; €3eX9WU445D6pL78609T9ASGP100044 BONDED SO WAFER W TH <I 00> DEVI CE LAYER
AND <110> SUBSTRATE FOR PERFORMANCE | MPROVEMENT BACKGROUND OF THE | NVENTI ON
5 (1) Field of the Invention The invention relates to the fabrication of
integrated circuit devices, and nore particularly, to a nethod to increase
hole nobility and inmmunity to short channel effect 10 for the creation of
CMOS devices. (2) Description of the Prior Art It is well known PROP@&4art
that Integrated Circuit (1C) devices that are created over

advant ages IR e ol BEER BIFkL 1PaSCERRERE HAlE Mo poulE e
consunption, increased resistance against radiation, increased ability to
operate at nore el evated téﬁﬁ%r%ﬁ%ﬁéiﬁAWﬂgeFggﬁgﬁngggpabiIities at hi gher

applied voltages, nulti-layer device 20 integration and, for CMOS devi ces,
i ncreased freedomfromlatch-up of the operational devices. It is comon
practice in the creation of SO devices, whereby the sem conductor is the
upper layer, to create acti veBARFIRAEL i it BWVENEAONNg P100044
i sol ation |layer, whereby the sidewalls of such trenches are covered with an
i nsulabion material such as silicon dioxide, silicon nitride, silicon
oxynitride, CVD oxide, and the I|ike.

(1) Field of the Invention

The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method to
increase hole mobility and immunity to short channel effect

10 for the creation of CMOS devices.

(2) Description of the Prior Art
It is well known in the art that Integrated Circuit (IC)
devices that are created over Semiconductor~On-Insulator (SOI)
15 surfaces have significant performance advantages such as
reduced parasitic capacitances, reduced power consumption,
increased resistance against radiation, increased ability to
operate at more elevated temperatures, operational
capabilities at higher applied voltages, multi-layer device
20 integration and, for CMOS devices, increased freedom from
latch-up of the operational devices. It is common practice in
the creation of SOI devices, whereby the semiconductor is the
upper layer, to create active surface regions by creating

isolation trenches through the semiconductor layer down to the

L llllllllllll I 1 I
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5 One of the nethods that is applied in the sem conductor technol ogy for
the extension of the crystalline nature of the silicon substrate is to grow
a layer of epitaxy over the surface of the silicon substrate. The epitaxial
| ayer, conprised of silicon, can be formed by conventional deposition 10
techni ques of contacting the substrate with a flow of gas (e.g. silicon
tetrachloride) at an elevated tenperature, the epitaxial |ayer c&hP9®&t4
instance include a N-well region and a P-well region previously created in

the surface of ,a silicon substrate. Such an.epitaxial  |ayer
advantage&ﬁ?ﬁ?tb8nl 2%t bun"'bet s§j1% %ﬁ%?%ﬁgiﬁ ﬁzxﬁgﬁgr%¥ﬁﬁﬁgg¥yare
concentrations and nmay even be of a different sem condugtor type, as the
vaf er oveFOoWRFEA VithsaRyrtitldeiitt Sihfdtidrl e as éﬂélFﬁntﬂggxégge

created in the active |ayer of the stack, which is typically onlx,about a
é

mcron thisékicon mher et hel Wi senirddd idlcawbd bk %dFer handsEhef Lépet axi al

| ayers is that such a |layer typically adopts the crystalline structure of
t he substrate over which the layer is created. In nost applications, the
under |l yi ng substrate is a 2 P100044 nonocrystalline substrate having a
particul ar cryéhal bbgrlaphietiordertlat drs, appld edotienthal kpméaosingtar
conflict between a desired crystallographic orientation of the epitaxial
| ayer andtkbanelysgyafbogtiaphdcteaardient atfi ameofertylse adubakr abeuogeoS5tiabi ch
the epitaxial layer is grown. Additionally, successful
silicon substrate is to grow a layer of epitaxy over the
surface of the silicon substrate. The epitaxial layer,
comprised of silicon, can be formed by conventional deposition
10 techniques of contacting the substrate with a flow of gas
(e.g. silicon tetrachloride) at an elevated temperature, the
epitaxial layer can for instance include a N-well region and a
P-well region previously created in the surface of a silicon
substrate. Such an epitaxial layer may advantageously Dbe
15 grown because it may provide lower impurity concentrations and
may even be of a different semiconductor type as the wafer
over which it is grown. Semiconductor devices are in this case
created in the active layer of the stack, which is typically
only about a micron thick.
20
One of the more serious drawbacks of the use of epitaxial
layers is that such a layer typically adopts the crystalline

structure of the substrate over which the layer 1s created. In

most applications, the underlying substrate is a



creation of an epitaxial |ayer over a surface requires extreme preparation
of the conditions of cleanliness of this surface in order to avoid the
occurrence of undesirable crystalline defects (such as "pipes" and
"spikes") in the interface 10 between the overlying |layers. These and ot her
consi derations, which becone nore of a problemfor sem conductor devices of
i ncreased conpl exity and increased surface area over which the ¥ are
created, leads to the requirenment of creating overlying surfaces of a

crystalline nature { at can he used 15 for the cre?tion of Sﬁ?iconductor
devi ces. TPPPPSTVRHT ﬂﬂb%?‘i R Ca P Vgt &t RE T ERLRONCEY SERNT RBhaREt or
devi ces conventionally starts with a nonocrystalline silicon substrate
havi ng <1083¢pFahkoR0 Priemadtardi 2 ldvh &2 Usidfe 2oFPBALAEF oRSTBECR N2 cubi c
crystals that formthe silicon substrate, such as < 110 > and < 111 >, are
al so wel | dRadWAC bet Y el 1 durarddssicddeattiagionoPfdébprcerpepkdbf kmheESEind waf er
dicing, less frequently used. The invention provides a nethod that nakes
avai | abl eandbbohéedr B0t a Bl og 0G4 4 rviagfngra twiomh of &he0subayeatéopvehe
creation of active devices and a <110> substrate | ayer for performance
i mpr ovenerhschUshé, &7t dXila BI aleuk usagapwshowslda t $Ghabopdi agcpesststs t hat
di scusses crystal orientation. 5 US 5,310,446 (Konishi et al.) discloses a
SO bond preeessnt batarli geitssas ldilfsfyerentvear keBtathon eeysiats. extreme

preparation of the conditions of cleanliness of this surface

in order to avoid the occurrence of undesirable crystalline

defects (such as “pipes” and “spikes”) in the interface

10 between the overlying layers. These and other considerations,

which become more of a problem for semiconductor devices of

increased complexity and increased surface area over which the

devices are created, leads to the requirement of creating

overlying surfaces of a crystalline nature that can be used

15 for the creation of semiconductor devices.

It is well known in the art that the creation of
semiconductor devices conventionally starts with a
monocrystalline silicon substrate having <100> plane

20 orientation. Other plane orientations of the cubic crystals
that form the silicon substrate, such as <110> and <111»>, are
also well known but are, for considerations of device
performance and wafer dicing, less frequently used. The

invention provides a method that makes available a bonded SOI



US 6,159,824 (Henley et al.) shows another SO bond 10 process di scussing
different orientation crystals. US 5,272,104 (Schrantz et al.) shows a SO
bondi ng process. 15 Article titled: Effect of <100> Channel direction for

hi gh Perfornmance SCE | nmune pMOSFET with Less Than 0.15 umgate Length H.
Sayama et al., | EDM 1999. SUMVARY OF THE | NVENTI ON 20 A principle objective
of the invention is to provide a silicon crystalline structure tH&i0 é‘b‘h
advant ageousl y used for the creation of sem conductor devices therew th. 4
P100044 Ano her o ectlv of the i veglthl on_is. to prg idg a silicon
crystalli H@ §Frtittrd of Q/\h @ 9 SFEATERR BE 2GUA¥EAGBBLSES used
for the creation_of sem conductor devices therein and of which a | ower

| ayer can®Be advah? agetRitiA R8T drott RETET G C6f PRECEFPBEDBE-

sem conduct or devices. Yet another objective of the invention is to provide
a silicon crysbal i el stPhdiur EWUERIHatshewsi éoR@dcberddagi BESC®ES| nproved

devi ce performance can be created in the surface 10 thereof. A still
further obhett#yecessehectyatent igndangattdopr-ovi de a conbi nation of
sem conduct or substrates having different planes of crystall ographic
orientation. 15

US 5,310,446 (Konishi et al.) discloses a SOI bond

process that discusses different orientation crystals.

US 6,159,824 (Henley et al.) shows another SOI bond

10 process discussing different orientation crystals.

US 5,272,104 (Schrantz et al.) shows a SOI bonding

process.

15 Article titled: Effect of <100> Channel direction for
high Performance SCE Immune pMOSFET with Less Than 0.15 um

gate Length, H. Sayama et al., IEDM 1999,

SUMMARY OF THE INVENTION
20
A principle objective of the invention is to provide a
silicon crystalline structure that can be advantageously used

for the creation of semiconductor devices therewith.



I n accordance with the objectives of the invention a new silicon structure
is provided. Under a first enbodinment of the invention, a first silicon
substrate having a <100> crystall ographic orientation is bonded to the
surface of a 20 second silicon substrate having a <l 10> crystall ographic
orientation, the wafer alignnment notch of the first and the second silicon
substrates are aligned with each other. Under a first enbodi nentPe#0q4fk
invention, a first silicon substrate having a <100> crystall ographic
orientation is_bonded to the 5 HP 0044 surface.of a seconaﬁsilicon
substrate havi A5CREA 193 T st%19 oétgﬁpﬁinéfe&r‘il@ﬁt ati &R, PEREG8f &r al i gnnent

notch of the first and the second silicon sybstrates are_not aligned with
each ot hefllECRR ERY HESCER T SON UG YFHSE DRAWERES2R §8PST LAYBGgRaB Bfow t op
views and a cross section relating to the first enbodi nent of the
i nvent i onadganptagecssly coTed st rdte HaATI§ a 01068 1ePPSYaL PEgRaphres
orientation 10 is bonded to the surface of a second silicon substrate
havi ng a &h¢eeinrysdadf ofriaphic lomieantlatyiegn canheewaflgpnahpganehy weedhes of
the first and the second silicon substrates are aligned with each other. 15
Figs. ¥ thipoughe6dshovws ¢DOp-hd ewsadred seoviossdsetbirodervétasing to the
second enbodi nent of the invention, a first silicon substrate having a
<| 00> crystall ographic orientation is bonded to the surface of a second
silicon substrate having
Yet another objective of the invention is to provide a
silicon crystalline structure such that semiconductor devices
of improved device performance can be created in the surface

10 thereof.

A still further objective of the invention is to provide
a combination of semiconductor substrates having different
planes of crystallographic orientation.
15
In accordance with the objectives of the invention a new
silicon structure is provided. Under a first embodiment of the
invention, a first silicon substrate having a <100>»
crystallographic orientation is bonded to the surface of a
20 second silicon substrate having a <110> crystallographic
orientation, the wafer alignment notch of the first and the
second silicon substrates are aligned with each other. Under a
first embodiment of the invention, a first silicon substrate

having a <100> crystallographic orientation is bonded to the



a <110> crystall ographic orientation, the wafer alignnment 20 notches of the
first and the second silicon substrates are not aligned with each other. 6
P100044 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now specifically
to Fig. 1, there is showm of top view of wafer 10, having <l 00>

crystall ographic 5 orientation and having a wafer 10 alignnment notch 14.
Al'so shown in Fig. 1 is wafer 12, in this case having <110> P100044
crystal l ographic orientation and having a wafer 12 alignnent notch 16. The

t f t hat h in top vi i.n Fig. e, Fi ,ali d with
cach ot neR S ERoWRTf SO B rith B oS i %8608 Bné £3iPAce of waf er 12

Prior to this alignment of the two wafers 10 and 12, a |ayer 18 of hydrogen
based mat 6F¥aFahaSIpRM AePosit et ‘Rier e édFadd 1P GafePOEs! 25 BREer
the alignnment of the two wafers 10 and 12 has been perforned as shown in
the crossfsseti apdothi gecond tHel IR vaRstTades wirg Reti 8A1g0eBrobght in
physi cal contact with each other and are bonded together, whereby the | ower
surface okawshferhdd.overlies the surface of the |ayer 18 of a hydrogen 20
based material. The bonding of the two substrates 10 and 12 is acconplished
by: 75 BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 through 3 show top views and a cross section
relating to the first embodiment of the invention, a first
silicon substrate having a <100»> crystallographic orientation

10 1is bonded to the surface of a second silicon substrate having
a <110> crystallographic orientation, the wafer alignment
notches of the first and the second silicon substrates are

aligned with each other.

15 Figs. 4 through 6 shows top views and a cross section
relating to the second embodiment of the invention, a first
silicon substrate having a <100> crystallographic orientation
is bonded to the surface of a second silicon substrate having
a <110» crystallographic orientation, the wafer alignment

20 notches of the first and the second silicon substrates are not

aligned with each other.



P100044 1. Polishing the surface of the substrate where these surfaces
interface 2. Making the polishing surface of the substrate hydrophilic by
creating layer 18 over the surface of substrate 12 5 3. heating the two
wafers 10 and 12 for a tinme between about 30 seconds and 3 m nutes, at a

t enper ature between about 800 and 1,400 degrees C., form ng hydrogen bonds
in the interface between substrates 10 and 12. As exanpl es, hydrRgedhsed
| ayer 18 can consist of: 10 silicon oxide, containing nonosilane (SiH4)

ammoni & () and DepeREBREG ol i A Btk e STy,

ammoni a 15 (NH3) and nitrous oxide (N20) . Fromthe cross section of the
two wafers 10 and 12 that is shown in Fig. 2, it is clear that the wafer
al i gnment notches 14 (wafer 10) and 16 (wafer 12) are aligned with each 20
other, that isRBREFLRd itfireReAGERLLY it Fipgnéd Whehe (dvephpes)ohaf er
alignment notch 16. 8 P100044 Proceeding to the top view of wafers 10 and
12 that isoshowewi®f Fiafe3,1G/hdaalingnie RO ot rixatel laprgpneat notches is
nore clear in this top view while, as an exanple of the
5 orientation and having a wafer 10 alignment notch 14. Also
shown in Fig. 1 is wafer 12, in this case having <«110»
crystallographic orientation and having a wafer 12 alignment
notch 16. The two wafers that are shown in top view in Fig. 1
are, Fig. 2, aligned with each other with wafer 10 being
10 positioned above the surface of wafer 12. Prior to this
alignment of the two wafers 10 and 12, a layer 18 of hydrogen

based material has been deposited over the surface of wafer

12.

15 After the alignment of the two wafers 10 and 12 has been
performed as shown in the cross section of Fig. 2, the two
wafers are via motion 20 brought in physical contact with each
other and are bonded together, whereby the lower surface of
wafer 10 overlies the surface of the layer 18 of a hydrogen

20 based material.

The bonding of the two substrates 10 and 12 is

accomplished by:



advant ageous use of the upper silicon substrate 10, the 5 creation of a
CMOS device over the surface of this wafer 10 has been highlighted with the
gate el ectrode 22 and the therewith self-aligned source inpurity
inplantation 24 and drain inpurity inplantation 26, both inpurity

i npl ant ati ons havi ng been perforned in the exposed surface of the uREer 10
waf er 10 of <100> crystal |l ographic orientation. Conventional serR tor
devi ce advantages of using a silicon surface of <100> crystall ographic
orientation, such,as hole mobility and inproved . nit o the short
channel ef FeEtlgPHERg Sate Br LTt oob 02 RN Fhp L R feR SR g eSS By
adding the logwer wafer 12 to the thus created wafer stack, dicing of the
created sen CONGECE6FR devices, created in the exposed surface of wafer 10,
can be readily perforned. Proceeding with the second enbodi nent of the

i nventi on, 220ekiGg 2hehBRE1eR1RGpSYT BAFDf Ot BB SHARSGYLropbilic
crystall ographic orientation and having a wafer 30 alignnment notch 34. Al so
shown in Fi gbvacreaganer 132eri k8t aver chize haviare <fl alatysitsl [1@gr aphi ¢
orientation and having a wafer 32 alignnment notch 36. 9 P100044 I n the
top vifew oB. tleetting whkerwo30abads 3P0 tdrad 13 Shown timeFibgtwéeins apwutther

hi ghl i ghted the wafer alignnent notch 36' which is the relative position of
t he waf er al i3gnmertndet ehd38 biwhtewf ext 32 tvérige raaspec bdtwetene avafuer

al i gnment notch 34 of wafer 30. Alignnment notch 36' as shown in Fig. 4 is

t herefore 800 and 1,400 degrees C., forming hydrogen bonds in the

interface between substrates 10 and 12.

As examples, hydrogen based layer 18 can consist of:

10 * silicon oxide, containing monosilane (SiH,;) and nitrous

oxide (N,;0)

* silicon nitride, containing monosilane (SiHy) and ammonia

(NH3), and

* silicon oxynitride, containing monosilane (SiHy), ammonia

15 (NH3) and nitrous oxide (N,0).

From the cross section of the two wafers 10 and 12 that
is shown in Fig. 2, it is clear that the wafer alignment
notches 14 (wafer 10) and 16 (wafer 12) are aligned with each

20 other, that is wafer alignment notch 14 is aligned with

(overlies) wafer alignment notch 16.



not an actual alignment notch but only an indication of the relative
positioning of alignnment notches 34 and 36. 10 The two wafers that are
shown in top viewin Fig. 4 are, Fig. 5, aligned with each other with wafer
30 being positioned above the surface of wafer 32. Prior to this alignnment
of the two wafers 30 and 32, a layer 38, preferably conprising of a

hydr ogen based material, has been deposited over the surface 15 Bf0QRdfer

32. As exanpl es, hydrogen based | ayer 38 can consi st of S|I|con oxi de,
cont ai ni ng nongsi | an )..and nitr.ous de N2 con nitride,
cont ai ni ng rmon E??éﬁgrﬁéﬁﬁgfhgn%ognnﬁﬁla ? Q ghd 19 fb %@ 4%° silicon
oxynitride, containjng silane (Si H9), and nitrous oxide
(N2O) . AFRRFRHE 9 yrirerit\SoP HRETERS Rir BPAS éoaaﬁam@ nhatohgRfe 510
performed as shown in the cross section_of Fig the.two wafers are via
noti on 40MBFBught2] niThHyYiT d10Pc driteHc t'hwileh éécﬁ”o?ﬁ@@péﬁdoérEh%onded

toget her, whereby the | ower surface of wafer 30 overlies the surface of the
| ayer 38 @fvayERreRrs bied indther wpPer1githeoporaPAgratet hé/ t Wee substrat es

30 and 32 is acconplished by: 1. Polishing the surface of the substrate
wher e & hegeeagyifdmcels a CMOS device over the surface of this wafer 10

has been highlighted with the gate electrode 22 and the

therewith self-aligned source impurity implantation 24 and

drain impurity implantation 26, both impurity implantations

having been performed in the exposed surface of the upper
10 wafer 10 of <100» crystallographic orientation.

Conventional semiconductor device advantages of using a
silicon surface of <100»>» crystallographic orientation, such as
hole mobility and improved immunity to the short channel
effect of the gate electrode 22, are in this manner retained.

15 By adding the lower wafer 12 to the thus created wafer stack,
dicing of the created semiconductor devices, created in the

exposed surface of wafer 10, can be readily performed.

Proceeding with the second embodiment of the invention,
20 Fig. 4 shows of top view of wafer 30, having <100»>
crystallographic orientation and having a wafer 30 alignment
notch 34. Also shown in Fig. 4 is wafer 32, in this case
having <110> crystallographic orientation and having a wafer

32 alignment notch 36.



interface 15 2. Making the polishing surface of the substrate hydrophilic
by creating | ayer 38 over the surface of substrate 32 3. heating the two
wafers 30 and 32 for a tinme between about 30 seconds and 3 minutes, at a

t enper at ure between about 800 and 1,400 degrees C., form ng hydrogen bonds
in the 20 interface between substrates 30 and 32. Fromthe cross section of
the two wafers 30 and 32 that is shown in Fig. 5, it is clear thBt0ph#d

waf er alignnent 11 P100044 notches 34 (wafer 30 and not visible) and 36
(wafer 32 and visible) are not aligned with each other, that is wafer
alignment notch 34 is not aligned with (does not overly) wafer alignnment
notch 36. 5 Proceeding to the top view of wafers 30 and 32 that is shown in

Fig. 6, the al fBnhRfttoR VaPerohlifhieit widtedfesd €foré ER8&r 1EnSPRIE t op

view while, as an exanple of the advantageous use of the upper silicon
substrat eint Réger éaif ohunbhef H ANCY ddovetferhaldgnmgeé oPtehi $6haf er
30 has been highlighted with the gate el ectrode 42 and the therewith self
al i gned sobichk iapthét yelapl eatradion gy eihd hdr alaf eirmpdidionpeniiphaktht Bén 46,
both inpurity inplantations having been performed in the exposed surface of
t he upper ofiafvefe803af wibh <d€fe ot yist diHeogradphl @ laginewenat notchC3Avent i onal
sem conduct or devi ce advantages of using a

wafer 30. Alignment notch 36' as shown in Fig. 4 is therefore

not an actual alignment notch but only an indication of the

relative positioning of alignment notches 34 and 36.

10 The two wafers that are shown in top view in Fig. 4 are,
Fig. 5, aligned with each other with wafer 30 being positioned
above the surface of wafer 32. Prior to this alignment of the
two wafers 30 and 32, a layer 38, preferably comprising of a
hydrogen based material, has been deposited over the surface

15 of wafer 32.

As examples, hydrogen based layer 38 can consist of:

e silicon oxide, containing monosilane (SiH,) and nitrous

oxide (N,0)

20 ¢ silicon nitride, containing monosilane (SiH,;) and ammonia

(NH3) ’ and

10



silicon surface of <100> crystallographic orientation, such as hole
mobility and inproved imunity to the short channel 20 effect of the gate
el ectrode 42, are in this manner retained. By adding the | ower wafer 32 to
the thus created wafer stack, dicing of the created sem conductor devi ces,
created in the exposed surface of wafer 30, can be readily perfornmed. 12
P100044 Al though the invention has been described and ill ustrat &l f34#
reference to specific illustrative enbodi ments thereof, it is not intended
that the invention be limted to those illustrative enbodi nents. Those
skilled in®tHd ldonwopyns trégdggnfot e hai "9 aPPae s bl and bdi f PEEPPdAs can
be made wi thout departing fromthe spirit of the invention. It is therefore
i ntended to i@Gudendi Rhi poEheokifentN20n -all such vari ations and

nodi fications which fall within the scope of the appended clains and
equi val ents thereof. 10 13 P100049 What is clained is: 1. A nethod for
creating a silicon-on-insulation substrate, conprising the steps of:

providing a first silicon substrate, said first silicon g ggbstr te having
a <100> cryst aPf BPF erRatd bhfPmedity of e two wafers 30 an has been

5 performed as shown in the cross section of Fig. 5, the two
wafers are via motion 40 brought in physical contact with each
other and are bonded tggether, whereby the lower surface of
wafer 30 overlies the surface of the layer 38 of hydrogen
based material.

10
The bonding of the two substrates 30 and 32 is
accomplished by:
1. Polishing the surface of the substrate where these surfaces
interface
15 2. Making the polishing surface of the substrate hydrophilic by
creating layer 38 over the surface of substrate 32
3. heating the two wafers 30 and 32 for a time between about 30
seconds and 3 minutes, at a temperature between about 800
and 1,400 degrees C., forming hydrogen bonds in the

20 interface between substrates 30 and 32.

From the cross section of the two wafers 30 and 32 that

is shown in Fig. 5, it is clear that the wafer alignment

11



substrate having a first and a second surface, further having a first wafer
notch; providing a second silicon substrate, said second silicon substrate
having a <110> crystal orientation, said second 10 substrate having a first
and a second surface, further having a second wafer notch; polishing the
first surface of the first substrate and the second surface of the second
substrate; making the polished second surface of the second 15 SRI&tG4h e
hydrophilic by depositing a Iayer of hydrogen based material over the

second surface of_said cQo supstrate; sitionin aid first substrate
T ol gnintCurt 1 Salte Seont Ribaara sdboce oA SBconnrehbetrate. ¢ ho
first surface of the first substrate facing the second surface of the
second 20VigbRiehtdre ftd FiiBedaMighmeachnStER T of tBaF difi Yafesubstrate
being aligned with said second alignnment notch of said second substrate; 14
P100044 cehigenemy ndecl iI5tismotagd ighedawdthi fgpegubstraverwi hwa her
surface of said |ayer of hydrogen based material deposited over the second
surface oblsgimesecuoricctsdfstrate; and bonding the first surface of said
first substrate with 5 the second surface of said second substrate by
appl yilng conditions of bonding to the first and the second substrate. 2.
The nmethod of claim 1, said hydrogen based material being selected fromthe
group consi stipPgocdedirld aon tox d®p view of wafers 30 and 32 that is

shown in Fig. 6, the alignment of wafer alignment notches is

more clear in this top view while, as an example of the

advantageous use of the upper silicon substrate, the creation

10 of a CMOS device over the surface of this wafer 30 has been

highlighted with the gate electrode 42 and the therewith self-

aligned source impurity implantation 44 and drain impurity

implantation 46, both impurity implantations having been

performed in the exposed surface of the upper wafer 30 of

15 <100> crystallographic orientation.

Conventional semiconductor device advantages of using a
silicon surface of <100> crystallographic orientation, such as
hole mobility and improved immunity to the short channel

20 effect of the gate electrode 42, are in this manner retained.
By adding the lower wafer 32 to the thus created wafer stack,
dicing of the created semiconductor devices, created in the

exposed surface of wafer 30, can be readily performed.

12



10 contai ni ng nonosi |l ane (Si H9) and nitrous oxide (N20), and silicon
nitride, containing nonosilane (SiH4) and ammonia (NH3), and silicon
oxynitride, containing nonosilane (SiH4), anmonia (NH3) and nitrous oxide
(N20). 15 3. The nmethod of claim1l, said conditions of bonding conprising
heating said first and said second substrate for a tine between about 30
seconds and 3 ninutes, at a tenperature between about 800 and 1,200 %eyrees
C., under atnospheric conditions of pressure, form ng hydrogen bonds in the

20 interface b flrst nd the s cond substr at es a r

conpri sing thegi %?g%r# 80 "AiSy SPCLUBEPFAL egnahgh%iggig t%@rface
of the second substrate. P100044 . A met hod for creating

silicon- oHlFHsﬁ?5f¥%ﬁF%Lﬁﬁn%EﬁQ% ICongriisSithg tLKE §PEB§18FntﬁrB@?H?ﬂ6 a first
silicon substrate, said first silicon substrate having a <100> crystal
orientatieh, 18anel finkandeds (st 4he RaVERGianf Pest iBAged secbhessur f ace,
further haV|ng a first wafer notch; providing a second silicon substrate,
sai d secohdlgstT2zohve HIRIIHIE i ﬁ@0§e<53®iléﬂyéﬂath©rﬁéht@ilbn, sai d
second substrate having a first and a second surface, further having 10 a
second waferoquot zh; tipol iwhiirg itthe findstmodldffiaeeiohst henfbe shagdeibstrate and
the second surface of the second substrate; naking the polished second
surface oWitheusedepukrting from the spirit of the invention. It is

therefore intended to include within the invention all such
variations and modifications which fall within the scope of
the appended claims and equivalents thereof.

10

13



substrate hydrophilic by depositing a | ayer of hydrogen based 15 materi al
over the second surface of said second substrate; positioning said first
substrate in alignment with said second substrate above the second
substrate, the first surface of the first substrate facing the second
surface of the second substrate, said first alignment notch of said first
substrate 20 not being aligned with said second alignment notch R¥0&¥4
second substrate; contacting the first surface of said first substrate with
t he surfa%g of.saig “ﬁxgr.of hydr ogen based material deposited over the
second suffate’df st Setdnd substrate; and 16  P100044 bonding the first

surface of said first substrate with the second surface of said second
subst r at e lby2appFyPhgt Torfdi g3 oly & HdidioRg s irselptier aHBstRatgecond
substrate. 5 5. The nethod of claim4, said hydrogen based material being

sel ected FPBARTLRENGrBD TR tfi'ng of silicon oxide, containing nonosilane
(SiH4) and nitrous oxide (N20), and silicon nitride, containing nonosilane
(Si H4) and ampnéaidNMB)a Gtk sidildeenoxphistriade, ceatafhiraf abhosPhane
(SiH4), 10 ammnia (NH3) and nitrous oxide (N20) . 6. The nethod of claim
4, said cendstrans ldviond nd Conpriysitag leatntgtsand teidt fandtsai d second
substrate for a tinme between about 30 seconds and 3 mnutes, at a
t enper at usebibrbet weeni rabautf 803 amdl b, 4@CodegsaesaCe, BHudereat ®SPhE@ri C
conditions of pressure, form ng hydrogen bonds in the
a first wafer notch;
providing a second silicon substrate, said second silicon
substrate having a <110»> crystal orientation, said second
10 substrate having a first and a second surface, further having
a second wafer notch;
polishing the first surface of the first substrate and
the second surface of the second substrate;
making the polished second surface of the second
15 substrate hydrophilic by depositing a layer of hydrogen based
material over the second surface of said second substrate;
positioning said first substrate in alignment with said
second substrate above the second substrate, the first surface
of the first substrate facing the second surface of the second
20 substrate, said first alignment notch of said first substrate

being aligned with said second alignment notch of said second

substrate;
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interface between the first and the second substrates, said interface
conprising the first surface of said first substrate and the second surface
of the second substrate. 20 7. A silicon-on-insulation substrate,
conprising: a first silicon substrate, said first silicon substrate having
a <100> crystal orientation, said first substrate 17 P100044 having a
first and a second surface, further having a first wafer notch; Bl &¥tthd
silicon substrate, said second silicon substrate having a <11 0> crystal
orientation, sald second ubs rate 5 a first.and a second surface,
further havingt@" E%%Eﬁﬁpvéh 4ﬁ%§ staéﬁr%ééﬁgo?uﬁﬁer?F?sV tf
substrate and the second surface of t he second substrate having been
pol i shed; tPReSPbtEShedf sttishd RiFT &de Mo rOHE s BESRE @65§FFé%edﬁ89§lE®dbeen
made hydrophilic by depositing a | ayer of hydrogen based material over the
second suPFaEetd® ZFNITUTRSUS 1Sal€: S8&Cadf SLBEtEabst rak@ havi ng been
positioned in alignnment with said second substrate above the second
substrate, thebénding stihd acler of siuvd afcier off sabst faretf agbagrahe wétbnd
surface 15 of the second substrate, said first alignment notch of said
first Subsheasectyi sygr Hreen & isgried swicohdsaubsseedadbal agnhentgnot ch of
sai d second substrate; the first surface of said first substrate having
been conditions of bonding to the first and the second substrate.

2. The method of claim 1, said hydrogen based material being
selected from the group consisting of silicon oxide,

10 containing monosilane (SiH4) and nitrous oxide (N,0), and
silicon nitride, containing monosilane (SiH;) and ammonia
(NH3), and silicon oxynitride, containing monosilane (SiHg),

ammonia (NH3) and nitrous oxide (N,0).

15 3. The method of claim 1, said conditions of bonding
comprising heating said first and said second substrate for a
time between about 30 seconds and 3 minutes, at a temperature
between about 800 and 1,400 degrees C., under atmospheric
conditions of pressure, forming hydrogen bonds in the

20 interface between the first and the second substrates, said
interface comprising the first surface of said first substrate

and the second surface of the second substrate.

15



contacted with the surface of said |ayer of hydrogen based 20 materi al
deposited over the second surface of said second substrate; and the first
surface of said first substrate having been bonded with the second surface
of said second substrate by 18 P100044 appl ying conditions of bonding to
the first and the second substrate. 8. A silicon-on-insulation substrate,
comprising: 5 a first silicon substrate, said first silicon substt@?@44
having a <100> crystal orientation, said first substrate having a first and
a second gurface fgr her having a fi.rst mgfeg.notihk.a secgng sglicon
substrat e’ - s&i BEERROntP i T Tt BB tFarE 1o Wavi iy 18 t4P1oSURP YL A5
orientation, said second substrate having a first and a second surface,
further hS9PRGIATR2cHNY Wt Hotch; the first surface of the first
substrate and the second surface of the second substrate having_ been
pol i shed; 15 tRECHBEIRhE Secnd Surdic s b ttRéesesdnd Sibstr at &1Ravi ng
been made hydrophilic by depositing a | ayer of hydrogen based naterial over
t he seconduBgEfate oavieg B sekfhd Susstraraiessind itnr seasdbiirate havi ng
been positioned in alignment 20 with said second substrate above the second
subst rat esubheréte shaving acef iofstt kad iar steconlstspatfectacifngthhe savbdnd
surface

a first wafer notch;

providing a second silicon substrate, said second silicon
substrate having a <110> crystal orientation, said second
substrate having a first and a second surface, further having
10 a second wafer notch;
polishing the first surface of the first substrate and
the second surface of the second substrate;
making the polished second surface of the second
substrate hydrophilic by depositing a layer of hydrogen based
15 material over the second surface of said second substrate;
positioning said first substrate in alignment with said
second substrate above the second substrate, the first surface
of the first substrate facing the second surface of the second
substrate, said first alignment notch of said first substrate
20 not being aligned with said second alignment notch of said
second substrate;
contacting the first surface of said first substrate with
the surface of said layer of hydrogen based material deposited

over the second surface of said second substrate; and
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of the second substrate, said first alignnment notch of said first substrate
not being aligned with said second alignnment notch of said second
substrate; 19 P100044 the first surface contacting of said first
substrate with the surface of said |ayer of hydrogen based materi al
deposited over the second surface of said second substrate; and the first
surface of said first substrate having been 5 bonded with the sdtidHtP44
surface of said second substrate by applying conditions of bonding to the

first and the second substrate. 9. The thod of ,.claim 1, additionally
creating senmi 3R ?%fHTb:%@Vﬁté§%ﬁ?9§ro véFth§l§ﬁgfBEéSBFaEﬁiHlth
silicon-on-insulation substrate. 10. The nethod of claim4, additionally
creating SR BRI RAA s S dorse6Ped SHESEHRFSCRY oRPRAY 819
silicon-on-insulation 15 substrate. 11. The silicon-on-insul ation substrate
of cl ai m #ONAHH R Draf IRPEHAL divdkéicorf id6fi éad hh¢i Agchednsepebratein or
over said silicon-on-insulation. 20 12. The silicon-on-insul ation substrate
of claim8, additionally sem conductor devices having been created in or
over said silicon-on-insulation. 20
CALCAA AL AL ACAFR. LAY, LAY A ACAY. LAY, AL AY. AY. AF. . AY, . Al . AEa} P M >WKy %
@b}xsﬁi dfé] ?&&‘]‘%a‘]‘%‘éﬁ%%]o 1 e aréd s By ELPaste f‘éﬁ?cﬁTEﬁft%? E%%% §ca] ca]
ca]ca]ca]caécalca cq;ca]ca C%Jca]ca!$DE‘S?| . ,

selected from the group consisting of silicon oxide,

containing monosilane (SiH;) and nitrous oxide (N,0), and

silicon nitride, containing monosilane (SiH4) and ammonia

(NH3), and silicon oxynitride, containing monosilane (SiH,),

10 ammonia (NH3;) and nitrous oxide (N;0).

6. The method of claim 4, said conditions of bonding
comprising heating said first and said second substrate for a
time between about 30 seconds and 3 minutes, at a temperature
15 Dbetween about 800 and 1,400 degrees C., under atmospheric
conditions of pressure, forming hydrogen bonds in the
interface between the first and the second substrates, said
interface comprising the first surface of said first substrate
and the second surface of the second substrate.
20
7. A silicon-on-insulation substrate, comprising:
a first silicon substrate, said first silicon substrate

having a <100»> crystal orientation, said first substrate
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substrate; and

the first surface of said first substrate having been

bonded with the second surface of said second substrate by

18



$\i K- K #10%& ()-F&L0%&' ()-@ 109&' ()-& 10%& ()- "109%&' ()-"109%& ()-10%& ()-R
i K- KEMLO9&' ()-), 109%&' () - 98109%& ()-#f 109%& ()-!F10%&' ()-1 "109%& ()-ff

109%& ()- UDi K-K;
s109&' ()-8M 109%&' ()-610%& ()-310%& ()-1"110%& ()-/"10%& ()--mlO%& ()-<"iK;
s109&' ()-109%&' ()-10%& ()- 3109%&' ()-z

10%&' () - Y%40%& ()- 101010 b6iri K- KI F109%& ()-"10%&' ()-1"10%& ()-F FP100044
1098 () - &10%& () - 10%& ()-s109%& ()-r), ci K- K3s! 109%&' () 1109%&' ()-1/109%& ()-vy-

109%& F10%&. 109 .() - Si K % (
I100/«&(%))1161%’ Y&§ 0[1%‘3 %3(3% %61? ’%8«@%3 321 % rF) §n{j| KORI S269R9() - F
109& ()-, ! 10% () - &10% () - 10% ()-! 10% ()-!10%& ()-8 ci K- K+10%&

)-)!
& ()- 10‘V&uf)f SRB9R ()-#&10%& ()-s! 109& () | 109&' ()-J>{}i K-K; "~ 10%& () 8
10%&' ()-6 109& ()-3!'10%& ()-1S 109 ()-1/"1109%& ()--109% ()-}~9E K
109 () -109& ()-!'10%&k ()
"109&' ()-109%&' ()-%40%&' ()-101010Ei Xi K- KY10%&' () - S3109%&' () - L#10%&' () - 3s! 10%&
"()-10%&' B)-A09&l{yon-on-insulation substrate, comprising:
10%&' ()-[Si K-K/ "$109%&' ()--310%& ()-+ 1109 ()-) '10%k ()-' @
109& (9 -98" 10%&' £)rst 190 qIn Slulsqyt/,” $ROYR Ty sMLOURL ¢pn substrate
109 ()-9%40% ()-101010y; s10%&' ()-110%& () - K6qi K- KY9
10%&' () - 3h8¥RNh§) a, S1AQYE ) st dI0UR (St BR%RN( ) shi0V&icrt 1608 rage f i K- K+S
109 ()-)!109%& ()-' 109K ()- Y%#109%&' ()-s! nlO%&' ()-Yf 10%&k ()-Ss!10%& () -
10! _!'plr!ahtlingi a UKiSs 6O (9 -sEU0Bu rkFQ¥E, ( u2tO¥UE hhv3nd0Y&s (¥sE/
109 ()--S 109 ()-ul 119 "x""i K- KLIOY%&' () - @109%&' ()--109%& ()-Y 109%& () -
109& () -1 [hA0%& £yt JHOUR () -""#F##### K- K#10%&' ()-1s!g
109%&' ()- 109 ()-YZ"109& ()-mlO%& ()-:10%&' ()-:10%& ()-#$63n$$$

YE% K- KAGLOYR' § ) 5 Y20 d0%K (dech | SM9& ok e 1%%%()sexoillg"/@li)_cé(r\{(@@s/&éée' S&g
109 () - EUSW4 %3 %50080h KAGLOYE () - L10%: (

Lig?ﬁid) 10¥&n§) 5 YOV, (ér}}lsoéaquJme%Q%%l% Y84, §8&E hnal KalYE-302& () -

10 8 l%ﬁiéé/é‘lﬁ‘yf%ﬁ Tt (1P Eood (7o 1056 T - GHBbRE (3351379 o) +1»

i K- Kf ; 510%& % 810%% ()-5 10%&' ()-310%&' ()-1

10% ()- YI'? 09&' () - I*m*n*o*w***/+m+i Kf ;
S109& ()-nt 109% () ;3" 109%& (
Y109 () - 04 0vR" % 55491 O &erllrféfV&”P)st’?éFﬁo%d(She@second

"109&' () - 9#10%& () - Z10%&' ( %?

1098 () -! EB9R2AE§ -2 the se ﬁ%%@éﬁ%e(j‘a.’wﬁ?o%e?)PPiB%@% -F109%&' ()- & Z
109& ()-9%0%& ()-f# 109& ()-&).* . .. | KATO%& ()- 10%& (2 109& () -
109%&' J(% %4 09&: %%elmblme e SPE/fPFﬁ/ PantRe second’ substra

109& () - 109%& () - 10%& () - F109& ()-f 109& ()- " 10%& ()-!10%& () -/ ONDWOO
1Gli K- KSf haYdo@:' pgen grde gy qHersi(MEovE (rPeastovE: e)lswwo 'RydBugamoR’ ()
, 109&' ()-GL{11122222i UKSf, 310%& ()-101010y;

1098 () - 61O%RI (nand DL (qvemox%@ (CrpcontoFRTERcRURE 22220 $8¢ Kond

109%& ()-s109%& ()-3 109%&' ()- "10%& () -
9109%&' () - $0BRLEILSA0YR' () - $3a3334U444i K- K! 109%&' () -1 109%&' ()-f"10%& ()-Y "10%
& ()-Fl10%& ()- @®10%& ()- &

1098 () - 45* 555566 Ke 441 HULOHR at)e- Yok 1OYRDLEEn- HOFRL { prad 108@4 (IgndDo&’ () - Y
% 10%& () -#Y10%&' () - Y666666667i K19! 10%& () - 10%& () - %0%& ()-101010y;

109& 40 - 66v108@&s 4 ) d 4@INUK' {YbsAQALET EBD88I KhK, BedOME& §hbét 109 (YrdF10%& () -
109& () - &10%& ()- F10%& ()- 10%&' ()-888888889i K, f 10%&' ()- 3

10%& () - YE0%EL (302PIOL Uy the first substrate facing the second surface

109%& () - YL10%&' ()-310%&' ()-9=9V999: : V: i K K, Z10%& (? & 10%& () - llO%&' () -

109& () N@a@(y@hé) sé-Qc/f&i (Qubstrla(%@& (s)a M éll nment no of
D K Kl %109&' () #f 109& () s! SlO%& () | 10%& () f 09k’ () | L#lO%& () FF109&' (
)

/<n<<< 51 |ﬁt|<§ DTS U TOvRY P PRE00E T 371008 157 ALNE TS+ 1ove (

V1ol () HROOR: 7 IR0V 1) T 0RO 6 () - =rees>>200%1 KK

109& ()- 1! 109%& () |210%& () 1109 ()- 100& ()-

109& () - 109& () - ???' @@AA\ K- KF. 109& () @310%& ()-&s! 109& ()-

(s! 109& ()-1&109%& ()-1! @O%& ()- @

109&' () - ARAAAAAAAAL si KF. 109 () - Y40%& () 101010f f ;

109 () - 4109%& ()-f2! 109%& ()- YLO" 10%& () - AB$B\ BBBB$SCI K- KMLOY& () -
109& ()-#109& ()-109& ()- 109%& ()- 109%& ()- @

109& () - $CCCCCDI DDi K- Ky#s! 109& () - ! S109& () - Yf 109& () - S109%& ()-19

1'10%



109 () - 3! 10%& () - Z1O%& () - DDD<E{ EEEFi K- KL10%& () - Y/ G 10%& ()--"! 10%& () - +!
109%&' ()-)! 109& ()-':10%& ()-1%
" 109 () - FCFFFFFFFF)} si K1109%& () - %40%& () - 101010yy:
109&' () -810%& ()-5! 10%&' ()-3 10%& ()- FF5Gr GGG HZHi K- Kl
109& ()-1109%& ()-1Z10%&' ()-#10%&' ()- 109%& ()-
9109 () - 109%& () - ZHHHHSI sl | 11 K-K P100044
(10%&' ()- Y& 109%&' ()-$s! 10%&' ()-"s! 10%&' ()- 10%& ()- YS10%&' ()- @

109& ()-1" 7 10% 9 %R .() -F .

109%&’ 8 a ig‘oj/‘]g%‘] %;i 8%}9 ?é&éﬁﬁlrg‘%%t(l)n%%]ié%l@ flirost substrate with
K<K=KEKKKKi K610%&' () - 210%& - 10%& Q? 109&' &) %09’ ()-101010fy,

109&’ () - KERENEEEEGNFKQRI@%& gkgxgg ydrogen Vased material deposited

109%& () -109%& ()-: 109 ()- 109& ()-"10%& ()-Y10%&' ()- 6MgMVMBNCNNNI K- K) 10%&' (
)-s' | 109ROVPI] EhE 109@O1S - $Wr A30&/’ ¢ F -5 irhoige QO COpL @t 09R9( ) - NN3BOp 00000
K- Kyf ;
10%&'()-510%&'€¥93§®@@$($u2ﬂﬂmﬂQQ§-3#@@1@%%%9-S@p?%EaGF-h@@%&@(yeéﬂiitgPDPvP
Pi Kyf; 10%& ()-"10%& ()-10%& () -
- 10%&' §) - DOYEe() wiADYENE ) s 0L ORRYERE QIQRIHK-KEeLOVE! E)bSt1ovg by-| 9! 1098
()-3GLO%&' ()-, 10%& ()-f 109%& ()-10% ()- Q+tRaRRR
SSQSi K- K- 20pRYy (i hg +@RO&RE {Pr 3 198EO¢r)diddl G thle |frisTOURD( the#E0e®&h() - | ' 109%&
"()-QSSS TGIgTj TKTI Ti KA71010yf; 10%& ()-810% ()-5 10%& ()-3S

10%& () - 1s18%&rbrel /4" 109 () -1 TMIuTTTSUZUU} _A710! 10%r&' () - 10%r&' () - - 10%m&
()- 3"10%& ()-1210%m& ()-%40%& () - LOUUUV] Vf VWi K- 7f #

10%r&' ()-L!'!110%r& ()-S-10%& () - &f #10%r& () -
t!110%& ()--10%& ()-10%& () - VVSVAWNNAN K- 73 10%& () -

HL0%TE () 5] 10T Chnp BOME L 1 LO0HE oo hATE MG ) MG K7 75
10%m&' ()- 110%m& ()-/10%& () - - @O%r& () + 10%m& () 0%r& ()-5@0%r& () -
Norma ] ] d

Nl BRdeR, e Sieeding 2 adig Shnartsadingdlecn oo

" Def aul t P%IP grﬁé h Font 3ptl"n'++/ 35<: >C<HLI QUZ\ A" bdf hj | nprtvxz| ~s

@6E/4V.} %q BCDEFGHI JKLMNOPQR>? / " r S} ESq

u'"#E@@ﬁZ)I*n& & .1 G1l2$34Y6789V: ;

°AA$CDFFZHI7KK6NNCPC§SITUVMXSTUVWXYZ[\]A_‘abcdefghijklnnopqrstuvmuyz{|}~

6T;g;§ P?ﬁbRon%gf%égéégur clalﬁNJ1IQ%%ltf&ﬂQ@?%w%?%%%lng gemlconductor

<=>7? @\BCDEFCHI JKLM\ICPQRSTUVW(YZ[ \J “abcdef %hlé st uvmxﬂu

rfa S si 1co on

devices in or over the ce of —on-1ns

15 substrate.

11. The silicon-on-insulation substrate of claim 7,
additionally semiconductor devices having been created in or
over said silicon-on-insulation.

20
12. The silicon-on-insulation substrate of claim 8,
additionally semiconductor devices having been created in or

over said silicon-on-insulation.
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