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Epitaxially coated Sem conductor Wafer and Device and

Met hod for Producing an Epitaxially coated

Seni conductor Wafer 5 The invention relates to a

sem conduct or 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
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chem cal vapor deposi |Qn .ing chem cal

vapor deposition, in °5 hgffg deposi tion of

an epitaxial layer on a PoI [ shed sem conduct or wafer,
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In "autodoping", dopants- pass from the backside of the
20 semiconductor wafer via - the gas phase into the
depesiticn gas, which is fed over the front side of .the
semiconductor wafer. They are then incorpora'ted into
the epitaxial layer, predomlnantly in. the. edge reglon
of the front SJ_de .ef" the semlconductor wafer, and
25 therefore cause more or less . pronounced undesired

radial varlatlon in the res:.st:.v:.ty of the epltam_al

layer.

© "Halo" reférs to a scattered light effect which 'is

-30 caused by 1ight—séattering structures on the backside -

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 'se‘micm.xductor'
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



35 wafer, at which regions with a native oxide |ayer
adj oi n regi ons where such an oxide |layer is notor no

| onger present” These transitions occur when renoval

of - 2 - epitaxial deposition was inconplete. One
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30 DE 10328842  discloses a susceptor, which has a 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 ‘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



al so avoi ds undesired nanot opography effects on the
backsi de of the sem conductor wafer, which occur in
the case of susceptors with holes. Holes in the
susceptor affect the tenperature field on the front
side and 5 backside of the se¥riconductor wafer to be
coated, which leads to locally different deposition
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re sui Hwe for determ ning the nanotopography. The
nost sensitive nethod in this context, however, is
25 SidPnerScapnodibigen nf nar edtﬁ?epoleqwﬂtaaiiabn")c@tri@e of

nOt é)é}lll ahhgéopm @f%gsphoi%l%tsi C §{:f§§s§=§§ camp bethe

sure %he SI RD rrethoci1 O wan lead
i derﬁﬂlfwﬁ@llgt?%@'sedr .Ser“agon YGERE WEFPRT4 nEEC
Bpi taxiddlsldededrss damghsthp$s based on opti cal
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can #¥reavoiededkdavi hgon Hehe 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 mephod 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 semlconductor wafers by redu01ng~
35 the temperatures during the pretreatment steps in a
hjrdrogen atmosphere (bake} and with the addition of
hydrogen chloride to the hydrogen atmosphere (HC1l etch)

and in the actual coating step.



epi taxi al coating of sem conductor wafers by

.redUci ng 35 the tenperatures during the pretreatnent

steps in a hydrogen atnosphere (bake) and with the

addi ti on of hydrogen chloride to the hydrogen

at nrosphere (NM etch) and in the actual coating step.
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particl es during production of the susceptor. 10 The

susceptor preferably consists of graphite or graphite
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Shpphcanirgakbkdei cdituctor wafer during the deposition of a
layer on a front side of the semiconductor wafer by
chemical 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 puffer between the susceptor and the supportéd

semiconductor wafer.



The device according to the invention conprises a

ring which is placed on the susceptor, the ring
preferably being selected in respect of its thickness
and in respect of its material properties so that it
acts as a 20 thermal buffer-between the susceptor and

t he supported sem conductor wafer. This ring
preferably has an inner dianeter which is |ess than
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preferably a ring of silicon carbide. The use of a
gr apfi®ddeing, which is coated with silicon carbide,
liss al so preferred. The ring preferably consists of a
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This ring preferably has an inner diameter which is
less than the diameter of the semiconductor wafer to be.

25 received,

The outer diameter of the ring is prgferably greater
‘than the diameter of the semiconductor wafer to be )

" received, and preferébl&wcorresponds to the diameter of

30 the susceptor.

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

preferred. ' T ‘

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.



The device according to the invention is preferably
configured to receive sem conductor wafers having a

di aneter of 1501 t, .200 mm 300 mm and 450 mm

According to the first aspect of the invention, there

is provided a nethod for produa ng epitaxially coated
sem conductor wafers, in which a multiplicity of
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The front sides of the prepared sem conductor wafers
are furthernore preferably polished free from

streaks, 10 for exanple by a soft polishing cloth

with the aid of an al kaline polishing sol. In the
literature, this step is oftenjreferred to as CWP

pol i shing ("chem cal -mechani cal polishing"”). 15 After

t bempalridshicag, whiferseni caaduchor seaf esrsdan®er wafer rests
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preferably 1 mmthick. The ring furthernore

preferably has a |ikew se annul ar recess for
r%e?%%ge%‘énﬁcﬁd@@o CRiEférls produced according to the
‘prior art, preferably by c¢rucible pulling according to

Czochralski, is gsliced intc 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



10 The annul ar recess preferably has a depth of

0.3-0.7 mm particularly preferably 0.5 nm and a

W dth of 3-15 nm particularly preferably 6 mm 15

The ring is preferably a ring of silicon carbide. The
use of a graphite ring, whichgsis coated with silicon
carbide, is also preferred. 20 The ring' preferably
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through to the backside of the susceptor where they

are HKELUR RIS (0.0l Lo gl&geggasﬁa%@rm\e%@m

fromthe Teas tT éam e oxi yer
beenogéﬂﬁy@g§cgﬁtgﬁmﬂgﬁﬁ on a ring which is in turn placed

25 on the susceptor, so that .the backside of 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 -po:osity {pore
. volume/total voluﬁé) 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



20 preferably hydrogen chloride, is added to the
flushing gas.in order to snooth the surface of the
front side of the sem conductor wafer before
depositing the epitaxial layer. 25 In order to
deposit the epitaxial layery $he sem conductor wafer

to be epitaxially coated is hraught to the depaqsiti

L enpEhat Lo 2448 BRos FROMESSIEIEr PRE" it Condnererer
- waf gfd i heb sapigditcidn senhtamduatiorhwalfefeposi ti on, gas, .
whil e the backside of :the-substrate 30_ wafer

pref erably continues to-be expqsed tq,th ffect .
t he' Th¢ ushitdg dés.pfﬁgeﬁ%%%%ifﬁbnqﬁggtcoﬁfgingﬁ Bhick,

conppandsulhrth, rfaferabhey @rfelchRent®al A3 edPed, more
pr OV%Qﬁci%ﬁkiﬁ}Pfcﬁ%ﬂeE&blfgol Me3%hibe. | ayer. These
e

subst ances preferably include silicon, germni um and
the dopants such as boron. After the epjtaxi.al Lgxggar

has Beenridepdeirtbermetre RIATCERPAY | 32T dat Ed-ew:se

sem gonsliictror Meddlving eenl ethdukdpr exairise in a flow
hydr ogen which is fed through the 5 reactor. The

fect of the ring resting on fhe susceptor.is_that _
t he Besr eomthadt ﬁe%&ﬁer«p‘}?%?ﬁ%{%olﬁ?sac? \%le{’{ﬁh_t Re 425-0.7
susce} ofamndul Aelefprafeelpyi 85 Mo 1 @sFigshnes Pl

10 ifs Surtace . Ne sserbeaptycs e wafer is therefore
. stress-free, I.e. "has no mechanical stresses, inits

surface. A ring made of silicon carbide furthernore
BEr vEke ting5isrpmferabivnd ing efupalient GATPRET nal
buf fer between the sem conductor wafer and the

susceptor. The effect qof. . this:.is t 0 itsherdBlddy with
indu?@% YPesths? mﬁ{%ﬁxﬁﬁhlgl+%hdag%cgi§1ocations "

and silipmn cechidovdF GASPHR*MEH PRy points at the
edge. :

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



20 For -exanple,- the SIRD Metrol ogy System from PVA
TePla or the SIRD-300 device from JenaWave is

suitable for determ nation of the stresses. The
sensitivity of the TePla SIRD device is-6 kPa. A
stress-free semi conductor 251@Qafer in the scope of
this invention is therefore intended to nean. ,a ch
sem tdendBREHTONBICEPTWHIATE Thaehe® stiPEssBE o1 kP e
nor esusBeptot Hentf oant sime and backsi de and al so the
edge region of the serri conduct or wafer can be

studied. wt | RD neasu

Ther'@iFs 4o §x8 ﬁg{v‘ﬂﬁ dy or%gegge Iﬁtewg%ﬁ&e%t of
Gas ehef sgmnmdqctmafa@af@hgﬂhqiilsttml\/éﬁ@%corlﬂ}ﬂcé% wafer to
' ot hr Wisie aikAdl Cat @Bated daka gfr@gaﬁ’dd:dlgaﬁﬁr espesednto ‘a
sem uct or vvafers u

S R[j;‘iflﬁ r8fofes 7 ]flg r eelg)(’ect I"vel 3%%{%&?%%]:?? olnn ordex
si dé%ﬁam@mk@eu@aéhaesfyﬂtd@ t-A¥SBdge region (without
edge exclusion) of the sem conductor wafer. - 12 -

%' ' ‘&g f o, dASkancs d g!@ﬁt Drodhet et iE¥Shdy | RRXPERIEYSLving

ernore rea rocessaige Si |, COE carbid  om

| s G?&qlﬁ’élﬁl? utBY -, %ﬁﬁd"" Herast ore f5@& ot EE 1%

| i ghtheguisdri ebidisttr 5vwiliersi negeapsal & r @ast ods L fiden

?Let ??E&g EBQ”h@@oﬂémﬁﬁﬁdgmé@@u@yuﬂﬁaﬁﬁ @hel Bukagpsor,
e e

t of thi |
cusdeft o HEPETRnSe RETRE DR 0NBUBLOT: i el P “Ar SO

1hi ghéroughpler dihe dackahde et s‘ﬁ@céﬁﬁ@?PW W TehEhey are

pr ekLeah Mg b?n@hﬁoalblﬁgoﬁtenﬁshiﬁl@ergﬁal layidi memoesd from
str %?eg %Egre geeur at the points of contact
h

Teptor rea Wwhich in the worst case can | ead
to 15 di sl ocati ons and slip of the sem conductor
waf @frcekn thle ®ase ofayersuscepbesn hawmogedy rémgetchant,

%spe %'%be&rﬂ§E&é§énSbhh8£Ehé%”i§<HadeHOW%V%me teheshing
era ure
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 °~ brought in ‘contact with a

" deposition, gas, while the backside of “the .substrate

30  wafer preferably continues to- be exposad to the effect
of the- flushing gas.

The deposition gas contains compounds which, after they
are chemiéally' cleaved, provide substances that form
35 the layer. These substances preferably 1nclude sxllcon,

germanium and the dopants such as boron.

.A deposition gas made up of trichiorosilane, hydrogen

and diborane is particularly preferred.



the ring is higher than that of the susceptor and has
a 20 tenperature value close to the tenperature of
t he sem conductor wafer. The thermal stresses
occurring in the prior art can therefore be avoi ded.
The effect also occur S whenlithe tenperature of the
25 sem conductor wafer is |ower than the tenperature

. of the susceptor, as is the case when cooling the
sem goRAUCtRE v&ﬁxﬂaxaﬁlerlayaz deposbteon grrocdésd, the

He | rt , for
o A DY, Skt e B

accardi,n
to t$EmOlRyéit Rohtafhdot Ny eBeWh’ac@cd'lsdl 5g %gr?lﬁ%h *the
imverdgdcawri.s-that the ring . can be processed very
accurately, specifically both in its dinensioning and

with respect to_its rqu hnes The ap, ' f.

fevi T S3B5ECEF iy T Ao HAbE Bt roqrarol ik hat
senitendremorondietro arvafiesr ehef e e iGPHEEFEd, Wikt cHhe
al sosmk@sokt apQSEhbLerd e avmipdiseshani satest rpsimts in

]\flglaelﬂs atsuti gcg ear‘f’h%q %%hl?Egncgjcttﬁ‘Ee ﬁﬂglco'}gufttﬁérefore

cordi ng odi_nent of
i nvestiaesaLEeRy Fn@ r 83Fs i MECRRYLGH (T EiRECeptidr 150
The altmesative, i.e. to hold the ring a few
mllinmeters above the susceptor surface by neans of
spacers, is however not preferred
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neverdiiel éssd beo rdidiced tdAp RN SLARS i RG@Fseyen on the

di stiangengf pdhee o iaRg chanddgder efore the sem conduct or
v(\ﬁafer) from the susceptor, and the susceptibility in

2terms of thermally induced stresses and slips

be iFeor @a@@@leDeﬁggl BiLBR Yasrelravd Sﬁ’ﬁF?‘HeiEﬁ%F em\g}htg?ma

bet waencidesTrmHE BN dddiees roeptienatavd hds shbtaelferfor

baCkcﬁ t%%\}oﬂéq:dgorﬁl 5P pﬁecgéj:@éjses\’m"l‘ﬁ@ 's%nHBQﬁ‘Siﬁyahi@ the
accor di.ng ?{ vent |§ csoer}a\é‘%o%gugtor

{ e T4EAg. BOBD<ITAdR JA08 PRAC At BASKEriR

adepoaifieironsn arcdeavetesd sfnceisheinfegrddioni oks gagerefore

canngt. SRLET RetHeED Lhacpussepidorandkie Whlch has no

sem conduct or and cannot her.ef ar ch_the
back&irGESEP toFFeé %F%oﬁ’&ucr% or "wa % a % efgo‘%% 514 ana

senitearkdide orndasbso t theeddsi tréﬁila’lll 9t c*és& exprigonductor

pr efigrabl y d’énWafb%r @rugpBacr ystial | iesesi [SI@on, .reatoring

: h t [, ample
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pr efiey afley grais scw‘edg%emerféa’stmeeﬁur%%g f+1bﬁﬁru§‘ie&’és Unless
Pr efamablyset ha nsierheenductatawafregatdinge epitepdesl | yin

coatseeqnllcsngs%tﬁ&d AL RO 5hed | & b8nDacK 4 0® therefore-

Pr ef'e e sen caonduct or er 1o be. epitaxiall
coatré&aﬁ&s rSSH?%%‘feéfY g 156 FFFFﬁl 2 %%@ ok 3 dnd
3450 bl the edge region (without edge exclus:Lon) of the

semiconductor wafer.

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



- 14 - Another advantage of the nmethod according to

the invention is that it allows the process w ndow to
‘be widened in respect of the deposition tenperatures:

5.Conventionally, p- silicon wafers (silicon wafers .

\;Vltﬁgsa I o¥vhdopi ng | Ievel ) arel#ore sensitive to

ses an p+ silicon i [ '
evelike femelbERDeCTREFor TRPUSE A I e T o
| ay efar@Réanck@ presiiligompraabesablean Bhe¥edor €appide 1is

sel ect t o, b8, High i ned |1 13

1 SQ §t ﬁ-r ghel LARIEEH: MM ddePnad |ieon to light
mafelpg. ﬁ'g ca .cfep.osriti on terrperaturens accor di nog tlog
t he PEEBr CtEi-n singl e-wafer reactors) are as

fsol  ows: 15 p-/p+ (weakly doped epitaxial |ayer on
- heavily doped-id£0Red@cdiss )uselil 2l idied fromp-dypve

(weakly doped epitaxia n weakl

We: y doped 20
S|Iﬁ€3n?ﬁﬁ§% §5.6f5§09ﬁiggégk?%'the nEthodpaccording
to the invention, conversely, said tenperature ranges
can qhe i Rereased opr efmiiahl y wbgn20u80@s (i ae. cgpveptional

180C for, p-/pt :
JESS DL 8 el o0 o
st r ddgher ecte®RVIANTRTG t 6P RD-2 % téﬂ"srcgé’ggléd 8@?%%15 the
and pjRtieptmaiad geoletaoptéoapartePsy t FheF@apiy or 1afyced
30 T%?Fggggséﬁé%;foﬁee@a%@t HE e8hd Ipdihe sse@peocntathigith

N s e
1(5p+)distbeaetit=anal sdépost ttihen spgt cEQr gmg%ﬁ -e\ée
t enper at ure of
In the case of a susceptor having a ring, especially a
ring of silicon carbide, however, the temperature of
the ring is highexr than that of the susceptor and has a
20 temperature value close to the temperature of the
semiconductor wafer. The thermal stresses occurring in

the prior art can therefore be avolded.

The effect also occurs when the temperature of the
25 * semiconductor wafer is lower than the temperature of
‘ . the susceptor, as is rhe case when cooling the

semiconductor wafer'after'fhé deposition process; Here

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

30 Ancther advanﬁage ‘of the method according to the.
invention and the device according to the invention is
that the ring -can be 'processgd ‘very accurately,
specifically poth in its dimensioning and with respect

to its roughness. The adaptatioh. of the device

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.



351140-1180C. On silicon wafers with a | ow dopi ng

| evel (p-), the deposition is carried out at a
tenperature of 1100- 1150C. - 15 - Anot her advantage

of the elevated deposition tenperatures is that the
edge roll-off of the polished gem conductor wafer can
thereby be inproved, since the [ayer thickness
prattbedofs t he epi t@ialinkayenrattieheidger ioh,t hehe ring
Se@ege d&ff%tn‘gg o%r th@cgﬁgé o‘ﬁ‘ “i" '5!@%@%%1\;@, i.e. to

ositiaon rat ures-
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a E@@zlﬁSIt%% éiﬂ:ldépt@z_epr esgednas éﬂ;@é@p@{bmlw ein tf@fns of
nmand | ess t han ol qugl

gual
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Bl BR: hkinfushbertmeresiras:pgoed swanatapogiaphytand bhareide

val,uesq an 44 . backsi.de. wﬁﬁ%ﬁsggﬂ ﬁﬂaggmm@ﬂf er

accordi ng to the invention has on the one hand no
stress points inits surface and is therefore

st festhé reg;hdd ecchrdang riomtany ineetamincalcogversely, the
therpgl kystoduced st E6SsASE bA lb§c§w&@0@ep<%¢u@hag are
a L Inn\cliggﬁlt Slolnlccéonchgar el-pdoes:LItHon gé‘a(%ga Iacgc%j;‘g%}?gbét%veen
: caﬁhﬁe eeEBseed avdr yhfel ﬂ*en(lﬁéiﬂtj}l‘é"tﬁrar ¢ r 88pes@nnot
of theseffoughnessyh titee babGsinechahi cdle staeedsonductor
figlhds,at the edge of the sem conductor wafer (in the
prior art at the beam ng points of the sem conductor

waf er on the susceptor) can noreover- be avoided. 5
Th&hsemniauntudtotonaferfeaccbe diiey epitdreididwentpaneds is

th E@fé’f&tapi efzer ﬂQk&rfr&e fnbﬁabﬂmatsﬁlrlﬁﬁsfglﬂt@@ﬁﬂl RGito
acter. I C SUress
gd%éﬁ%ht %§ﬁ¥&§3 Si&lgﬂn yefs %ﬁﬁi s?de and on

ItS
The semiconductor wafer fto be epitaXLally coated 1is

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



10 backside as well as in the edge region. The
crystal defects, referred to as LPD ("light point
defects") owing to the neasurenent method enpl oyed
are for exanple epi stacking faults, hillocks or ,
akfih 2nd éS gntgenegaL struétural epitaxy defects

an be detecte ans of, |i . '
LU Tcrogl | 28 tegh: Sta Lo o] oy SirFatEs b0 ARe
i NSpestnonon N$r uheht S& fALoeX akipt ePKAGe SFerifigidow to be

Surfﬁ%ﬁ%ﬂe§F§n 2 petidbestin deglk Conthlckapenat eress:
according to the invention showed the follow ng
results, respectively neasured in the dark field

G igueenbiien{1DW0, ONGYHi6BRi et hciddhcan aHgFat b vith
5\2? 4 asel d%{?iﬁ eLcSRh)): abef @6te Jemsitiwssio F0¥eghbes than
ers 97, L8 ql, alelsin > mYnBitachingdebeeis * S5 8
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The temperature for depositing an epitaxial layer onto
10 p+ silicon wafers can therefore be selected to be
higher compared with p- silicon wafers.

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

i5 '
p—/p+ (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,
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
25 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.

30 The deposition . temperatures in 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

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.



;.. 90 nm O defects- 5 4 defectS. - 120 nm O defects
5 3 defects . . 200 nm O defects

- 1% -

Another advantage of the elevated deposition
temperatures is that the edge roll-off of the polished
semiconductor wafer can thereby be improved, since the
layer thickness profile of the epitaxial layer at the
edge of the semiconductor wafer increases with elevated
deposition temperatures and the edge roll-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



5 2. defects 25 For a yield of >= 97. 7%

(econom cally acceptable >= 90% this neans: S ilLS
defects >= 50 nm A LLS.defects >= 90 nm 3 LLS
.defects >= 120 nm 2 LLS -defects >= 200 - 30 Wth
respect to the |l ocal planarH ¢ of the sem conductor

waf er according to the invention, the foll
resachaaieal ousdress 17£ielfhe &&ni cdifduct ?e vvaPér the

pr ef emakbididson wagdmumi ocsd ptiamaraity atal tiee SFGRIMI
Of %Tr %tt%r %hé‘ipe O%nah%ﬁhu&i?olo wader P AUk |L8SLEM Qan

e maxi mum | ocal planarity val ue
SFQW'OIGQFGH}E)%%"G?S pmto 0.04 pmis preferably
lBased on at | east 99% of the subregions of a

ts:"’geﬂigp?ézéﬁigaﬁhuaw @éfé{eaaﬁjtao@agﬁ@ }i\bnﬁg@slméﬁ@n is
m#e ont_side of t t
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Coatn%sgﬂeﬁeﬁi ansherd ,Susgapbar itaccoonl ngideo die on its

%arc%géﬁ?las et gguin 3 fd %@gé UPJ{HOE) shows a

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

instruments, for example KLA Tencor Surfscan SPl.

20 Studies on semiconductor wafers according to the
invention showed the following- results, respectively
measured in the dark field, oblique mode (DWO, DNO)
(oblique incidence angle of the laser in the SPl):

Defect size class: 50% of wafers 97.7% of wafers
> 50 nm | < 2 defects ' < 8 defects
> 90 nm : ) 0 defect'si < 4 defects -
2 120 nm _ 0 defects < 3 defects
1 27200 nm |0 defects < 2 defects
25 e '
_ For a yield of >= 97.7% ({(economically 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 inmprovenent by the sem conductor wafer according

to the invention. Conparative tests under otherw se
equal process conditions, but by using a standard
suscept.or instead of the device according to the
invention gave a maxi mum | ecal pl anarity val ue

SFOR, m' of 0. 045-0.08 gm 20 for the epltaX|aI/y

coat éthes seméormttitttor wafer sprafrrabébi bandachering diocal
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.§8n1@oﬁ500tor waf er was overconpensated for by the
epitaxial coating. - 18 - A nethod for neasuring the
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average
thickhess measurement frém a reference line -

‘determlned by regres51on This is' an edge roll-off
-.parameter R C T
.30 . o
The epitaxially toated semiconductor wafer preferably
has an R30-1lmm paramefer of from -5 nm to +5 nm. B

" '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

epitexial coating.



20 cross section and the reference |ine determ ned by
regression at a distance of R-1 mmfromthe edge of
the wafer. " the average radial cross and the as an
obtain a roll-off value -for each sector'. In the
scope of the present inventd al, -average roll-off

Val ues were considered. - The sem conduct or wafer
accohdinaghed fdwe ReRAMIDO Hgr tef‘iiéfarrﬁr"élp?%f%rﬁﬁl §iibeen

a regift-ances URk§&F1Bddy im Ube. epit apal |Ewyer ofol. 38
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fp: g\r%g%?:g\g tBraR Siepitiayl at tlayeenedrt & el ivslfed. The
cross sections are conventionally divided into 4
sectors S2 to S5 (respectively 90° sectors) and all 20
radial cross sections are averaged for each sector. For
a region with a distance of from E~5 mm to R-35 mm from
the edge of the wafer, a 3™ order fitted reference line
15 {("best £it") 1is calculated. Finally, the fourfold
symmetry of the edge roll-off is averaged: out (by
averaging over all the radial thickness cross sections)
and for example an R30-lmm parameter is obtained by
determining the deviation between the averaged radial
20 cross section and the reference line determined by
regression at a distance of R-1 mm 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
alternatxve, so as to obtaln a roll-off value for each
sector. In the scope of the present 1nventlon, average

) roll—off values were con51dered

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



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

senm conduct or wafer has a dianeter of 150 mm 200 nm
300 mMm or 450 nm The epitaxially coated
sem.conductor wafer is prefeidbty a wafer of
nmonocrystalline silicon, onto 15 which an epitaxi al
si | i measurgpent | of g ﬁélaYFq%fﬁﬁes The invention
will be illustrated belowwith the aid of 20 figures.

A g. Tr%e S%@ﬁ’l\sco?xﬁﬁgggfehé’:?%?rgé n%réﬂa::tal%gy' v esﬂér&l%nductor

Fig. resu §§urene td(g {
25 afafer HﬂlQShSdsﬁﬁméh?hEI?Qﬁnﬁ% CofAPgn Proviae

S Rpmasusneayenmna tienpadrsdiedt fromafsédeaccor di ng
to the invention. 30 The neaning of the bearing
points visible at the ed e |n RD asurene

expl BiSTEFaBYY Fi gth%. SSRLEC HermttiCal 1y sh%gt\%gletﬁhe
strqaﬂumaedfomhetﬁévwﬁelé%cord|ng to the invention.
The ring 2 is placed on the 35 susceptor 1. The ring

and sce have t r . degen n
onf?iﬁﬁ%§8gi% gc%|§%m%?9n%§JQ8%rgg£g§ ﬁ% e§rﬁﬁ8m%ter ot
conth’i%man%‘éc@@s 388 MR PR EdFR- region to receive

the substrate 3. - 20 - Fig. 2 shows the result of

an Sll RD neasyLe y of 3,Bed C%@bﬁ&u&@ézﬁr wafer is
epltaX|aII coa accora % nto
| ocarrefirabiyf %l Hatehn e %’Frﬁﬁti‘ B Pl tRe

e M vigdu e h osp inadaira Iwist hi serr dewes d$f#&9ha%§es of up
to 600 kPa. Stress fields can al so be seen at the
edg whi ch correspond to its stress differences of

d@ﬁ%ﬁ&s The interference patterns show no

thlckness vari ance of 10 the wafer. "Fringes" are

creafid ib%ehbi 6k f@IBNGR of 1tberaradi balywankh the aid of
extréfrdlnary light rays, which respectlvely have a

propagatlon vel ocity.

Fig. 1 shows a device according to the invention. -

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.



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, neasurable by neans of SIRD, both in the-
surface and at the edge. 20- Begari ng points of the

sem conduct or wafer on the supporting device of the

S| RF¥eastir FRe's nsbhe unentltant bansEéRD atmepporemhps of a
TheysaiigchBeEedOrea At plitakbatBblateat hecdsmiihgdto the
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correspon to stréess t such™as in S
art , SWiHicCR m@®f r A ¢t F?‘Eﬁﬁ%ﬁ’é%@érl Wgtpbi nFithf eheess
§em’ d¢diferehoes waf erp a ke BEscepiress RbeBdy @S also be

f'elégénargtde£ﬁgn:%g5@ bywﬂﬁﬁ%pscgérégﬂgg ThE its stress
sem uct or V\n%gr {s( has no stress fields wth
stress G Frer? glgéa 8% than or equal to 6 kPa. 30
Lastly, Fig. 4 shows the nmeaning of the bearing

poi' rm& \ﬁ_hﬁbbf&érﬂ:epip&ttgrng hg1ess ble,arthmgkmgwtv%ﬁaﬁc@eof
V\,hl %h ar.gF caus%d, \r/et e scem gondu to e the

1be| ng supporte on 1 he $ supp or?l ng vite o eﬁe SPF%

35 igisiraREnt . axthot Rt FAITALnaan f ukidhdr nora@yBe seshich

Whi afesipecaiteibtiadkl @ 80fper@thaposada tiBhKr8JoSUSH as.

a notch or a flat, or to a laser marking. - 21 -

These be:}‘ol ng poi nts and a nmechanical marking which
Eb‘@gﬁ i BeSbient n2Any 1 & REF AN Tei? 2
1(5n asesenmn@m;o:t ovafef emrccthéin@r ¢p hdwevényemuoiton. The

Cri tdeg@bosbt &S fhgkds whi C.d}e\éouhdmpea&wa@&é@é I ¥ebyqs,

L ATREERETP P B ads: A5 SHILafoR 37 o ipigace ahd at

senitdégnddgt or wafers, in which a multiplicity of
sem conduct or wafers polished at |east on their front

28! d%%agiﬁ Pfe@%t%d 0d SHECESSNBhN, &P at {€Qafer on the
|nd| Vi dua Iyp applyi ng@gn egehaX| a a er onto

t heiSPBBF F ¥ FFHEHR o @ﬁ?%‘bﬁ“\gaﬁé’rstr“ment can
depeei t iszenat a0 tetper atige S DheB00a#200Cheefdre  not

epi%@%k@%ui&ﬁ%&‘%ﬁ éﬂé method according to the invention,
i.e. they do not correspond to stress fields such as in
25 the prier 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 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.



supporti ngoneoft heprepared wafers on a device for
supporting a wafer so that the sem conductor wafer _
rests on the ring, its backside faces a bottom of the
15 sssceptor having a gas-perneabl e structure but

does not touch the susceptor,2lso that gaseous

subst ances, are delivered froma regi on ovyer the )
backSPefRE oPer e %S & ddiduct %\ﬁ?‘%‘?“wcégs A0 spieh
t hr ovgth Hehersusdept oran fiteo seenefi aMYO\MERDL hea hassingeon

of thesdf SHSLERLEr wadld, fiHdheiAmr @olBer, not critical

sem conduct gr fer.cones jn ccntact . h the ri.n

onlyS T i TadE FhifBnrostd FE ik Mt tvalf ddttbeavie
faur themasme a6 8iklksses neasurabl e by neans of
phot oel astic stress neasurenent ("SIRD') occur in the
sem conductor wafer. 25 2. The nmethod as clainmed in
claim1, characterized in that the prepared

sem conductor wafers are wafers of nonocrystalline
silicon. 30 3. The nethod as clained in claim1,
characterized in that a deposition tenperature of
1140-1180C is selected for the epitaxial coating of
p+ doped silicon wafers. 35 4. The nethod as cl ai ned
in claiml, characterized in that a deposition
tenperature of 1100-1150C is selected for the

epi taxi al coating of p- doped silicon wafers. - 23 -
5. A sem conductor wafer conprising a front side and
a backside, which is provided on its front side with
an epitaxial layer that is furthernore free from
stresses according to photoel astic stress measurenent
("SIRD') and which .furthernore has a nanot opography
on its backside, expressed as PV. height variation (=
peak to valley) of greater than or equal to 2 rim and
| ess than or .equal. to 5 nm based on square
nmeasurenent wi ndows with an area of 2 mMmx 2 mmand a
backsi de 10 "hal 0" expressed as haze of greater than
or equal to 0,1 ppmand |less than or equal to 5 ppm
6. The semi conductor wafer as clainmed in claimb5,
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2. The method as claimed in claim 1, characterized

30

35

characterized by an edge roll-off paraneter of from
-10 15 nmto +10 nm whi ch corresponds ‘to a devi ati on,
nmeasured at a distance of_ | fromthe edge of the
Silicon wafer, of an avefhé%?g%oss section determ ned
by thi ckness neasurenent froma reference |ine '
determned J by regression. 20 7. The sem conduct or
ratent aslaimws ned in claimb5, characterized by a
maxi mum | ocal fl at ness val ue SFQrRma. of greater than

~or equal to 0.025 mand |ess than or equal /to_0.04

gm 25 8 Thetbedi cdiwuct@FOHREERT ascet hpkealin crapkfd
?ed‘@é&?ué‘@ér a {;ggbskance unihol o tya i nmamelpmiéa%yal of

ayer greater than or. equal to 2% and Iess t han .o
eemitoneuatys Befers MALiSAT oRHUCEEP tudiTer RS £2ont
giéégegrénpgé M8, awhi ehchassaveegonbiunatl dndividually

[i1fetine . CD of 3 5 1Q..T
%mm%r et BPIESR AP YRR TR %hélef polished
gb@ﬁ@ctegi?fﬁ lnbyhatchEmnsaé wafrepoof deposition at
nocrystallin Iy ent; c '
EPRPEEARER, OF s Moo 0y Bt o PR Pk Ro oy ov
péﬁﬁhwm@yBOOSm@Pmrtﬂmgrnnone 24Of'AbS¥?%ct prepared

%g@%géﬁgﬁ'%E€03$§§e§§n1&@nQ¥Ct&Evﬂ@Hfﬂfdyuiéaﬁﬁdy%l@@d a

CIng an EgltaX|aIIy coat ed
5&@n¢©®®@g@q%r Qﬁ 80 the semlconductor wafer

rests on the ring, its backszde faces a2 bottom of the

.susceptor having a gas- permeable structure but does not
- touch the susceptor, S0 that gaseous substances are
'dellvered from a region over the - backside of the
:semlconductor' wafer by gas diffusion through the

" susceptor into a region over the Dbackside 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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The invention relates to a nethod.for producing
epitaxially coated sem conductor wafers, in which a
multiplicity of sen1condugt9§ waf ers pollshed at

| east 10 on their front sides are prepared and

sccessi yel yopoaltagdadi videat! )bohhgﬁ@aln)@ ng aagmt side

eépi taxi al” layer onto their polish front, sid

(ﬂmm@alba\ﬂ&ﬁ@ldedep@éwkﬂ oﬁsatpﬁ%%dat GPest ot F2onY side
%Q}#zé)r@cebﬂtéﬂlsp' taybal tHeactns, rhychespecti feby from

supporting one of the prepared 15 .sem nd to

RSN BCERNILRI T 6P SUBPATI T & SEnt EonadEgTenent
WQE@R%hﬂifﬁﬁt&ﬁﬁ@@gﬁ@tth&mm@&eahhayern@mo&o@pgmaphy on
side o e, sem con r_wafer e I _
GSo AT A ST S BhcParofi LonpaRarieRy (= peak
SMSC@&HI&yMMofhgh&@targagﬁpermeabqeaétﬁﬂbt%r@maﬁﬂdaless

(—’?‘Eﬂggrb %‘s’gr be ween It%ﬁsqggéa oWl §6u8EES @ Fhirement

e susceptor and the

stippiomtsedv Bl eondargdr OfiaflerMMsd thafmy fd @ backside

S%@l%“”d%gé%sé’@éeésf%tz% b t BeektBg, tHs becksiydel to
faces a-bottom of
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.



susceptor having a gas-perneabl e structure but does

not

- 25 touch the susceptor, do that. gaseous

subStances are delivered from...a ..region over the
backsi de of the sem conduceor wafer by gas diffusion
t hrough the susceptor into a region over. the backsi de

of
waf

edge region ,of. its back

the susceptor, and furthethore- the seni conductor
er 30 cones in contact th the ring only in the
s¥£ﬁ§ 3%t h no stresses

neasur abl e by neans of photoel astic stress
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Method for Producing an Epitaxially coated
Semiconductor Waferxr

The invention relates to 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
coated individually by applying an epitaxial layer onto
their polished frcnt gides by chemical vapor deposition
at temperatures of éQO—lZOO“C'in an epitéxial reactor,
by respectively supporting 'one”h of the prepared
semiconductor wafers on a device for 'supporting a
semiconductor wafer during the deposition of a layer on

a front side of the semiconductor wafer by chemical

. vapor deposition in an epitaxial reactor, containing a

20

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, so that the semiconductox: wafer
rests on the ring, its backside faces a bottom of the

" gusceptor hav1ng a gas-permeable structure but does not

25 .

touch the susceptor, so that. gaseous substances are

‘deliveréd _fromJﬁa region over Athep backslde of the

semiconductor wafer by gas diffusion through the -

éuééeptor into "a region over the backside .of the

‘susceptor, and furthermore. the semiconductor wafer

- 30

35

comes in contact with the rlng only in the edge regiomn

,of.lts_back51de, with no stresses measurable by means

of photoelastic stress measurement (*SIRD") occurring

in the semiconductor wafer,

FIG. 1



