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such HF-defects on final hybrid substrates were observed. It was

furthe®ethondddto formsinilarly bulk (110) silicon substrates without
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suffer from some defects like HF-defects due to the presence of 'crystal defects being
already present in the original CZ silicon material such as Crystal Orignted Pits (COP)

and oxygen precipitations.

Therefore, some wafer manufacturers developed special processes to fabricate (10Q)
oriented silicon substrates with very low densities of COPs resulting in the effect that
almost no defects such HF-defects on ﬁnél 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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to provide a bonded pair of substrates conprising a (110) oriented
silicon substrate as well as a nmethod of fabricating such a bonded

pair of s 6%@31}1‘??1 oM th a high efficiency wherein the fﬁmg%,g,%goggs

substrate has at least near and at its surface virtually no ects.
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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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It is furthernore advantageous if the silicon |ayer is deposited up
to a thickness of at least 1 pm This thickness is especially
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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) orien.tation, 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 hm RMS in a 2x2 pm?
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Furthernore, the object of the invention is solved by a bonded pair
of silicon substrates conprising a first silicon substrate wi th (100)
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advant ages are exenplified by means of the figures wherein WO
2008/ 114108PCT/ 1 B2008/ 000573 Fi gure 1schematically shows a basic
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Figure 1 after the deposition of an epitaxial 10) silicon |ayer,
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bonded“fbthlmgl‘bﬂ’e%@%@%t es conprising a (110)

The above mentioned method of fabricating the bonded pair of substrates can be
modified in accordance with the particular embodiments of the present invention for
fabriéating the (110) silicon subsirate as explained above.

Moreover, the object of the invention is solved by a silicon substrate with (110)
orientation, comprising a baéic 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? or a
10x10 pm? scan, and an epitaxial silicon layer with (110) orientation grown on the basic

silicon substrate.

It is especially advantageous if said epitaxial silicon layer contains no defects with a size -
of more than 0.13 um measured by light scattering tools.

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 bhasic silicon substrate havin'g a roughness being
equal or less than 0.15 nm RMS in a 2x2 pm? or a 10x10 um? 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



oriented silicon substrate and a (100) oriented silicon substrate,
produced by a nethod according to the present invention, and Figure

5shows an az?&] , a possi bl e sequence of steps for f ' ' A
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RMS in pn2 ; nP.scan and has. a defect nunber of npre
t han 10%% S a?&{%n%tégﬁglyg”%hea ﬂ’r?@’ﬁ%u?@glgﬂﬂ? fi%ﬁf the. gepasitiongof an
tools |like for egpitgdat (190) sllicomi lageryel oped 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
| ayer Figweded oshdwsearsexdraple of aofossite beqiencé bl Slepsifbi laBRcAMY S MabE

1. Figure 3 shows a e of .a 'possibl e .sequepce, of steps for
fabricating thevgﬂ%l‘) g@ﬁ%teoﬁssmg@r Tt 94 afaquﬁ{'}f%t"z the auteech gt the
t he net hod of thprepemdeventiomvention. Wth reference to step 101,

(110) oriented silicon wafers such as the substrate 1 of Figure lare
| oaded in a process chanber. Then, in the process chanber a pressure

p of atfig urozzo %smzo 8atica@08gms }a rbggﬂgc/l Etialiwogfsubétﬂ#%s L@ﬂnpﬁ@fng,ai%g)et
in step 102. 114108P B 573 According to step

an appropriate t%rr'ﬁg'g?cii?ﬁ?o@ ﬁ“b(%{raéoﬂlﬂoa igfggéfteafe&tﬁﬂ?@" Biatpgproduced
adj usted in the Iy aoetisodinaahitiig to the present invention, and

Figure 5 shows an example of a possible sequence of steps for fabricating a
bonded pair of substrates comprising a (100) substrate and a (110)
substrate, as shown in Figure 4, in accordance with the present invention.

Figure 1 schematically shows a basic silicon CZ bulk substrate 1 with a {110) crystal
orientation. The silicon substrate 1 has on its surface 4 a roughness which'is equal or
less than 0.15 nm RMS in a 2x2 um? or a 10x10 pm? scan and has a defect number of
more than 1000 COPs at its surface 4, as measured by light 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
sut{strate 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.



Thereafter, in step 104, a bake treatnent is applied on the wafers at
a tenperature T of about 1000C to about 1200C in an H2 containing

envi r onmenjyg 200§ 48E €ssure p as well as the tenperat ur &l EByshfs73
nodi fied during the bake treatnment. In the next step 105, the

epitaxial (110) sili'con layer 2 is formed on the substrate 1 using
trichlorosilane (TCS) or dichlorosilane (DCS), a | licon pr r,
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and ab%}u?lt@fel%@q%é pThespr ocess tinme of the epitaxial deposition is

adapted to the flow of the precursor gas in dependence on the desired
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the nmore step bunching effects occur |eading to a higher roughness.
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deposited with a thickness t of at least 1 ym.

The epitaxial layer 2 is preferably grown with a growth rate between 0.25 ym/min and 1.0
um/min using DCS precursor or even more around 3 pm/min using TCS precursor,
wherein the more rapid the growth rate is the more step bunching effects occur leading

to a higher roughness.

In the particular example shown, the epitaxial fayer 2 is deposited at a-pressure p of 80
Torr, at a temperature T of 1080°C, with a growth rate of 1.0 ym/min, a H; flow of 40 slm
and a DCS flow of 400 scem.

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

are adjusted to unload the wafers.

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

- low.

Flgure 4 schematlcally 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



oriented silicon substrate 11 and a second (110) oriented silicon
substrate 12, produced by a nethod according to the present

i nvention.whhosaeeed (100) oriented silicon WO PCT/IB2008/000573
2008/ 114108PCT/ 1B2008/ 000573 substrate 11 corresponds to the
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oriented si |gqn substrate 12 are bcinded together to formthe bonded
waf er ¢afespand, imgenasal, fhetepsipEtig@es-coul d be t hi nned down, by

grinding & etching techniques or inplantation and splitting, in order
to provide a final |ayer of one of the materi al Oﬂ'tocf of f/vﬂf chtgr
subst r &8 showndn steridB7 vilieell 0Bk prented siicen sybstrate Slnand e (VI oFeEH
be useg:to d ek esEddy. conpl enentary netal oxi de sem conduct or
(CIV%)Q%&e@igcug’%&&%ﬁ{ ﬁ{er&ﬁOO) oriented silicon substrate 11 n-channel

nmet al oxide sem conductor field effect transistors (nFETs) can be
for ”EdAE?@o‘?@gg % %fteﬁl*}ﬁs,lhfnr@hg?peeﬁérﬂ@d Epebh istibsifite tieakd @& (0I0) exiteed

silicon su rate p icular ih the (110) org’ent_eﬂ siéico

| ayer giiein substrate1 (9 aesr banfeddogetherclorfornbg perdechwalst PR fe| ﬁ\ﬁtﬁgﬁ'é?s
can bes&&ﬁ%ﬁdcgﬁ&%%ﬁinﬂéd SiBﬁnPb%riH:ﬂh%&ﬁ&b_ hihg ttictislidshs impRintatiodehect
free crystallinity of sai afyer 2. ai s _

splitting, in order to provide a final layer of one of the material on top of the other

substrate.

The bonded wafer pair 10 is a hybrid subsirate which can be used to integrate therein
complementary metal oxide semiconductor (CMOS) devices. In the (100) oriented
silicon substrate 11 n-channel metal oxide slemiconductor field effect transistors (NFETs)
can be formed because of the high electron mobility of the (100) oriented silicon
substrate 11. In particular in the (110) oriented silicon layer 2 of the (110) oriented
silicon substrate 12 p-channel MOSFETs can be formed because of the high hole

mobility and the nearly defect free crystallinity of said layer 2.



1. Method of fabricating a silicon substrate (12) with (110)
orientation, conprising the steps of: providing a basic silicon
substrate (1) with (110) orientation, the basic silicon substrate (1)
havi ng a roughness being equal or less than 0.15 nmRVMS in a 2x2 pnR
or a 10x10 pn2 scan; and depostiBiMy epitaxially a silicon |ayer
(2) with (110) orientation on the basic silicon substrate (1), at a
tenperature (T) between 1000C and 1200C, and at a growth rate of at

| east 31.pm nVlethadsofifgbticatiny asitisoh aabswatedil 2hwith@$ i 0 porderstation,si | i con
precursor gas; wh?_rei n the pressure (p) during the deposition
of the gqm[?r&rﬂ,g thi/etersD’ i s from 40 Torr to 120 Torr. 2. Method of

claimil, ch @g@g{dég%&idﬁsiﬁ&ﬁ{ ?@oeégl%?% (Qr\ﬁgﬁ Ef@‘) dentatldiTBR BAYE Silcdh

bet ween 100 I's appli t'al ni ng environnment on
t he bassubstale COrhasirgsa ranghrebs bngequdlepdess thag @.H8 rsn IRMSin ba3x@r

(2). 3. Mtho % one of the preceding clains, characterized in that
the si I‘frEoHr?éﬁé MY PL@YH&NEsited up to a thickness (t) of at |east

1 pm 4. Mldp@ittRCapithadllylPsiNisn Riyef (B With {10 otientatidn ¥ the basic
conprising the steps of: providing a first silicon substrgte (11)
with 1cHlicon suhsirate (), aha temperatbend) hgtveen 10P61C andi 1266 Cuasd rhae
(11) wit hwihe ba§i ¢ sili,con,substrate conprising the silicon | ayer
(2) and'q Q:E%ﬁ(? & Ilefac,S(B ‘gU/thlPr ate (12) to fabricate a bonded pair

(10) of silimiy Fiopsdrosiifss or dichlorddiRneidys 4 BRicbh predutbst dad;e (11) has
(100) orientation, and the second silicon substrate (12) has (110)
ori ent at i on.wherein the pressure (p) during the deposition of the silicon layer (2) is from

40 Torrto 120 Torr.

2. Method of claim 1, characterized in that a heat treatment at a temperature (T)
between 1000°C and 1200°C is applied in a H, containing environment on the basic
silicon substrate (1) before depositing the silicon layer (2).

3. Method of one of the preceding claims, characterized in that the silicon layer

(2) is deposited up 1o a thickness (t) of at least 1 ym.

4. Method according to one of claims 1 to 3, further comprising the steps of:

providing a first silicon substrate (11) with 100 orientation; and

bonding the first silicon substrate (11) with the basic silicon substrate
comprising the silicon layer (2) and a second silicon substrate (12) to fabricate a
bonded pair (10) of silicon substrates;

wherein the fist substrate (11) has (100) orientation, and the second silicon

substrate (12} has (110) orientation.

5. Method according to one of claims 1 to 4, wherein the pressure (p) during the

deposition of the silicon layer (2} is 80 Torr.

6. Method according to one of claims 1 to 5 where the silicon precursor gas is

trichlorosilane.



5. Method according to ore of clains 1 to 4, wherein the pressure (p)
during the deposition of the silicon layer (2) is 80 Torr. 6. Method
according to one of clains 1 to 5 where the silicon precursor gas is
trichl orosil ane. 7. Silicon substrate (12) with (110) orientation,
conpri sing a basic silicon substrate (1) with (110)

ori ent at i on, SificérPYabstese (92) With ¢M@ orf¥nth®sis cofdtisthgld Nnm RVE in a
2x2 pn2 or a 10x10 aun®? scan, and an epitaxial silicon layer (2) wth
(110) ori entabbgig siiconrsubstatal{ Ngvitho( 1t119e onentatianod reughnsssdieingrequaker

6. 8. SLLLgO [ jngoto. clal.m 7. 2furt her LisLNg.
a secoﬁﬁgéﬁ'ﬁmc@ﬂgjtrﬁﬁl\ﬁgﬁﬁ%%%” it a(t%@‘gpi gﬁ@iﬁﬁ%%ﬁ%ﬁ%@)@fiﬂ&%%@
second |gii (ngimt{hsoy atientalidh reRMEcesrdibd i thasmetiid ofcere SLEaMSY €
(1) with (110) orientation, and the epitaxial silicon layer (2) with
(110) drientation. 9. Silicon substrate of one of clainms 7 or 8
wherein the epitaxial silicon layer (2) contains no defects with a
size of nore than 0.13 pm as neasured light scattering tools.

8. Silicon substrate according to claim 7, further comprising

a second silicon substrate (12) with (110) orientation, wherein the second
silicon substrate (12) comprises the basic silicon substrate (1) with (110) orientation,

and the epitaxial silicon layer (2) with (110) orientation.

9. Silicon substrate of one of claims 7 or 8 wherein the epitaxial silicon layer (2)
contains no defects with a size of more than 0.13 um, as measured light scattering
tools.



