1 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

composed}gégglctgngn a susce tor of the e |tax¥’ r%acctgg anda(; nducti%ggggog%dggisition gas for

depositing an epﬁ ama?%a;?ejf%n ReRibstrie warer. A nethod which fikewise comprises ﬁgg’ensteps is

described in EP 1 533 836 AkridieaimgipiAscsraingty debasivandgbare®0 and, if appropriate, also
necessary to remove residues from surfaces in the epitaxy reactor which have deposited on these
surfaces in an uncontrolled manner during the deposition of silicon on a substrate wafer. Such a step,

referred t6 PéreiRdf& A EhdRbEFERNT Carfied DUt midté of eSB! g dentiFaerdtiditig 6r the
degrsg ofmﬂ@mntt@tipm mlimnammne'm\eim& I@theatayellaapimbq;;}}lyd@mi{teé@nltlggsubstrate
wafer is 20,pro,or fnicker,or itinere are paglicularlylygh qualitysequicements. {s expadignt to carry
out a chamber etch after the deposition ot an epitaxial 30 layer on one substrate wafer béefore a further
substrate SN&fEFis coated. In other cases, the chamber etch can also take place less frequently, for

example afterRvery 2pdde 8t eeating ebs through the epitaxy reactor in order

to remove resldues on surfaces in the epitaxy reactor through

10 the action of the etching gas;
conducting a first depeosition gas through the epitaxy reactor
in order to deposit silicon on surfaces in the epitaxy reactor;
placing a substrate wafer compesed of silicon on a susceptor of
the epitaxy reactor; and

15  conducting a second deposition gas for depositing an epitaxial

layer on the substrate wafer.

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

20 and, if appropriate, also necessary to remove residues from
surfaces in the epitaxy reactor which have deposited on these
surfaces in an uncontrolled 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 gquality
requirements. If the layer epitaxially deposited on the
substrate wafer is 20 um or thicker or if there are
particularly high guality reguirements, it is 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 alsco take place
less frequently, for example after every 2™ to 8™ 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 & deposition gas through the spitaxy



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 deposition of a
thin film of 5 silicon on surfaces of the epitaxy reactos after the chamber etch is referred to hereinafter
as chamber coating. DE 10 2005 045 337 Al describes that a chamber etch has a disadvantageous

effect on the flatness of a substrate wafer W subsequently coated with an epitaxial layer. Thus, in
particular tR& focf flathegs b?%ﬂcfgg%éngﬁg\éﬁ&ﬂ&é})\ﬁa%éfslﬁnﬁ%d? Ei’]ﬁteéﬁl‘se,’:iltqgrecommended
that the spsceptortize hy@m@ilitz&d'aﬁ_etttﬁetchbirﬁﬁelrsetctﬁ byrmears et_la: hydrophilicomafer bei_ng
placed O”tEB%QLEi%SCBI?EQ{ for.a spor fime. This d.2.procedushas fhe disadyaniage that g dedicated

method step is reduired for hydrophilizing the susceptor. Thé chamber efch also has a
disadvantagésudeffect éh fHetetimeofRe Ffinorty ChAFGP Edrrierslord seibdthat waferm26t
subsequenily toatedowith anepitaxiab fayen<Thelifetime afdbe mainoktycharge sariessot such a
semicondlejgtc r vv.aferr gleéerrr’rgge% by}'l'mri%r%v\}/g% @Pog%qoq%lgr%gviy_deocaay ;L(H'PCD)"’ is_ significantly
shorter than if chamber etch and chamber coating are dispense Wwith prior {g the coating of a
substrate wafer. 25 The chamber etch additionally has a corrosive effect on the susceptor and in

particular gn liftypins yhich seryefor raising @nd-placing down waters and arg gmbedded in the bottom
of the susceptor Susceé)tor and %f% gins therefgree }Bve to be 30 £eglace comggéat‘i’}/gpe%ften owing to

wear as & TbSiit 61 COMBSIGH: © -0 o1 C0e HlatiessTor STSubots
10 subsequently coated with an epitaxial layer. Thus, in

particular the lccal flatness of such a semiconductor wafer is
impaired. Therefcre, it is recommended that the susceptor be
hydrephilized after the chamber etch by means of a hydrophilic
wafer being placed ontc 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 subsequently ccated with an epitaxial layer. The lifetime of
the mincrity charge carriers of such a semiconductor wafer,
determined by “microwave photocenductivity decay {p-PCD)”, is
significantly shorter than if chamber etch and chamber coating
are dispensed with prior to the coating of a substrate wafer.
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 1ift 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 advantages and without having to accept new



Therefore, the object was to alleviate disadvantages associated with the chamber etch, without having
to dispense with 35 associated advantages and without having to accept new 3 disadvantages. The
object is achieved by means of a method for producing a semiconductor wafer composed of silicon
with an epitaxially 5 deposited layer, comprising placing a dummy wafer on a susceptor of an epitaxy
reactor; conducting an etching gas through the epitag)(y reactor in order to remove residues on surfaces
in the epitaxy reactor through the action of the etching gas; W conducting a first deposition gas
through the epitaxy reactor in order to deposit silicon on surfaces in the epitaxy reactor; replacing the
dummy wWakér5y 4 SuBSfrate wafer composed of silicon; and  conducting a second deposition gas in
order to deposit an IS epitaxial layer on the substrate wafer. Unlike in the methods described in the

abovementianed,priar.art, the ipvention provides far a dummy wafer ta lie qn.the, susgeptor both during

the chamber etch and during the chamber 20 coating. Various advantages are associated with this
proceduré SR RRERESHEMIFORRF clhaige tafiers of tie fifsPBeicdhdRiitor Mvdiérwith a1 epitaxially

depositedilayerwhich is predycechafterichamper etch and chamber coating is longer than if the
presence ( f él’(]:% gumén)%v&%er is d'fs&enggd with 25 gﬁgg%thgfc%%mger. %th and G}QQ é:hgr_nber coating.
Likewise,’the Wear in the case ofasusceptor and holdi g pins’is lower, The dﬁ/mﬁw watfer shields a
large partcsfitie shseeptardaing e cliaibanaeh@ndithe chakiber Coatng Hydrbgen eRfFide,

which is usylaliygemainedinthe etehing gas Lukiag the ehamber 39;efch:ds searcelyrablaqer is not
able at all, to reach the sh'ﬁeldlg% pgg{% the susceptor, in particular the lift pins incorporated there. That

part of the SfséEptorwhith is” ing gas
10

conducting a first deposition gas through the epitaxy reactor
in corder to deposit silicon on surfaces in the epitaxy reactor;
replacing the dummy wafer by a substrate wafer composed of
gilicon; and

conducting a second deposition gas in order to deposit an

15  epltaxial layer on the substrate wafer.

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

20 coating. Various advantages are associated with this procedure.
The lifetime of minority charge carriers of the first
semiconductor wafer with an epitaxially deposited layer which
is produced after chamber etch and chamber coating is longer
than if the presence of the dummy wafer is digpensed with

25 during the chamber etch and the chamber coating. Likewise, the
waear in the case of susceptor and holding pins is lower. The
dummy wafer shields a large part of the susceptcer during the
chamber estch and the chamber coating. Hydrogen chloride, which
is usually contained in the etching gas during the chamber

30 gtch, is scarcely able, or 1s not able at all, to reach the
shislded part of the susceptor, in particular the 1ift pins
incorporated there. That part of the susceptor which is
shielded by the dummy wafer 1s therefore withdrawn from the
corrosive influence of the etching gas during the chamber estch.

35  During the subsequent chamber ccating, the dummy wafer still



shielded by the dummy wafer is therefore withdrawn from the corrosive influence of the etching gas
during the chamber etch. 35 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 wafer. 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 that
is contaminated with hydrogen chloride. During the coatir{églfof the M front side of the substrate wafer

with an epitSdaldRyer fiydrogefiehitide difftiséd from tha-fitm iRGthe depbsited ePitiXial layer and
causes theidbserved sherterredilifetinieraf aninedtyccharfje carriers. 15 Ifthe danwagwater is

d'Spense%P{‘ﬂ@hd%‘%ﬁ@?é&‘&@@%ﬁ%@”Hﬁ%gh%@%&?o%}% there ig the. gk, during fhe coating
of the substrate wafer composed of silicon with the epitaxial layer, that the substrate wafer, which in
the regiorF b S Edde bEAISLON S stREESIOF TedRfes WP Grow fogeter it ifdints 20AWitH fisithin film of
silicom that was deposited on the susceptor during the chamber coating. In this case, defects arise in
the edge ﬁgi%ﬁll gf g1e rear side of the cgated semi&ogglé%tor wafer Whrilch %ﬁg&g@brrin%%%out lattice

stresses and are trlg%grnsY of s?lfb?ﬁSjlfS theldq'l.?r%rﬁwsyewafer IS digﬁgﬁgeqd v%ntﬁ during the chamber etch and

the chambéfcdatimgrarese istpadée st a Suseeptor Babinga basé esmposedbigasimpermeable
material whigh hag neitber-holes £H9r KPen pores, theresisrhe sk ifinally,that Aydrogen
contaminated with hydrogen chloride. During the coating of the
10 front side of the substrate wafer with an epitaxial layer,
hydrogen chloride diffuses from the film into the deposited
epitaxial laver and causes the observed shortened lifetime of

mincrity charge carriers,

15 If the dummy wafer is dispensed with during the chamber etch
and the chamber coating, there is 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 susceptor ledge, will grow together at points

20 with the thin film of silicon that was deposited on the
susceptor during the chamber cecating. 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 sglip.

25
ITf 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 ccating of the substrate wafer, through a
gap existing between the base ©f the susceptor and a lift pin
to the rear side of the substrate wafer and & native oxide
layer on the rear side of the substrate wafer will be locally
resolved. This gives rise to transitions between native oxide

35 laver and oxide-free regions which are visible as a so-callied



30 will pass, during the coating of the substrate wafer, through a gap existing between the base of the
susceptor and a lift pin to 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 native oxide 35
layer and oxide-free regions which are visible as a so-called 5 "pin halo" in concentrated light. Said
transitions impair the nanotopography of the rear sidg of the substrate wafer, that is to say that they
cause height fluctuations of up to 60 nm, measured over a distance of 0.5 to 10 mm. The transitions

do 5 not arise if the dymmy wafer is present during the champber etch and the chamber coating. The
dummy waker' shidldS the n&@ﬂiﬁﬁ&%ﬁﬁt&?qh %@%&:eptgra&l:%d tHUE mantaRs tﬁgﬁﬁ&fépﬁﬁ% character

of the surfaﬂeodfdpecsnspéptopfr hi@suafa@e_:pmpéﬂy@ﬁbsbquemﬁgﬁpm(ﬂsme?_aative:bxiﬁeilayer on
the rear side of-the.sybstrate.waier from peing.resehved.in the region, of H‘F? It pips. The dummy wafer

can consist for example of silicon, of silicon carbide, of graa/hite-coated silicon carbide or of quartz. A
15 dummySister ésmpBsed 8f Siticoreabide o a duhiny Wafsh-composedbfsificdins preferred, and
such a dunamy avafeewhithts ©xitized atledst-on thesreas site aris toyeratktherawitha layen
composed of depasited silican dioxide is patticularly preferred. The oxide layer protects, for.example,
ndoring 30 S P S WEer s e e Ao Ey e ety oy s
hydrophokzes-thaf parof s sesceptoahRichiis eovéred oy ithe dutemyywafephtisiequally

advantageous- the pxide laygr caversthe dumanyawafes cepposed of slicen of sHicon carbide not
only on the rear side but com Iete%/% A 25 dummy wafer composed of,s'licolnaor of siliconhcarbide

which is CORTETWitR an S T16W thermhal Oxide f Ia{CyeEF’ ofithie YEar&ideor co%%%etgﬁl/, {ikt is to say on
bothigides and at e eddes;is patticetarytpreferfed: ThechT Odayer is preférably 100 t&:40 000 nm

thick. It islaé%gg;gfg@qu% reuseithg-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.
The dummy wafer can consist for example of silicen, of silicon

carbide, of graphite-coated silicon carbide or of quartz. A

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

200 silicon of the dummy wafer against the degradation by the
etching gas and hydrophcelizes that part of the susceptor which
is covered by the dummy wafer. It is equally advantageous 1if
the oxide laver covers the dummy wafer composed of silicon or
gilicon carbide not only con 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
4G 000 nm thick. It is also preferred to reuse the dummy wafer,

30 that is to say Lo use it during at least cne 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



6 substrate wafer, for example an individual-wafer epitaxy reactor of the Centura type from Applied
Materials, Inc. or of the Epsilon type from ASM International N.V., is preferably used for carrying out
the method. 5 Dummy wafer and substrate wafer preferably bear on a 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 equally W pr%ferred alternative, it is also possible 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 r,egéon. IS The base of the susceptor preferably

| )
has a gas-pErieabié sticfite characterZla sy 8Pen Pores stassage Foléd Howelver, it can also
consist ofreegas<impermeabie Grateriak: Pripp¢o theochdmbeérietchMiesdurmmy ,wéferis placed on the

20 susceptor, Ia s state, iereat sidesolihe, dumnmy waler.and; the base ofthe stisgeptor lie opposite

one another. The chamber etch is preferably carried out at a temperature of 1050 to 120000. A mixture
of hydrogéfi @Rlorife &iftkRydrogeR i< preférabRF-tisét 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 flow rate of preferably 5 to 50 slm..The chamber etch preferably lasts 50 to 400
o0 e e g e o a8 21 o R ETEer A P F100 ho 13008 preferably
using a firseHEpESitio® §as WhiehtontdiRs tHcHibrosiarme The gas fiow ratessfaRé ariohlorosilane is

preferably: 1@ a9 shaqhhe chamber enating preferably: lasts-1Q te 1005 #he dumymy wafer used

during the 35 chamber el s, on he sysceplor dung the chamoer coping, _ ;.

10 preferred alternative, it is also possible to use a cne-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 resgion.

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

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

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

200 susceptor. In this state, the rear side of the dummy wafer and
the base ¢f the susceptcor lie opposite one another. The chamber
atch 1s preferably carried out at a temperature of 1050 to
1200°C. 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 te 50 slm. The chamber etch

preferably lasts 50 to 400 s.

30 The chamber coating 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
trichleorosilane is preferably 10 tc 19 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



7 as well. After the chamber coating, the temperature in the epitaxy reactor is lowered to a
temperature of 550 to 900C and the 5 dummy wafer is replaced by the substrate wafer. In this state,
the rear side of the substrate wafer and the base of the susceptor lie opposite one another. The
substrate wafer is preferably a monocrystalline silicon W 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 pre?e?aﬁl?llfndergoes 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 fromthe front;side gt from the reat side and the Jront side of the substrate wafer. Afterward,

hydrogen chloride and hydrogen are conducted through the epitaxy reactor in order to’'smooth the

surface of‘th@FFctt side gpﬂﬁ%%sﬁ%téwé?é?&ﬁﬁ 0 fife @eposition™6f the epitaiiafildyet 25 After the

pretreatmentuthe front sideof the substratewafee isscoaied with arnsepitaxial dayet at ademperature of

preferably, }11100 t60a;L200C by mea seofsggggogqgeg%igon gas bghné:] %?c])nduc(geg chq%ugh the epitaxy
Wi

reactor. The rear Side of 30 the SUDSIrate wafer is pre%eralfaly purge "fydrogen in the meantime.

The secofd deppSifion gas cuptEAs EBMpoaNAs WHose -decomposition provides the substances that
form the epitaxial layer. Said substances preferably include silicon, germanium and dopants such as

boron, phogphorus or arsenic. By way of 35 e,xam%lf, a delgosition as containing trichlorosilane,
hymngenT e substrate waler 1s prererably a monocrystalline Filicon

10 wafer having a pclished front side. The diameter of the
substrate wafer is preferably 150 to 450 mm, for example
150 rmam, 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.

13
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 {(“H; bake”) in oxder to remove the

20 native oxide layer from the freont 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 crder tc smooth the surface of the front side of the
substrate wafer prior to the deposition of the epitaxial laysr.

25
After the pretreatment, the front side of the substrate wafer
1s coated with an epitaxial layer at a temperature of
preferably 1100 to 1200°C by means of 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 depants such as boron, phosphorus or arsenic. By way of

33  example, a deposition gas containing trichlorosilane, hydrogen



8 and diborane is preferred for the deposition of a silicon layer doped with boron. It is also possible to
deposit 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 layer on the substrate wafer, the
method comprising placing the dummy wafer on the susceptor and the chamber etch is carried out
again or preferably 2 to 24 or more further substrate wafers are coated M before the next chamber
etch and chamber coating are carried out in the presence of the dummy wafer. Example: After a

chamber etccg ggl a chamber coati ,vsubi]tr te W@{}ers om osgd of siligon haviln.g agiainetgzr: of 300
mm were t ﬁﬁa&heeditgaﬁﬁ 6f%%e‘rrc% po%%:-d of Silicon - The chamber &tch'in the preéaé/nce of

hydrogendehperidenias cardethoutat a terperature of i1 7eCtanddastesi200L 8.y Friie subsequent
chamber caating.wag cagried-gut.ata femperature of 1150 and lagted:-20-40 s, fhedirst deposition

gas used for this purpose consisted of a mixture of trichlorosilane and hydrogen, which were
conductedtRIRIGRINE BpREXTFEECS &t'a §as flow Tal oA sIRFARG 36 €im, respectively. 25 The

second deposition gas used for coating the front side of the substrate wafer consisted of a mixture of

trichloros| %%ee%“dhxd@%pe@s Tiehioraslang was.conductad rouah e enllakygagtor ata gas flow

rate of 17 sim, anarhydro en at a gas flow rate of 50 sim. The coating duration was 100 s, and the 30
coating temperaturéifad ¢ 1500, ThEesated sentiésrdidorwafeisiere Witfeténtiated ifto those

which wetgs;eeatgd aiftes acchamber eigh and a-ehamber-caatingdn the: peesense of a dummy wafer
(semicondyctor wafer In 35 accoidance with example); and fhose which viere coated aftera P
10 before the next chamber etch and chamber coating are carried

cut 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 ccated
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 carried out at a temperature 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 =zlm and 30 slm, respectively.

25 The second deposition gas used for coating the front side of
the substrate wafer consisted of 2 mixture of trichlorosilane
and hydrogen. Trichlorcsilane was conducted through the epitaxy
reactor at a gas flow rate of 17 sim, and hydrcgen at a gas
flow rate of 50 slm. The coating duraticn was 100 s, and the

0  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

35 accordance with example), and those which were coated after a



chamber etch and chamber coating in the absence of the dummy wafer (semiconductor wafer in
accordance with comparative example). During the chamber etch and the chamber coating in the
presence of a dummy wafer, use was made of a dummy wafer 5 composed of silicon carbide which
was coated with an LTD 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 u-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 semicond to;thv%/af rs in accordance

with the eXARBIE THe"Tan G PoGTapRY Of the Foar &de” measured 2eesTding to- ethod defined in
SEMI M4@aneexpressectindhe form et therthieshotd: valde TG avas, withdforneramplier® = 18 nm in 20

Comparisgwf&gl@ﬁ ?X@H%léh% S nim, significantly betterin the casg pfdhe semicanductor wafers in
accordance with the example than in the case of the semiconductor wafers in accordance with the

comparati/efeRinf518 " Fhe Meds reBHtséfrercari@d dtt Bshgth MEtranentBY tHéWafersight type
from 25 Almcthe-threshald vatuenT waskcaleulated@as 3 sigma RVevalue (HPYre peak-1o-valtey”) from
the distribéjrtliogr(l)é aIIl tg% Pg/i\clialues measured over the FQA (“fixed quality area"). The square
measurement zones had an e%lge length of 10 mm. 30 Figure 1 and figure 2 show the height
fluctuations of the rear side of the coated semiconductor wafer that were determined during the

nanotopography-agaswemseninthe mproved nenetopagraphysean bediscernad fram.a gomparison of
these figures. T uEsg,Eian artijiular, the "gisnaqatlg" on the rear side 35 of a semiconductor wafer in
thecT )

accordanté Wit 0 Op]a ativé 40"

10
The lifetime of minority charge carriers, measured by means of
n-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 sgsemiconductor wafers in accordance with

15 the example.

The nanotopography of the rear side, measured acccrding to the
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 wafsrs in accordance with the
example than in the case of the semiconductor wafers in
accordance with the comparative example. The measuremsnts were
carried out using an instrument of the Wafersight type from

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

measurement zones had an edge length of 10 mm.

30 Figure I and figure 2 show the height fluctuaticns of the reax
side of the coated semiconductor wafer that were determined
during the nanotopography measurement. The improved
nanctopography can be discerned from a comparison of these

et

figures. Thus, in particular, the “pin halc” on the rear side

35 of a semiconductor wafer in accordance with the comparative



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 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
6 makes clear a further advantage of the meél%g according to the invention. The 15 difference in the
thickness B HiFeitaxfily depositad tayef afory t%eldrllaﬁ”lle%é}?roef aldoatsd S8miconduictor water is
illustratedtineeachzcase i The séndcorductomuafer. irr asedidandenwith the domparatividexarmple (figure
5) has a prong rl%ed(i@%qgg@ i@>tt]ickness 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. ii
Patent Claims 1. A method for producing a semiconductor wafer composed of silicon with an
epitaxiallyndepaesitedilayer, sompisingshy placingfa dummy: waferierzasaseeptor ob-an @pitaxy.reactor;
conducting an. etching gas threugh th itaxy reactor i to rem [ rfaces in the
epitaxy re%%toﬂﬁr%ﬂ%ﬂ%ﬂsé a%%o%rﬂé% tﬁw\]e% E)eétcr)ﬁr}féj Saaéli?:r gc%\%qé%t%ﬁgg %ﬁﬁrs(;élgggogs%?nﬁga% rough the
epitaxy redefcrW inBrdErto delbdsit Silizofoh SUrfates if thé Bpitai reactorerépradifg tié ummy
wafer by asubstratevafgs eamposed of siligomand.condueting a;second-deposition-gas-thraugh the
epitaxy reggtor in order fo deposit an epitaxial layer on the sybsiaie waler 19, <ne

10 comparative example (figure 3) than in the case of a

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

A comparison of figure 5 and figure 6 makes clear a further
advantage of the method according to the invention. The

15 difference in the thickness of an epitaxially deposited laver
along the diameter of a coated semiconductor 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 edge. In the case of the

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

the increase in thickness at the edge is significantly smaller.



2. The method as claimed in claim 1, comprising 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 3. The
method as claimed in claim 1 or claim 2, 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 with an oxide 25 layer on the rear sige} or completely. 4. The method as claimed in any
of claims 1 to 3, wherein the dummy wafer is reused.”

10

25

Patent Claims

1. A methcd for producing az semiconductor wafer composed 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 oﬁ The etching gas:

conducting a first deposition gas through the epitaxy reactor
in order to deposit silicon on surfaces in the epitaxy reactor;
replacing the dummy wafer by a substrate wafer composed of
siliceon; and

conducting & second depcesition gas through tThe epitaxy reactor

in ecrder to depcosit an epitaxial layer on the substrate wafer.

2. The method as claimed in claim 1, comprising
depositing an epitaxial laver on at least 2 to 24 further
substrate wafers, without the dummy wafer being placed on the

susceptor in the interim.

3. The methced asg claimed in claim 1 or claim 2, wherein the
dummy wafer consists of silicon or of silicon carbide or of
graphite-coated silicon carbide or of guartz, or is composed of
silicon or of silicon carkbide and is covered with an oxide

laver on the rear side cr completely.

4. The method as claimed in any c¢f claims 1 to 3, wherein the

gummy wafer 1s reused.



