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2008P00155 EP/ St A net hod for producing a wafer

2069BBH155Ngp@agEi | icon single crystal substrate having
a front and a back side and a |layer of SiGe deposited

on the front side 5 A crystalline heteroepitaxia

| ayer of Si Ge deposited on a silicon single crystal
substrate by epitaxial deposition typically differs
fromthe substrate in several naterial properties

| QG OY £5Y sé%dtll.@:{ﬁé‘ CE i AENSLORSr PEhG NEr§Bl icon single

expansi on coefficient.” Si Ge deposition on"Si 1s a well
criypsal s0bsyreém hevingr afaonte angt g backorddenanty gmlayer of

Si to pure Ce oyl cllas: Sk AL B CANSAENL; ke Ng 4.2
(0] .

% | arger than t reinafter, SiGe 1s an
abbreviation of Si(l_x Gex, wherein x represents a

A ¥§%#€ai 1£thé?Q?§ It££9g1Olgyéﬁeaﬁg§%§%r88?059€?d on a

a es O dGDOSI tion eplrtaxi a
81£m@£nlayeglascrzssalasnbdtmﬂth bEspettaK@alhéepcsition

t t
e HRAELHY' BECRUPE FLR LA Lo AL SlneXEeEEl O erian
propgstaésointhedhﬂgecnpatahxlattiaged1m@asiensoanélahermal

a .the insertion, of C sfit_diLsl oca n
ex?ﬂ%ﬁﬁonAf?ﬁigbﬁle%Fre%fgﬁ ?%p lg} anénpgrpe%d%cﬁ g% known
sysbethOQIﬁmtéaderenélDatﬁbtezeoabtaWFDfe&meﬂﬂ to phee Ge

strate wafer. but a,c

wh EERGES A T8F RECT Heeaal RO PSr 68at 1 oné (TEyoL Chan that of

siprepagahbngert hebaghithengabbragibayen 6 the_gGefaceherein x

TD form ng clusters long |ine re c p
reppasShRg S €2 bepebnat iy harae 5o EFenE sebobh §: “Bifing the
eaﬂEyi§E§ge§h6fsthésaeﬁ®§iﬂ$oﬁrﬂnéthétdrséplﬁ5xmallBDGe layer
network al sp cause a surface roug cal

B R e

Afb@ﬁdéﬁ@ee@ingh@ @@f@alﬁbpmyematpicaﬁ@sgechamtsaslbyhlckness)
whi ch the strajn fromthe |afti

the ofTR9EAL Rén?h%pP?BQFQFPHE%ElaéCi?%ﬁrt%EﬁﬁFﬁuE% havax via

thdeensdevebaped to kgduese &ﬁ@fﬂ@g@lSYQc§Ql6ﬁ§e@MSDPf Although
the strain relaxation on the crystal uallt% of th
¢

orheRkeBepit BRF aPL PR PO RPRAT AL BF tRetlE €5 Bt faEpghion not
alinvi-Beex S8 Ltayehehaggbesh ensusaesetdteWalré® heHUGEcertain

nu%ggrdgggagyagé forms threading dislocations (TD) propagating
through the growing layer to the surface. TD forming ciusters
along lines are called pile-up-s (Pu) and are especially harm-
ful for electronic devices. The stress fields from the dislo-
cation network also cause a surface roughening called cross-
hatch. The formation of MFD, Pu, TD, c¢ross-hatch and a bending
of the wafer (bow, warp) are mechanisms by which the strain
from the lattice mismatch is relieved. Many epitaxial depo-
sition techniques have been developed to reduce the negative
effects of the strain relaxation on the crystal quality of the
heteroepitaxial layexr. 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 to

match the crystal lattice of Si to the intended crystal lattice



10

15

20

25

30

33

TD and Pu and the surface roughness of so-called Si Ge
20b9bbe1ss| pyess. Many variations of grading the Ge
concentration to 35 match the crystal lattice of Si to
the intended crystal lattice 2008P00155 EP/ St 2
constant at the surface of the graded Si Ge buffer
| ayer have been devel oped. For exanple, the
concentration of Ge in the SiGe buffer layer is
col&aged §@n£h@uQﬁ§f¥C@rofntﬁéeﬁ§adéds@lé@rbuffé£ela er have
attention has been given to the reactions after %
bejrpdeyeiorcfasieh d%ﬁamxrw cehe yconecdepasienonli sedbnethe
sidy b@§§é£n9a9e§'léC&Paéé@@é@n@lﬂéé@él?“@§tIﬁt§t$§£er
to a certain tenperature and then providing th
conmponents for growing a filmin the gas phase (e.g
5oy PYD1JBE) - ben, the: filan 10, gconth ends L Toh aze
© g# f} or par?l f?@ rel axe &lﬁéregargﬁ o ﬁ aEEer
th%u@%@@%t’élo@oln%hﬂ@@e@nnﬁmiwlkre@se a@leep%ptl@d t® done by
hegylﬁ éeéfflﬁ %?lgué%§§%af¢é@%s%?&tge@£§é£'98 éscertaln
conp eted e coo | ayered wafer sta
temp@a@E@r©fam@ethﬂmfpe¢%h@enqntmﬁe¢©mp0@a@@ﬁsf@n growing a
ef fi n tero e a I
2 5oLt G e ISR LS o B P Wy e £
groonposeas stle¢ f ecimt he fayby @Iop@ltl@b}ynr@l@xadlmxth regard
o .
vorfle, STnSHHEEE ARSI SR LD eo
fulhf erebagl tloeighede ngubfet heAfser flote deposheion is completed
nmechani o _release this_stres 0 tenpts hav
th e hee Th FeRu LR TR LU B ST e ver e TGtk Ene
difAf¢éeapts rnav*ehebﬁeml smpaelssimm toe Bif Cet¢mi nbexveat hytero-

i di t hi te | f st ed i
ep PRV ot dut or T Eo e S etk 1 Th 1 S RE S ey e
e o e 0T Al 5 et vay
ccordal n 0 a
asPHFeepi tART A ?e?yhﬁ%wggeﬂﬁsvwle &alé ?%yEJrAJsm growth.

se¥bhdopy defecisiand WHeiNg CoHACKSe MByLHE andt abnghlebing of the

depositi ng such | ayers on the front t he back
surfgce aregthe mech n{sms to reIease t Qs stress.

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 Si in the heteroepitaxial

layer. An approach of this kind is disclosed in US2008/0017952

Al, another one in US2009/0087961 Al.

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

side of a substrate.

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

method which uses the stress generated by a backside layer to
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30 side of a substrate. These net hods have all been

2oMsEsh 195 coppensat e the bowi ng of the wafer caused by
the stress generated by a heteroepitaxial front side

| ayer. The present invention intends to provide a 35
met hod whi ch uses the stress Jyenerated by a backsi de
| ayer to 2008P00155 EP/ St 3 change the growth and

cool i ng mechani sm of the heteroepitaxial front side

ch&lr?@'éart}?é‘dgfmk?%d r%@irﬂ? ddlen Lyt Al s U idt Hoepitaxial
the front” side U‘S,h especially the TDD and surface
§§d% &

frandughidss sl axsiu TIEs - Her v genheihg | gy s grality of

en DTS o & 1he St Tess. oly
degr ada?élllon of;ﬂfeehe heter%lgép?%’gi%éi |a%/%u%]ﬁ%£f%%zrtﬁlghness

caygred dwnferyssdodi¢hgpeamkr i waf er from the

deposition tenperature. After the deposition, the

het eroepitaxial layer is in a fully or 10 partially
The gbrzoeics stratet mmm@mqwmw oyelurpygjyents a

de%}?&?c?%%ér?nof V-Y}?é‘ ﬁélaeegé% 3 co:)% S engt; u‘{k{@ggﬁaesde after

waf er i's usua own I n atcontr
comaimperdovBuet e wafer t syl hey der it igfn tﬂr@nmmmrm e After

t he. .het
the <§j raﬁeltdfoneraﬁpé tM&OEeél &l OV d}gry%l% e a tli%% or

gen and tauses a s secon axa
papriockess ese 1 abhwes es t atod lmmoetrmalrfgnramttm ofndidcigmmarguring

dlsjocatl S, T 0 u ce
ACR g b q"ﬂhéem %ﬁg §”in1_3%?%% IF%/ i g%?o%@eancﬂ%:r easeOflfn the
waftde ﬂfnssll@/lbj ddy el ddven surd acentroelgherd ssanowar ddue to the
t he wafer ed ul.d be .obser.ved, vever de S
Ehefma ) duksnd) n%gﬁl}]eg 7%@5%3:61? DVIHE ng T HE ST ¢ e§ {gl%jﬂigl
9 he
la@@ﬂﬁe@fsﬁﬁéﬁ&@@émm sidlecais¢hen sibisto@tscondary

fo d t h
g A e R A

dléi}:ﬁcaﬁﬁkﬁr@i t Soeflgen NeN-o BNt o rsnt fade ded nBlod bowing of the
RVB-r ou hness reduces the density of, TD. and the

walughnEsC TS 6 By TBSEIFATLTE atftl THprovEst theobotp and the
suPfac@Srdgnvéd €rtowards the wafer edge would be observed.

However, depositing a stress compensating layer providing the
desired amount of stress on the back side of the substrate
before depositing the hetercepitaxial layer 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 cross-hatch and improves the bow of

the wafer.

However, although the deposition of a stress compensating layer
orior to the deposition of the heteroepitaxial layer on the
front side solves the issues regarding defects of the hetero-
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-
topography.
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However, although the deposition of a stress

zoggyﬁgyggnggubg_ayer prior to the deposition of the
het eroepi taxial layer on the front side solves the

i ssues regarding defects of the hetero 30 epitaxia

| ayer and bow ng of the wafersq other wafer paraneters
can suffer significantly. Mst inportant for the
fabrication of advanced CMOS transistors for sub-45

Théﬂaldﬁe@scse GEner Al %cﬁf&ngoaar aNBter leéﬂlgﬁ ts‘bdn'&? wafer

eonet;%)of the waf'er especially global and |ocal
suifyadtlfe s paizamst ey (SFQRNGBItR)cramhhdirl @6 needs to be

gl%%.%@% fLﬁl%&LF?LOOEII%B ﬁ%ﬁ fgaecfﬁ tQ”LCo(arrc‘sS lfégcoﬁv}fcfjg{& these

produci ng a heteroepitax sui't
par3eim e i igenerdatiingn tdrd Helaas rce:erttsertaﬁtbtelg layer on the

bacqpstllclg Za%t eflﬂefgéﬂoe %a&!i t lsa%/equ ?tﬂh%n%ro t side of a

regardi ng these paranmeters despite adding the stress
wafeonpensating | ayer on the 5 backside and the

het er oepi taxial |layers on the front side of a wafer.

It is the object of the present invention to provide a
It niet hdek dloreqir adudilvg parasadfrear dgomprtisimg ca msidvictn a method

st a substrat e _and hawvi
foxp g i o S el e T i aie e
sutsitdentef drive Msuthisty at mea:ruj:caapsttrae&&]cdlmxsaiﬁ riGd almrosited
back sjde waf er ved gl obal an

on e ETas s 16 e G SEd St b pb G R SR erE St ing
laydy eai dise Meick maoae rTEttdevafﬁr pfaaﬂium rngn;_:acoma‘cerglobal and

Lo g BT D Phoh LA S T B oe GRaeet is met
by claemﬁiﬂcﬁﬂ Y tphﬁ:cft(cﬂﬁig S| d&fdﬂ‘le:di‘@iﬂ@irﬁp@rsﬂﬂgm single

steps in the f ow ng o er Itan
CTYHS s HHRS e & ?%\fl%%t &did ﬁ%éy e &19 @naver of
Sic N Lt aln sus tradres S%_Q:léj,eﬁﬂﬁé tnleﬁ:gﬁ.cﬂ:l SddneSSising steps

conpensatlng | ayer on the back side of the silicon
in $hgylfe ] Filtrate; polishing the front side of

51ﬂﬁﬁ%éﬁéddgﬂyfﬁdmﬂéhfﬂéﬁﬂﬁﬂ front and the back side of the
silicon single crystal substrate;

depositing a stress compensating layer 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
compensating layer deposited on the back side; and
depositing a fully or partially relaxed layer of SiGe on the

front side of the silicon single crystal substrate.

The claimed method comprises providing a stress compensating
layer (SCL) 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 also caliled “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
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substrate; cleaning the silicon single crystal

20Gamst1at echayd ng the stress 25 conpensating | ayer
deposited on the back side; and depositing a fully or

partially relaxed layer of SiGe on the front side of
the silicon single crystal substrate. The cl ai ned

nmet hod conprises providing a stress conpensating 30
| ayer (SCL) on the backside of the substrate. The SCL

st+Sss AaPosh ted Qond he backst 0€; ofnd hea sabst s at€o By down from

before the deposition of a fully or partially relaxed
a @ﬁgﬁﬁ%ﬁﬁq@rt¢@@@Watqwﬁwqﬁﬁﬁ#tqugﬁ%ﬁpquqQ% héteroepitaxial

laydet &l oapl taxi dayercsd O thedeonte. SAlgea;%r&bﬁlate amount
substrate. The SCL is advantageously grown in a 35

of t@oReVE el 2 %@p@%@ri%t%cfammﬁ }FCREGERG Forone S Inbodiment
t
of C&Y@eﬂ?@%&ﬁ%‘ﬂ?l nglthe O%fé?%’@ rd Sid eé&nmméﬁ of the

generate S COO I Ng down from a
SCideppsthd o3 t Enpera Yree aftevidepdss tderltere amount of stress.

Thi?tﬁﬁe@é ta’?&(ﬂféveéi aé’@éozpcﬁ]lr'i etc; r&% éﬂl@@dﬂfleﬁ@eof the inven-

substrate. An appropriate afount of conpensating
tisiress fhe a@cbmme@lamrsjw@ss ol oyrer endyuRl heeg $ ofnstant

COl’{lé::OSl téloé] e%éPﬁaljia@:Aaihﬂféls '@g% %bf?’%?é@dgzé%e oéompo—
sitanmountf otfhsmcmtanﬂm@nmutbﬁoracm@webammzdlb@tm care used

for §%§%g$x%éﬁ¥n ff Qe |q¥e H%§§|%|onqgf§é§ég%ndent

stTess Tayer conprls KR ns
of |@yercantb =it her 4dm tﬁuckmess mﬁ ﬂﬁmehmﬂ&mpémhtaxiaﬁ1layer.

of the co S 03|t er or both are
ot A - BLCOORS o I BTN T e, ST S oatice taves
orlﬁqct:quﬁ%ﬁ?p:er@eﬁte @Cﬁrllctéretmmlcﬁfdﬁeand 1t o c<kasres’samtf compo-—

e roepitaxi a a as the thickness

51 G G B G T Saf e (RS agR ptress
foi heor@;@mﬁmm i e Of t £ & rbdlh@ed:dmﬁtﬂm m@umooe’lﬁltamal layer

sition Si Ge La er ﬁ%.lncrea5|q$$bot i ncrease the
auiieoh St o Lol | e i £eL el d By o ant
cofied £1OEph t PXEA| LA @yeris difé Ngrdlhey Coobsag. wiitiein a range of

concentration of Ge in the constant conposition SiGe
fromye} % $teferably chosen within a range of

Details regarding the individual steps of the claimed method
are: During simultaneous double side polishing (DSP) the sub-
strate is held in a carrier and pcolished in the presence of a
polishing slurry between two rotating polishing pads. It is
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
the course of the preparation of the heterocepitaxial 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 hetercepitaxial wafer. For example, the

thickness of an epitaxial wafer having a diameter of 300 mm is
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from10 to 80 % 20 Details regarding the individua
co6teps19f thesel ai med nethod are: During sinultaneous
doubl e side polishing (DSP) the sub- strate is held in
a carrier and polished in the presence of a polishing
slurry between two rotating pélishing pads. It is 25
preferred to polish the wafer to a final thickness
required to conpensate the thickening of the wafer

tyﬁf@éﬁﬁybj{na@%nﬂaﬁ@@ oﬁpw@xwl"ﬂz@y&ﬁs 24 lhfo{'ré’}@émple - all
and backside. The material renoval preferably equals

frewbstpptParkyside tpelcapial 1avers lmeinkssws ofenayet sby
lntv@fr&@d§£€e depesit&ds P kbe shbstiatsuh 30, thge CRULSE

of the preparation of the heteroepltaX|aI waf er so
th?echlameWe tlnﬁ: ckweskrafetweler nas delele psbdeico bekedot

prEXeLad aﬁ@fttﬁ #nﬁﬁst The,Lagget thickness is

pre era ness of a commonly used epitaxi al
waf er haV|ng the same dianmeter as the heteroepitaxia

spF h-1119)
A o oA el D Dol hae? Sl e et rlen ane
thén, typitadsy a;cbmm]resmanrg@ biygg2is odgTes phed | Hy - clﬁ@nlcal
i d
vaé%@q¥%5651€+ennva ?%?%?%%%¥a & %Wéfxéﬁ%sé?Y§£§n sub-
strat®. atitoudt) ¢@mptmﬁé$nalsl@®|b&m@$s Théetsubsteats eand the
waf er IS doubl.e s I
CO%QﬁSlt ?%IC n%%% éé@%pfé cﬁgg §[f€t%e$8rg@é é%&ess
whxmh#smbmﬁqntiabhpdc@mmbmbaedbamMe $hE@ssawBi¢msss generated

ensa | |ted by. chem ca yapor
?l o?P‘?ﬂ)%?on th eroego?a}flhefsi $1%on"%su fie tront
51d@ Gfrﬁh@ sﬂEEifKieCO@@&@B@Sn@ S Ge fayer . embediment of the
t hi ckness. and th sition of .the Si Ge | ayer |
LR HRCET T o enet oS oBsehSaping il TS fiStatfially the
saﬁ@n@ﬁn§ﬂﬁfsafh@hﬁékﬁ§§swmm@hc¢ﬁp@§ﬁﬁiameﬂb ﬁﬁéemetémbepi—
deposjtion of the heteroe i taxial %ﬁger on the fro

taxigh WY¢he RTBRTTLRE. PACR oF TF N ¢ cr“rIP%IB‘ﬁe%o‘ah%e ven-

ti®h, tfife SCL comprises a SiGe layer with constant composition.
Either the thickness of the SCL or the content of Ge in the
constant composition or both are chosen to control the stress
of the 8CL 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
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-
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 polishing pad and polished in
the presence of a polishing slurry. This step primarily im-
proves the local flatness and the nanotopography of the hetero-

epitaxial wafer. The amount of material which is removed by CMF
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15 invention, the stress conpensating | ayer has

goggﬁgﬁfgg|g§}g%the same or simlar thickness and
conposition as the heteroepi- taxial layer. According

to a second enbodi nent of the inven- tion, the SCL
conprises a SiGe |layer with constant conposition.

Ei ther the thickness of the SCL or the content of Ge
in the 20 constant conposition or both are chosen to

is Cﬁfgf@ﬁakgl@e Mdesso. ofud he SA for subpstaidH1 Vis preferably

onpensating the stress of the heteroepitaxial |ayer
tal@ﬁtlﬁ@tq rEoWdeSsofthafe Eistaire. lsam%%ﬂ%gtla%ptotal

thi AL s PTs S d 1 L0 DAY NGt NUGKNESS A ST RIRD) ¥, i
Tror Sthanﬁéloo nm and preferably not | estE,Ht ha ﬁé’, nonﬁ %rtlally

relpxed duposicled e tde H@ . fmort caide ayferthempibliegen sub-
l'ing and cleaning operations which may be
cluded in the further manufacturing process. After
t he deposition of the SCL on the back side of the sub

Fu%&e%{{e%&geaénﬂ% an| ca d%%)ﬁ %n ng%ﬁ;ﬁé%‘]'cﬁ%?oﬁ\%ﬁ%g step

whntd:te mjkp;mmmblsy m@sf's:@dnedrvl ih a sargiervaga nsteaning
34" Atk AL SLND DL AN Rty e o [P, B €3
g s y. i's step p

rimarily im oves
cleahmrhg)cmjeritt,atmasamﬁcbmher ot Hpd gr gyl rof - tt)hEe cleaning

0. 35 |taX|aI e The
o R B St ehon 1Rt S o ered for
SiGe ederabdeis about 0.5 pm- 1.5 pm This renoval is
preferably taken into account so that the wafer is
neeting the total thickness specification after

Afw@pashéimgstt-tmﬁ utlgamingasf i ehd ysubv el oxied, |aygraddéd SiGe

Si Ge on the front si icon sub 5
ne AT ST ket R et P patltsiaxed is
de;%ﬁﬂfédlgol;@tﬁpe lmm $£c(1j$)rc§3f ewra@Lyuwfmmobrefarably by
Sl e warer cCleanin evl C The c] ea SO|
Fay it B oro G oo bAeA T Sor H fpedibration
ofn?éthi:@U&Iaé SAIS@r cf eahi 7Q:- 0 Vipe &0 ean ngrh@Odieu_I;JrMSof Ge
grad{ng(§§"§¥g§§¥é§ § %yd tf&pgrftures ﬁg é%é?%épltax1al layer

has a thickness which is preferably 1.0 - 9.0 um.

The claimed method may comprise one or more additional steps,
e.g. polishing the edge and the notch of the heteroepitaxial
wafer after the deposition of the SiGe layer on the front side
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 heterocepitaxial wafer, e.g. a constant
composition SiGe layer on the graded SiGe heteroepitaxial layer
and a strained silicon layer on the constant composition S5iGe
layer. The concentration of Ge in the constant composition SiGe
layer is preferably 20 to 90 %. CMP and post-CMP cleaning may
be repeated before depositing a further epitaxial layer. CMP
before depositing a further epitaxial layer may be replaced by

a2 fixed abrasive polishing method which uses a pad with fixed
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Si Ge surfaces. After the post-CMP cleaning of the

200bSt 194 expag@raded Si Ge 15 heteroepitaxial |ayer
which is fully or partially relaxed is deposited on

the front side of the substrate, preferably by CVD

The heteroepitaxial |ayer hasgspreferably a

concentration of Ge in the range of from20.0 to 90.0

% The degree of Ge grading is preferably 10 - 20 %/
abPRidbe et erpepi faxialgl ayesr 200Pa5 Sodbl £knegss W Chbrasive

is preflerably 1.0 - 9.0 pm The clali med nethod may
Paglolptese one or nore additional steps, e.g. polishing

the edge and the notch of the heteroepitaxial wafer

after the deposition of the SiGe |ayer on the front
HergpeaDenf e bupettier. 1 ndbettkemnl coMa bred gagt rearring to
fi§¢§@$jng may be perfornmed after DSP of the silicon

I ngle crystal substrate. One or nore further
epi taxi al layer(s) may be deposited on the front side

. of 4 t pl t axq , 0 . _
i Gt o . Tyt o Fheo S e S L 8ing an appro
priwtervepikrxsalof sy ef0B0S Hivl @t tanhechrpds tohon ay@k. For

on fhe gonstant_ c 0S| t. i | ayer. .
ex bl o i SR 1 S A iR g etever

havayera | sompreiteratbl gn 20f t@e 9 vhMaamel @bsto Gvver 4.5 pm
cleanj ng may .be re £d_ be e d [t] rthe

ST o 2yt R THErer e Hebber thae bRl i ¥n cne

frept takialof ayles swystreatrepl Boedl byuddeat 4 | et abridsivleness of

ol ishing met hod which uses. a Lih fi

2. 8 R ROD TR B S B STl VAT T CTHES | heldad'@yLd be appro-

pr Btk riyo cond ad by {1 ee ablaisédeto paddneh@sshaped points) and
Hereinafter, the invention,is furfher explained by

£O  RRWTT AP IR T 3 iHREET F GV T ept BsEht §° gSduare-shaped

pottdpration curve for selecting an appro- priate
t hi ckness of a 70% Si Ge constant conposition SCL. For
exanpl e, for conpensating the stress of a graded Si Ge

Fid ayeFedPe Sdvi 10z an SONESED 1 @4k DAL Ofa fer ivhidie tangeodiced

acaording o % e Pt i

g to a rst preferred embediment of the present
invention. The wafer comprises a silicon single crystal sub-
strate 10 and a 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
constant composition SiGe layer having an appropriate thickness

and composition for compensating the stress which is caused by

the heteroepitaxial layer.

Fig.3 represents a heteroepitaxial wafer which is produced
according to 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

the substrate and a constant composition SiGe layer 50 deposi-
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graded | ayer and a fpm 70% const ant conposition | ayer

2008pddess frepd si de of the substrate, Fig.1l suggests
that a thickness of 2.5 pmof a constant conposition

70% Si Ge - SCL woul d be appro- priate to avoid bow

(line fitted to di anond-shapedl points) and 15 to

reduce warp to a mninmum (curve fitted to

square-shaped points). Fig.2 represents a
tedl€heraepi d Axhal eEer M Lh s proguced,  Aceor dhfigrifes a

a first preferred enbodi nent of the present 20
stieweniompenShel Waf kryebnpepeebted s¢n | don kaglgl eide of the

16451 5 ' i
e e o The Tront o He o e St Fr e awprises a
gravg@rSice t heyex onprdisgess bied reissthe dmpehsatdagef ajler sub-
e ite ' f : T.
stk R iy Tty B 10 o ea on
theonsadad Tobpokivéon Si Ge | ayer having an appropriate
t hi ckness and conposition for conpensating the stress

which is caused by the heteroepitaxial layer. Fig.3
The eptresent sorpdred &t Depi Taxealmaafleavehiled sanpraducestimilar

30 according t.o second prefer enbodi t of_the
e L R TR RS RAf Attt ac Rt TR RS
sisi gt etictylai@d s sadd-tisd riat s Ade@iidasai det bawepi t axi al

| ayer deposited on the front side of the substrate,

wherein the heteroepitaxial |ayer com prises a graded
Fid ferépaﬁlﬁerﬁﬂs depost 4 esepntdheaf ronfesiwel df B35 ¢dranonly

substrate and a constant conposjtion Si | ayer 50
usSpokt SOUBPOABE Lo SO 1B CHE o bt gt T and an
het &Y&spidie yaf eiyd4irt h@spSOMPEL SO@S Bhe SEF®SS side of the

conpensating | ayer deposited on the back side of the
suk$sitat e, wherein the stress conmpensating | ayer

conprises a graded Si Ge | ayer 60 deposited on the

back side of the sub 5 strate and a, const ant

The dipost 1Yot & Tt | @ by oL eppist Pedl Drieipres graled herein-
af b8 aYBins The StaRSBesONMPeEnsating [ayer may have the

same or a simlar
Example:
Heteroepitaxial wafers as schematically depicted in Fig.Z2 were
produced by performing the following sequence of steps:
substrate wafers of single crystal silicon having a diameter of
300 mm were subjected to DSP. The wafer was polished to a
target thickness of 768 pm. 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 pm 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
CMP. 1.0 um of material 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 pm was deposited on the front side of the
substrates to produce heteroepitaxial wafers having a stress

compensating back side layer. The concentration of Ge in the
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conposition as the heteroepitaxial |ayer and the sane
2008p80138 gpygtar t hi ckness as the heteroepitaxia
llayer. Fig.4 represents a heteroepitaxial wafer which
is comonly wused. It conprises a silicon single
crystal substrate 1 and an hederoepitaxial |ayer 2
deposited on the front side of the 15 substrate. The
positive effect of the invention is denonstrated

grQ&é&'§1G@fi§§epyw§§38§a8£defgaﬂl@StozeOEX@Qplﬁfterwards a
eroagltaX|a waf ers as schenatlcally depicted in

lapey. 2fweram peodbeet Bympesibiaingi€he (7OF| 684 ngas deposited.
Théeﬁé§8§§ﬁ9£n55§95forS&Q§BE§§§n§gﬁﬁéSSQEeéénsbﬁp&£¥§£§hg layer

aving a dianeter o nm were su Jecte
an@®SPhe Thetendpepihasipbl isfied veosaa2Birhnget of hFtkheBs and

7 , .afte i and drying the
Ge§% s??a?gg?ggsgo%gt%n a%%ﬁggsgg?bn SiGe layer with a
Ge content of 70 % and a thickness of 2.5 pm pm was

CO§§%g§L%§?hﬁga£%§%ngle waf er CVD reactor on the back

rates. Afterwards, the front side of
ForhEhsupsrPQSesoﬁasompbyesbed fortB@rChéteio@pphaBial wafers

mat er | S fr n i
we EBntrreB A ERRY Tt ke rSrebfuied BRefentdf o
hep@ﬁbeﬁl@hxthbahapngAah purEhmaEEampEénbhtyweaegpadedced

y havi cknes po
achramsTfans Brhlod ot AEEERESEo obng PRVERBIERROTH) *ounie
s;ﬁétﬁ@bﬁ@hiﬂglﬁb dafessdhadi ngfarsthesknes3s 773 pm) and (2)

ensatin ack side | aye The conc nt ion_ o
ot O R g b B oD S Bry Si P 1B kst en | Abkr iadts Es step
(39r eedehie ofvAst en 0% kpos At L €AVBCTSWaS gayﬁélﬂédloﬂnthe back
const ant co ositjon Si 70% wa eposi.t
Slﬁ%p%%@t?%ns f% E%ﬁongé %r?ﬁkésPP£§§rc% ﬁsﬁ?l ﬁnStant
co%?&@itléﬂdsl@é heberoepi kaxi abpbayeedwaes Bhal Rtohe dide.
Cl2H2 and 5 GeCl4 in hydrogen as a carrier gas.

Conpar ati ve Exanple 1:
Comparative Example 2:

Also for the purpose of comparison, hetercepitaxial wafers
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) deposition of the 5 pm graded buffer and 1 pm

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

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

in the following table.
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For the purpose of conparison,

further heteroepitaxial

20@@§@éf55m§§ﬁg@roduced havi ng the sane front and back
| ayers as in the exanple but

side 10 heteroepitaxial

wer e produced
i nvention: (1) double

waf er thickness (773 pm and (2)
side with 0.3 pmrenoval

according to a nmethod distinct to the

side polishing to a standard

Af t er war d

CVP of the front

s as step

(3)

t he

Taggg:constant conposition SCL was deposited on the back
15 side and as step (4) the 5 pmgraded buffer and 1

pm const ant

conposition SiGe (70% Ge) was deposited

on the front side. Co
t he purpose of conpari
wi t hout an SCL on the

E’B%ﬁ%’&\f{%i@éa
50N, © NEt er 0ep
pbagkmpildel(sc

Pafo oGt s

heramptal By

riﬁfmple 1

Boge icted in

Fig.4) wef

produced b

yaggéforning th

!

M ng-seguence of

oottt —oH

Wa@pliahﬁng to a standar

tens: (1) d
steps—~—+) 6

J3paf er thick

side
nNess

12)

standard OVP of the 11
SE@hd"8)/ d¥posi tion of
(2 @RnERie) a3t COMPOSy ti o

DNt _s1de wih
K805 pm grad
n SiGe (70% G

(773 pm.,
k1

3 pm renovy
buffer and 1
e) on the front

i

side. The heteroepitaxial wafers prpduced in
2 ith the exanple and copnparative exanples
SBER 3k 2/ Wer e anal yzed | goyi ew of keysparaneters | 240
representing bow, warp| global and | ocal 30 fl atngss,
(2 qamignn, ad3nafbtopbgr aphy. The resul ts are displ ayled
(Zigkéﬁg)fpllomﬁng tabl el 2008P00155 EP/ St 11 Tabl e:
cofpatattve—econparative exanpte 1t xanpte— I exanmpte2
TotBol wafer 2thil@ondss War p782pm 32 305| 289 SFQR max /| hhe
pm100 57 63 (26mm8mm B36 sites) (2| sigm)
4 mm THA / nm (2 sigma) 46 50 15
10 mm THA / nm {2 78 100 32

sigma)

Geometry data were measured using a ADE-AFS tool. 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 geometry and nanotopography if

compared to comparative examples 1 and 2.
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SBIR max / nm 500 250 240 (26mT8nmm 336 sites) (2

20@@9@915§0%9ysgafer thickness / 782 779 776 PM 4 mm
THA / n 2 sigma) 46 50 15 10 mm THA / nm (2 78 100

32 sigma) 5 Ceonetry data were neasured using a

ADE- AFS t ool . Nanotopo- graphy: was neasured on an ADE

Nanomapper device according to SEM standard M43. The

results clearly show that the clainmed nethod | eads to
c1@md0 inproved quality of the wafers in view of al nost

all of the key paraneters regarding wafer geonetry

and nanot opography if conpared to conparative

%ﬁ?dlfgpd%godggg 0915§f5¥vé%mégls£%&|gss}llébn single

produci ng a”waf er” conprising a’silicon
crs$h@lesub$ys¢b¢ sabshy at ef hawt ngnd 4 riontk antida dadka layer of

. sjd . ' h
s18h AL NSO 2ol B EDoEh SOl NEph 2Tl in secps
inotder foBlowlnaneodsty polishing the front and the back

. th
sifubtafohify 803 LERMNG B8k SeFiNE! Mg SHREIAALE ie of the

sisid@noélm@Be dﬁystélcmubstn@te,crystal substrate;

ol i shing i con rys
deBoptErng & e e T et A Ay e R Y288 of tne
siSU@Gﬁf@i@gh@VCﬁgst@B smbessat@pnpensatlng | ayer

OSIt on_t he bac 5 depositing a fully
oo b g Py T O neei T oy br tF S he g T has P rorrs i
sulpktrtheesilicon single crystal substrate.
cleaning the silicon single crystal substrate having the stress
compensating layer deposited on the back side; and
depositing a fully or partially relaxed layer of SiGe on the

front side of the silicon single crystal substrate.

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

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 layer
deposited on the back side and the heteroepitaxial layer of
SiGe deposited on the front side of the silicon single crystal

substrate.

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

substrate.

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

depositing one or more further epitaxial layers on the SiGe
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2. The method as clainmed in claim1, further
2069PP61 §5Ngp/gdepositing a silicon cap layer on the
stress conpensating 20 layer. 3. The nethod as
claimed in claim1, further conprising: polishing an
edge and a notch of the waferixonprising the silicon
single crystal substrate, the stress conpensating
| ayer 25 deposited on the back side and the
e I r Si depo e e
Lo T oL Do e et el Chubetrare, 3 iqhg crvstal
sulpptheteas clainmed in claim1, further conprising: 30
pol i shing and cl eani ng the heteroepitaxial |ayer of
Si Ge deposited on the front side of the silicon
6. sThglmethq@ta$ ctabstdate. cbaifhe, nethpdiasngl ppheshing the

[ r r r i ng .
e P Tde ot SOy PR cr et Ofe 2 T RERY G oA PoBRBR R Baxia
lag@r, | eyercieppsl t eding tHepérdotmed das ofhehecsl | heohanical
crys The ne
poft S TAHEr PUEBheR S R TrEr Vet WP Ea T uTa e e
pamaielebeénr&sdépmedtéhgaalfarphbxsbpmgaxmatheIabsence of a
wher ei n s _chem cal nechanica
SLPoHY shiPh ajrlhl?‘?ueg%ﬁ%g‘ﬁ%ep%?“ac FUrry contai ning
abrasive particles or as fixed abrasive polishing in
the absence of a slurry containing abrasive
particles. 10



