Method for producing a semiconductor wafer composed of silicon with an epitaxially deposited layer
The invention relates to a method for producing a semiconductor 5 wafer composed of silicon with an
epitaxially deposited layer in an epitaxy reactor, which method comprises the following steps:
conducting an etching gas through the epitaxy reactor in order to remove residues on surfaces in the
epitaxy reactor through 10 the action of the etching gas; conducting a first deposition gas through the
epitaxy reactor in order to deposit silicon on surfaces in the epitaxy reactor; placing a substrate wafer

composedvaftHilioNEe asHsaeRDh gt thesepiien@asios Ak e sonduriing.a segongdidapesition gas
for depositing an epitaxial Ia%gir %n the substrate v&aﬂ;{t‘: A method which likewise comprises these
steps is described INnEP 15 & 6 AT, 1%?‘&3%7 ) c%ﬁﬁﬁ@§7tﬁ% &Htitageous 20 and, if

appropriate, also necessary to remove residues from surfaces in the epitaxy reactor which have

depositedgn these surfaces, i anuncqntralled oamerdying e depgsiion of slican 90 substrate
etch, 0]

wafer. Such a step, referred to hereinafter as chamber etch, Is carried out more or less 25 frequently
dependintfort thee @8R e 3t cBhtatrihafon afd qualty R uirements, ¥ tHanayertesitaxialy Heposited
on the substrate waferas: 20 pmm et thickerordhthese arpipaytieylatly High guality Tequirements, it is
expedieng % g%r_ry out a chamber etch after the deposition of an epitaxial

conducting an etching gas through the epitaxy reacter in order
to remove residues on surfaces in the epiltaxy reactor through
10 the action of the etching gas:
conducting a first deposition gas through the epitaxy reactor
in order to deposit silicon on surfaces in the epitaxy reactor;
placing a substrate wafer composed of silicon on a susceptor of
the epitaxy reactor; and
i5 conducting a second deposition gas for depesiting an epitaxial

layer on the substrate wafer.

A method which likewise comprises these steps 1s described in
EP°1 533 836 Al, for example. Accordingly, it is advantageous

20 and, if appropriate, alsc necessary to remove residues from
surfaces in the epitaxy reactor which have deposited on these
surfaces in an uncontreolled manner during the deposition of
silicon on a substrate wafer. Such a step, referred to
hereinafter as chamber etch, is carried out more or less

25 freguently depending on the degree of contamination and guality
requirements. If the layver epitaxially deposited on the
substrate wafer is 20 um or thicker or if there are
particularly high quality reguirements, it 1s expedient to
carry out a chamber etch after the deposition of an epitaxial

30 layer on one substrate wafer before a further substrate wafer
is coated. In other cases, the chamber etch can alsc take place
less freguently, for example after every 2™ to 8™ coating of
substrate wafers. EP 1 533 83¢ Al alsc proposes coating the
etched surfaces in the epitazny reactor with a thin film of

33 silicon by conducting a depositioh gas through the epitaxy



30 layer on one substrate wafer before a further substrate wafer is coated. In other cases, the
chamber etch can also take place less frequently, for example after every 2nd to 8th coating of
substrate wafers. EP 1 533 836 Al also proposes coating the etched surfaces in the epitaxy reactor
with a thin film of 35 silicon by conducting a deposition gas through the epitaxy 2 reactor. The thin
film of silicon seals the surfaces and prevents contaminants that diffuse from the surfaces from
passing into the growing epitaxial layer during a subsequent coating of a substrate wafer. The

depositiop of athin filmaf 5 silicor on-susfaces of the-epitaxy seactor afterthechamper etch is referred
to hereinafter as chamber coating. DE 10 2005 045 337 Al describes that a chamber etch has a

disadvanfigebts etectBh i fiatheds of A subsirate Farer W'suBSeqiEnty Toated With an epitaxial
layer. Thus; i1 padticitardhetecat flatness of suich:aisemitenductarnwartey is inspdiredy Jherefore, it is

recommended ihat the sysceptor be-hydigphilzecTatierthe. chamber oioh by maans.gfg hydrophilc

wafer being placed onto the susceptor for a short time. This 15 procedure has the disadvantage that a
dedicated et st&p i§ FEGRRSPIO? hyBrGhHIRARGRHRE StRREHOF. T eRarnbér Slehrdiss has a

disadvantagegus £ffegtren theilifeimesefdhe aminerity oharge: earsiers ot a systrate wafer 20
subsequently coated with an epitaxial layer. The lifetime of the minority charge carriers of such a

semiconductor wafer, determined by "microwave photoconductivity decay (p-POD)", is significantly
shorter thah it 6haBbér éteh ahdl’cliemberscoatingzaré dispeased withepricrtothé gsating of a

substrate Waf@hvantageous effect on the flatness of a substrate wafer
10 subseguently coated with an epitaxial layer. Thus, in
particular the local flatness of such a semiconductor wafer is
impaired. Therefore, it is recommended that the susceptor be
hydrophilized after the chamber etch by means of a hydrophilic
wafer being placed onto the susceptor for a short time. This
15 procedure has the disadvantage that a dedicated method step is

required for hydrophilizing the susceptor.

The chamber etch alsc has a disadvantageous effect on the
lifetime of the minority charge carriers of a substrate wafer
20 subseguently coated with an epitaxial layer. The lifetime of
the minority charge carriers of such a semiconductor wafer,
determined by “microwave photoconductivity decay (u-PCD)”, is
significantly shorter than 1f chamber etch and chamber coating
are dispensed with prior to the coating of a substrate wafer,
25
The chamber eftch additionally has a corrosive effect on the
susceptor and in particular on 1lift pins which serve for
raising and placing down wafers and are embedded in the bottom
of the susceptor. 3Susceptor and 11ft pins therefore have to be
30 replaced comparatively often owing to wear as a result of

corrosion.

Therefore, the object was to alleviate disadvantages assoclated
with the chamber etch, without having fo dispense with

35 associated advantages and without having to accept new



25 The chamber etch additionally has a corrosive effect on the susceptor and in particular on lift pins
which serve for raising and placing down wafers and are embedded in the bottom of the susceptor.
Susceptor and lift pins therefore have to be 30 replaced comparatively often owing to wear as a result
of corrosion. Therefore, the object was to alleviate disadvantages associated with the chamber etch,
without having to dispense with 35 associated advahtages and without having to accept new 3
disadvantages. According to an aspect of the invention, there is provided a method for producing a
semicongustorywafes gemposed of silicon with an epitaxially deposited layer, comprising placing a
dummy wafer on a susceptor of an epitaxy reactor; conducting an etching gas through the epitaxy
reactor in order to remove residues on surfaces in the epitaxy reactor through the action of the etching
gas; conslucting arfg stde positarpgasthedugintheiepitaxy reactor rearelet 0 depasitisiticon on surfaces

in the el%'lt%XEﬁ%‘éf‘)%fe@%i&ﬁé‘ﬂﬁﬁug"Eéﬁﬁ‘@é%rn@ﬁ@éHQS%tEeWafS&%BQQ%eQEf silicon;

conducting a second depasition gas through the epitaxy reactor in order to deposit an epitaxial layer
on the sEbstraewateEaRPdSROSHRTE AT epitaaRAgyESoh aBEast 2 FPR ¥drfHélSubstrate wafers,

without the geimay avafembeingplaced-en thessuseepia-in d1e iterépidalike insthednethods

described in the gbovementi%ré?%grior art, t in\ﬁer%i]or}%ovideg for a dumr‘g&\évafer to lie on the
am

susceptor both during the chamber etch and darin & Chambar &Gating. Various advantages are

associaté@ wigmpieproted diee Therlifeiné of afndsty Whargodamiers althetfipst $dmieoadiuctor wafer

with an epitaxially deposited jayer whichhis rrgduced after chamber etch and chamber coating is
longer than if the presence of the dummy wafer is dispensed with during the chamber etch and the

chamber OEMG Tt REuise. 1 wedFRP e cate §PSuSCRHRFEdHYTIRG PR IBRRF 5ffe dummy
wafer shields adatge:pardebtirel suscepiopduring the-charmbel etchiandhie-ebhgmbes caating.

Hym@ge?éﬁ%%@%h&”@ﬁ% dummy wafer by a substrate wafer composed of
gilicon;
conducting a second deposition gas through the epitaxy reactor
in order to depogit an epitaxial layer on the substrate wafer;
and depositing an epitaxial layer on at least 2 to 24 further
substrate wafers, without the dummy wafer being placed on

the susceptor in the interim.

Unlike in the methods described in the abovementioned prior
art, the invention provides for a dummy wafer to lie on the
susceptor both during the chamber etch and during the chamber
coating. Various advantages are associlated with this procedure.
The lifetime of minority charge carriers of the first
semiconductor wafer with an epitaxially depogited layer which
is produced after chamber etch and chamber ccating is longer
than if the presence of the dummy wafer is dispensed with
during the chamber etch and the chamber coating. Likewise, the
wear in the case of susceptor and holding pins is lower. The
dummy wafer shields a large part of the susceptor during the
chamber etch and the chamber coating. Hydrogen chloride, which
is usually contained in the etching gas during the chamber

etch, is scarcely able, or is not able at all, to reach the



3a shielded part of the susceptor, in particular the lift pins incorporated there. That part of the
susceptor which is shielded by the dummy wafer is therefore withdrawn from the corrosive influence of
the etching gas during the chamber etch. During the subsequent chamber coating, the dummy wafer
still 4 lies on the susceptor, with the result that a thin film of silicon is also not deposited on that part of
the susceptor which is shielded by the dummy wafgy. This has an advantageous effect in various
respects because the following is avoided. 5 If the dummy wafer is dispensed with during the chamber
etch and the chamber coating, the susceptor, after the chamber coating, is covered with a thin film of
silicon thatisebataiinated with tiydrogescehteride. Quringstheicoatiag of tke 16 frond sige of the

substrate. yaf ith pi | lay dro chloride diffuses from the. film into_the deposited
epitaxial g)%%#\é%%%%gs %%%&eggg éh r%gr?e |fe§r1neé osfun%ﬁ\%%tgyoghaﬁgé%rﬁ”g’rs. 15 If the dummy
wafer is diSaés&PwiY dbfifg dvaBhaiBéestichardwecdhanther coadng wihefe ’thelsk, during the

coating ofthe-sghsteatevafgr sompased gk silicen with heepitaxiphlavensthak the.substate wafer,

which in the region of its edge bears on a susceptor ledge, will groW together at points
Durfgg t%e su% equent c%am%exp coatling, t%@ dungmy wafepr still



20 with the thin film of silicon that was deposited on the susceptor during the chamber coating. In this
case, defects arise in the edge region of the rear side of the coated semiconductor wafer, which
defects bring about lattice stresses and are triggers of slip. ,5 If the dummy wafer is dispensed with
during the chamber etch and the chamber coating and use is made of a susceptor having a base
composed of gas-impermeable material which has neither holes nor open pores, there is the risk,
finally, that hydrogen 30 will pass, during the coating of the substrate wafer, through a gap existing

between {he hase of the susceptor.and g litt pin fa.the rear side;of the, substrate wafer.and a native

oxide layer on the rear side of the substrate wafer will be locally resolved. This gives rise to transitions
between hafivé BRideB 5 tafer BRG oRXfRIFes FehiGRs Whith &@Nisibike d5'% s8%3&8A ™5 pin halo" in
concentrateddight. Saidl {eensHionsympais themanoteppgraphyrafdhe searsside afthe-suhsitaie wafer,
that is to say that they cause height fluctuations of up o 60 n 'nﬂeasured over a distance of 0.5 to 10

mm. The fransitions do 5 Hox arisé if the %ummy warer is presencf dﬁﬁ‘ﬁ% e CRamber etc 1'and the

charfiber coating. The dummy wafer shields the underlying part of the susceptor and thus maintains

the hydr@bil@r@a&%%ﬁyO&m%ur&@edmp%%é@emgm his, syrface-propertysubseguently protects
the native oxide layer on the 10 rear side of the substrate wafer from being resolved in the region of

the lift pirfs? S heFuriy Warter C8A toRSist for exatte B Siicort o Siichh tarbiaé 6t graphite-coated
silicon cathide onof quartzeA«stmamy iwaiemcarmnposed ofrsibdorsddrbicterorti damisy wafer composed

of siicon Ja.Rieleired.and ueh agtummy dafer whichds oxidized ot leasl onhedear sieledrds
covered there with a layer composeéd of deposited silicon dioxide IS particularly preferred. The oxide
Iayé@pnﬁ%%ﬁﬂ?oﬁéﬁﬁmﬁ@,Eﬁéeﬁﬁﬁﬁtrate wafer with an epitaxial layer,

hydrogen chloride diffuses from the film into the deposited
epitaxial layer and causes the observed shortened lifetime of

minority charge carriers.

15 If the dummy wafer 1s dispensed with during the chamber etch
and the chamber coating, there iz the risk, during the coating
of the substrate wafer composed of silicon with the epitaxial
layer, that the substrate wafer, which in the region of its
edge bears on a susceptOx ledge, will groﬁ’together'at points

20 with the thin film of sgilicon that was depocsited on the
susceptor during the chamber coating. In this case, defects
arise in the edge regicn of the rear side of the ccated
semiconductor wafer, which defects bring about lattice stresses

and are triggers of slip.

If the dummy wafer is dispensed with during the chamber etch
and the chamber coating and use is made of z susceptor having a
base composed of gas-impermeable materizl which has neither
holes nor open pores, there is the risk, finally, that hydrogen
30 will pass, during the coating of the substrate wafer, through a
gap existing between the base of the suéceptox and a lift pin
to the rear side cof the substrate wafer and a native oxide
layer on the rear side of the substrate wafer will be locally
resolved. This gives rise to transitions between native oxide

35  layer and oxide-free regions which are wvisible as a so-called



20 silicon of the dummy wafer against the degradation by the etching gas and hydropholizes that part
of the susceptor which is covered by the dummy wafer. It is equally advantageous if the oxide layer
covers the dummy wafer composed of silicon or silicon carbide not only on the rear side but
completely. A 25 dummy wafer composed of silicon or of silicon carbide which is coated with an LTD
("low thermal oxide™) layer on the rear side or completely, that is to say on both sides and at the
edges, is particularly preferred. The LTD layer is preferably 100 to 40 000 nm thick. It is also preferred

to reuse the dummy,wafer, 3@ that s g sato useit dudng at leask.ene futher:ehamber:gteh and
during at least one further chamber coating which argf garrjed out before the depositionl'loftan. epitaxial

layer on BRGHEPRAFSTRR VAL, "6 SubSiiateWafer, For axm SR aH ndiid S wWater &pitaxy feactor of
the Centura type frdm Applied Materalshintge ok oftthedEpsilon dtype fromuaShbIngérnational N.V., is

preferably used for.caripg pus he method, 5 puamy,water,apd substiate waler preferebly bear on a

ring composed of silicon carbide which bears on the susceptor, thereby reducin%the thermal loading
of the subStFatewarer dirilkg theldBBosilGH 6FthbSepiaRiaf fiyef Wd 86 eblalvaoTRefkned

alternativgy, i is alsopossible te-yse arene-par suseepiorwith 1@ susespier ledge asdcadgeysupport. In
both cases, dummy wafer and substrate v&afgmgv% ggrrlltgct.with %E%e sgeé)ﬁort OHE}’fni Ct:he edge region.

15 The bB&E of the S(Scedior praferably has a gas-permeable striicture chardcterized by open pores

or passagéhokester of the surface of the susceptor. This surface
property subseguently protects the native oxide layer on the
10 rear side of the substrate wafer from being resclved in the

region of the 1lift pins.

The dummy wafer can consist for example of silicon, of silicon
carbide, of graphite-coated silicon carbide or of guartz. A

15 dummy wafer composed of silicon carbide or a dummy wafer
composed of silicon is preferred, and such a dummy wafer which
is oxidized at least on the rear side or is covered there with
a laver composed of deposited silicon dioxide is particularly
preferred. The oxide layer protects, for example, underlying

20 silicon of the dummy wafer against the degradation by the
etching gas and hydropholizes that part of the susceptor which
is covered by the dummy wafer. It is equally advantageous :if
the oxide layer covers the dummy wafer composed of silicon or
silicon carbide not only on the rear side but completely. A

25 dummy wafer composed of silicon or of silicon carbide which is
coated with an LTO (“low thermal oxide”) layer on the rear side
or completely, that is to say on both sides and at the edges,
is particularly preferred. The LTO layer is preferably 100 to
40 000 nm thick. It is also preferred to reuse the dummy wafer,

30 that is to say to use it during at least one further chamber
etch and during at least one further chamber coating which are
carried out before the deposition of an epitaxial layer on

another substrate wafer.

35 An epitaxy reactor having a capacity for coating an individual



However, it can also consist of a gas-impermeable material. Prior to the chamber etch, the dummy
wafer is placed on the 20 susceptor. In this state, the rear side of the dummy wafer and the base of the
susceptor lie opposite one another. The chamber etch is preferably carried out at-a temperature of
1050 to 1200C. A mixture of hydrogen chloride and hydrogen is preferably used as etching gas.
Hydrogen chloride is conducted 25 through the epitaxy reactor at a gas flow rate of preferably 5 to 20
slm (standard liters per minute), and hydrogen at a gas flow rate of preferably 5 to 50 sim. The

chamber gteh, preferably lasts 5G:19.400 s 30 The chambey coating js pieferably.catied out at a
temperature of 1100 to 1200C, preferabSI%/ using_a first deposition gas, which Contains trichlorosilane.

The gas H6R Faterofthe HichI6rRIEAE isSprRferabRF 0 HOPLI- §. &idhBer cddting Preferably lasts
10 to 10G:s<Thg-dumply wates usedrdurig the Sorehambetichilies pn the susaaptenduring the
chamber ngggn%oéas ngTey. Alfter E}h h néber %%ati g, the temperature in the epitaxy reactor is
lowered toa emperai':ure of 558 t6 9 O% and'the 5 ummy wafer is replaced by the substrate wafer. In
this state, the rear aide of the substrate wafer and the base of the susceptor lie opposite one another.

The substrate, wafer s preferably;adnonedystating silicoReraply bear on 2 ring

composed of silicon carbide which bears on the susceptor,
thereby reducing the thermal loading of the substrate wafer
during the deposition of the epitaxial layer. As an egually
10 preferred aiternative, it is alsc pessible to use a one-part
susceptor with a susceptor ledge as edge support. In both
cases, dummy wafer and substrate wafer have contact with the

support only in the edge region.

15 The base of the susceptor preferably has a gas-permeable
structure characterized by open pores or passage holes.

However, 1T can also consist of a gas-impermeable material.

Prior tec the chamber etch, the dummy wafer is placed on the

20 susceptor. In this state, the rear side of the dummy wafer and
the base of the susceptor lie opposite one another. The chamber
etch 1s preferably carried out at z temperature of 1030 to
1200°C. A mixture of hydrogen chloride and hydrogen is
preferably used as etching gas. Hydrogen chloride is conducted

25  through the epitaxy reactcor at z gas fliow rate of preferably &
to 20 slm {(standard liters per minute), and hydrogen at a gas
flow rate of preferably 5 to 50 slm. The chamber etch

preferably lasts 50 to 400 s.

30 The chamber ccoating is preferably carried out at a temperature
of 1100 to 1200°C, preferably using a first deposition gas,
which contains trichlorosilane. The gas flow rate of the
trichlorosilane is preferably 10 to 1% slm. The chamber coating
preferably lasts 10 to 100 s. The dummy wafer used during the

35 chamber etch lies on the susceptor during the chamber coating



10 wafer having a polished front side. The diameter of the substrate wafer is preferably 150 to 450
mm, for example 150 mm, 200 mm, 300 mm or 450 mm. The substrate wafer can be produced for
example in accordance with the procedure described in DE 10 2005 045 337 Al. 15 Prior to the
deposition of the epitaxial layer, the substrate wafer preferably undergoes the following pretreatment in
the epitaxy reactor: firstly, the substrate wafer is subjected to a treatment with hydrogen ("H2 bake") in
order to remove the 20 native oxide layer from the front side or from the rear side and the front side of
the substrate wafer. Afterward, hydrogen chloride and hydrogen are conducted through the epitaxy
reactor in order to smooth the surface of the front side of the substrate wafer prior to the deposition of
the epitaxial layer. 25 After the pretreatment, the front side of the substrate wafer is coated with an

epitaxial layeeat a temperaturerofqyeterably 1100 te d200cnumeans of asespnd deposition gas
being conducctj dotrhrci%_g tqqee%gléaxyoreac%Oéng% rear I:s‘_éde %f %% bh%%ubgﬁérgg%wgrfl%{ %%eferably
purged wﬁﬁ%y rogen’in Ré Meantime “The Second élleposﬁlon gas contains compounds whose
decompogitionprovides the sulbstances thiat fore thevdpitaxiEl tayer LSaid stibstantes preferably

include ?@ﬁ@“u&%@a@ﬂi@ aé‘fj %@%@B%@@%@OM‘E @po%@or@lﬁ@r@&%@i%@%ﬁ@y of 35 ex_a_lmple,
a deposition gas containing trichlorgsilane, hydrogen 8 and diborane is preferred for the deposition of

a silicon IAYEFE& e with DoreR At is-Ais8 pos&bietb Heposit layers which consist of different materials

than silicon, for example composed of germanium or of silicon and germanium. 5 After the deposition
of the epitaxial layeron.the sbsiratq &%&?e?‘eer%tig)dac%%%?@%& ing,the dummy wafer on the
susceptor and the chamber etch is carried out again or preferably 2 to 24 or more further substrate
waféfs aréxbatediaving a polished front side. The diameter of the
substrate wafer is preferably 150 to 450 mm, for example
150 mm, 200 mm, 300 mm or 450 mm. The substrate wafer can be
produced for example in accordance with the procedure described
in DE 10 2005 045 337 Al.
15
Pricr to the deposition of the epitaxial layer, the substrate
wafer preferably undergoes the following pretreztment in the
epitaxy reactor: firstly, the substrate“%aferﬂis subjécted to &
treatment with hydrogen {“H; bake”} in order to remove the
200 native oxide layer from the front side or from the rear side
and the front side of the substrate wafer. Afterward, hvdrogen
chloride and hydrogen are conducted through the epitaxy reactor
in order to smooth the surface of the front side of the |
substrate wafer prior to the deposition of the epitaxial layer.
25
After the pretreatment, tThe front side of the substrate wafer
1s coated with an epitaxial layer at a temperature of
preferably 1100 to 1200°C by means c¢f a second deposition gas
being conducted through the epitaxy reactor. The rear side of
30 the substrate wafer is preferably purged with hydrogen in the
meantime. The second deposition gas contains compounds whose
decomposition provides the substances that form the epitaxial
layer. Said substances preferably include silicon, germanium
and dopants such as borcn, phoesphorus ¢r arsenic. By way of

35 example, a deposition gas containing trichlorosilane, hydrogen



10 before the next chamber etch and chamber coating are carried out in the presence of the dummy
wafer. Example: After a chamber etch and a chamber coating, substrate wafers 15 composed of
silicon having a diameter of 300 mm were coated with an epitaxial layer composed of silicon. The
chamber etch in the presence of hydrogen chloride was carried out at a temperature of 1170C and
lasted 200 s. The subsequent chamber coating wasgcarried out at a temperature of 1150C and lasted
20 40 s. The first deposition gas used for this purpose consisted of a mixture of trichlorosilane and

hydrogen,\whigh were conducteddhroughthe epitaxyreasteratai gas igwaateiofithalim and 30 sim,
respectively. 25 The second depasition gaztused for cnaiing the gont siq% of the substrate wafer

consisted O EMi%turd of tricHioroSitanc’afid RYdFOgen- TrichiGrsitane Was comducted tfl}llc():&gh the
epitaXy reantof at acgascfaif saterof 17 =stmy and hydiogensatlalgas:floW vatecofB@®skn. The coating

duration was 100.s, and the 30 caating Jemperature was 1150C, The Goated semiconductor waters

were differentiated into those which were coated after a chamber etch and a chamber coating in the
presence of a dummy wafer (semiconductor wafer in 35 accordance with example), and those which
were coaigd after a9 ghpmbet etch and ehamber eoatingin 1he; absencetoktheudmmy wafer

semiconductor wafer in accordance with comparative.example). During th er.etch and the
W e .tEhe me Choc?c DY LS11 ?Lacul t% urmPg gicvj;an}) ¢
chamber c%hﬁhg in'the presence oPavdﬂmmy at%er, lise Was made o ummy wafer
susceptor and the chamber etch is carried out again or
preferably 2 to 24 or more further substrate wafers are coated
10 before the next chamber etch and chamber coating are carried

out in the presence of the dummy wafer.

Example: _
After a chamber etch and a chamber coating, substrate wafers
15 composed of silicon having a diameter of 300 mm were coated
with an epitaxial layer composed of silicon. The chamber etch
in the presence of hydrogen chloride was carried out at a
temperature of 1170°C and lasted 200 s. The subseguent chamber
coating was carrlied out at a temperatﬁre of 1150°C and lasted
20 40 s. The first deposition gas used for this purpose consisted
of a mixture of trichlorosilane and hydrogen, which were
conducted through the epitaxy reactor at a gas flow rate of

17 slm and 30 slm, respectively.

25 The second deposition gas used for coating the front side of
the substrate wafer consisted of a mixture of trichlorosilane
and hydrogen. Trichlorosilane was conducted through the epitaxy
reactor at a gas flow rate of 17 slm, and hydrogen at a gas
flow rate of 50 slm. The coating duration was 100 s, and the

30 coating temperature was 1150°C.

The coated semiconductor wafers were differentiated into those
which were coated after a chamber etch and a chamber coating in
the presence of a dummy wafer (semiconductor wafer in

zccordance with example), and those which were coated after a

L)
L



5 composed of silicon carbide which was coated with an LTO layer on the rear side. A subsequent
examination of the coated semiconductor wafers found the following result: 10 The lifetime of minority
charge carriers, measured by means of 1.1-PCD, was on average shorter by 23% in the case of the
semiconductor wafers in accordance with the comparative example than in the case of the
semiconductor wafers in accordance with 15the example. The nanotopography of the rear side,
measured according to the method defined in SEMI M43 and expressed in the form of the threshold

value T, was,ith farexarple T 18 in 20 qompatson it for.sxamele T.r 351, sjonificanty

better in the case of the semiconductor wafers in accordance with the example than in the case of the
semicondiFct6rwafeis iy aBEbTaande Withthe €ConfisafatirEEtdmplet The GReasiEAERts were carried

out usingeam instrimentof they Wafersightiype fropt25 ARS. e threshald value: T was Galculated as
3 sigma Igvevaluea S(e%\é =p kéto&yl%mb%'%fé%rgrthe gistri%%tgonmof C%II tctlf PV é(alues measured over the
FQA ("fixelgl qLPaﬁiT’y areae). e’square easurement zones had an edgeﬁenéjﬁ%méf 167 mm. 30 Figure 1
and figure 2istisig thed Reight flgctnaticrotithevearsideat tive sdatedvsemicendddtor wafez that were
determingd during.the pagotopography measurement. The improved nanotopography can be
discerned from a comparison of these figures. Thus, in particular, the "pin halo" on the rear side 35 of
a semiconductor wafer in accordance with the comparative

A subsequent examination of the coated semiconductor wafers

found the following result:

10
The lifetime of minority charge carriers, measured by means of
u—-PCE, was on average shorter by 23% in the case of the
semiconductor wafers in accordance with the comparative example
than in the case of the semiconductor wafers in accordance with

15 the example.

The nanotopography of the rear side, measured according to ths
method defined in SEMI M43 and expressed in the form of the
threshold value T, was, with for example T = 18 nm in

20 comparison with for example T = 55 nm, significantly better in
the case of the semiconductor wafers in accordance with the
exampie than in the case of the semiconductor wafers in
accordance with the comparative example. The measurements were
carried out using an instrument of the Wafersight type from

25 ADE. The threshold value T was calculated as 3 sigma PV value
("PV = peak-to-valley”) from the distribution of all the BV
values measured over the FQA (“fixed guality area”). The sguare

measurement zones had an edge length of 10 mm.

30 Figure 1 and figure 2 show the height fluctuations of the rear
side of the coated semiconductior wafer that were determined
during the nanotopography measurement. The improved
nanotopography can be discerned from a comparison of these
figures. Thus, in particular, the “pin halo” on the rear side

35 of a semiconductor wafer in accordance with the comparative



3_0 example, as is clearly visible in figure 1, is not present on the rear side of a semiconductor wafer
in accordance with the example (figure 2). 5 Defects in the edge region of the rear side were detected
using an instrument of the NSX(r) type from Rudolph. Corresponding defect images (figure 3 and
figure 4) show that the number and density of defects causing "slip" were significantly higher in the
case of a semiconductor wafer in accordance with the 10 comparative example (figure 3) than in the
case of a semiconductor wafer in accordance with the example (figure 4). A comparison of figure 5

and figur s clear a_fu . he. metha coyding to the invention. The 15
differencg}i%t ekiﬁckgﬁiséasof gg%p?t%ﬁéﬁs%%g%i%gp Ia%%?qé o%lg?i;heg mr%gg%er%?%scgo%%eé) .
semicondiiitor Faferis tistratetl if BaERCHSECTRE sEfficohduttcrararerilaceordafce With the
comparatiye examples (figure Sy has a pronounced increase in thickness at the edge. In the case of the
20 semiconductor wafer in accordance with the example (figure 6), the increase in thickness at the
edge is significantly smaller. 11 Patent Claims 1. A method for producing a semiconductor wafer
composededtesiliconiwitl an epitagialiy deposited yer, comprisinggs placinglatthmimy wafénon a

susceptog of an apitaxy feacter; condueing ap-Riching gag through the epitaxy. reactorjn order to
remove residues on surfaces in the epitaxy reactor through the action of the etching gas; conducting

a first defESifiGT gA8RTUghtHE epitaxy T8FedctBFFtorder i3 @épddicdiidditoR Yifadesrthe

epitaxy réactet;ty of defects causing “slip” were significantly higher in
the case of a semiconductor wafer in accordance with the
10 comparative example (figure 3) than in the case of a

semiconductor wafer in accordance with the example (figure 4).

A comparison of figure 5 and figure © makes clear a further
advantage cf the methcd acccerding to the invention. The

15 difference in the thickness of an epitaxially deposited layer
along the diameter of a coated semiconducter wafer is
illustrated in each case. The semiconductor wafer in accordance
with the comparative example (figure 5) has a pronounced
increase in thickness at the sdge. In the case of the

20 semiconducter wafer in accordance with the example (figure 6},

the increase in thickness at the edge is significantly smaller,



replacing the dummy wafer by a substrate wafer composed of silicon; conducting a second
deposition gas through the epitaxy 15 reactor in order to deposit an epitaxial layer on the substrate
wafer; and depositing an epitaxial layer on at least 2 to 24 further substrate wafers, without the dummy
wafer being placed on the susceptor in the interim. 20 2. The method as claimed in claim 1, wherein
the dummy wafer consists of silicon or of silicon carbide or of graphite-coated silicon carbide or of
quartz, or is composed of silicon or of silicon carbide and is covered 25 with an oxide layer on the rear
side or completely. 3. The method as claimed in cldim 1 or claim 2, wherein the dummy wafer is
reused.

Patent Claims

1. A method for producing a semiconductor wafer composed of
silicon with an epitaxially deposited layer, comprising

5 ?lacing a dummy wafer on a susceptor of an epitaxy reactor;
con&ucting an etching gas through the epitaxy reactor in
order to remove residues on surfaces in the epitaxy reactor
through the action of the.etching gas;
conducting a first deposition gas through the epitaxy.

16  reactor in order to deposit silicon on surfaces in the
epitaxy reactor;
replacing the dummy wafer by a substrate wafer composed of
gilicon;
conducting a second deposition gas through the epitaxy

15 reactor im order to deposit an epitaxial iayer o the
substrate wafer; and _
depositing an epitgxial layer on at least 2 to 24 further
substfate wafers, without the dummy wafer being placed on
the sﬁsceptor in the interim. '

20
2. The method as claimed in claim 1, wherein the dummy
wafer consists of silicon or of silicon carbide or of
graphite-coated silicon carbkide or of guartz, or is
composed of silicon or of silicon cérbide and is covered

25 with an oxide layer on the rear side or completely.

3. The method as claimed in claim 1 or claim 2, wherein the

dummy wafer is reused.



