A (110) oriented silicon substrate and a bonded pair
of substrates conprising said (110) oriented silicon
wanmstitabe The present invention relates to nep¢DB2068/000573

fabricating a (1 10) oriented silicon substrate and to

A (110) &léﬁ%ﬁ%‘i’lléﬁn §§B§ﬂr5@%ﬂtﬂa&d@%ﬂ§§’am6f substratesseorapeising said

onprising such a (110) oriented silicon substrate.

(110) Orlé'h@d silieanisyhstrate her relates to a silicon substrate
with (110) orientation and to a bonded pair of S|I|con
substrates conprising a first silicon substrat
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are bonddd/stal defects being already present in the original
CZ silicon material such as Crystal Oriented Pits

(COP) and oxygen precipitations. Therefore, sonme wafer
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and oxygen precipitations.

Therefore, some wafer manufacturers developed special processes to fabricate (100)
oriented silicon substrates with very low densities of COPs resuiting in the effect thét
almost no defects such HF-defects on final hybrid substrates were observed. It was
further tried to form similarly bulk (110) silicon substrates without such defects, but these
technologies are very expensive and show a very low yield due to low crystal growth.
Beyond it, (110) oriented silicon is known to become easily rough and having problems in
surface reconstruction because heat treatment of (110)_ substrates reveals low energy

planes.

It is therefore the object of the present invention to provide an (110) oriented silicon

substrate as well as a method of fabricating such a (110) oriented silicon substrate and
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Beyond it, ( 110) oriented silicon is known to becone
easi |y rough and having problens in surface
wo e@snstingict i on because heat treatment of (1 1BJT/IB2008/000573
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nber Gl
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and cost intensive crystal growth processes. To the
contrary, the inventive nethod leads in a relatively
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substrates have at | east at and near the

effect thaithapeoduced Ul Dy suhstratascbave atrigasitepi angknaar (hesuitgpe virtually

no defe%fglr 't'ﬁ% Blﬁy(ﬁ] gﬁ‘b‘f@ﬁlﬁox‘?fery@%b\)’e% vffabtivellghib8éfects th particular the

COPs, of the underlying (110) basic silicon substrate without degrading the surface

roughness of the resulting (110) silicon substrate.

Although it is known from the prior art, that the formation of epitaxial (110) silicon layers
at temperatures between 1000°C and 1200°C leads to substrates with high haze, it is
possible with the present invention by means of the application of the low pressure to

result in substrates with a very low haze.

According to a favorable embodiment of the present invention, a heat treatment at a
temperature between about 1000°C and about 1200°C is applied in a H; containing

environment on the basic silicon substrate before depositing the silicon layer. This bake
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COPs, of the underlying ( 1 10) basic silicon
substrate w thout degrading the surface roughness of
wob@snesw ting ( 1 10) silicon substrate. AlthpUDmB2008/000573
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result in substrates with a very | ow haze. According
growth. toa favorabl e enbodi nent of the present invention, a
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er’variants o resent i nvention,
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um. Silicon layer (2) fromabout 40 Torr to about 120
Torr, preferably 80 Torr. Processes perfornmed at this
pressure showed especially well surface

It is furthBAhaet 8dvanitdgeousfif tHee seatiused is depbsifdoesp t&er thickness of at
i nstance, it could be shown that the nunber of_.  defects

least 1 . aRhis rihickrgsspigaspecialy etigctive) if ab defpatewithra sgeOfimorg than
0.13 nurr%er Orfac@'?)f'ﬂ’ﬁ@ %Hﬁ&@&gm@?'éhgstpﬁe@ﬁ&ﬁ Bas&HoY&Y.a

l'ess t an 10 deféects wth a size of equal or
nmore than 0.13 mm It is furthernore advantageous if

ina ber%egggeﬁ 'eliﬁq%n%%.ﬁty&r t{\hﬁn G005 th%kiftdnt Ig(yﬁ' fereﬁn’fﬁeﬁé‘c? with ef‘browth
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phenon'Yéénbh d? SEPHEREHiIRY @h@forﬁﬁ'@@l{ﬂ 16 SNidON dUbRtref Mg a very low surface
trichlorosilane (TCS) as precursor at a tenperatur

roughnass whighoe comparahleswithdhs, orlggs\gb,rql@ghness of the basic 110'5I silicon
substrate before layer dep031t|on and can be, for instance, about 0.1 nm RMS in a 2x2

um? as well as in a 10x10 pm? scan.

In an appropriate example of the invention, the silicon layer is deposited in such a way
that it contains no defects with a size of more than 0.13 um, measured by light scattering

{ools.

The object is moreover solved by a method of fabricating a bonded pair of silicon
substrates comprising a first silicon substrate with (100) orientation and a second silicon
substrate with (110) oriehtation, the method comprising the steps of providing the first
silicon substrate, providing a basic silicon substrate with (110) orientation, said basic

silicon substrate having a roughness being equal or less than 0.15 nm RMS in a 2x2 um?
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of the relatively high growth rate which normally
| eads to hi gher roughness due to the phenonenon of
wat@p/1bungchi ng, the formed ( 1 10) silicon subBCT/aEE2608/000573
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orientation basic silicon substrate having
with high neasf@ghﬁe@es being equal or less than 0.15 nmRMS in a
2x2 mRor a 10x10 mmR scan, depositing epitaxially a
silicon layer wwth ( 1 10) orientation on the basic
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and bonding the first silicon substrate with the

MoreovefCHad objdct Cainthiel ifleh@b® - is VEditled My o RWiRBA | bt adth (110)
a ‘bonded pair of silicon substrates with different
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10x10 frif scmura‘mﬂcw epitadal| silicondayer withv(1d@s ovientatinn grown on the basic
silicon %)l% grrance. The above nentioned nmethod of fabricating
e"B6nded pair of substrates can be nodified in
accordance with the parti cul ar enbodi ments of the

i ey AvBRUEORR o RLes B AR Bubl Bt astabis SO a size
of more th@n I0NE[HN rABad Fed Bl Vight éfaattams%tddr@n substrate with (1

10) orientation, conprising a basic silicon substrate
with ( 1 10) orientation, said basic silicon

Furthermore, the object of the invention is solved by a bonded pair of silicon substrates
comprising a first silicon substrate with (100) orientation and a second silicon substrate
with (110) orientation, wherein the second silicon substrate comprises a basic silicon
substrate with (110) orientation, said basic silicon substrate havin'g a roughness being
equal or less than 0.15 nm RMS in a 2x2 um? or a 10x10 pm? scan, and an epitaxial
silicon layer with (110) orientation grown on the basic silicon substrate.

In a beneficial variant of the invention, said epitaxial silicon layer contains no defects with

a size of more than 0.13 ym, as measured light scattering tools.

In the following, favorable embodiments of the invention and their advantages are

exemplified by means of the figures wherein



substrate having a roughness being equal or |ess than

0.15 nmRM5 in a 2x2 mmR or a 10x10 mm® scan, and an
wepiosaxiies silicon layer with ( 1 10) ori ent at PONIEROGNN0573

on the basic silicon substrate. It is especially

advant ageous if said epitaxial silicon |layer contains

Figure N0 dedcpehfatiohlysibvid é%aQiE (M) &sillddRSuBsthate Measur ed
by Iight scattering tools. Furthernore, the object of

the invention is solved by a bonded pair of silicon
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orientation and a second SI| strat
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substrate conprises a basic silicon substrate with (1
10) orientation, said basic silicon substrate having a
Figure 3 ougtehess amemynp@ueﬂ a pbséllelesehhancé)oﬂ&epmfal\/ﬁbheatﬂtg a (110)

[y ore ot st ok por ol 4 WG DAseRid s method of the
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defects with a size of nore than 0.13 nm as neasured

Figure 4 | ghtschematigsliyngnbR8! §- bclriaehhsaufr%# Qtt\t;ét%geé% g:?ri%' M 2 (110)

enbodi nents of the invention and thelrr advanta

exemﬂrieﬂleéidS'b@pfh*élabﬁraéﬁ apéa (10§ DesnMallmonmL@atretel produced
sche n substrate,
Fi gu%t men%%\(@ O&\I\rgger# l?l’)lgb’l‘ ag of Figure 1
after the deposi tion of an epitaX| aI ( 1 10) silicon
ayery, an_ex
Figure ése ushel o#ﬁ s?)%[ﬁago?f FaBPT™ 3%) eedqugnfe 1(%‘igt)ep§l for dghricating a

substbroatied a;sausmjmubsnratesgebmpasmgcar ¢iony $ubstiaee reahad(110)
of the sent nvent ure 4 schematically shows
2 bonGBRIE, Fo SROVRBLE Bited, IE8RGoTiansewiN the RSNt mvention.
oriented silicon substrate and a (100) oriented

i con substrate, produced by a nethod according

Figure f#@hw@@att/ showena kasic aifiepFCaubelk substaie éané)(an(ﬂﬂ@) crystal
onentati@ft ar He°§lﬁécm §ul§sﬁ|%‘t'@ ACObN %E SRPrakOl é?a{dfﬁ%%é ;\kﬂ%&} _equal or

bonded pair of substrates conprisin
less thag {13 npLRMS insa@s@rimeor ad %h@\wm i $caRi anut kasta,defect number of

more thARCRICERBERPIAT s iFraBE &5 SA meBY Sl '1ight scattering tools like for
example SP1 tool developed by KLA Tencor.

Figure 2 schematically shows a (110) silicon substrate 12 consisting of the basic silicon
substrate 1 of Figure 1 and an epitaxial (110) silicon layer 2 formed on the surface 4 of
the basic (110) silicon substrate 1.

Figure 3 shows an example of a possible sequence of steps for fabricating the (110)

silicon substrate 12 of Figure 2 according to the method of the present invention.

With reference to step 101, (110) oriented silicon wafers such as the substrate 1 of
Figure 1are loaded in a process chamber.

Then, in the process chamber a pressure p of about 20 to about 200 Torr, preferably of
about 100 Torr, is set in step 102.



Figure 1 schematically shows a basic silicon CZ bul k

substrate 1 with a ( 1 10) crystal orientation. The
wardsaonosubstrate 1 has on its surface 4 a ropghIBe68/000573

which is equal or less than 0.15 nmRMS in a 2x2 mMm®

or a 10x10 mm®2 scan and has a defect nunber of nore

COP:
nosoran N SEBEbplAE PR RO bbb e
adjusted¥ tHE&-protessetiambégur e 2 schematically shows a ( 1 10)

silicon substrate 12 consisting of the basic silicon
substrate 1 of Figure 1 and an epitaxial ( 1 10)

Thereaftéf |n‘1 %férﬂ) J|(§W &f bake REARIERMS h@ﬁleﬂtﬂrf feewdiets at heelhﬁsraﬂ:ur(e T of
10) |1 don substrate 1.

ure 3 sho n exa
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as the tei‘rrg:%%r%%llr% ?‘?{?ﬁﬂé’%&oﬁ‘ﬁe% &l?rmgfthglbgldé Gedtrdgtording to the

present 1nhvention. Wth reference to -
step 101 , ( 1 10) oriented silicon wafers such as the

In the n%{ﬁ gfﬁ?rer%e .F%% %Elt;)hglu([l Foy&ficon Ig%jreéj is fBrrﬁe@ bAGKE Substrate f1 using

he process’ ch pressure p o
trichlorositzmet (TZIB)t@r dichlorosiiane TBOS) a= ememrabrgcm)Soragfmat aguessure p

vtveert i a5 oA SR S 5 o BHER, 98,74 ano

temperah#80P Getfe &l dboued 000°¢ hmdpabess200ignbdihe Flveesaftimer of the
in step 104, a bake treatne

d
epitaxiabeRoBRpEY SHANE 15 516 ABY2 MBOTBEIBE! 5o dEPBBBR Geon the
desired atﬂlckﬁes‘“sOBF Fha é}QtaQ%Y'IéW”Ent PrafBfabilf, ehSU(EI0) $iicoreldyer 2 is

he tenperature T be nodified during the bake
deposnetdrwm ediicknass tiafat l@@ﬁﬂsﬁﬂbp 105, the epitaxial (1 10)

silicon layer 2 is formed on the substrate 1 using
trichlorosilane (TCS) or dichlorosilane (DCS) a
The epl’@bdal lager Pisprefarablygaswatwith pgeyd r@terbe@é@%@ﬂmmm?@d 1.0

smimin [i0p PSS B2 4568 mSHHRP M, 98 RS s

whereinfREQR6re rABRI Pleogrossh tates tie trioes efeipt lmnchingdefffﬂmss oceur leading
is adapted to the flow of the precursor gas in
to a highRIJEHIREE on the desired thickness of the epitaxial
Iayer 2. Preferably, the ( 1 10) silicon layer 2 is
eposited with a thickness t of

| east, The
In the pgrj culax iexampigy shown,; the wndpxiakigy§r H%Qﬁp%n@ﬁ %pwwe p of 80
Torr, at aatgﬁnp%?étwﬁee'\q 0f 188048 it a @Rﬁvtﬂr rite of 1.0 pm/min, a H; flow of 40 sim

and a DCS flow of 400 sccm.

Referring to step 1086, the pressure of the process chamber as well as the temperature

are adjusted to unload the wafers.

The (110) silicon layer 2 shows virtually no defects with a size of more than 0.13 ym.
Moreover, the roughness at the surface of the resulting (110) silicon substrate is very

- low.

Figure 4 schematically shows a bonded pair of substrates 10 comprising a first (100)
oriented silicon substrate 11 and a second (110) oriented silicon substrate 12, produced

by a method according to the present invention. The second (100) oriented silicon



mm m n using DCS precursor or even nore around 3
mm m n using TCS precursor, wherein the nore rapid the
w@e@stidin@at e i s the nore step bunching effect sSPODR2008/000573
| eading to a higher roughness. In the particul ar
substrat€Xanpdreesponds, totthe sybistratel &l dfaljigure2 2i produpess ibyeal ragthed as
pressure E {?’2_3 To% at a tenperature T of 1080C,
describegjwith r¢TejPRGR 1 FAVE &f 1.0 nminin, a H2 flow of 40 sIm
and a DCS fl ow of 400 seem Referring to step 106, the
pressure of the process chanber a |1, as ,the.
Figure St%,w\erm exémaleeofp AjPestiRle IRIUGAFDR Sﬁ’é f%faé%a“%g"e( bgnded
pair of saggtragde% 11905¥ #@%%u %oﬁ?ﬂ%g\’ché tripat! (M MOP@r@ﬂé@%ﬁli&oWsﬂbsl@ate 11

nor e Mor eover, the roughness at

and the séeonsufIfl ) eriefted isllicoa substratg 12, @s BHPWE; N FigHe 4y prcqrdance
| S g h b strate

with the, JrSEtt afBngon 041, Gt Sam hidlcin Bng T yogmese sub

correspaidi, angeackral; td steps stibigtread.e 11 and a second ( 1 10)
oriented silicon substrate 12, produced by a nethod
according to the present invention. The second (100)

As shovili ir8iepd167 | iheo(190p stieated siliconosulestatsdd and tie (110) oriented

substrate 11 of equre 2 produced by a nethod as
silicon splsifate HE ATGPIN9%F er ence to Figure 3. Figure 5 shows

an exanpl e of a possible sequence of steps for

fabricating the bonded pair_ of s strat ur
According @ a0 gpg,gtnehgopp ,ogien@gosjycqprs tn@&esi AR IJihe (JI: (% oriented

silicon s%ng?%tEaizea%lb&%dt %@%@F%‘?’orﬁﬂth&%r%danmd p&irl 10c00ne of the

ate as s wn 1 n |g_ure , INn accor dance
substrata/l dduld he thinese wownn by rgringing @cmne@cwueﬁrwmwatlon and

spllttlngt iy gfdéeﬁ]’t%) Prso[s_l‘decgnﬁr%lt’ kﬁ)}é r B0 'of etﬁQqJﬂgterl'al" oHEfoBr é‘ﬂ the other

I'gure shown in step 107, the
substrater i ented silicon substrate 11 and the ( 1 10) orlented
silicon substrate 12 are provided. According to step
108, the (100) oriented silicon substrate 11 and the
The bordebOWafel ipait €01 issh IHybed ssbdisateatisic 2aarke bsediéxintegrate therein

together to formthe b I
compleroatiery aveiat auide BETEANANGE! ABSOLYoyPPha: I e S109) Fiented
silicon stu%gngf HER- c@hénh&ﬂ%é@t 84ilie Bembrantiok Ifleldgeffedtl tr@hdlerors (I\FETs)
e a final layer of one of the mat ?4? Qé)
can bet fmemedhbq:cause of thé high electron mobility of the (100) oriented silicon
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