2008P00155EP/ St A nethod for producing a wafer conprising a silicon single
crystal substrate having a front and a back side and a | ayer of SiGe

deposi t e 0@poORB5f EBASt side 5 A crystalline heteroepitaxial |ayer of SiGe
deposited on a silicon single crystal substrate by epitaxial deposition
typically differs fromthe substrate in several material properties
including crystal lattice dinensions and thermal expansion coefficient.

Si Ge deposition on Si is a well known Msystemto increase the lattice
constant fromSi to pure Ge which has a lattice constant being 4.2 %]/ arger
than that &fmsthodefet radmcing EewiEern USRS %0 Fidh CORGEINThAer ei n X

repr esen al I enLANOE f 2 ot Oeq NI lo¢ st ages
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respect to the underlyifiFes deprrated| artthee fogtersigieceeding a certain

| ayer thickness (critical thickness) the crystal of the heteroepitaxial

| ayer starts to relax via the insertion of so called mgsfit dislocations
(MFDP. A& tHOEGRLoFNe kP TIFRITE 3PN 2BBF pehdP T HeRT1IRE §Foft h direction
not 20 ajd1iMeR exhend &eydthe. edgerebrthpysubstaater wadersiitora certain

nunber bends and forps threading dislocations (TD) propagating through the
gr owi ng 1¥RAEE LS FRETRES FEcER © F&%ﬁtﬁata ﬁ%t%‘?‘é‘g%ﬁ{)}oﬁgﬁ%rﬁ@g are call ed

pi | e- UupySrdRu)x 1and;: aeBuespeciBldnalhasntute f ofmeh etsnonire: ddermed. The
stress fields fromthe, djslo- @% c%ti on.FetV\orkl\gl sp_cause ja surface

r ougheni TR ERIPEACePosE ey, SHRE PSPRELT0R" of™ MED,* PP “ro &PS¥E- hat ch and
a bendi ngsoafent ke wateez{bome iaip)car eonechani Snem byl win ghuteh€estrain from
the lattice msmatch_is.relieved. pi,t axi a ihtion.,t.echnpi ques have
been de\Vé'?chﬁle&atsoarg Egleé%h%onn%gaéﬁwggxﬁé of ?e&t%ag§&{)ﬁéeﬁ&!s PC é}aﬁ: P) gl axation
on the riystirequakity, ofiGhelhetrerbbpievartabn| ayedi GyadingiekeinexGe

concent rat].on Jn the 5 Ge AVl hashesn a-shogessiyls vy $okeduge the
density "off TO and Pu and the surface roughness of so-called Si buf f er
| ayers. evany \samicasi ofistlof dprafitgorhéheehebnterp: bsoh. T BB wseh the
crystal isatsteﬁ%%%fd &thoré&?%wt@%% chyst-al i hat Lhser r2D008R0QLRS EP/ St 2
constant at the surface of the graded Si Ge buffer |ayer have heen
devel opeifi tForexerampPe, at e evit ditvieat itdAcbPeER (ATHHECS G ISITESS) | ayer s
graded cQM iJIQUSHY 0@ thl §dEPSed t3%1kar 1hikt! srabtenté oreas wheen given
to the reactions after the de&om tion has ended. _T%%)I% Il)y thjg deposition
i s done Hye HEWSTHGOR 8| PR oSy Sy s taP18aRsE PRt e r&%@e‘r oU88r tai n
oriented in the plane perpendicular to the growth direction not
20 all MFD extend to the edge of the substrate wafer but a certain
number bends and forms threading dislocations (TD} propagating
| through the growing layer toc the surface. TD forming clusters
along lines are called pile-up-s (Pu) and are especially harm-
ful for electronic devices. The stress fields from the dislo-
75 cation network also cause a surface roughening called cross-
natch. The formation of MFD, Pu, TD, cross-hatch and a bending
of the wafer (bow, warp) are mechanisms by which the atrain
from the lattice mismatch is relieved. Many epitaxial depo-
sition technigues have been developed to reduce the negative
30 effects of the strain relaxation on the crystal quality of the
hetercepitaxial layer. Grading of the Ge concentration in the
SiGe layer has been a successful way to reduce the density of
TD and Pu and the surface roughness of so-called SiGe buffer
layers. Many variations of grading the Ge concentration tTo

35 match the crystal lattice of 31 to the intended crystal lattice



tenperature and then providing the conponents for growing a filmin the gas
phase (e.g. CvD, PVD, MBE). Wien the film 10 growth ends the filmis fully
or part|2é}I0I8V09e$53xFeW3/ﬁth regard to the substrate. Sonetines annealing
steps are applied to fully relax the SiGe buffer. After the deposition is
conpl eted the cooling of the |ayered fer starts. Because of the
difference in thermal expansion coefffcient between hetero- 15 epitaxi al

| ayer and substrate new stress is generated. The stress conponents effect

the layer properties in a simlar way as stress introduced by lattice
i smat cFRGERRG $Y Ifrhegrsd%ﬁtfﬁcesé’éoﬁaar 9r%%¢%x%%<feor?uﬁcf&fa nGY8F PAESwafer and

roughenifa@notiet ol f ate ahenbhe, MeEbaphse®nd 0 d @)ieage ckhits sheess. 20
Attenpts have been nade to red ce the _bowi ng of the wafer. Such attenpts

have be§r’rG§uEEg§%‘? ut2XSF & ﬁ 858?5?1?“% fo\al dllrhgs“talﬁ}sn i ntei nedi ate

| ayers of strained Si in the het eroepltaX| al layer. An approach of this

kind i s di C|O ed . 2008/00 79 25 Al t 0520 /0087961
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nitride tlmyelesomiﬂmuthachefeema@ aﬁ’gfpﬂmeitby ctlaezkcsemtb@n is dobeabned by
deposi such Ia er s, on th

nt.and f trate.
These m%lte%(g&g’ have a ﬁorbg’&r?gﬁseegg 0 %g Sll;énsa?-’{jt fbest dC% 2 Fgfggg\?\af
caused tt;empleeasur@seslcge:nmratz:e@myliagheherwmwm’rai i‘uqmmtros'llde kayer. The
pr esent ent. i Vi d e e stress
gener at fl&q\‘é‘ Qé glg%ki% qu\sasteer t% ggBSng?ngﬁ%%/ S\tﬁ}gqur%% Z %ﬂe growt h and
cooliong qr@@hanﬁsm ofhe helﬂﬂetleﬁr depilvarirabafeont 1 si ma%wléﬁdr?ﬁéiﬂéby
| mprovi ng, the gﬁ%ééa—.l AU drlak 1Qfe st BERERONE G SE S, d YRS ,ap%ﬁaeal ably the TDD

and surface roughness caused by cross-hatch generation.
fully relax the SiGe buffer. After the deposition 1s completead

the cooling of the layered wafer starts. Because of the
difference in thermal expansion coefficient between heterc-

15 epitaxial layer and substrate new stress is generated. The
stress components effect the layer properties in a similar way
as stress introduced by lattice mismatch during film growth.
Secondary relaxation, bowing of the wafer and roughening of the
surface are the mechanisms to release this stress.

20
Attempts have been made to reduce the bowing of the wafer. Such
attempts have been successful to a certain extent by providing
thin intermediate layers of strained $i in the hetercepitaxial
layer. An approach of this kind is disclosed in US2008/0017952

25 Al, another one in US2008/0087%961 Al.

According to US2003/0033974 Al a flat epitaxial wafer having
TIT-V nitride layers without defects and micro cracks may be
obtained by depositing such layers on the front and the back

30 side of a substrate.

These methods have all been used to compensate the bowing of
the wafer caused by the stress generated by a heteroepiltaxial
front side layer. The present invention intends to provide a

35  method which uses the stress generated by a backside layer to



_ The provision of the stress conpensating |ayer prevents a degradation of
the heteroepitaxial |ayer during the phase after cooling down the wafer
fromthedeposiceonpyeaperature. After the deposition, the heteroepitaxial
~layer is in a fully or 10 partially relaxed state depending on the

condi tions during deposition. Wien the filmformng gases are turned off,
the wafer is usually cooled down in a3controlled nmanner. Due to the thernal
m smat ch of the substrate and the heteroepitaxial |ayer, new stress is
generated and causes a set of secondary 15 rel axation processes. These

i ncl ude dheenckokhat goowolh @et onddriygdmskbeal sons? Thoudlerirngrotakhel sur f ace
and al s i f r I.C .St r increase in.the density of
TD and ﬁﬁggﬁﬁggggel% ﬁaﬁ%%gng%%g?th%%ggﬁg e?ﬁ% d@ﬂﬂﬁh %ugé*égsggved.
However thdefosinti agda bayess cmyrendati hye| AYeranpt cvirdiasg trhegRdedesired
amount  Qf, 3LIE8$ 890££&%$¥%%<§%d¥%aQEthe substrate before depositing the
het eroepi taxi al | ayer counteracts the generation of new stress, elimnates
the éenter to edge non-unifornity in terms of RMS-roughness, reduces the

densi ty 1ofe TRo904;iLhesf W@%&al&aﬂeggaﬂﬂ?sﬂ%fsz%%nitgpaoves the bow
of 25 the wafer. However, although the deposition of 'a stress conpensating

| ayer prdSGiraCating @epoit thiiEeRiRe*het ot DEPT t G Y IthpePhEASt RETEF ont

si de solaeas itheqbasuese regeddingrdehectisp et t hen halgla-a13@ephtaxial |ayer
and bowi ng of the wafer, other wafer garaneters can suffer significantly.

Most i npdt® &5PCforPhe FRBHITRIGRIGAXAAY anR B VDS Pafsits¥oPE for sub- 45
nm devi gegenrenat rensxéd espafaRienhdihgl ahethé ocdNei gesetny10f the wafer
especi al %Lgbal d | ocal gjatggss,garaneters ( SFOR, SBIE) and nano- 35
Conoar antRPoti 1he MhekdStt AA-oW ROTTIRBUALERG S hater EnEEaxi ArC300mm it er
sui t abl evdfr 32 npudEVy ceogeneratiroinandcbet vl ek dsrirerhe Dopt Lol zed to

fulfill the tight specifications.regarding,these paraneters.despite adding
the st r ISTEEIORSIRERG P ayels Ori e B A REP et e e Br 460t | ax a
| ayers draytedre heonstsede of gemnwafaerd Enbodaneat sa ofett hef peesedtrinventi on

seelyst o pnovde g geLhod.for Aradusing g vefer: SOy Sl ng a.ablhoep singl e
crystal su <fraf’e an avi ng ae%eteroepl?aX|al ayer o I eposited on
the frontisicgetébnthersubpstniate chdhe stirésseconpensat ihvyingyef dhet he back

si de, t he,ual et bavlng, | ancavsd; alhobak sanda ocal addatness paraie! ehs and
nanot opogr aphy. “According to an aspect of the present “invention, there is
provi dedser iseh s pBRE PP OERIATHF & NRavaireEorPee sioiyld b5 19beeAVsHngl e crystal

subst r atie, had Ny gapb 0Pt ngnd $Rack Shdenandidg! BYRIr frodiGengepasi ted on
the front side, the nethod conprising steps in the follow ng order:
20 desired amount of stress on the back side of the substTate
before depositing the heterocepitaxial layver counteracts the
generation of new stress, eliminates the center to edge non-
uniformity in terms of RMS-roughness, reduces the density of TD
and the roughness caused by cress-hatch and improves the bow of

25 the wafer.

However, although the deposition of a stress compensating layer
prior to the deposition of the hetercepitaxial layer on the
front side solves the issues regarding defects of the hetero-
30 epitaxial layer and bowing of the wafer, other wafer parameters
can suffer significantly. Most important for the fabrication of
advanced CMOS transistors for sub-45 nm device generations are
parameters related to the geometry of the wafer especially
global and local flatness parameters {(SFQR, SBIR) and nano-

35 topegraphy.



si mul t aneously polishing the front and the back side of the silicon single
crystal substrate; depositing a stress conpensating |ayer on the back side
of the silicon single crystal substrate; polishing the front side of the
silicon single crystal substrate; cleaning the silicon single crystal
substrate having the stress conpensating | ayer deposited on the back side;
and depositing a fully or partially relaxed |ayer of SiGe on the front side
of the silicon singlg crystal I at L . et j,Ses
provi di n§"% EF?%??gcgﬁﬁEné% iﬁ%g é%g' %%C%- %ﬁgﬁgﬁgggggis?ggmg?ﬁﬁﬁﬁs
subst r at euiRideSClon s3zepusideadcon deherbacksi ded obelae §8D3% r &Pe BEnd before
t he depo%t,{,megf 2, Wll{ﬁ.lﬁr £artiahky dekaxedSics hubhesidpyetese

e

(hereinafter also callc eteroepi'taxial layer") on the front side of the
subst r at Baraies eSEL dpso ety AHFoFEPyY SGFBTh FHRETREAYIED pRHRA d8 e

appropri gt & AHRUNL Ok L8t hesSrd@i tEQIPENEAMrRY chh@he 2008200455 KR/ &t 5
stress which is generated during the wafer is cooling down froma

deposi ti BAf¥%enperature after depositing the heteroepitaxial |ayer on the
front side of the substrate. An appropriate anount of conpensating stress

is achi eved accordin 0 one enbadi nent 5 of. the inv i Bf ot
t hi cknes@mﬁ?\%mteﬁlésc% i PF%%eI{(E) PHET ST iséae%h%%é]ﬁoiv(r%g% %{lft%l%dpg%vi de the
desired appamiingf aStwa€ss. cdiypisiscag besathievedradeordysighlt uoAer@rbodi nent

of the inven-_ tion, if t ensatipng stress Layen conpl iSes ra.gonst ant
conposi tlagﬁngélwéélgl %yfé?tearngpg?%ﬁ%!} t%hg thﬁksness %%l tlﬁe conposition of the
const ant sé¢dapositheoauSitGatbagyed DEtheth WWNSRE T 2EEF ¢85 E6NPFVT . In

pri nCi pl @sqbhi &,aPPEOACGN knskAdCRERIBDOLS Ofq1bhes camposhbtan andchbikness of
the heteroepitaxial layer. Increasing the thickness of the constant

conposi t PBHASHEES| ARy ANIIREPEERNG t HECGRESNTPationT1Ee T tie
constant ceEposi 1iem-She Layes 08 bhsrenrsi ng hotbawiddr ipreseansy thie stress
for conpensating the stress caused b%/ t.he het gr?epl a |magte Igg/@.r during the
cool i ng. "FRBT cGRERTHTRE 6h B & nS11e Scoristar gb%p §1t9 on SiGe Tayer is
pr ef er ablgroghosen aickbk n: 2id amge aof afeomil@ite SHpMit20 Bettdiel Sremgar di ng
the individual steps. of the clainmed netho re. .1.ng_siJmul t aneous doubl e
si de pol iségrength(eD@fh?%ézogﬁﬁéf%% e“?'(gieg>S het %hi%ngall(%g{ﬂrq e?“s‘%ér?é pol i shed in the
pr esence safuatpeldushi ngodbaning betevednorwoandt &biendasdl i sidengeipabise 1t is
25 preferred to polish a.final thickness required to
corrpensats‘ele"[tlF'f}én t%?lgkgn?}r}}g&gpﬂ%ﬁ%s%r&%ef caused by addi n% t he epitaxi al

| ayers ormiepheifimonta wv¢sbackebersating AaYRT i @ FEnOvAE: FrefefablFyc equal s

substantisqllligoﬁositn@@esmhsqfalt benddigknesses of |ayers which are deposited

on the substrate in 30 tthe course of the preparation ofﬂ%he het er oepi t axi al

waf er so HeRAERIHE thRi EXEsS18F thebei AAl1RE S PProduet  HoddPRbt > exceed a
target thijckpess.cihesitiaceet sthioknassths pueferabl pathe ttticknesssof a
commonl y used epitaxi al wao{er hav%n%[ hge sarresgiea_rreatn%r as the

het er oepi THRFAF= Widler &Y For i ELAMpT e, Tt HB® 35 Thickness of an epitaxial wafer
havi ng a dipaget &ig 04 30Q01yMbi Spartially relaxed layer of SiGe on the

front side of the silicon single crystal substrate.

The claimed method comprises providing a stress compensating
layer (8CL) on the backside of the substrate. The SCL is
deposited on the backside of the substrate and before the
deposition of a fully or partially relaxed SiGe buffer layer
(hereinafter alsc called “heteroepitaxial layer”) on the front
side of the substrate. The SCL is advantageously grown in a way

to provide an appropriate amount of stress for compensating the



2008P00155 EP/ St 6 typically in the range of 772 to 778 m If - for exanple
- all front and back side epitaxial layers add 11 pm (renoval by

i nt er mre@0ABECCHPSsERPSE t aken into account) to the final thickness, the

- substrate wafer is double side polished 5 preferably to 761 to 767 pm

t hi ckness. After DSP, the substrate is preferably cleaned and dried and
then, a stress conpensating |ayer is deposited by chem cal vapor deposition
(CVD) on the back side of the silicon substrate. The SCL conprises a Si Ge

| ayer. The thickness and the conposition of the SiGe |ayer is chosen to
gener at StFEFEsYNRAN ch® ASEEAEHaPRY IRENPRASHIERT tife S ess RRFENIFEM

gener at ed jabber t1 e dapasidher @Etbbedagbgiﬁﬁ%&)t@@ aleteayepioaxthg front
side of the substrate. Acco,rdi.n% tg a fjrst enbodi mrent of the 15 invention,
the strés¥e€oRPehbat TRl &/€F Ras 86bSEARLTAFEy AhSROIE 3R LS ANPERT

thi ckness 2papenFROshE | HNraS tikeahat eveephtexi@ing ayeronsAeanbdingnto a

second enbodi nent of,the jnvention, . the SCL, c rises a,SiGe lLayer with
constantticoffosPYEBR i tJ‘rTJ;rtntehénﬁﬁik’élﬁﬁésin%f%r%ec%s&rtltoﬁleOgoﬁggnt of Ge

in the 2QIcagstadtesoPpasindyoncoprbet Heatbe chosiered areanttr olf theestress of

the SCL faqr substanti.all onpensating the stress of .the hetergepitaxial
| ayer orr‘rpth[lI“T’eCFPo t %?%e%efdct &80 g?rgf)ec.}n%\ T |‘]‘r¥bené:ab}%l a“;?/leer 1§ ggi l'i con
havi ng aitchi, ckfiesse of cqefsartdbloy shotspoileyéhamord0i sem andopseébecabl y not

| ess than 5 nm_na e.25 deposited. h . The ri oves
handl i ngcog‘l?ﬁ’séﬁzégﬁi %bG%glea ati csé)lﬁ%j \%ﬁ?g Engl;}(?%h%%%eu%:g)% %ylt%hgogg%t her
manubactsirtilng protessconditeert tdeapdepbspni BhCoflater SCL boriht Baebaekdsi de of

the sube30.8LLg .eco}l%;g A p3lides o ot hew subslg Alad & PAliaRBeday: chem cal
mechani ¢al pol'i'shi ng ) . rin I\/Ptﬂes strate Is pressed wth a
carri er cdgdihes compe ol b dmgpblunsisikng spadfakile pok i etrapititied pegsénce of a
pol i shing, SIULEY, THLS: Sien Jud BRY ihy LARLOYES LhgdoGalof Isataessyand the
nanot opogr aphy o? t he %etero- 35 epitaxial wafer. The anount of nateri al
whi ch iguxémﬁggasﬁyg(}ﬁn concentration of Ge in the constant ccmpoe-
15 sition 8iGe layer or increasing both will increase the stress
for compensating the stress caused by the heteroepitaxial layer
during the cooling. The concentration of Ge in the constant
composition SiGe layer is preferably chosen within a range of
from 10 to 80 %.
20
Details regarding the individual steps of the claimed method
are: During simultaneous double side polishing (DSP) the sub-
strate 1s held in a carrier and polished in the presence of a
poclishing slurry between two rotating polishing pads. It is
25 preferred to polish the wafer to a final thickness required to
compensate the thickening of the wafer caused by adding the
epitaxial layers on the front- and backside. The material
removal preferably equals substantially to the sum of the
thicknesses of layers which are deposited on the substrate in
30 the course of the preparation of the hetercepitaxial wafer so
that the thickness of the final wafer product does not exceed a
target thickness. The target thickness is preferably the
thickness of a commonly used epitaxial wafer having the same
diameter as the heterocepitaxial wafer. For example, the

35 thickness of an epitaxial wafer having a diameter of 300 mm is



2008P00155 EP/ St 7 is preferably about 0.5 um- 1.5 pm This renoval is
preferably taken into account so that the wafer is neeting the total

t hi ckneg$ogpetisscetion after depositing the fully or partially rel axed

| ayer of SiGe on the front side of the silicon sub- 5strata. Further, the
substrate is subjected to a post-CWP cleaning step which is preferably
performed in a single wafer cleaning Blevi ce. The cl eani ng sol ution may be
wat er or an aqueous 10 cl eaning agent, in particular SCl/SC2 cl eani ng-type
cl eaning solutions with concentrations and tenperatures nodified for Si Ge
surf ace§ypALebEY t He PostraOP 6Fedn?ngCof '] HELsUbstT 06, e¥2fPaded Stee 15

het er oepibaxi ghgl gyer shiLhpisakibhylgyeparddally gnel<@>é@6va§ geposi ted on
the front side of the substrate, preferably by CvD. The heteroepitaxial

| ayer hastpreeeiabt M GReentAEENonPbf TEETH Thd S arvGe foPafr om 20. 0 to
90.0 % +Fheyrdegsee-wd radiengarsrprefl @ably siQie p2Qi¥nkspm The

het er oepi t axi al [ ayer_ 20 ha% 3 thichness which is preferably 1.0 - 9.0 um
The &l aPFEderBPhBd %ﬁvﬁbﬁﬁbr@ ePBNE OFE BT R additional steps, e.g.

polishing the edge and the notch of the heteroepitaxial wafer after the
deposition of the SiGe |ayer on.the front side 25 of the substrate.
Additioﬁ*&fﬂeéw&ggndt o STIRENB 2 Fedfli REThEY - DeY p%refaonrer%{eémgf tdéfleasﬁg%f t he
silicontgicngl @ etysialcauhsissatiag Oageorismdepdairtdieovepheaiical | ayer (s)
may be deposited on the t Si o e_hete i taxi-al fer, e.g. a
constanﬁa%SEpggP?F%hl%ﬁGgﬁﬁgyéw %ﬁetﬁgggr%}e% %fégk%g¥égégﬁfﬁg§ial layer 30
and 1a stskaizned Shéisthn dayerisens ehéiGenstadt. compddiitdkoess @dl &per. The
.concentration.of i cqn . LLion, Si&Gelavendh.s preferably 20
ggogg%%%%ﬁ%% LA €OMRRSLLA O, 9 AR LAXe Ll SRl o

to 90 % “CWP°a ¢l eani e repeated before depositing a
f urt her wepichasuabthayerllCVRIRsNGEscdepbsi $THRS A Wirtthdis §SINEARICEFE | ayer

may be reql.aced.b £ fdxed ahrasiyerpobishi ng melnod dshicgls wsesca pad
with fixe 28g§p%8§§% EP/ St
side of the substrate. According to a first embodiment of the
15 invention, the stress compensating layer has substantially the
same or similar thickness and composition as the hetercepi-
taxial layer. According to a second embodiment of the inven-
tion, the SCL comprises a SiGe layer with constant composition.
nither the thickness of the SCL or the content of Ge in the
20 constant composition or both are chosen to contrel the stress
of the SCL for substantially compensating the stress of the
heteroepitaxial layer on the front side of the substrate. A
sealing cap layer of silicon having a thickness of preferably
not more than 100 nm and preferably not less than 5 nm may be
725 deposited on the SCL. The cap layer improves handling and

cleaning operations which may be included in the further

manufacturing process.

After the deposition of the SCL on the back side of the sub-

30 strate, the front side of the substrate is polished by chemical
mechanical polishing (CMP). During CMP the substrate is pressed
with a carrier against a rotating pelishing pad and polished in
the presence of a polishing slurry. This step primarily im~
proves the local flatness and the nanotopography of the hetero-

35 epitaxial wafer. The amount of material which is removed by CMP



8 abrasive particles instead of a slurry containing free abrasive
particles. Hereinafter, the invention is further explained by referring
to 5figacespOfFLEs IEFAeqresents a calibration curve for selecting an
appropriate thickness of a 70% Si Ge constant conposition SCL. For exanpl e,
for conpensating the stress of a graded Si Ge | ayer 10 having a
concentration of Ge in the range of 70 % over 4.5 pmgraded layer and a 1 m
70% constant conposition |layer on the front side of the substrate, Fig.1
suggests that a thickness of 2.5 umof a constant conposition 70% Si Ge -
SCL wouli¢ beedppridpr izt @ -avend-bbwh (I nelHig trrave Ld il anbhel shalped

poi nts) .and 15,10 fEdUGR WRY Rnke andi pham (gurue: frid ted te-sguare- shaped
points). Fig.2 represents a heteroepitaxial wafer which is produced

accor di giesnassiFrecPrierdioad 2ERBEdFARME L bENT He priddent OZoPPRAVERtIBN. The

vaf er cQupLises: & &k IdCancel Al ener ystat substaateclQ:andoa gneded SiGe
| ayer 20 deposited on the front side of the substrate. The wafer further

conpfi sé§Tat8tress conpensating | ayer 30 deposited on the back side of the
substrate. The stress conpensating |ayer preferably conprises a 25 constant
conposition Si Ge | ayer having.,an a

ropriate thickne and conposjtion for
conpensépﬁﬁﬁefhetgﬁr%%ﬁ?gﬁﬁzﬁhlFsngﬁﬁﬁg@%yt?h% ?ﬂﬁﬁﬁdﬁ%p?@ﬁﬁpé? |3y®F. Fig.3
represenis ca hetsroppidmixt ger@bardwWhhch ssnpreductd 30caedconding to a
second preferreg enbodi ment of the present invention. The m%fer conprises a
si li con %&iGPe CrysTHT SIS PACE 1 BRd 2° h8t et oepi tAxi*E Ay er deposit ed
on tibe folenhisydegeic t hen substicatier @hereth ¢heahietertoepi tazeaingayer
conpri ses .a_ graded. Si Ge | r posit IR .35 the
SUbSt 1 2 AP A COHEY art BB Sy R TaDE Bt Hans 98 P55 Ro0155
EP/ St 9 dic# enrtheegyraded Si Ge | ayer. The wafer further conprises a stress
conpensating | ayer deposited on the back side of the substrate, wherein the
stress conpensating | ayer conprises a graded Si Ge | ayer 60 deposited on the

back si deftefr the pobt-GIBteleteeiagd od tbAsPARETETRHPo t97eRSi @CPayer 70
deD%%'t%Qﬁ%&o%9§t9£§99d1§§é¥*d&&ﬁﬁ’is fully or partially relaxed is

deposited on the front side of the substrate, preferably by
CVD. The heteroepitaxial layer has preferably a concentration
of Ge in the range of from 20.0 to 90.0 %. The degree of Ge

grading is preferably 10 - 20 % / um. The heteroepitaxial layer

20 has a thickness which is preferably 1.0 - 5.0 um.

The claimed method may comprise one or more additicnal steps,
e.g. polishing the edge and the notch of the heteroepitaxial
wafer after the depositicn of the SiGe layer on the front side
25 of the substrate. Additional CMP and post-CMP cleaning may be
performed after DSP of the silicon single crystal substrate.
One or more further epitaxial layer(s) may be deposited on the
front side of the hetercepitaxial wafer, e.g. & constant
composition SiGe layer on the graded 5iGe heteroepitaxial layer
30 eand a strained silicon layer on the constant composition SiGe
layer. The concentration of Ge in the constant composition SiGe
layer is preferably 20 to 920 %. CMP and post-CMP cleaning may
be repeated before depcsiting a further epitaxial layer. CMP
before depositing a further epitaxial layer may be replaced by

35 z fixed abrasive polishing method which uses a pad with fixed



The stress conpensating | ayer may have the same or a simlar conposition as
the heteroepitaxial |ayer and the same or a 10 simlar thickness as the

het er oepigmedioal shayerstFi g. 4 represents a heteroepitaxial wafer which is

- comonly used. It conprises a silicon single crystal substrate 1 and an

het er oepi taxi al |ayer 2 deposited on the front side of the 15substrate. The
positive effect of the invention is dénonstrated hereinafter by neans of
exanpl es. 20 Exanple: Heteroepitaxial wafers as schematically depicted in
Fig.2 were produced by perform ng the foll owi ng sequence of steps:

subst r atebwafiers patt $thgt ei tetystdlosial istarrhavbngaandicameteer abk-2a300e mm wer e

subj ect ed toclggg- The wafer was polished to a 25 target thickness of 768

pm Ther,~“after ¢l eani ng and drying the substrates, a constant conposition
SiGe layer with a Ge content of 70 % and a thickness of 2.5 pm pm was

deposi t i Lngl / ctor.on_th C i f upstrates.
Af t erWa(r%%s]},eth]n‘r%ef%f!5 rgbn?hé\?%%&%%%{{e%%u%%trﬁgtg 5se§ g‘%éﬁ%j eb&eé:%fte%%{&%cﬁfg 1.0
pm off neitienirgls.was renoved fromthe front side of the substrates. Then, the
substrates were subjected to a post-CWP cleaning with pure water. Finally,
a graded Si Ge |ayer having a thickness of 5 pmwas deposited on the front
si de of Aite Isybsreraensstd produnadieet crospi faxi atlewlfiars dravprgoa stress 35

conpensaliiing back ghdes| ayex . 7othe eRNeeRLEaht oBopho 38 i) e, 20QBPO015S
EP/ St 10 graded Si Ge | ayer was graded fromO to % Ge. Afterwards a | ayer
of 1 pmﬁ?"@ﬁ@tl_&m_t f@énﬁ@@?%%ﬁ%ﬁ@?@@%’{@éﬁ Rés2 depydad eqd.GeTHéwéppsi tion
gas foor 1iepes ki BenkBershf£55 compensatinagrhayeroanth tshe ket areepit axi al
layer was a mxture of SiCl2H2 and 5 GeCl4 in hydrogen as a carrier gas.
Conpar atg§ /& eex afgFe %PdF%rl‘t“hJ%Jr’:ﬁé?ea&F EOMBEFISHM fanehér the

het er oepitand alicwaber shvesespraducedihavi Baghbersanmead rontmiantgekackssi de

2.5 uym of a constant composition 70%-8iGe - SCL would be appro-
priate to aveid bow (line fitted to diamond-shaped points) and
15 to reduce warp to a minimum (curve fitted to square-shaped

points) .

Fig.2 represents a heteroepitaxial wafer which is produced
according to a first preferred embodiment of the present

20  invention. The wafer comprises a silicon single crystal sub-
strate 10 and z graded SiGe layer 20 deposited on the front
side of the substrate. The wafer further comprises a stress
compensating layer 30 deposited on the back side of the sub-
strate. The stress compensating layer preferably comprises a

25 constant composition SiGe layer having an appropriate thickness
and composition for compensating the stress which is caused by

the heteroepitaxial laver.

Fig.3 represents a hetercepitaxial wafer which is proeduced

30  according tc a second preferred embodiment of the present
invention. The wafer comprises a silicon singlie crystal sub-
strate 10 and a hetercepitaxial layer deposited on the front
side of the substrate, wherein the hetercepitaxial layer com-
prises a graded SiGe layer 40 deposited on the front side of

35 the substrate and a constant compesition SiGe layer 50 depcsi-



M het eroepi taxial layers as in the exanple but were produced according to a
nmet hod distinct to the invention: (1) double side polishing to a standard

waf er thbhekness {7y &y and (2) CWP of the front side with 0.3 pmrenoval.
.Afterwards as step (3) the the constant conposition SCL was deposited on
the back 15 side and as step (4) the 5 pmgraded buffer and 1 pm constant
conposition SiGe (70% Ge) was deposited on the front side. Conparative
Exanple 2: Also for the purpose of conparison, heteroepitaxial wafers 20

wi t hout an SCL on the back side (schematically depicted in Fig.4) were
producedtby @@rimwrjﬂaﬁeﬁh@itelLaybﬁg'Eﬁquenﬁﬁ~dbr&hepsco@ﬁﬁiﬁaubie si de

polishing,.to a standar t hi kness 2 d CWP of the
front si gg ﬁf?hc?f“%erbsr% %‘Pfe‘—’ %p?%n)t d%pos:%?;i)eor}i’go%( FﬁeeS prﬁhger aded
?ﬁffﬁr aedbitpmté51ﬂﬁn$hantheoapoes$|mmmﬁﬁdﬁaﬂ@ﬂ@%ﬂ@eﬁronomﬁmﬂ$¢@ni si de.
e heteroep I'SApr L N e h_ th X | e and
GPEBEG NI M SoDLREHERE LR dANG8 LN E Nene ]

conparat|y3 in view of key paraneters
repreSenEtngtbo&ndv&uqnna}B@baboandSitiﬁﬂ [BES latyeasS0 dspaeltedson

nanot opo p fé% I re displayed in the follow ng table.
2008P001 &gE€¥%§JQ§S a ﬁg. rgonparatlve exanmple 1

The stress compensating layer may have the same or a similar
composition as the heteroepitaxial layer and the same or a

16  similar thickness as the heteroepitaxial layer.

Fig.4 represents a heterocepitaxial wafer which is commonly
used. It comprises a silicon single crystal substrate 1 and an
hetercepitaxial layer 2 deposited on the front side of the

15 substrate.

The positive effect of the invention is demonstrated herein-

after by means of examples.

20 Example:
Heteroepitaxial wafers as schematically depicted in Fig.2 were
produced by performing the following seguence of steps:
substrate wafers of single crystal silicon having a diameter of
300 mm were subjected to DSP. The wafer was polished to a

25  target thickness of 768 um. Then, after cleaning and drying the
substrates, a constant composition SiGe layer with a Ge content
of 70 % and a thickness of 2.5 pm jm was deposited in a single
wafer CVD reactor on the back side of the substrates.
Afterwards, the front side of the substrates was subjected to

3 CMP. 1.0 um of materiazl was removed from the front side of the
substrates. Then, the substrates were subjected to a post-CMP
cleaning with pure water. Finally, a graded SiGe layer having a
thickness of 5 um was deposited on the front side of the
substrates to produce heteroepitaxial wafers having a slress

35 compensating back side layer. The concentration of Ge in the



conparative exanple 2 -169 305 exanple 1 M 28 Bow/ pm2 VWarp / pm 32
"SFQR max / nm (26nmmfemm 336 sites) (2 signma) 100

2008P0015% EP/St
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graded SiGe layer was graded from O to 70% Ge. Afterwards a
layer of 1 pm constant composition SiGe (70% Ge) was deposited.
The deposition gas for depositing the stress compensating layer
and the hetercepitaxial layer was a mixture of SiClZ2HZ and

5 GeCl4 in hydrogen as a carrier gas.

Comparative Example 1:
For the purpose of comparison, further hetercepitaxial wafers
were produced having the same front and back side
10 heterocepitaxial layers as in the example but were produced
according to a method distinct to the invention: (1) double
side polishing to a standard wafer thickness (773 pm) and (2)
CMP of the front side with 0.3 pm removal. Afterwards as step
{3) the the constant composition 8CL was deposited on the back
15 side and as step (4) the 5 um graded buffer and 1 pm constant

composition SiGe {70% Ge) was deposited on the front side.

Comparative Example 2:
Also for the purpose of comparison, hetercepitaxial wafers

20 without an SCL on the back side (schematically depicted in
Fig.4) were produced by performing the following sequence of
steps: (1) double side polishing to a standard wafer thickness
(773 um)}, {(2) standard CMP of the front side with 0.3 pm
removal, and (3) depcsition of the 5 um graded buffer and 1 pm

25 constant composition SiGe (70% Ge} on the front side.

The heterocepltaxial wafers produced in accordance with the
example and comparative examples 1 and 2 were analyzed in view
of key parameters representing bow, warp, global and local

30 flatness, as well as nanotopography. The results are displayed

in the feollowing table.



‘ 57 63 SBIR max / nm (26mmt8rm 336 sites) (2 sigma) 500 250 240 Tot al
thickness / pm 782 779 776 4 mm TI-1A /

10

2008P00155 EP/St

1

run(2 signma) 46 50 15 ElI

Table:
comparative | comparative example 1
example 1 example 2
Bow / pm 2 -163 1
Warp / pn 32 305 28
SFQR max / nm 100 57 63
(26mm*8mm, 336 sites)
(2 sigma)
5BIR max / nm 500 250 240
(26mm*8mm, 336 sites)
(2 sigma)
Total wafer thickness / | 782 779 776
v
4 mm THA / nm (2 sigma) |46 50 15
10 mm THA / nm {2 78 100 22

sigma)

Geometry data were measured using a ADE-AFS tocol. Nanotopo-

graphy was measured on an ADE Nanomapper device according to

SEMI standard M43.

The results clearly show that the claimed method leads to an

improved quality of the wafers in view of almost all of the key

parameters regarding wafer gecmetry and nanotopography if

compared to comparative examples 1 and 2.

waf er



10 mMmTHA / nm (2 sigma) 78 100 5 Geonetry data were neasured using a
- ADE- AFS tool. Nanotopography was neasured on an ADE Nanonapper device
accor di ngot 9= §EMs §@g@gard MA3. The results clearly show that the clained
-method | eads to an 10 inproved quality of the wafers in view of al nost all
of the key paraneters regardi ng wafer geonetry and nanot opography if
conpared to conparative exanples 1 andz2. 2008P00155 EP/St 12 Cains 1. A
met hod for producing a wafer conprising a silicon single crystal substrate
having a front and a back side and a |l ayer of 5 Si Ge deposited on the front
side, thergmidod conprising steps in the follow ng order: Sinultaneously
polishing the front and the back side of the silicon single crystal
substrat e; depositing a stress conpensating |ayer on the back side of
the Wsili comeditgl €oer ypstabc ot naifer pohipshsnggt hesf1Didn sdide;ief the

silicon §£§§¥§i %&%%E%gtgu §${§§‘% front and a back side and a layer of
5 SiGe depeosited on the front side, the method comprising steps
in the following order:
Simultaneously polishing the front and the back side of the
silicon single crystal substrate;
depositing a stress compensating layer on the back side of the
10 silicon single crystal substrate; .
polishing the front side of the silicon single crystal
substrate;
cleaning the silicon single crystal substrate having the stress
compensating layer deposited on the back side; and
15 depositing a fully or partially relaxed layer of SiGe on the

front side of the gilicon single crystal substrate.

2. The method as claimed in claim 1, further comprising:
depositing a silicon cap layer on the stress compensating

20 layer.

3. The method as claimed in claim 1, further comprising:
polishing an edge and a notch of the wafer comprising the
silicon single crystal substrate, the stress compensating laver
25 deposited on the back side and the hetercepitaxial layer of
3iGe deposited on the front side of the silicon single crystal

substrate.

4. The method as claimed in claim 1, further comprising:
30 polishing and cleaning the heteroepitaxial layer of S5iGe
depcsited on the front side of the silicon single crystal

substrate.

5. The method as claimed in claim 1, further comprising:

35 depositing one or more further epitaxial layers on the 5iGe



cleaning the silicon single crystal substrate having the stress
"~ conpensating | ayer deposited on the back side; and 15 depositing a fully or
parti al Iypgeedoaxed kayes of SiGe on the front side of the silicon single
- crystal substrate. 2. The nethod as clainmed in claim1, further
conprising: depositing a silicon cap |layer on the stress conpensating 20
| ayer. 3. The nethod as clained in clldim1, further conprising: polishing
an edge and a notch of the wafer conprising the silicon single crystal
substrate, the stress conpensating |ayer 25 deposited on the back side and
t he het eraepi tdapcal tkdyer vfe SiGnideyios ptédtor sheifennsinsgide wfystthe
silicon gggggfzt%rystal substrate. 4. The nmethod as clainmed in claiml1,
further conprising: 30 polishing and cl eaning the heteroepitaxial |ayer of
Si Ge deposited on the front side of the silicon single crystal substrate.
5. The t |.ai ged_.i n. [ f. her L Sk NG, : i.ting one
or nore U??%%?%ggfgagFaFi€g§%?§ﬂ%#ﬂfﬁg{EVGgO&ggg%%g%?%%k%%fgﬁp%gklayer
deposi t etrart ttiglef pénthsi defef hdfecxws |deponisiingl 8 ErysShial sRifseridte. 6. The
met hod e %@rb@ncbékﬂbﬁin%%@rﬂéﬂf‘&m@@' Lshi-Remt Bg1 Snddraiti siade of the
waf er befdre depositing a further epitaxial layer, wherein polishing is
per f or mpldshdmeniigakhfephameeed Pold SHIVEGYi FOPR8LBrBS e 0fVe sl urry
cont ai ni ng-abrasi ve par ki ghbesavFa &Ssd ipead sahihasiwerpel hisddme id¥ the absence
of a slurry containing abrasive particles. 10 2008E00155 EP/ St

slurry containing abrasive particles.

10



14 Abstract A nmethod for producing a wafer conprising a silicon single
" crystal substrate having a front and a back side and a | ayer of 5Si Ge

deposi t esh pbddie sf E@ntrsi de A method for producing a wafer conprising a
-silicon single crystal substrate having a front and a back side and a | ayer
of 10 Si Ge deposited on the front side, the nmethod conprising steps in the
follow ng order: Simnultaneously polish#ng the front and the back side of
the silicon single crystal substrate; depositing a stress conpensati ng
| ayer on the back side of the 15 silicon single crystal substrate;
polishing the front side of the silkbe@aprastngl e crystal substrate; cleaning
the silicon single crystal substrate having the stress conpensating | ayer
deposited on the back side; and 20 depositing a fully or partially rel axed
| ayer of SixCme@hoBhfofrpnbdistider af waferstbrpoisiingd esidriysalsisghet r at e.
Figure Zcxystal substrate having a front and a back side and a layer of

5 SiGe deposited on the front side

A method for producing a wafer comprising a silicon single
crystal substrate having a front and a back side and a layer of
10  SiGe deposited on the front side, the method comprising steps
in the feollowing order:
Simultaneously polishing the front and the back side of the
silicon single crystal substrate;
depositing a stress compensating layer on the back side of the
15 silicon single crystal substrate;
polishing the front side of the silicon single crystal
substrate;
cleaning the silicon single crystal substrate having the stress
compensating layer deposited on the back side; and
20 depositing a fully or partially relaxed layer of SiGe on the

front side of the silicon single crystal substrate.

Figure 2 |



