sided grinding nethods, sinultaneous
doubl e-si ded grinding nethods (DDG or |apping. The edge of the

sem conductor wafer, including any existing nechani cal markings such as a
30 notch or a flat, are generally al so processed ("edge- notch grinding").
Chenical treatnent steps are furthernore grovided, which conprise cleaning
and et chi ng stegf. 35 Aftﬁr hhe ri ndi ng, cleaning and etching steps,
according to tRRHFIORIadPSPhe fHEE b SR B e T he e FieRE HONCHISTE ORafer e 15
preferably snoatdedlbyest dclosepgl iishingehihi scbshpaetigsablandane dyhed

doubl e- si ded - | shi (DSP) .ta ich end t he_sem conductor wafers are
pl aced | oosel ysﬁugg%llﬁ?%ugg%t hed 5§]§kmgﬁ%nf)olsi]sd&eedan i NOPE ARLBGsISPI0F t he
front side and”bheksine Whckeéy"" fdedatdeng dr e@bydr bpviehian wiper pold shing

plate and % a }owes,ppl iﬁ@%p%%%‘ggﬁ%gpé/’ere Wty a ﬁsPaLn o&lgth. The

front sides of the prepare ctor waters are furthernore pregferably
pol i shed free Ft@®Fiistreaks, 10 for exanple by a soft polishing cloth wth
the aid of an alkaline polishing sol. Inthe literature, this step is often

referred to as_CMP polishin é"cherri cal - nmechanjcal polishing”). 15 After
the polishing, Tthe faRitc oRtdRt 0P Tnak BF s BIRP 215kt ePABFYNAUBFBEL eth fiaF s

hydrophilic clesai igrandraeyengreaeaeedingdo dhwl prree &rbm Etaxial
| ayers are .subsequent|y,deposited the. 20 polished fraont sides of the
pr epar ed ggm’ c%ﬁﬁu%f{gfn&ﬁa er 7 i ﬁogpspﬁglléﬁ\%ﬁ e 1o de 16t th ThRe s édic sHduct or
wafer in this zaselkaesigenpoldshényl yol. In the literature, this step
is often referred to as CMP polishing ("chemical-

mechanical polishing").

15 After the polishing, the semiconductor wafers are
preferably subjected to hydrophilic cleaning and drying
according to the prior art.

Epitaxial layers are subsequently deposited on the
20 polished front sides of the prepared semiconductor

wafers in a single-wafer reactor.

The semiconductor wafer in this case rests not directly
on the suscepter, but on a ring which is in turn placed
25 on the susceptor, sce that the Dbackside of the

semiconductor wafer faces a bottom of the susceptor.

The Dbottom of the susceptor has a gas-permeable
structure.

30
The susceptor preferably has a porosity (pore
volume/total volume) of at least 15% and a density of
from 0.5 to 1.5 g/cm’.

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

connected to the susceptor.

The ring 1is preferably selected 1in respect of 1its

thickness and in respect of its material properties so



on the susceptor, but on aring which is in turn placed 25 on the
susceptor, so that the backside of the sem conductor wafer faces a bottom of
t he susceptor. The bottom of the susceptor has a gas-perneable structure.
30 The susceptor preferably has a porosity (pore volune/total volune) of at
| east 15% and a density of fromO0.5 to~175-g/cnB. 35 The ring rests on this
susceptor. The_ring.js thus not connected to the susceptor. The ring is
preferably sel BiiediFn2FESpéSt ortheanat nPrkhessPahucPR tdepetsFPhals

mat eri al propestd eshsosupPort bat séhi astduason vhesrnl buffer between the
susceptor and the supported sem conductor wafer. The ring is preferably at
least 0.5 mmthick, 5 particularly preferably 0.5-1.5 mmthick and nore
particul arly pfled erabhg 1 irem threkerdihby ri ag f uretalsdr nod e5 pr afner abliykhas a

li kew se amnul &t .+ f &¢L$S1§Or LEEELY) sgnt conduct ar f.ers. The annul ar
recess prefer a%lhil has a d)épt% o? Oé(%ﬂg 7§%mn9" gar%@cu}e@rﬁ%{ praé?jer %1% 0.5 mMm
and a wi dth ofPBrubculglyppreteralrly braferlabty- 6 mm 15 The ring is
preferably a ring of silicon carbide. The use of a graphite ring, which is

coated with silicon carbide, is also preferred. 20 The ring preferably
consi sts of a Nt efiR3F RAFEAGTHOIEhLFEICEHIudta Vi # y LakeYdS6C amE-2100
WnK, particutetdys pfef eradd yvbndOs M idoans 1t evppstscul arly preferably

10- 30 Wr’r1§.O 25 The epitaxial reactor is preferably a single-wafer
The annular recess preferably has a depth of 0.3-0.7
mm, particularly preferably 0.5 mm and a width of 3-15
mm, particularly preferably 6 mm.

15 The ring is preferably a ring of silicon carbide.

The use of a graphite ring, which 1is coated with

silicon carbide, is also preferred.

20 The ring preferably consists of a material having a
thermal  conductivity at  1000°C of 5-100 W/mK,
particularly preferably 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 reactor
from ASM or Applied Materials (AMAT Centura 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
susceptors already described in the prior art having
gas-permeable structures (felt, pores, holes, slits,
35 bores) on the properties of the backside of the
semiconductor wafer in respect of halo and
nanotopography are also maintained 1in the method

according to the invention, i.e. for the case in which



reactor, particularly preferably a single-wafer reactor from ASM or Applied
Materials (AVMAT Centura Epi). The prepared sem conductor wafers preferably
have a 30 dianeter of 150nm 200 mm 300 nm and 450 nmm The inventors have
di scovered that the effects of susceptors already described in the prior
art having gas-perneable structures (fellf, pores, holes, slits, 35 bores)
on the properties of the backside of the sem conductor wafer in respect of
hal 0 and nandt'6poGFaPIY ™Y TaT%s o "RdiSht aitREE Si n"Phe FRERGEYacO8r dFfR§ to the
invention, i.eusfc@ptidre easen a whirch - 10 the sem conductor wafer rests
not directly on the susceptor but on a ring. This is already observable
during the pretreatnent of 5 the sem conductor wafer when the sem conduct or
wafer to be é&piitsaxial by reedyedbseprahleat ddrand ehgosedetoeatméhushifng gas,

usual ly a bydrogen AimMsRIR G L@%ﬁ%&%%@@gﬁ%wﬁda@&hyewgfiagetbayef-

10 The gaseous reaction product orme en dissolving the oxi I'ayer, as
wel | as the d&FantPdferusiny fFoHicd hé Ssevd torrived o nfaf expPogsdape by gas

di ffusion threaughithe @@;s,—p%ma@ke SthYGLYEEN Ofa thid@ pHUSEEPt O , orHe®.
t hrough the pores or openings of the susceptor, 15 through to the backsi de
of the susceptdt SIS tHe& ot Ve KEFUP AP Ghe f1 ow of flushing gas and
renmoved from the reactor stream After the oxide |ayer has been renoved, an
et chant, 0 ef erably hydrogen. chloride, .is added.to .the flushin gas in
order to %ﬁnoﬁ%mih%a§ﬁ¥95cef%é%E*ﬁ¥prgﬁtu§F&e g?rm?ﬂe‘g% 08ﬁ558h82nﬁafer
bef ore deposi ttieg ¢hiedepibgriral as ayerl 25 kheorddgrartto depbssing hérepi t axi al
layer, the the semiconductor wafer, escape by gas diffusion
through the gas-permeable structure of the susceptor,
i.e. through the pores or openings of the susceptor,
15 through to the backside of the susceptor where they are
taken up by the flow of flushing gas and removed from

the reactor stream.

After the oxide layer has been removed, an etchant,
20 preferably hydrogen chloride, is added to the flushing
gas in order to smooth the surface of the front side of
the semiconductor wafer before depositing the epitaxial

layer.

25 In order to deposit the epitaxial layer, the
semiconductor wafer to be epitaxially coated is brought
to the deposition temperature and the front side of the
semiconductor wafer is Dbrought in contact with a
deposition gas, while the backside of the substrate

30 wafer preferably continues to be exposed to the effect

of the flushing gas.

The deposition gas contains compounds which, after they
are chemically cleaved, provide substances that form
35 the layer. These substances preferably include silicon,

germanium and the dopants such as boron.

A deposition gas made up of trichlorosilane, hydrogen

and diborane is particularly preferred.



sem conductor wafer to be epitaxially coated is brought to the deposition
tenperature and the front side of the sem conductor wafer is brought in
contact with a deposition gas, while the backside of the substrate 30 wafer
preferably continues to be exposed to the effect of the flushing gas. The
deposition gas contains compounds which; Bfter they are chenmically cleaved,
provi de substances that form 35 the |ayer. These substances preferably

i nclude silicon, germanium and the dopants such as boron. A deposition gas
made up of trikﬁt@rostm@neephymwhn 1ayelr dithoy angsdrs pﬁ!ﬁdﬁtﬂe@lﬂy the

preferred. - i.ta ia | ayer has_been deposited, the
epitaxially co %Ft) Qg}gg%‘ll%gn Sjc%ttoerdxwa B %d%%%cl’%dwaESF afBPéefn &% ow of
hydr ogen whi chexamnpbel fhr euddavheof Stly@m:;@'r wiTheh ef ededoft Hreighi nche esti ng
on the susgeptpg,is,ihat the sem conductor wafer has no contact with the
susceptor and therefore conprises no stress points in 10 its surface. The
sem conductor wafer is therefore stress-free, i.e. has no nmechani cal

stresses, in itge éﬂfé@@eofAthénngad%e@ftlﬁbl bﬁorﬁh%ars@s%%ﬂwﬁ flf‘sf NG{& serves
to 15 create kind of insulation or_ thernmal buffer between

seni conduct or WRF er SERYCPREVELEEeptGf S Thd %t f R  6PNERFE | é"lttﬁlat e
thermal Iy indusescsptessasnd WHete f ool doﬂnpaﬂsé@ (ﬂ1loS|§@@é$§n§>o§lﬁ@sS|llrpS

occur even,.on the Dbearin ts at the 20 Far exa t he. SI RD

Met r ol oqugyst bRyt r%?ﬁ:%’:\ﬁ\gTeP ﬁ Pe{nﬁgoggﬁ%‘ggéo H@&I j’eerfée\/@:ifée is

suitable for sletesst hat¢d on iofe.t heast me:ssmscha'ﬂmcsbnﬁtinassiqs,ofihheits
surface.

A ring made of silicon carbide furthermore serves to
15 create a kind of insulation or thermal buffer between
the semiconductor wafer and the susceptor. The effect
cf this is that no thermally induced stresses, which
could lead 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 JenaWave 1s 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 o0of 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 alsc the edge region of the semiconductor
wafer can be studied with these SIRD measuring
30 instruments. There is no edge exclusion, as for example
in the case of geometry measuring instruments. Unless
ctherwise indicated, data regarding stresses in
semiconductor wafers studied by means of SIRD therefore
relate respectively to the front side and backside and
35 to the edge regicon (without edge exclusion) of the

semiconductor wafer.

Silicon carbide 1is also particularly suitable as a ring

material because it 1is hard, solid but not brittle



TePla SIRD device is 6 kPa. A stress-free sem conductor 25 wafer in the
scope of this invention is therefore intended to nean a sem conductor wafer
which has no stresses of 6 kPa or nore. Both the front side and backside
and al so the edge region of the sem conductor wafer can be studied with
these SIRD neasuring 30 instrunents. THer is no edge exclusion, as for
exanple in the case_of geometr measq:ri ng i nstrunents. Unl ess, otherw se

i ndi cat ed, dat 4 rigat af ng"SEPESSe I t Deni toHut oY waREFBSEFGTRed ™Y neans
of SIRD t herefforechemiate respicty velnodas ddid  r orgti 1Sicden andh dpacksi dg and 35

to the edge regl Wi ; .edg clusio of ;the _sem conductor, wafer.
Silicon carbi g%ﬁhegl éggggégféu%gﬁxyt%eﬁ fz;%‘ﬁee de°8 rniOS‘rg f%?ef?alll\l%@&ause it
is hard, solidWwide mtfdrtistle - 12 (like for instance quartz), relatively
i nexpensive and furthernore readily processable. Silicon carbide is opaque

(turbid) , and therefore does not lead to light guide effects. 5 The
si ngl e-waf er rg¥ct 8L8ILEcHAAPE NeRA TP T otSaBoVEL S ahi@ aseldont by nedeyeof | R

| anps. The effaed wd1dwhitsy nides Ust Nk a ggwentional 10 susceptor, is that
the sem conductor wafer is at a higher tenperature than the susceptor
during the pretreatnment and coating steps. Thermally induced stresses

t heref ore occurhaat thiéepai ntsf of thast actwivén h ukhegsusgeptenventtiiehaln t he

Wor st casenca e 15 di slocati,ons and sl f the sem conductor wafer.
In the cag(e} O]f%das% stfzogrp’t orlsha\%ﬁé a5 ngs,emés?ﬁ)éléjl%acl AF a"3Ffhg dF fA1i éon
car bi de, howeverghdihe tenperature othanhe thieng $ssdemgther tHaninbat tok t he

susceptor and f\a% @ atment and coating steps. Thermally induced
stresses therefore occur at the points of contact with
the susceptor, which in the worst case can lead to

15 dislccaticns and slip of the semiconductor wafer.

In the case of a susceptor having a ring, especially a
ring of silicon carbide, however, the temperature of
the ring is higher than that of the susceptor and has a
20 temperature value <c¢lose to the temperature of the
semiconductor wafer. The thermal stresses occurring in

the prior art can therefore be avoided.

The effect also occurs when the temperature of the
25 semiconductor wafer is lower than the temperature of
the susceptor, as 1is the case when <cooling the
semiconductor wafer after the deposition process. Here

again, the ring acts as a kind of thermal buffer.

30 Another advantage of the methcd according to the
invention and the device according te the invention is
that the ring «can be processed very accurately,
specifically poth in its dimensiocning and with respect
to 1ts roughness. The adaptation of the device

35 according to the invention tc 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.



20 tenperature value close to the tenperature of the sem conductor wafer.
The thernmal stresses occurring in the prior art can therefore be avoi ded.
The effect al so occurs when the tenperature of the 25 sem conductor wafer
is lower than the tenperature of the susceptor, as is the case when cooling
the sem conductor wafer after the depositdon process. Here again, the ring
acts as a kind_of thermal buffer. 30 Another advantage of the nethod
according to tRECOTHYRAt F6n t&Fd W HhR e %%oFﬂPﬂgr{aétPhéjHrr?\FetH{Y Gitis
that the ring tha bespepcessetheesytacadratelyi.espea fHoal |t§hebQ:tJ_h‘1g mits

di mensi oning a [ c o its,rou hnes The tation of t

devi ce 35 acco?%‘i"n?;;l ?llﬁgggl %v%% v %Po F%gcgg aﬂgp f &F=2TEary fe

t herefore be isproged, wh chaicsEmkes |prpﬁssrbﬁe be¢oaave) d aedhanjical
stress fields h ri S S o] or

Accordi ng to tﬁel%nggﬁ??og%gfteﬁg&{r% nad\?ée%%%?dl ‘rag%:ltgl 9%% l\ﬁuﬁsgggpt%% The
al ternative, ifeomt éelﬁéF@nﬁiH@tPifnga erge@oped heervaly @E’ovtél@c Hea Sissicpt or

surface by meapsuph cspaper q,aae%anqwew&élmtt@éeE@ﬁ@e@nQﬁoeé@t?od@é thpugh 5
this woul d have_t he advantage that_ gases di ffusing out from sem conductor

waf ers doped h8avFFyS offorHé l:}'albﬁk%f?%%re cBEl éfeélélééﬁle 1t eF&F1 P HELoW e ring
and "aut odopi nghe ehkteaks cechldlltmeftejcm ecbeeceducala ervidienellkers hand the
t hermal equj Iibr@ti o(rf"!n ef f.ect 1g?wneverthel ess be 10 redux g véfto t he

i ncreased ‘di st ARGRHF tHe 19 ngo U CREFERSFE the® S8RFCoductBF viafét) from
the susceptor (aadd n:hersufsa:eptltthd i tyemircdmdust of thRefpall yfnorrrductemb

stresses and S%hgéewkd bal RELesed.pPBROSLY O Gascould durlfery
be

enter between e SUSC tOi’
al so 1nduced stresses and sllps would

vvoul d
1ncreased

Deposition gas could furthermore enter between the ring
15 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
20 are avoided since the deposition gas cannot enter
between the susceptor and the semiconductor wafer, and
cannot therefore reach the backside of the

semiconductor wafer.

25 The semiconductor wafer to be epitaxially coated 1s
preferably a wafer of monocrystalline silicon, onto

which an epitaxial silicon layer is applied.

The semiconductor wafer to be epitaxially ccated 1is

30 preferably polished at least on its front side.

Preferably, the semiconductor wafer to be epitaxially

coated i1s etched and polished on its backside.

35 Preferably, the semiconductor wafer to be epitaxially
coated has a diameter of 150 mm, 20C mm, 300 mm or 450

mm.



be coated, which is undesirable. In the nmethod according to the invention,
conversely, the ring rests firmy so that any backsi de depositions 20 are
avoi ded since the deposition gas cannot enter between the susceptor and the
sem conductor wafer, and cannot therefore reach the backside of the
senm conductor wafer. 25 The seniconductorl4wafer to be epitaxially coated is
preferably a W@fer of nonocrystalline Ehlicon onto which an epitaxial

d

silicon layer T5Hbpt i etV 4RE S8 €bndbBEor "RARER t oK@ TEdNCaxital | y-¢oat ed
is 30 preferabisepoléshéd athdteast aerilidws friont pgodess Riaf@sablky, dde

sem conduct or o; be I i afl C ed.is etched and polished on its
backsi de. 35 Pre %ﬁ%.l@? % %bégﬁigényu%tégﬁﬁﬁi%ﬁo?ot%%p%ﬁ?¥%£?3rly coat ed
has a dianeter of 150 nm 200 mm 300 mmor 450 mm - 14 Another advantage

of the metBod @eeaseh 1ol 01§ hep-i Ruentian Jjsedhat (11 4 Qw%akg_%sp[g% Ss
f d atures:

w ndow to be w dened in respect of the deposition ten%%r
Conventional | Y2 W siPpios haFets £EF| MEsA WEREEE1WRt KO &Hrew sdeopithgr evel )

are nore sensigi Vel 16 Nessess tham @ﬁﬁ@rﬁéﬁ%ﬁ\ﬁ{frﬁev\éih a hi gher dopi ng
| evel . The tenperature for depositing an epitaxial Tayer onto 10 p+ silicon
wafers can therefore be selected to be higher conpared with p- silicon

mafe{s. T¥picaTh@epem?ét@ﬂutenPeF?kuﬁas1aQ@@§dhﬂ?eppifheaprEgyerakhtG P
si ngl e-wafer reactars re al | qus: - Lp+ a oped epitaxia
il e AL AT Y aflRs) HRaBaeBiasoie Fofeoteran

| ayer on heavily doped " silicon wa 5@ped
epi taxi al | ayeri@reneakiga dopedith p- silicon wafers,

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

15
p-/pt (weakly doped epitaxial layer on heavily doped
silicon wafers): 1120-1150°C.

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

In the method according to the invention, conversely,
sald temperature ranges can be increased preferably by
20-30°C (i.e. up to 1180°C for p-/p+ and up to 1150°C
25 for p-/p-): an epitaxially coated silicon wafer 1is
obtained which is stress-free according to SIRD, with
reduced defects and an improved geometry compared with

the prior art.

30 The depcsition temperatures in the scope of this

invention are therefore preferably selected as follows:

On silicon wafers with a high doping level (pt+), the
epitaxial deposition is carried out at a temperature of
35 1140-1180°C.

On silicon wafers with a low doping level (p-), the
deposition is carried out at a temperature of 1100-
1150°C.



20 silicon wafers) : 1080-1120C. In the nmethod according to the invention,
conversely, said tenperature ranges can be increased preferably by 20-30C
(i.e. up to 1180C for p-/p+ and up to 1150C 25 for p-/p-): an epitaxially
coated silicon wafer is obtained which is stress-free according to SIRD,
with reduced defects and an inproved geéﬁefry conpared with the prior art.
30 The deposition tenperatures in the scope of this invention are therefore
preferably selected as follows: On silicon wafers with a high doping |evel
(pt), the epihaxtihalr depodvdntonge s cafri edheut atlevdtenper atapesotioldb

NG (g W Ao (8 e e

is carried out at a tenperature o . ntage of
the el evat ed @epasionidestarenpeiret ures icberhby bie ledgovwasl | - 9ificef thhe

pol i shed §em1%%@u%rpi[]cm%§g gaBriher ety dig L@Bi%ﬁgaésh% £ hee Schayer

thi ckness profil'e of the epitaxial |ayer at the g f the sem conduct or
waf er i ncreas@89F (O AR a1EY CHBEET e Fhpbr @¥ er ees ardthbheledgeetol | - of f

can thereby bepeeipersat ednifrzatickhe descrihed sgihodraccopdingcha the
invention is iylt%gl forgprodu |Q€§g sem conduct or waf er which conprises
a front side &NET&WadlsiCGEPIH ©Igrovided on its front side with an
epitaxial layer that 1is furthernore free fromstresses according to 15

Ranot apogt aphy 50 LS CRaLre abe chedprbesel i e JaYERCEsH ( Lopeak to
val | ey) of geedttebliehadosr egealuctiog?2 am amdikbesduthanm owadgual whoch
comprises 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
15 photoelastic stress measurement ("SIRD") and which
furthermore has a nanotopography on 1its backside,
expressed as PV height variation (= peak to valley) of
greater than or equal tec 2 nm and less than or equal to
5 nm based on square measurement windows with an area
20 of 2 mm x 2 mm and a backside "halo" expressed as ha:ze
of greater than or equal to 0,1 ppm and less than or

equal to 5 ppm.

The semiconductor wafer according to the invention 1is
25 free from stresses according to characterization by
SIRD.

It furthermore has good nanotopography and haze values

on its backside.

30
The semiconductor wafer accocrding to the invention has
on the one hand no stress points in its surface and is
therefore stress—-free, i.e. free from any mechanical or
thermally induced stresses, in its surface.

35
By using a ring of silicon carbide in the method
according to the invention, which - as already
described above - can be processed very well

(particularly in respect of its roughness), the



5 nm based on square neasurenent wi ndows with an area 20 of 2 nmx 2 nm and

a backside "hal 0" expressed as haze of greater than or equal to 0,1 ppm and

| ess than or equal to 5 ppm The sem conductor wafer according to the

invention is 25 free fromstresses according to characterization by SIRD.

It furthernore has good nanot opography -and ttaze values on its backside. 30

The sem conduct or, waf er. accaqrdin t(%i':eﬁe i nvention has on the one hand no
is

stress points B9 145 Sr f add & &Fef 0PE stTREs- 38 | . fd€ from
any mechani calsewicdrvbratedt ywafiducedirst teesesidm a&ts s fase. 3aByiqusing a

ring of silicaqn.. [ in.t c ing to.the invention, which -
as al ready dggsbclﬁﬁéédﬁggb%}?/% ?gl'ggﬁ 'Egg%F(gge‘ggsg%rvgpytvﬁl Isusfjﬁg £ dulcan y in
respect of itdnaraAjRieds) atdededl16 mechanical stress fields at the edge of
the sem cgnductor wafer (in the prior art at the bearing points of the
sem conductor wafer on the susceptor) can noreover be avoided. 5 The

seni conduct or Viff eFCHEEBRENAGOE 0 MEHE T Ve TONY s Lot Hereef brEepEEPRr dlsl y free

fromany stresses ases dppgfet@ntharaaier t2ahi @mhOYs FEASS 8 phekoghastic
stress rreasurerrenté‘ ((J[SI R?,. b(%t.h on its front sjde and on its 10 backside
as vell as in the LaJeTESi R e B¥ysPaP Hefct PP &G Ed G 0 Si<eEPD

("light point meteflectnsjt oWEDRD] p bbehmeasut eseftonet kadieerahoyed, iase for
exarrpl € eR'O Stbaacclﬁ%sni%é aausl twsél ]hlallsl OlCA(Stﬁ)er é)éc}es’reagnidon .

The crystal defects, referred to as LPD ("light point
defects"} owing to the measurement method employed, are
for example epi stacking faults, hillocks or pits, and
15 in general structural epitaxy defects which can be
detected by means of 1light scattering as LLS
("localized 1light scatterers") by surface inspection

instruments, for example KLA Tencor Surfscan SP1.

20 Studies on semiconductor wafers according to the
invention showed the following results, respectively
measured in the dark field, oblique mode (DWC, DNO)

(oblique incidence angle of the laser in the SP1):

Defect size class: 50% cof wafers 97.7% of wafers
2 50 nm < 2 defects < 8 defects
2 90 nm 0 defects £ 4 defects
2 120 nm 0 defects < 3 defects
2 200 nm 0 defects £ 2 defects
25
For a vyield of »>= 97.7% (economically acceptable >=
90%) this means: 8 LLS defects >= 50 nm; 4 LLS defects
>= 90 nm; 3 LLS defects >= 120 nm; 2 LLS defects >= 200
nm.
30

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

following results are found:



15 in general

results,

structural epitaxy defects which can be detected by nmeans of
| ight scattering as LLS ("localized light scatterers”) by surface
i nspection
sem conduct or wafers according to the invention showed the follow ng

i nstrunments, for exanple KLA Tencor Surfscan SP1. 20 Studi

respectively neasured in the datk Tield, oblique node (DWO,

(oblique i nci de}rllce angle of the laser int eagﬁtli;: Def ect si,ze class:
waf ers 97. 7% of "%af 8PS COBFURIPE. Wi ifd dtit L aPlderets? JEXAMUT deteth
defects >-
For a yield of ,>5,97. 7% ( eC i ly . ac b =~,90% this nmeans:
defects >= 50 (r)]'m(m% E%Sgégfgggg E@‘l%ngagn%r?ﬁ)%fi@ gé?%c‘f”él'x 120 nm 2
defects >= 200 nm 30 Wth respect to the local planarity of the

seni conductsor waf ef,,a¢/0RdiRG 40 ;]il*b%aiﬂ\‘c%}“& e ngQRLQ' Lewiig, f &1

found: - 17 The sem conductor wafer prefera

120phamOr def ectsl e 3rgef,gct s 200awmd defect 8r< 2qdef ects

a maxi mum | ocal

es on

DNO)
50% of
s 54
25
8 LLS
LLS

are

pl anarity val ué® SFORHNO bf hgr d&t etraffmlory dagrdedt 60 @02bepptaltd? exs t han

or equal to 0, &4e PBubPedNEnFRXIEMEM:LBCAl mBhaRahihatly gvaldue SSHERAMX Qe oM

0.025 pmto 0.04 pmis preferably based on at,least 99%of the subregions
of a two-di nenétBRAYS gritd o nBdstr &tent ©* % HloweMwithe al P2k 6£9%6x nm 2
on the front stide obatthesenateddsenbeondfietroandabker canr@d ak«E@dgs @Xeusi on
10 2 my CQrT[Rrﬁlri son with sem conductor wafers epitaxially coated

of

15

20

25

30

35

Comparison with semiconductor wafers epitaxially coated
on a standard susceptor {according to the prior art,
i.e. without a ring support}) shows a significant
improvement by the semiconductcor wafer according to the
invention. Comparative tests under otherwise equal
process cconditions, but by using a standard susceptor
instead of the device according to the invention, gave
a maximum local planarity value SFQRp.x of 0.045-0.08 pm

for the epitaxially coated semiconductor wafers.

The semiconductor wafer according to the invention
furthermore preferably has an R30-1lmm parameter of from
-1¢ nm to +10 nm which corresponds tc a deviation,
measured at a distance of 1 mm from the edge of the
silicon wafer, of an average cross section determined
by thickness measurement from a reference line
determined by regression. This 1s an edge roll-off

parameter.

The epitaxially coated semiconductor wafer preferably

has an R3C-1mm parameter cof from -5 nm to +5 nm.

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

epitaxial coating.



on a standard susceptor (according to the prior art, i.e. without a ring
support) shows a significant 15 inprovenent by the sem conductor wafer
according to the invention. Conparative tests under otherw se equal

process conditions, but by using a standard susceptor instead of the device
according to the invention, gave a maxi mfndocal planarity val ue SFQRmax of
0.045-0.08 pm_20 for the epltaX|aIIy coated sem conductor wafers. The

seni conduct or Aaf&FPEc o nFeBSUEABTI Mfsht B8R Melthéariior eObr sfidia®y has
an R30-1mm parﬁlﬁﬁ afs faesrrid@dnmd ogphQ nm whiggh COPh?%DOWﬂ@ltO 7

devi ati on, red at nce of romthe edge of . the, s con

waf er, of an a €§ye E’Pos%g?l g%tl Hgﬁét%?%}%g%% B Tefied ssrﬁﬁﬁgﬁ?eﬁgh; from

a reference |litlee détekmesed bf kegs ebscom. wilfies iBagn fedgeekanptof foe

par anet er . 30 J@@ ﬁ?]l_ &30 ag%y rgé)éa}li;d mt ”dltll%tn% rvgaf pr %%O%@%hias an
-1 al ue

R30- Inn1paraneter o] rom nmto + e negatlve WE!
cor respond to RegDiTing, s¥®tene, fﬁomhléﬂdhseTﬁhéoédge byl | dofift igfl lyhe

seni conduct or a@i@ma@fﬂ@wa@owsﬂwegoggrséeftwﬁs @@thaél ahaCofly g 18 A
met hod for neasyrln t he” edge roll - offs of silicon wafers is scrlbed in

Jpn. J. Appl. Physt \Véue eB- 149199959 p (838P9r2pkYe rd«{qfecﬁfm@%rhn@tferas
related to theiliieknesseof §t§ttiﬁﬁna’¢\ﬁﬁﬁé gaytker ogxamel ea¥erd defeer m ned

by neans qf, the NanoPro NP1 topograp sur s en1fr m KLA Tencor, by
initiallyqocal%{ﬁ’sastin@eggbopﬁdl é‘& % a‘i d}‘?g h"%% @u ng6P of the

entire i mage (dopography, towsber (meyy )cUﬁV&iyEﬁOﬁC@@cMﬁfer agtlamtlin@tat the
center of the ngfgl g?@%s sections are averaged for each sector. For
a reglon with a distance of from R-5 mm to R-35 mm from
the edge of the wafer, a 3™ order fitted reference line
15 {("best fit™) is calculated. Finally, the fourfold
symmetry of the edge roll-off 1is averaged out (by
averaging over all the radial thickness cross sections)
and for example an R30-lmm parameter 1s obtained by
determining the deviation between the averaged radial
20 cross section and the reference 1line determined by
regression at a distance of R-1 mm from the edge of the

wafer.

The deviations |between the average radial <c¢ross
25 sections per sector (individual tracks) and the
reference line may also be considered as an
alternative, so as to obtain a roll-off wvalue for each
sector. In the scope of the present invention, average

roll-off values were considered.

30
The semiconductor wafer according to the invention
furthermore preferably has a resistance uniformity in
the epitaxial layer of greater than or equal to 2% and
less than or equal te £5%.

35

A pPCD lifetime is preferably 2500 - 3000 ps. This is
the minority carrier or recombination lifetime (pPCD =
"micro photo conductive decay"), which is determined by

means of 1light technology excitation and subsequent



10 cross sections are conventionally divided into 4 sectors S2 to S5
(respectively 90 sectors) and all 90 radial cross sections are averaged for
each sector. For a region with a distance of fromR5 mMmto R 35 mmfrom
the edge of the wafer, a 3rd order fitted reference line 15 ("best fit") is
calculated. Finally, the fourfold symett§ of the edge roll-off is averaged
out (by averaging over all the radial thickness cross sections) and for
exanpl e an R30MFARTpEFGRE 8F T8S0RESPHeGUBYE - det er mi ni ng the devi ati on

bet ween the averaged radial 20 cross section and the reference line

determ ned by gression at .a distance . of RR1_mmfromthe edge of the

waf er. The devFégi5ﬁ%ﬁﬁﬁ%éhﬁF%$ew3§%Fadésr%ﬁﬁgfr%p%%sa 2%m§%g??§%%t%%r
sector (individadkrt padksheandon heher érenénceidd nendaprakvsdehe wdansi gier ed as
an_alternafivep;50.as1t9.0BkabA Ancobbiolfoxakbe, o qach sector. In the

scope of the present 1 nvention, avera alués "'were considered. 30
The sem conductor wafer according to the invention furthernore preferably

has a resistanpecBarbpl i tythe theiepnk@wital | et 0f qr eaé@ér}écba@i\&& equal
to 20 and |ess EQ?HQSr equal to 5% 35 ApPCD lifetime 1s preferably 2500 -

3000 ps. This PS8 nPRof FEyPaSrFLER - or reconbination lifetime (pPCD =
"mcro photo conductive decay"), which is determ ned by neans of |ight

t echnol ogy, excitati on._and bsequent - .19 - neasurenent of the decay curve.
The senicd%ﬁucFE? ﬁé?giyrs%%¥%f%?%b?9n%9%%ﬂ¥cHﬁ%ﬁEtgENSm%f@ﬂaﬁﬁFF§héﬂfon t he

front side andlpPowinded0®i tdn, aBC0 mm or 450 mm.

The epitaxially coated semiconductor wafer is
preferably a wafer of monocrystalline silicon, onto

15 which an epitaxial silicon layer is applied.
Figures

The invention will be illustrated below with the aid of

20 figures.
Fig. 1 shows a device according to the invention.

Fig. 2 shows the result of an SIRD measurement (prior
25 art).

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

semiconductor wafer according to the invention.

30 The meaning of the bearing points visible at the edge

in SIRD measurements is explained by Fig. 4.

Fig. 1 schematically 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
ring 2 contains an recess Za in the edge region to

receive the substrate 3.



5 epitaxial |ayer on the polished front side. Preferably, the sem conductor
wafer is etched and polished on its backside. 10 Preferably, the

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

nonocrystal line silicon, onto 15 which af epitaxial silicon layer is
applied. Figures 2e|nvent| nwill elllustrated belowvmththe ald of

20 figures. bgl oA dégl Fcef ALOr dPhg 2 PhEP MAARYTTHCTH g°f2 Shows
the result of wnﬁtcﬁmim‘asnrearé@r (aplitama%yabb)ateﬂl gccdrsiiows tidheHeesul t

of an SIRD ne on se d ccording .to the invention.
30 The neani n?y{gﬁ% eafr[fgﬁ(a’ pg};%%g \%?Eélg ?ifi% %g Ib i°n o8 RO the
measur ement s i sukkatai ned bytFeg. Sfﬁmilitcgldllcmemﬁlfeal I ywshows sttheess

structure of therdeudecsaseongi 09 8ot REal NYEOLLAN i Iha I1G Z.1s RlAced on

the 35 susceptor 1. The ring he susceptor 1 have their mensi ons
configured to F&&ei V&t h@%utﬁé‘i?%rt e Vﬁllclfhe COUGRPEOEhNtd nslfam @SS 2a in

t he edge regi o £t p=rdéees ver t he-subspgate 3. - 20 Fig. 2 shows the result
of an SIRD neasurenment of a sem conductor wafer epitaxially coated

according to the prior art. Here, local stress fields can be seen in the
surface of thermﬂmmﬂﬂ@r@mc@vafmttwkhb shersaobS tdiithkarernces rdfande toF 600

kPa. Stre fi n_als seen at t he _edg whi_ch .correspo 0 its
stress %‘ fer@Jﬁces %‘?r Elglﬂ?’ TR&ES ﬁf%?F%geﬁgelB&Ft%Fﬁ?%ﬁmﬁr}d&%e
th|ckness vari antenafy and extraordinary light rays, which

respectively have a different propagation velocity.

Fig. 3 shows the result of an SIRD measurement on a
15 semiconductor wafer according to the invention. The
semiconductor wafer is free from any stress fields,
measurable by means of SIRD, both in the surface and at

the edge.

20 Bearing points of the semiconductor wafer on the
supporting device of the STIRD measuring instrument can
be seen at the edge. They are therefore not
attributable to the method according to the invention,
i.e. they do not correspond to stress fields such as in

25 the prior art, which may result from the bearing points
of the semiconductor wafer on the susceptor. No stress
fields are detectable by means of SIRD. The
semiconductor wafer thus has no stress fields with
stress differences greater than or equal to 6 kPa.

30
Lastly, Fig. 4 shows the meaning of the bearing points
visible in Fig. 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 a flat, cor to a laser marking.



10 the wafer. "Fringes" are created by interference of the ordinary and
extraordinary |ight rays, which respectively have a different propagation
velocity. Fig. 3 shows the result of an SIRD neasurenent on a 15

sem conductor wafer according to the invention. The sem conductor wafer is
free fromany stress fields, neasurabl® by freans of SIRD, both in the

surface and at__ the edge.. 20 Bearing poi pnts of the sem conductor fer on
the  Suppor ti nEPEEY | BETGHihebS RO neduift | Rg THET Ut B4R <18 BLHTat t he
edge. They aremahebef previaded, atbni bet aklee tion tang rEstRDdnscoorchigrg: tan t he
invention, 1i.e. Corr o] es i.el.ds AN t he
prior art, mhi%hséggxpggﬁﬁgg rgﬁyﬁﬁg ggg%fn§£%biﬁ?ge%gg’tEﬁﬁgéﬁf%%ﬁaﬁgtor
waf er on the satcepsoifieNdsstwlaish woeldsbar gugettddtadiiive ly detastadfles RD
The sem capdugop.umferrt Bugphas no stress fields with stress differences
greater than or“equal to 6 kPa. 30 Lastly, Fig. 4 shows the neaning of the
bearing points visible in Fig. 3. Three bearing points can be seen, which
are caused by the sem conductor wafer being supported on the supporting
device of the SIRD 35 instrunent. Another point can furthernore be seen,
which is attributable to a nmechani cal marking such as a notch or a flat, or
to a laser marking. - 21 These bearing points, and a nechani cal marking
which may be provided, can be seen in any SIRD neasurenent on a

sem conductor wafer. They are, however, not critical stress fields which
woul d be quantitatively detectable 5 by nmeans of SIRD. - 22 -



Patent Clains 1. A device for supporting a sem conductor wafer 5 during the
deposition of a layer on a front side of the sem conductor wafer by

chem cal vapor deposition in an epitaxial reactor, containing a susceptor
whi ch has a gas-perneable structure and a ring, placed on the susceptor,
which acts as a thermal buffer between THe¢ 710 susceptor and the supported
sem conductor wafer. 2. The device as clainmed in claim1, characterized in
that the ring placed on the susceptor consists of silicon carbide. 15 3.
The device as RAatamedlaims ai m 1, characterized in that the ring placed on
t he susceptor consists of graphite coated with silicon carbide. 20 4. The
device as clained in claim1, characterized in that the ring placed on the
susceptor consists of & dﬁﬁﬂ@@ldﬁﬂmhﬁ@nphaélagthErﬁamlconductDV|mwf@ﬁ 5-100
WntK at aﬂ“ﬂlﬁfﬁ&%&@dé&&@&ﬁé St Iheadeyi 68 as rebalkmed den %'hré‘ 1,

characterized in that the rlng [aced on the susceptor consists of
mat eri al whi ¢S HRSC A Her ol WebRauel viapisr ls-spay nﬁ'@lﬁpoﬁ%taotleﬁfﬁera@t ure of

1000C. 30 6. Theievige asaetairmeddmtOlraing la ehakagter zgd ci nhhbaty the
ring placed on the sus %& or consists of a  mater, al mhlch has a therm

conductivity of*IoE%ge K S5 Terperdidr € off {IgoocPlefef e dé ce as
clainmed in cl asunc’lf;pMBa,r ashéchzeddts mag hat tmheerr&llscmpﬁmr andtmgenr itm@g have

their di nsi u ce m con uct or with a
di anet er &EICHQE§X§9$ %?%Q§S#%%1£S %%EF ccn% %tor %an1and 450 mm
- 23

2. The device as claimed in claim 1, characterized
in that the ring placed on the susceptor consists of
silicon carbide.

15
3. The device as claimed in claim 1, characterized
in that the ring placed on the susceptor consists of

graphite coated with silicon carbide.

20 4, The device as claimed in claim 1, characterized
in that the ring placed on the susceptor consists of a
material which has a thermal conductivity of 5-100
W/m*K at a temperature of 1000°C.

25 5. The device as claimed in claim 1, characterized
in that the ring placed on the susceptor consists of a
material which has a thermal conductivity of 5-50 W/m*K

at a temperature of 1000°C.

30 6. The device as claimed in c¢laim 1, characterized
in that the ring placed on the susceptor consists of a
material which has a thermal conductivity of 10-30
W/m*K at a temperature of 1000°C.

35 7. The device as claimed in claim 1, characterized
in that the susceptor and the ring have their
dimensions configured to receive a semiconductor wafer
with a diameter which is selected from a group 150 mm,
200 mm, 300 mm and 450 mm.



8. The device as clained in claim7, characterized in that an inner
dianeter of the ring is less than the dianeter of the sem conductor wafer,
for which the 5 susceptor and the ring are configured. 9. The device as
claimed in claim8, characterized in that the ring has an annul ar recess,
which has a width of 5-15 mmand a depthédf~0.3-0.7 nm in the 10
direction of its inner dianeter. 10. The device as claimed in claim9,
characterized in that the ring has a thickness of 0.5-1.5 mm 15 11. The
device as clai®ed in cThémidyicharacténimed lhndumﬂthnach&ﬁéﬁﬂéxlﬁaﬁ a
porosity of at.le 15% . of-0.5-1.5 g/¢cnB., 12. met hod for
produci ng ep|t5§|gﬁ%§ gééleg%raéﬁégﬁ?%%h U%t%?emé é ls|& ﬁﬁ|§ﬁ lk

mul tiplicity ofliaBerttoreftictidre waferisopolicslved anfkeast fon theichf rom
sides are Q)rep@u@é’eﬁf‘grSé'ﬁﬁe@ﬁévﬂﬂgcé’?éegoh?g%ﬁﬂ-%&al|y by appl yi ng an
epitaxial |ayer onto their polished” front sides by chem cal vapor
deposition at 25 tenperatures of 800-1200C in an epitaxial reactor, by

respectively sgpportinghengedicthasprepaned isem1aaRduct %é/&@é‘c@cre%l%@
device as claimed in one of claims 1 to 11 so that the sem conductor wafer

rests on the +?n§hQQSt%%cﬁﬁW%e?%%e§“aQﬁﬁ%¥ﬁﬁoFeFﬁéssuﬁﬂﬁﬁQwhéé Faving a
gas- per neabl e stdtict wrfe bulSdmﬁﬁ antl tougbpthe ofsuscepbor, ng t hat tgaseous

subst ance re d n1a r egi on_over t he backsi de of the
sem’condu?“toa dg?%&y %ﬁ TftUsFon %%@%E%ﬁ the susceptor into a region

over the backsi de of the susceptor and 35 furthernore the senlconductor

waf er comes in1§0”taCtTh¥‘&Qv598 L5NG 190Kyl B Qﬁaﬁqg% r%ﬁi%@c[ﬁg

backsi de, and furthernore no Stresses neasur mean astic
stress neasureh@n%h%tsﬁhﬁi;l@@chﬁslﬁ théckness Of 0 5 1.5 mm.
15 11. The device as claimed in claim 1, characterized

in that the susceptor has a porosity of at least 15%
and a density of 0.5-1.5 g/cm’.

12. A method for producing epitaxially coated
20 semiconductor wafers, in which a multiplicity of
semiconductor wafers polished at least on their front
sides are prepared and successively coated individually
by applying an epitaxial layer onto their polished
front sides by chemical vapocr deposition at
25 temperatures of 800-1200°C in an epitaxial reactor, by
respectively supporting one of the prepared
semiconductor wafers on a device as claimed in one of
claims 1 toc 11 so that the semiconductor wafer rests on
the ring, its backside faces a bottom of the susceptor
30 having a gas-permeable structure but does not touch the
susceptor, so that gasecus substances are delivered
from a region over the backside of the semiconductor
wafer by gas diffusion through the susceptor intoc a
region over the backside of the susceptor, and
35 furthermore the semiconductor wafer comes 1in contact
with the ring only in the edge region of its backside,
and furthermore nc¢ stresses measurable by means of
photoelastic stress measurement ("SIRD") occur in the

semlconductor wafer.



sem conductor wafer. 24 13. The nethod as clainmed in claim 12,
characterized in that the prepared sem conductor wafers are mafers of
nmonocrystalline silicon. 5 14. The nethod as claimed in claim1l2,
characterized in that a deposition tenperature of 1140- 1180C is sel ected
for the epitaxial coating of p+ doped si44con wafers. 10 15. The nethod as
claimed in claim12, <characterized in that a deposition tenperature of
1100- 1150C is selected for the epitaxial coating of p- doped silicon

waf ers. 15 16.1A. sem chnduct aethwater Qﬂﬂpriéiimmédfromh sidaaiand a2,

backsi de, whic t _si th an epjtaxial 1ayer that
is furthernor Q?%g%g %%%?ggtggsgéétagggrgrﬁ aFSQLﬁ&ﬂhﬁ%éﬁ 3x§ir o
measur ement 202(e SFREYs aptl mhirehrysteheiner gihasoma. nanot opography on its
backsi de, expressed as PV height variation (= peak to valley) of greater
than or equal to 2 nmand less than or equal to 5 nm based on square
nmeasurement whdows WRH anmgt8gdof 2smm xclrigdnd anbackdigda 25 1%hal o"

expressed as h@H@r@&tQiﬁ@é@rlﬁh@HaQrae@@?bsﬁﬁlog %e&@@f@@%ﬂéﬂgftﬂyﬂbin
equal to 5 pan§§§ CThe senlconduct er as clained in claiml
n

characteri zed edge PELECSER phPaneths @Plﬁﬁ&mallocoéélﬁﬁ1t%f+£U'nm
whi ch correspodeised os Al dewvn ata O8rs reasured at a di stance of 1 mmfromthe
edge of t silicon wafer, of an average cross section determ ned by
t hi ckness 'neasurenent froma reference |ine determ ned

15. The method as claimed in claim 12,

characterized in that a deposition temperature of 1100-
1150°C is selected for the epitaxial coating of p-
doped silicon wafers.

15
le. A semiconductor wafer comprising a front side
and a backside, which is provided on 1its front side
with an epitaxial layer that is furthermore free from
stresses according to photoelastic stress measurement

20 ("SIRD") and which furthermore has a nanctopography on
its backside, expressed as PV height variation (= peak
to valley) cf 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

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

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

17. The semiconductor wafer as claimed in claim le,
characterized by an edge roll-off parameter of from -10
30 nm te +10 nm which corresponds to a deviation, measured
at a distance of 1 mm from the edge of the silicon
wafer, of an average cross section determined by
thickness measurement from a reference line determined
by regression.
35
18. The semiconductor wafer as claimed in c¢laim 16,
characterized by a maximum local flatness value SFQRupax
of greater than or equal to 0.025 pm and less than or

equal to 0.04 pm.



by regression. 35 18. The sem conductor wafer as clained in claiml16,
characterized by a maxi num |l ocal flatness value SFQRrax of greater than or
equal to 0.025 pmand less than or equal to 0.04 pm - 25 19. The

sem conductor wafer as clained in claim16, which has a resistance
uniformty in the epitaxial |ayer of gre?aie‘r than or equal to 2% and |ess
than or 5 equal to 5% 20. The sem conductor wafer as clained in claim16,
whi ch has a reconbination lifetinme by pPCD of 2500 - 3000 ps. 10 21. The
sem conduct or Waf er asTied asemtcondatadsm dbferchar athemezedn rclthat lid, is a

waf er of nonocrys II|ne SI|I 0 nt.o V\:hl. h_an _epitaxi SI|I on .l ayer is
applied, whi ch’ k%;aésﬁla diamét ef e% ngg bgormlt§00 mntql% ai

layer of greater than or equal to 2% and less than or
5 equal to 15%.

20. The semiconductor wafer as claimed in claim 16,
which has a recombination lifetime by uPCD of 2500 -
300C us.
10
21. The semiconductor wafer as claimed in claim 16,
characterized in that it is a wafer of monocrystalline
silicon, onto which an epitaxial silicon layer 1is
applied, which has a diameter of 150 mm, 200 mm, 300 mm
15 or 450 mm.





