1 Method for producing an epitexially coated semiconductor wafer The invention relates to methods
for producing a semiconductor wafer having a front side coated by chemical vapor deposition 5(Clip).
During chemical vapor deposition, in particular during the deposition of an epitaxial layer on a polished
semiconductor wafer, inter alia two phenomena may occur which are known by 10 the terms
"autodoping” and "halo”. In "autodoping" dopants pass from the rear side of the semiconductor wafer
via the gas phase into the deposition gas, which is fed over the front side of the semiconductor wafer.
15 They are then incorporated into the epitaxial layer, predominantly in the edge region of the front
side of the semiconductor wafer, and therefore cause more or less pronounced undesired radial
fluctuation ingthe,resisthetyetibeapitaxial layer20:'41alo" denetes aspatereshligitefect svhich is
caused by light-scattering structures on the rear side of the semiconductor wafer and becomes
apparent when a collimated light beam is shone onto the rear side of the semiconductor wafer. The
structures riaek transitiohes onghaseffdee aFtheadar Side BRPRUSEIEOR BB PR AR hich
regions wih,a pativeaxde layer.adieingegionswhere sychaenaxide laygids nekesa0depger present.
These Lransition§ occur when removal of the native oxide layer during the pretreatment in a hydrogen
30 atm%sphﬂecr@( ‘pre-bake") before the actual epitaxial deposition was incomplete. One possibility for
Quantifying this effect consists in a scattered-light measurement of the haze (turbidity, opacity), for
example Wiﬂhglg‘_]r_%P Ldight §g§ttg§@g,m@[@15g§m KA Tences i the se-called RNK-ParkField Narrow
35 Normal").or DWN, %‘DargField Wide Normal) channel. In order to %voidnprgbleéngyvim
"autodopindTFBRE 812804 Profbs &S piévidfing it T e bdttSMof the suseepto & depression
("pocket") hetdiag thérsermicohdacioravafeenwnerein may occur which are known by

16 the terms “auvtodoping” and. “nalc”.

In “autodoping” dopantes pass from the rear side of the
semiconductor wafer via the gas phase inic the deposition gas,
which is fed over the front side of the semiconductor wafer.

15 Thev are then incorporated into the epitaxial laver,
predominantly in the edge region of the front side of the
semiconductor wafer, and therefors cause more or less
proncunced undegired radial fluctuation in the resistivity of
the e@itaxial layer.

20
“Hale” deanotes a scattered light effect which is caused by
light-gcattering structures on the rear side of the
gemiconductor wafer and bscomes apparent when a collimated
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cructures mark transitions, on the surface of the
rear side of the senmiconducter waier, at which regicms with a2

native oxide layer adicin regions whers such an cxide layer 1
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not or no longer pregent. Thesme transitione ocour when removal

of the native oxide layver during the pretreatment in a hydrogen
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30 atmosphere (“pre-bake”) befor he actual epitaxial deposition

was incomplete. One possibility for gquantifying this effect

consists in a scattered-light measurement of the haze
(curbidity, opacity), for example with an 5Pl light scattering
meter from KLA Tencor, in the so-called DNN {*Dark¥Field Narrow

35 Wormal”) or DWN (“DarkField Wids Normal”®) channel.



the slits are arranged on the outer edge of the bottom. Dopants 5 defusing out from the rear side of the
semiconductor wafer can be removed from the reactor, without previously reaching the front side of
the semiconductor wafer, by purging gas fed through slits in the susceptor onto the wafer rear side. 10
According to US 6596095 32, there are small holes in the ent bottom of the susceptor for the same
purpose. Here, too, the dopant diffusing out from the rear side of the semiconductor wafer is
transported away by guiding a purging gas past. The measures are also effective against "halo”
formation because 15 they facilitate removal of the native oxide layer, since gaseous reaction products
that arise when the native oxide is dissolved are likewise transported away throug[; the holes in the

bottom and e PERGHGTGASHGWIMPFRS SBEDETE3 28815 H8e108Es a’SusientdrRaving a
gas-permeghtesstracturgwith Aipayosity of af teastd Boandma dénsibe os0dcEpt Sxg/em3. By using

such  poroya sliseeptar, the gaseaus reagtion.erodct rmed g the pistieatent ybien the

native oxide layer Is dissolved and the dopants diffusing from 25 the semiconductor wafer to be coated
can escape thfoughithe PoressoitABIRScEPtOMYD tRET8Er S 0 the S cRPITCBnd H5ePEKeN up by
means 6f a purgisgrgasiaw anthreneved: fronz tiereattah4)siegnihesdsceptor deseribedalso avoids
undesired nagolanparagny.eipcta.on e seat sidg.0fbe senieqnduclel walee e ogcur n the
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case of suscebtors with holes, Holes in the susceptor influence the temperature field on the front side
and rear side*sTthe SEificBAdGERr FFteF T8 BRCGHed WAk 1BXdS S ToddllyEhiferetit deposition rates
and finally ta.sashnanetopography: efeetss ddiertermaranotapegrepiyrdenates S5daeight fluctuations in
the nanometers range, which are measured over a lateral extent of 0.5 mm to 10 mm. A further
problem in the epitaxy of semiconductor wafers involves stresses in the epitaxially coated

semicdftuctsiaRarEraSwhR HEarf AP dRfocatioRE arf-8ipe alnuRPEr Bf HrethBls o= iehtifying
slips in semigepdugtasvafess ateskapwnr ondhexne bang bywisualdnspreation with cotlimated light, by
meansOfd%&%ﬁ%ﬁ%“é%%%%%@g£hgut from the rsar gide of the semiconductor

wafer is trangported away by gulding a purging gas past. The

measures are alsoc effective againest “halo” formation becausse

15 they facilitate removal of the native oxide layer, since
gaseous reaction products that arise when the native oxide is
dissolved are likewise transported away through the holes in

the bottom and the purging gas flowing past.

20 DE 10328842 discloses a susceptor having a gas-permeable
structure with a porosity of at least 15% and a density of (.5
to 1.5 g/cm’. By using such z porous gusceptor, the gaseous
reaction products formed during the pretreatment when the
native oxide laver is dissolved and ths dbpants diffusing from

25 the semiconductor wafer to be coated can escape through ths
pores of the susceptor to the rear side of the susceptor, and
be taken up by means of a purging gas. flow and removed IZrom the
reactor. Usging the susceptor described also avoids undesired
nanotopography effects on the rear side of the semiconductor

30 wafer, which occur in the case of gusceptors with holes. Holes
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gide and rear side of the gemiconductor wafer tc be coated,

which leads to locally different deposition rates and Zinally

to said nanotopography effscts. Ths term nancbopography denotes
35  height fluctuations in the nanometers range, which are measured

over a lateral extent of 0.5 mm to 10 mm.



surface of semiconductors wafers or else with devices In eh are 10 suitable for determining the
nanotopography. The most sensitive method in this regard, however, is SIRE) ("Scanning Infrared
Depolarization") since SIRE) is able not only to detect slips but also to measure photoelastic stresses.
The SIRD method for identifying stress fields, slips, sliplines, epitaxial defects, which is based on
inducing optical birefringence, is described for example in US 6825487 El. 20 Theimally induced
stresses in epitaxially coated semiconductor wafers gan be avoided if, during the etitaxy of
semiconductor wafers, the temperatures are reduced during the pretreatment steps in a hydrogen
atmosphere (bake) and with the addition of hydrogen chloride to the hydrogen atmosphere (Rd-etch)
and 25 during the actual coating stet. Lower coating temperatures lead, however, to an increased
occurrence of undesired crystal defects such as stacking faults or typical etitaxial defects which are
known by th& t&EHRE BOP HIGEKEEM BURdE" SRIGEFYAR e SIBW R atire¥2 bR Erystalline growth
may even oceuroAfiEthet gisatvaniage isanpiipaited Edgecrail=aff of the apitdaxialtlpcoated layer and
also a deterigé%tg%in E[&?ilgﬁa%g%tnfggmp%@eﬁ%@gygggugggg wafer (geametry, SFQR). In addition, the
growth 35 rate decreases with lower deposition temperatures, which makes the process less
economic. 4 Consequently, reducing the pretreatment and deposition temperatures is not acceptable
at all owing to therassociatetl«tisadvarfiagesdimanderiaachlievesgded propertieswittoregard to
geometry (o1 the.enitayial saaling insinglesvigfey seactors (e 0, Centuca, 300 ma it absolutely
necessary to move to |gh“tem_peraj[ures since only then is the layer thickness

collimated light, by means of  devices fof inspecting the

surface of semiconductors wafers or else with devices which are

10 suitable for determining the nanctopegraphy.

The most sensitive method in this regard, however, is SIRD
(“Scanning Infrared Depolarization”) since SIRD is able not

culy to detect slips but also to measure photoslastic stresses.

o
L

The SIRD method for identifving stress fields, slips,
sliplines, epitaxial defects, which is based on inducing
optical birefringence, is described for example in US 6825487
BZ.

20 Thermally induced stresses in epitaxially coated semiconductor

wafers can be aveided if, during the epitaxy of semiconductor

£

afers, the tempsratures are reduced during the pretrsatment
steps in a nydrogen atmosphers (bake) and with the addition of
hydrogen chloride to the hydrogen atmosphere (HCl-etch) and

25 during the actual coating step.

Lower coating temperatures lead, nowever, to an increased
f
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undesired crvstal defscts such as stacking faults
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itaxial defects which are known by the terms
30 “hillocks”, *mounds” or “pits”. At very low temperatures,
polycrystalline growth may even occur. R further disadvantage

is an impaired edge roll-ocff of
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semiconductor wafer (geometry, SFQR). In addition, the growth
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are decreases with lower deposition temperatures, which makes

he process less eCconomic.
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10 distribution at the edge of the wafer suitable for obtaining or improving the initial geometry of the
wafer. At low temperatures the layer thickness in the vicinity of the edge of the wafer starts to fall and
the initial geometry, 15 which generally also already has a. degree of edge roll-off, starts to deteriorate.
At higher deposition temperatures, the etitaxial layer thickness exhibits a tendency to increase and this
compensates for the edge roll-off of the substrate. 20 However, the stresses in the wafer increase
greatly at higher deposition temperatures. This is owing to the fact that dislocations arise and migrate
more easily in the crystal (since less activation energy is required for this at high temperatures). This in
turn means that even in the case of 25 small temperature differences between wafer and susceptor,
the energy suffices to produce stresses. This is associated with th %fLect that during coating)
deposition §a3BR'EAS3Ys bEfSH HEWFEFaRd %?E%W?BTogﬁfgns“ga%éjéﬁ% wafer to. grow on the
susceptor. Thigeffectisaisd catied "ardgingirSectztonhéctmg badges betvesssaseéstor and wafer
form therm .bsridégveg,ngngésdepending on whether the susceptor or the wafer is at a higher temperature
- cause heat 1o be conddcted into the wafer 35 withdrawn from the wafer. This heat flow in turn leads
to stresses in the wafer. US 2001/0037761 Al discloses subjecting the susceptor with the
semiconductar waderlying agrit tova therdalktreateeniten ovdéhtorachiave trinsiensitdrinéProperties
in the bulk of.the wafer. . this, gaseotrinsic gitering s oade possible bynggensprecipitates. A
crystal buIIednby means o?'g e CZ method and a wafer fabricated therefrom Lfﬂsually comprise oxygen

in a concenfrafiomer 10:fo 8 FRRR AR CANT5E GERRTEd 1 fij¥mal fredtmient and subsequent
cooling is thagthe walereemplises anly then is the layer thickness

10  @istribution at the edoe of the wafer suitable for obtaining or

improving the initial geometry of the wafer.

At low temperatures the layer thickness in the vicinity of the
edge of the wafer starts to fall and the initial gsometry,

15  which generally alsc alreagdy has a dsgres of edge roll-off,
starte to detariorate. At higher deposition temperatures, the
epitaxial layer thicknese exhibite a candency to increase and

this compensates for the edge roll-off of the substrates.

20  However, the stressss in th
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deposition temperatures. This is owing to the fact that
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(since less activation ener is required for this at high
remmeratures) . This in turn means that even in the case of
25 small temperature differences between wafer and susceptor, the

energy suffices to produce stresses.
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nis is astociated with the effect that during coating,

Q.

epogition gas also passss below the waler and at som=
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scations causes the wafer to grow on the suscepter. This
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Ffoct is alsoe called “bridging”. Such connecting bridges

petween susceptor and wafer form thermal bridges and -

depending on whether the susceptor or the wafer is at a higher
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temperature - cause heat to be conducted intc the waier oU
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withdrawn from the wafer. This hsat flow in turn leads to

arresses in the wafer,



10 region below its surface which is free of oxygen precipitates, while the bulk contains such oxygen
precipitates (also called BMD = bulk micro defect) which act as intrinsic gitters for metallic impurities.
15 In an etitaxy reactor, the semiconductor wafer is for this purpose firstly brought to a temperature of
at least 1175C, preferably to higher temperatures of up to 1300C, held at this temperature for a few
seconds (e.g. 12-15s) and then cooled, e.g. at a cooling rate of 10-15C/second. Higher cooling rates
70 are possible if the semiconductor wafer is removed from susceptor. Susceptors usually have one or
more openings -he so-called lift pin holes) through which the semiconductor wafer can be raised by
means of bins, so-called lift pins, While ¢ susceptor remains in the original position. What can be
achieved as a result is that the semiconductor wafer is no longer in contact with the hot susceotor,
which enablgs ligher 60oling fatks ci25=305Esectne] ¢4S 519807¢ pPOSOSES avoidhid the2bridging”
effect by the,30.initiakgrawth tate dirstly heiggdestricted t Oclwd arnimingie dutine the epitaxal
deposition. However, such low growth rates make the roﬁcg__swsaune_‘congrrljc‘ I\{If}[eO\éer%.itr_is proposed
that bridging h&tEHAPBEwEST wafdrafd shSéetst E&%@mbvéd%y*&cﬁ%@ &fter the epitaxial
deposition amffleeforéthe cosling 85, process (eiat iid say ardepositidAteppetatte) This has the
disadva”tag&fc%? «dhat natonly the coppegtingbridgessé betwaanavafer.andsussepiar but also
silicon material is etched away from the wafer rear side, which can lead to a deterioration in the overall
geometry ofthe Walét i BE 102055625358 isdissss gp%ﬁ/‘f‘ﬁg‘* ah elevation I theform of sificon material
on the rear sidewdesiticonwafér, a0hich elévation aflieast parlycompiasates for thésdgeroll-off
brought about by thesiliconwaferda he-epitaxiall oated. Therheiat gad extent.of theapniication on
the rear side of the silicon wafer can be set in a targeted_manner. b)é a suitable choicetgt_@ng_e gas flows
and thé trealfRBAPRURRIGNS. This RECofiErdttad howieves by the Biciing away - proposed in US
5198071 - of+htidgingmaterial anshiesiside depositivasnActeringlyaembodinmentssfthetinvention

seek to provige stregs-fiee epitaxially-coated,sgmicopductar wafers while ayoidingdhedisadvantages
f the pri t.
orthe prior argatallic impurities.
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In an epitaxy reactor, the semiconductor wafer iz for this
purpose firstly brought to a temperature of at lesast 1175°C

preferably to higher temperatures of up to 1300°C, held at this

i)

temperature for a few seconds (e.g. 12-15s; and then cool
e.¢. at a cooling rate of 10-15°C/second. Higher cocling r
20  ars possible if the semiconductor wafer is removed from the
susceptor. Susceptors usually have opns or mors openings (the
so-called 1Lift pin holes) through which the semiconductor watfer
can be raised by means of ping, so-called 1ift pins, while the
susceptor remains in the original pesition., What can be

25 achieved as a result is that the senicenductor wafer is
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longer in contact with the hot susceptor, which snakles h

cooling rates of 25-30°C/second.

US 5198071 proposes avolding the “bridging” eifect by the
1

o
3¢  initial growth rate firstly being restricted to 0¢.1-1 pm/minute

1.

uring the epitaxial deposition. Howsver, such low growth rates
make the process uneconomic. Mereover, it is propossed that
bridging material between wafer and susceptor be removed by
etching after the epitaxial deposition and befors the cooling

35 process (that is to say &t deposition temperature) . This has

the disadvantage, nowever, thabt not only the conneciing b
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According to an aspect of the invention, there is provided a method for producing an epitaxially coated
semiconductor wafer, in which a semiconductor wafer composed of monocrystalline silicon and
polished at least on its front side is provided, is placed on a susceptor in a single-wafer epitaxy reactor
and is coated by applying an epitaxial layer on its polished front side by chemical vapor deposition at

temperatiiearof F0T0- 1 200C SWARPEIFD BfterBpRaxial EddtifPhaditarRen placks tifE SBRffcGiiictor
wafer i @aoleddn Haeg ¢emperatureirdngewWromil 269€C (b=8@0C at a ratewidess tharndCiperdecond,

and t%é@&i@@é’&&%&w&fe&@ﬂﬁ[ée%mg a temnerates, ek 980G is coaledatarate:5G pensecond
or hlgh?r grlalry in asin gle 1%Nafer regctorﬁlge gﬂCenEura frqm AMA&% EIpsnon from A%g/l) _purging

is con?nue?] ora few seconds Eﬁtel’ epltaX|a coatlniln or er to purge the process C amber free of the

proce&d YR, E86Riy is'thbRlefRtied ashigher raRTYy raf@¥5 B/ EBRETIHRE tHefanipare even
switchetioff entifelyfor doolinghis effected &tva cdwsstaritldgower. Tafeleads tdhighsitesseslinthe
wafer - AgcordingHo theiiguention however, eeoling isgifactedratdhe siill tigh temperstueesoat a low
ramp [afg of; 'ﬁéég&@, 5&4? Qg%f%%blgeaé Jlécés te&@&yg%{%%spw 3 less than or equaldo 3C/s

and espeC|a y preferably less than or equal to 51.5 y way of example, the epitanial deg)osmon is

effect8d at A%eMpRratufd 6t #750C. Eﬁ&ﬁ%ﬁ‘amﬁ%hﬁjd‘?%aéﬁ@&%d ATHE SermperseTah 9e of

1150-1086G:at a kampirangs S1iRaCarry 10 bekwpee8dCia gUat SCASRGM T050T r998ElAt lower
tempefatigresielanso0ee; coplingds prefarablyseffected at 50C/s or greater. 15 The inventors have
recognized that the lower ramp rate at the high temperatures (at which the energy for the migration of
dlslocatlons s stl very, lQw revents aJarge tem ture difference from arising hetween wafer and
eusce%f ng’ rec uccgsg heat owtgnwhlcﬁgrn al\]rn preverﬁs%?regses a%d fgc ﬁencer%tﬁe migration
of d.s@@éﬁéﬁéaﬂ%mcm&ﬂ%%ﬁmg FRTGGOHY 6F fife wafét # the pfior st avoiding  the

disadvantages of the prior art.

According to an aspect of the invention, there 1s provided a method
for producing an epitaxially coated semiconductor wafer, in which a
semiconductor wafer composed of monocrystalline silicon and polished
at least on its front side is provided, is placed on a susceptor in a
single-wafer epitaxy reactor and is coated by applying an epitaxial
layer on its polished £front side by chemical wvapor deposition at
temperatures of 1000-1200°C, wherein, after epitaxial coating has
taken place, the semiconductor wafer is cooled in the temperature
range from 1200°C to 3900°C at a rate of less than 5°C per second, and
the semiconductor wafer, after reaching a temperature of 9800°C is

cocled at a rate 5°( per gecond or higher.

Usually, in a single-wafer reactors (e.g. Centura from AMAT or Epsilon
from ASM), purging is continued for a few seconds after epitaxial
coating in order to purge the process chamber £free of the process
gases. Cooling is then effected as a higher ramp rate (> 5°C/s);
sometimes the lamps are even switched off entirely, or cooling is
effected at a constant power. This leads to high stresses in the

wafer.



it is virtually impossible for the suscettor and the wafer always to be held at the same temperature.
Therefore, in the prior art stresses increasingly arose during cooling. The object of the invention is also
achieved by means of a. method for producing an epitaxdally coated semiconductor wafer, in which a
semiconductor wafer polished at least on its front side is provided, is placed on a susceptor in a.
single-wafer 30 epitaxv reactor and is coated by applying an epitaxial layer on its Polished front side
by chemical vapor deposition at a deposition temperature of 1000-1200C, wherein, after epitan coating
has taken place, at deposition temperature, the semiconductor wafer is raised for 1-50 seconds in
order to befare the, wafer js gooled. o this.case, fga.ibis preferred after epitadaleoating-has taken
place and the raising of the wafer, for the latter tgrbe 5 cooled i@ihe;eg;geraty%) rang)%trgm 1200C to
500C at a riite-of |63 han BEFSEThE The tiY raidiiy ofttiie Wafertids the Sffect of breaking up
possible copnettng biidges betiveefswaferand-sdsceptort® {bridging) &This prevamsttheflowing of a
large amoupt of heat between wafer.and susceptor sincs ieally anky peink contacts-exist i this way.
The wafer is preterably raised for a short time of approximately 1 second up to 5 seconds, in this case,
the wafer i§-pr%?€fably raised only approximately 1 mm to approximately mm.  The wafer is
preferably raised by means of lift pins in 20 accordance with the prior art. Afterward, the wafer is

placed onta.the, susceptaragaindn arder o utilize the heat-compspsating efect akthe-suscepter.

Temperatur

43}

of 1is0°C. Afterward, cooling is effected in Che
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temperature range of 1150-1050°C at a ramp range of 1-2°C and

10 below 1050°C e.g. at 3°C/s frow 1050°C to 250°C.

At lowsr temperatures below 900°C, cooling is preferably

afferted at 59C/s or greater.

15 "he inventors have recognized that the lower ramp rate at the

nigh temperatures (at which the energy for the migration of

diglocations is still very low) prevents a large temperature

differsnce from ariszing betwesn wafer and susce also
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reduces the neat flow, which in turn prevents stresses and
20  hence the migration of dislocations.
Parcicularly during the cowcling of the wafer, in the pricr art

it ig virtually impossible for th

il

susceprtor and the walsr
always to bs held at the same temperature. Therefors, in the

pricr art stresses increasingly arcse during cooling.
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The object of the invention is also achieved by means of a
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method for producing an epitaxially coated semiconductor wafer,
in which a semiconductor wafexr polished at least on its Efront
side is provided, is placed om a susceptor in a single-wafer

30 epitaxy reactor and is coated by applying an spitaxial layer on

!

its polishad fron:t side by chemical vapor depesition at &
deposition temperature of 1000-1200°C, wherein, after epitaxial
coating has taken place, at depogition temper

a
semiconductor wafer is raised for 1-560 seconds in orasr to

LR
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snsure that connections betwsen susceptor and wafer that have

been produced by deposited semiconductor material are Droken up



After this brief raising of the wafer and during cooling, wafer lies on the suscepbor again. Alternatively,
the wafer is raised for somewhat longer period of time, preferably for 10-60 a As a result, firstly 30
connecting bridges are once again broken (bridging) and secondly possible stresses can be annealed
somewhat again at the temperatures that are at437 high during the raising process. In the methods
according to the invention, firstly a multiplicity of semiconductor wafers polished at least on 9 irons
sides are provided. For this purpose, a single crystal produced according to the prior art, preferably by
crucible pulling according- to Chochraiski, is sliced into a multiplicity of semiconductor wafers by
means of known slicing methods, preferably using wire saws with free abrasive grain ("slurry") or
bonded abtasiyg-grain{dignand wire)sdOLMechanical machining stens are furthermore carried out,
such as sequential single-side grinding methods, simultaneously double-side grinding methods (DDG)
or lapping. The edge of the semiconductor wafer, including any existing mechanical markings such as
a notch or aflatlre gevierallyadso Macilfﬁnéd-“(f%éeﬁotmﬁﬁﬁdlﬁ@-) cawisl coating has

caken place and the ralising of the wafer, for the Llatler To o
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cooled in the temperaturs rangs from 1200°C to 300°C ar
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of less than 5°C per sscond.
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raising of the wafsr has the effsct of brsaking up
poseible connecting bridgss between wafer and susceptor

10 (bridging). This prevents the flowing of z large amount of heat

d

between wafer and susceptor since ideally only point contacts

exigt in this way.

ne wafer is preferably raised for a short time of
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rozimately 1 second up to seconds. In this caze, the wafsr

is preferably raised only approximately 1 mm to approximately

The wafer ig preferably raised by means of 11

th

T ping in

20 accordance with the pricr art.
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ward, the wafer is placed onto the susceptor again in

a
order to utilize the heat-compensating effect of The susceptor.

3% After this brie’ raising of the wafer and during cooling, the

wafer lies on the susceptor agaln.

nltsrnatively, the wafer is raised for a omewnas longser period

iv for 10-60 &. ks & resulf firgtly
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f

ab
1) connecting bridges are once again broken (Dridging) anc
sible stresses can be annealed somewhat again at
2

the tem that are 8till high during the raising
process
35 In the m ods ancoy dlnq to the invention flrstly &



chemical treatment steps are additionally provided, comprising cleaning and etching steps. 20 After
the grinding, cleaning and etching steps, according to the prior art the surface of the semiconductor
wafers is preferably smoothed by removal polishing. This is preferably done by double-side polishing
(DSP), wherein the semiconductor wafers are for this purpose inserted loosely into a thin toothed disk
and polished on the front and rear side simultaneously in a manner "floating freely" between an upper
and a lower polishing plate covered with a polishing cloth. The front sides of the semiconductor wafers
provided are 30 furthermore preferably polished in a manner free from streaks, for example by means
of a soft polishing %JQE%}; vith the.aid.of an-alkaline polishing so/. In the literature, this step is often
referred to as CM? polishing ("chemo-mechanical polishing™). 35 10 subjected to hydrophilic cleaning
and drying according to the prior art. Evitaxial layers are subsequently deposited onto the polished
front sides stthe-pravided semiconductoy vafery mta Singlewaderdrgattor da 1iscase the
semiconduglor yafey preferatly.dags nai i difeetly andfie suscemtot butiathercon a ring, which in
turn 10 resfs on the susceptor, such that the rear side of the semiconductor wafer faces a bottom of
the sustepforOCTRE Botom of tie 5688 pror préfefabiy Fas & ”gég-ﬁérrr%é‘é‘bﬁé’%?ﬁ%%ﬁr%“(pprous, e.g.
felt susceptggrer-pedorated suscéntarckirinadeordance withdthe prisriaTpI e Mg RSprefétably a ring
amnpOSEd'g;agc%Qgﬁ”§gge sbrasive grain {(“slurry”) or bonded abrasive

grain (diamond wirs) .

10 Mechanical machining steps ars furthermore carried out, suCh ag
sequential esingle-side grinding methods, simultanecusly double-
side grinding methods (DDG) or lapping. The =dge of the

ncluding any existing mechanical markings

-

gemiconducteor water,

such as @ notch or & flat, are generally alsc machined {(“eage-

)
A

notch grinding”) .

Chemical treatment steps are additionally provided, COMprising

cleaning and sctching steps.

20  After the grinding, cleaning and setching steps, according to
the prior art the surface of the semiconductor wafers is
preferably smoothed by removal polishing. This is preferably
done by double-side polishing (DSP), wherein the semiconductor

wafers are for this

¢

urpcse inserted loosely into a thin
75 roothed disk and polished on the front and rear sids

simultanecusly in a manner “floating free

-t

v petwsen an upper

and a lower polishing plate covered with = polishing clothi,

The front sides of the semiconductor wafers providad ars

T3

30 furchermore preferably polished I1n & manner frae from streaks,
'L,.

T
for examples by means of a soft polishing cloth with the &

[
(8

t+h

C
an alkaline polisking sol. In the literature, this step 18

erred to as CMP polisghing (“chemc-mechanical

(W]
L

Frer the polighing, The semiconductor wafers arse preierably



The epitaxy reactor is preferably a single-wafer reactor, 20 particularly preferably a single-wafer
reactor from ACM or Applied Materials (AMAT Centura Epi). The semiconductor wafers provided
preferably have a diameter of 150 mm, 200 mm, 300 mm and 450 mm. r)5 During the pretreatment of
the semiconductor wafer, the semiconductor wafer to be epitaxially coated is usually preheated and
exposed to a purging gas, usually a hydrogen atmo§8here, in order to remove a native oxide layer. 30
After the oxide layer has been removed, an etchant-, preferably hydrogen chloride, is usually added to
the purging gas in order to smooth the surface of the front side of the semiconductor wafer before
depositing he_gtadal layer,|n.ordet 1a deppsi he intaxal dayer, he,semieanduclar dggwafer o be
epitaxially coated is usually brought to the depositiori temperature and the front Side of the
semicondu&®rSvafeF fs-brought into contact with a deposition gas, while the rear side of the substrate
wafer continues to be exposed to the influence of the purging gas. The deposition gas usually contains
compoundsﬁ\évpj_cahx afTrjth%g are g}hgmsi%%g)g ¢§Hgg}ép@é/éd§s%@ygﬁggr@i§g sybstanges. These
substances preféra ?’y inclide silicon, germanium and 10 dopants such as boron, phosphorus, or
arsenici A depsositicn 688 i€ pakict| AFP prefetabiy CoRpoLet-oftrithisoSilane ShyrBFert and diboran.

wafer rsactor.

in this case, the semiconductor wafer preferably doss not

[
-
N

directly on the susceptor, but rather on which in turn

31
|
i..lv
fw
8]

10 rests on the susceptor, such that the rear gide of the
semiconductor wafer faceg a bottom of the susceptor.

!

The bottom of the susceptor preferably has gas-permeable

a
structurs {porcus, e.g. felt susceptor, cor perforated susceptor

[
Loy
pi

ir accordance with the pricr art).

The ring is preferably a ring composed of silicon carbide.

The epitaxy reactor is preferably gingle-wafer reactor,

o

20 particularly preferably a single-wafer reactor Irom ASM OT
Applied Materials (AMAT Centura Epi).
The semiconductor wafers provided preferably have a diameter of

150 mm, 200 mm, 300 mm and 450 mm.

25
puring the pretreatment of the ssmiconductor wafer, the
semiconductor wafer to be epitamxially coated is usually
preheated and exposad to a purging gas, usually = hydrogen
atmosphere, in order to remove a native oxide layer.

30
Lfter the oxide laver has beern removed, an etchant, preierably
nydrogen chloride, is usually added to the purging gas in orgsr
to smooth the surface of the front side of the semiconductor
wafer before depositing the epitaxial laver

35

Ir order to deposit the epitaxial layer, the semiconductor



15 After the epitaxial layer has been deposited, the epi axially coated semiconductor wafer is cooled,
preferably in a flow of hydrogen which is passed through the reactor. The effect of the ring preferably
resting on the sus eptor is 20 that the semiconductor wafer has no contact with the susceptor and
therefore has no or only few stress points in its surface. The semiconductor water is therefore largely
stress-free in its surface, that is to say has o mechanical stresses at all. As an alternative to a ring
resting on the susceptor (two-part wafer holder), thig can also be achieved by means of an edge
support on a one-part susceptor (so-called ledge support). The use of such a susceptcr is especially
preferred. 30 Furtheintore, a ring composed of silicon carbide has the effect that there is a kind of
insulation afihermalbyiferbetwaen semicongusctor waftesand suseepter Thishasdhe effect that few
thermally induced stresses, which could Igag tQ.d‘;slgg%tri!Qnsé ggg scljips,,gl%cusra%\/"e@o%n the bearing
points at the BHYE" 357 And Below by means of TR lamps. WRen using & conventional susceptor
(without restimfering, awithioucie gl tthistas e efféSithat HRPSEMICONHUERST 5 Waféist&Ea higher
temperature-fhan the;suseeptor duwipgdbe pretreatmentand £aating steps. Shesmallydaduaed stresses
occur in this case at the points of contact with the susceotor, which stresses in the worst case can lead
to dislocatiors-andiip of the Cemicondlctor wafer. 10 In the case of a susceptor with a ring
composed of silicon carbide resting thereon, however, the temperature of the ring is higher than that of
the suscepter, anghas.ademperaturg Malug glose-de dhe demparature of e semieanductenwafer. The
15 thermal stresses ogcurring in.the Jrior art can be reduced as a result The effect alsg occurs if the
temperatur@BFth??&hT@&r?éuc%r’\%/af&’is:I‘gv(f/’gf“ than'the fetRperature OF the sUSceptor, as is the
Thege substances preferably inciude silicon, germanium and

10 cdopants such as boron, phosphorus, oOr arsenic.

2 deposition gas is particularly preferably composed of

trichlorosilane, hydrogen and diboran.

15 Affer the epitaxial layer has bheen deposited, the epitaxially
coated semiconductor wafer ig coscled, preferakly in & flow of

hydrogen which is passed through the reactor.

The effect of the ring preferably resting on the susceptor is

20 +nat the semiconductor wafsr has no contact with the susceptor

¥

a
and therefore has no or onlv few stresse poincs in lts suriace.
The semiconductor wafer is thersefore largely stress-free in its

surface, tha- is to sayv has no mechanical stresses at all.

3
h

Az an alternative to a ring resting on the susceptor (Cwo-parc
wafer holder), this can alsc be achleved by means of an edge
SUppOTrL on a one-part susceptor {(so-called ledge supporT) . Ths

use of such a susceptor is especially preferred.

30 rFurthermore, a ring composed of silicon carpide has the aeffazt
that there is a kind of insula
samiconductor wafer and susceptor. This has the effsct that few

rhermally induced stresses, which could lead to disglocations

and slips, cccur even on the bearing points at the edge.

|8
Ly

The single-wafer rsactors used ars usually heated Irom above



20 case when cooling the semiconductor wafer after the deposition process. Here, too, the ring acts as
a kind of thermal buffer. It has been shown, however, that rear side depositions cannot always be
avoided by using an additional ring resting on the 25 susceptor, since deposition gas can nevertheless
pass between susceptor and semiconductor wafer and thus to the rear side of the semiconductor
wafer. Therefore, it is particularly advantageous to [aise the wafer 30 after epitaxial coating, in order to
break up such connecting locations between semiconductor wafer aad susceptor, even when an
additional ring support is used. The semiconductor wafer to be enitaxially coated is preferably The
silicon wafer ta:he g=itaxially ceatedds prefetahly polished at least on its front side. Preferably, the
silicon wafer to be emitaxially coated is etched and polished on its rear side. Preferably, the silicon
wafer to he epilL.axialiy coated diameter of. 150 mm, 200 mm, 300 mm or 430 mm. 10 The described

method accordiig to-TEInTeRtdh I8 St s roda ring'} A ST RieonaUCIor wate? which comprises a
front side and % Féasided@fich [EpfoviBiedaR iRt sidhé Wit an8praRriYayEF and which is free
from stresses exbtording ¢ 15 photeelastirsiress mersure et (USIRP P in particaldrtia the edge
region. For exgpple: the-atRRA{Ssanning Isbased DepplarizstiondMetralegyssystem from PVA
TePla or the Sclggi_zsoi%d%\ﬁ%e JJ@@ at the points of zontact with the susceptor,
which stressaes in the worst case can lead to dislocations and
glip of the semiconductor wafer.
10
In the case of z susceptor with a ring composed of silicon
carbide resting therecon, however, the temperature of the ring
ig higher than that of the suscephor and has a temperaturs
value close tc the temperature of the semiconductor wafer. The
15 thermal stresses cocurring in the prior art can be reduced as a

result.

The effect alsc occurs if the temperature of the semiconductor
wafer ig lower than the temperature of the susceptor, as ig the
20 case when cooling the semiconductor wafer after the deposition

process. Here, too, the ring acts as a kind of thermal buffer.

It hag been shown, nowsver, that rear sides depositions cannot
always be avoided by using an additiomal ring resting on the

25 esusceptor, since deposition gas can nevertheless pass between
suscepter and semiconductor wafer and thus to the rear side of
the semiconductor wafer,

Therefore, it is particularly advantageous to raise the walex
30 after epitaxial coating, in order to break up such connecting
locations between semiceonductor wafer and susceptor, even when

an additional ring suppert 1s used.

The semiconductor wafer to be epitaxially coated ig preferably
35 & wafer compesed of monocrystalline silicon, to which an

epitaxial silicon layer is applied.



20 JenaWave is suitable for determining the stresses. The sensitivity of the TePla SIRD device is 6
kPa. Both the front side and the rear side and also the edge region of the semiconductor wafer can be
investigated with nbc,s0 STRD 25 measuring devices. There is only a small edge exclusion as e.a. in
the case of geometry measuring devices (usually 0.3 mm edae exclusion). The edge region should be
understood to be for example a ring 30 shaped area,qn the wafer which extends inward from the edge
exclusion in the direction of the center of the wafer. In the case of a wafer having a diameter of 300
mm and BIRD measurement with an edge exclusion of 0,5 mm, this can be for example a 3 mm wide
ring having an external diameter of 293 ma, and an internal diameter of 293 mm (as seen from the
center of the wafer, therefore, radius values of 149.5 mm to 146.3 mm). 14 - Unless indicated
otherwise, d&ta régaiding SHEEEES TR SemiEBRdaEtor wale &R AVBStigdted T meansiof SIRD relate
respectivelyto:thefeentside and-reas side apddn:the atlge region of the semiconductor wafer.
Forcharacterization of stresses by means of STRD, a stress limit value is predetermined, which
preferably corresponds to the sensitivitythe device used. If no stresses above said 10 stress limit value
can be Hetettet e waler ShBURLLBE FEGarietlas BIRDEStRESSAgd atedrdifg t6 the Metrology used.

etched and polished on its rear side.

preferably, the gilicon wafer to be epitaxially coated has &

diametsr of 150 mm, 200 mm, 300 mm or 450 mm.

1
The described method accarding to the invention ig sultable for
producing & semiconductor wafer which compriges z front side
and & rear side, which is provided on its front side with an
epitaxial layer and which is free from stiresses according to

15 photoslagstic stress measurement (“SIRD”) in particular in the

edge region.

For example, the SIRD (“Scanning Inf

r
Metrology System frow PVA TePla or the SIRD-300 device from
88

to

oth the front side and the rear side and also the edge vegion

of the semiconductor wafer can be wnvestigated with these SIRD

[E]
LA
=

easuring devices. There is only a2 small edgs exclusion as &.9.
in the case of geometry measuring devices (usually 0.3 mm edge

exciusion) .

Thne sdgs region should bs undserstood to be for exampls & ring-
30 shaped arsz on tne wafsr which extends inward Zrom the edge
exclugion in the direction of the center of the walisr. In tne
cage of a wafer having a diametsr of 300 mm and SIRD
0

measurement with an edgs exclusion of
ring

example a 3 mm wide having an external diamester of 255 mom
35 ard an internal diameter of 283 mm (as ssen from the center of
the wafer, therefore, radius values of 149.%5 mm to 146.5 mm).



The BIRD measuring device from Jenawave makes it possible to investigate very specific regions of a
wafer, e.g. only the 15 edge region. Moreover, it is possible to exclude specific regions from the
meaSurement and analysis, in particular the notch region and also the bearing points of the measuring
device. 20 The semiconductor wafer is preferably a semiconductor wafer polished on the front side
and provided with an epitaxial layer on the polished frpnt side. Preferably, the semiconductor wafer Is
ear side. cfleo. d polished on erably, the semiconductor wafer has a diameter of 150 HIM, 200 mm,
300 mm or 450 mm. 30 The ep takially coated semiconductor wafer is preferably a wafer composed of
monocrystalline silicon, to which an acitaxial silicon layer is applied. Figures 15

Unlsss indicated otherwiss, data regarding stresses in
semiconducter wafers investigated by means of SIRD relate
regpectivelyv to the front side and rear gide and to the edgs

5 resion of the semiconductor waliexr.

For the characterization of stresses bv means ¢f SIRD, a stress

limit wvalue is predetermined, which preferably corregponds to

the mensitivityv of the device used, If no stresses above said
10 stress limit value can be detected, the wafer should be

regarded as BIRD gtress free according to the metrology used.

The SIRD measuring device from Jenawave makes 1t possible to
investigace verv gpecific regions of a waler, e.9. only the

15 edgs regicn
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zlso the bearing points of the measuring device.

20
Tne semiconductor wafer is preferably = semiconductor waier
polished cn the front side and provided with ap epitaxiazl layer
on the polighed front side

25 preferzbly, the semiconductor wafser is ched and polished on
icg resr gide
Dreferably, the semiconductor wafer has a diameter of 130 mm,
200 mwwm, 300 mm o 450 wm.

30

The epitaxially coated semiconductor wafer
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wafer composed oI moncorystalline silicon,

t
0
z
by
},J..
{1
n
n
h

licon iayer ig applied.
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The invention is illustrated below wa.L.n reference to Fig. 1 illustrates the result of an BIRD
measurement according to the invention. Fig. 2 illustrates the result of an BIRD measurement on an
epitaxially coated wafer in accordance with the prior art. The meaning of the bearing points at the edge
visible. during BIRD measurements is elucidated by Fig. 3 Fig. 4 shows the result of an BIRD
measurement on an 10 epitaxially coated wafer in accordance with the prior art. Figs. 5 and 6 show
results of BIRD measurements on epitaxially coated svafers according to the invention. Fig. 1 shows
the result of an BIRD measurement of a. 15 semiconductor wafer epitaxially coated according to the
invention. Stress fields are manifested here neither at the edge nor in the area of the semiconductor
wafer. Thedfour visible pointsican be adributeditotiree bearingedintsakSIRD Meégsuring device and
the orientation notch, 20 2 shows the result of an BIRD measuremerP. of a semiconductor wafer
epitaxiallv coated in accordance with the prior art. Here local stress fields are manifested at the edge
of the semiBdAduétor WareE ISaifSte’d fetdcorrespsRdingts 9% aFEsSuffeTeACESHF 128
Kilopascals; J heninterierencespatterns show no thickness variance of the wafer. "Fringes" arise

through interference.qfithe. qrdinary 4od extraardingry laseredayscyhichaach haye adifferent phase
epitaxially coated wafer in acccrdance with the prior art.
The meaning of the bearing points at the edge visible during
ZIRD measuremencs ig elucidated by Fig. 3
Fig. 4 shows the result of an SIRD measurement on an
10  epitaxially coated wafer in accordance with the prior art.
Figs. 5 and § show results of SIRD measurements On gpitaxially

coated wafers according to the invention.

Fig. 1 shows the result of an SIRD measurement of a

15 egemiconductor wafer epiraxially coated according to the
inventicn. Stress fields are manifested here neither at the
adge nor in the arss of the semiconductor wafer. The four
vigible points can be attributed to three bearing polnts of the

SIRD measuring device and the crientation notch.

20
Pig. Z shows the result of an SIRD measurement of a
semiconductor wafer epitaxially coated in acgordance with the
pricr art. Here local stress fields are manifesgted atr the edge
of the gemiconductor wafer, said stress fields corresponding to
75  gtress differences of 120 Kilopascals.

The interference patterns show no thickness variance of the
wafer. “Fringeg” arise through interference of the ordinary and
excraordinary lasers rays, which sach have a different phase

30 wvelocity.

Fig. 3 shows the meaning of the bearing points discernible in

¥ig. 1. Three bearing points can be seen, which are caused by

rhne semiconductor wafer bearing on the bearing device of the
15 SIRD measuring devices. Another point can furthermore ba

digcerned, which is attributable to & mechanical mariking such



30 velocity. Pig. 3 shows the meaning of the bearing points discernible in Fig. 1. Three bearing points
can be seen, which are caused by the semiconductor wafer bearing on the hearing device of the 35
BIRD measuring devices. Another point can furthermore be discerned, which is attributable to a
mechanical marking such 16 as a noL.ch or a flat, or to a laser marking. These bearing points, and a
mechanical marking possibly present, can be seen i Lany BIRD measurement on a semiconductor 5
wafer. However, they are not critical stress fields which would be ouantitively detectable by means of
SIRD. For the examples in Figs. 4-6, an edge exclusion of 0.5 mm was used and the edge region of

the wafer was investigated in a 4,10 mm wide ring, by means, of. 3IRD. The measurement sensitivity
was 5 kPa.Z& pordis sts€&ptor %\%ﬁf’é ricr;ﬁ]-s“'ﬁ)apaeg(jjil |C support was used in each case. 15 Fig. 4

shows the result of an SIRD measurement of the edge of a semiconductor wafer epitaxially coated in
accordancerwithdhgapriarat withnstandardh caoling: 120 Aergside- thentouroirifslalway's present
(bearing points and notch), turther stress figlds aigeviglelt elren:

—

on a semiconduchtor

5  wafer. However, they ares not critical stress

fields which
would be guantitively detectable by mesans of SIRD.

For the examples in Figs. 4-6, an edge exclusion of 0.5 mm was
used and the sdge region of the wafer was investigated in a 4
10  mm wide ring by means of SIRD. The measuremsnt sensitivity was

& kPa.

2 porous susceptor with & ring-shaped SIC support was used in

zach case.

Fig. 4 shows the result of an SIRD measurement of the edge of

Fh
(B

semiconductor wafer epitaxially coated in accordance with the

prior art with standard cooling.

20  nlongside the feour points always present (bearing points and

notch), further stress fields ars evident here.

Fig. 5 and 6 show results cof SIRD measurements on the edge of

semiconductor wafers epitaxially coated according to the

&2
LA

invention.

The wafer in Fig. 5 was cooled according to the ilnvention al

e e b

0
(23
0
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epitaxial coating.
30 The region investigated is stress-Ifree in accordancs with SIRD.
The wafer in Fig. & was briefly ralsed according to the

invention after epitaxial coating, in owxder to break up

connecting bridges between wafer and susceptor.

(o)
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Here, too, the area investigatsd is S;ress—frae in acoordance



Fig. 5 and 6 show results of SIRD measurements on the edge of semiconductor wafers epitaxiallv
coated according to the 25 invention. The wafer in Fig. 5 was cooled according to the invention a
epitaxial coating. 30 The region investigated is stress-free in accordance with SIRD. The wafer in Fig.
6 was briefly raised according to the invention after epitaxial coating, in order to break ,vm connecting
bridges between wafer and susceator. Here, too, the area investigated is stress-free in accordance '
18 Patent claims 1. A method for producing an epitaxially coated semiconductor wafer, in which a
semiconductor wafer composed of monocrystalline silicon and polished at least on its front 5 side is
provided, is, plac ngp a susceptor in a single-wafer epitaxy reactor and is coated by applying an
epitaxial Ig}}er o Its polished front side by chemical vapor deposition at temperatures of 1000-1200C,
wherein, after epitaxial coating has taken place, the semiconductor wafer is cooled in the 10 :
temperature range from 1200C to 900C at a rate of less than 5C per second, and the semiconductor
wafer, after reaching a temperature of 900C is cooled at a rate 5C per second or higher.



15 2. The method as claimed in claim 1, wherein the semiconductor wafer is cooled in a temperature
range of 1200-900C at a rate of less than or equal 4@ 3C per second. 3. The method as claimed in
claim 2, wherein the semiconductor 20 wafer is cooled in the temperature range of 1200-1000C at a
rate of less than or equal to 1.5C per second. 19 Abstract Method for producing an epitaxially coated
saviconductor wafer The invention relates to a method for producing an ep sa - coated semiconductor
wafer, in ydich.a semigonductor wafer polished at least on its front side is provided, is placed on a
susceptor in a single-wafer epitaxy reactor and is coated by applying an epitaxial layer on its polished

front sidelby [ cg cg&v%%(%r deposition at temperatyres of 1000 - 1200C, wherein, after epitaxial
coating has tienggg“gze, the selrﬁljg%ﬁ%ﬁét%? W%Fe‘r L éLLcl):g[%{& ?ni tgr%%%eern'a urséefgljhagl}é)urﬁ 4%9oc to
900C at &g of lesd than Bt secdnd. 98Figaredpctor  wafer  composed  of

monocrystalline silicen and polisgshed at least on its front
5 side is provided, is placed on a susceptor in a single-wafer
epitaxy reactor and is coated by applying an epitaxial layer
on its polished front side by chemical wvapor deposition at
temperatures of 1000-1200°C, wherein, after epitaxial coating
has taken place, the semiconductor wafer is cooled in the
10 temperature range from 1200°C to 900°C at a rate of less than
5°C per second, and the semiconductor wafer, after reaching a
temperature of 900°C is cooled at a rate 5°C per second or

higher.

15 2. The method as claimed in claim 1, wherein the semiconductor
wafer is cocled in a temperature range of 1200-300°C at a rate

of less than or egual to 3°C per second.

3. The method as claimed in claim 2, wherein the semiconductor
20 wafer is cooled in the temperature range of 1200-1000°C at a

rate of less than or egual to 1.5°C per second.
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Method for producing an epitaxially coated semiconductor wafer

The inven

it

coated semiconductor wafer, in which a samiconductor waier

polished at least on 1ts Tront sids is provided, is placed on

susceptor in a single~wafer epltazy reactol and 1s coated Y
applying an epitaxial layer On 118 polished front side by
chemical vapor deposition at temperatures of 1000 - 1200°C,

wherein, afrer epitaxial coating has taken place, the
semiconductcr wafer is cooled in the Temperature range from
= -

1200°C to 900°C at a race of less than o C per sscond.

e

Figure 1

ion relates to a method for producing an epitaxially

jad



