TSMC2001-1530 1 - i- SEP 2005 A METHOD OF FABRI CATI NG A WAFER W TH STRAI NED
CHANNEL LAYERS FOR | NCREASED ELECTRON AND HOLE MOBI LI TY FOR | MPROVI NG
DEVI CE PERFORMANCE BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON
The present invention relates to a nethod for making a sem conductor

substrate having a strained silicon layer for inproved semg¢ or
i

devi ce per fegwminea.-1kgpe par- ticularlyy the nethod utilizes
silicon layer and a relaxed silicon germanium (SiCGe) |ayer to achieve a

strained Si |ayer for inproved device performance (nmobility). One
application of this strained layer is to inprove the channel nmobility for
FETs in CMOS ApfETROR i0fh FABRISAINGNAORAFERSWETH GTRASEED OukeikAt es (al so
referred to as wafers). (2) DESCRIPTION OF THE PRIOR ART I n past years

si | i con seni cOrARERSDFRe TNEREASBPhERECTRON| BND HOIANMOBEIDITY FERS were
reduced in size to inprove device performance. The devices were scaled in
both the vertiBHROVFNG OEVEREaREREGRMANAEAl direction using inproved

phot ol i t hographi ¢ and directional plasnma etching techni ques and
self-aligning techniques. As the mninmumfeature sizes of the TSMC2001- 1530

2 BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to a method for making a
semiconductor substrate having a strained silicon layer for
improved semiconductor device performance. Morepar- ticularly
the method utilizes a porous silicon layer and a relaxed silicon
germanium (SiGe) layer to achieve a strained Si layer for improved
device performance (mobility). Oneapplicationof this strained
layer is to improve the channel mobility for FETs in CMOS

applications on Silicon-On- Insulator (S0I) substrates (also

" referred to as wafers) .
(2) DESCRIPTION OF THE PRIOR ART

In past years silicon semiconductor devices such as bipolar
transistors, FETs were reduced in size to improve device
performance. The devices were scaled in both the vertical
direction and horizontal direction using improired
photolithggraphic and directional plasma etching techniques and

self-aligning techniques. As the minimum feature sizes of the



-1 SEP 2005 devi ces decrease, the spacings between the netal lines used to
wire up the devices decrease and there is a corresponding increase in
pitch. This closer spacing results in increased RCtine constants. To
achieve further inprovenents in performance, it is necessary to utilize
| ow-di el ectric insulators and higher conducting netal- lurgies, such as
copper, to T t-AeslC time consta of the circuit. FurtAEPilBlirease in
performance is achieved by using a SiTicon-On-Insulator to mnimze the
capacitive coupling of the sem conductor devices to the substrate and al so
to inprove the radiati on hardening for the devices. As the m ninmumfeature
si zes and vievigespidecheaper odoh spheiings| batwsen ithel fie BET ASSRAsYuk8d apl or e
ot her nethods to inprove device performance. One approach is to form
strai ned sifik¥P thgseyices dddnenme ard rheremssecdroashmidingy incredid y t he
silicon band strycture resulting in higher electron and hole nobility.
Sever al rret’tﬁ)d?tt‘#"f abrig florpnRasing ineguditeein oinemeasst R triment
mobility h%voe ee repgr%&%_i nthe |literature. For exanple, Ek et al. , U
S. Patent ,“f%?’,‘ 08, 1R RGHSYS: hvuther impgavsmeats s pexformangni ¢t a t hin
silicon | ayer . as_a buffer .layer for formng_a relaxed Si Ge |ayer
havi ng redulc;esreéJ e?re %?’? g?’l ?‘ﬁeugﬁif’%%t%‘.’wﬁ‘fﬁe?]{%F"s‘iﬁcailﬁéﬂléFPFéoﬁnql Bghers
formed on iimeghangthe i 1bayels, Rihogs Iy f 900 8! S RALIRPT T tY
constant of the circuit. Further increase in performance is
achieved by using a Silicon-On-Insulator to minimize the

capacitive coupling of the semiconductor devices to the substrate

and also to improve the radiation hardening for the devices.

As theminimum feature sizes and wiring pitch approach their
limits, it isnecessary to explore other methods to improve device
performance. One approach is to form strained silicon layers ‘
on silicon germanium semiconductoi:'s to modify the silicon band

structure resulting in higher electron and hole mobility.

Several methods of fabi‘icating wafers using SiGe to increase
current mobility have been reported in the literature. For
example, Eket al., U.S. Patent 5,759,898, showamethod for making
a substrate in which a thin silicon layer is used as a buffer |
layer for forming a relaxed SiGe layer having reduced crystalline
defects. Then a strained silicon layer is formed on the relaxed
SiGe layer. Devices having higher electron mobility are formed
in the strained silicon layer. U.S. Patent 6,107,653 to

Fitzgerald shows amethodof formingaGelayerwithminimal defects




in the strained silicon layer. U S. Patent 6,107,653 to Fitzgerald shows
anet hodof formng a Ge |ayer withm ni mal defects TSMC2001- 1530 3 - 1 SEP
2005 on a <001> silicon substrate using a series of graded GeSi | ayers
havi ng pl anarization steps in between. The grading of the GeSi Iayers and
the planarization control dislocation densities. This allows g&@%

| ayer to beq ﬁ]@(?] Si substrate thout an increase |n1t3lﬁ I ng
dlgénm | €S. 3305 V\é

di sl ocati on at o, Patent 6, 143; 629, teaches a process for
maki ng a snooth single- crystal Iayer on the surface of a porous silicon
| ayer, which allows Sato to grow an epitaxial Si layer, which results in

fewer stackome £@0ds $i1%58b0 GRS Atk @Qﬂ&@%sséﬁég 88 g%aa%h%%i 124 &8s | ayer
or a strained Si |ayer. Sakaguchi et al., U S. Patent , 294, 478 Bl, teach

a process fmaving plagazigaticnmnteps BEUbS¢@sen sul@ﬁérgakta@mlg'@f Elchadsi
utilizes a process in which a first Si substrate has a porous Si |ayer. A
non- por ous +3Wersiarnd |Yhe plaheriedtibnoaghtibe @iyluiatSon! dgaeitaes. a
second substrate_is bonded to the first substrate. The porous Si is
removed to %Jebéﬁl&PESt%éOQv\@eshmx &odse £oheed drsa st $ubstmeedwi bhotie

sem conduct or ndustsﬁy to inprove upon the process for making strained
silicon | ay®t sTiFsp I’1ncGﬁreaéi“ﬁfanﬁbﬁ%?ﬁmﬂ-‘?@rd@fﬂllt@@monsamsulla-tS)-r

substrat es I;é)t:éz{.\:cr&a.l.%%;GZQ, teaches a process for making a smooth

single-crystal layer on the surface of a porous silicon layer,
which allows Sato to grow an epitaxial Si layer, which results
in fewer stacking faults. Sato doesnot address forming a relaxed
SiGe layer or a strained Si layer. Sakaguchi et al., U.S. Patent
6,294,478 B1, teach a process for forming a silicon-on-insulator
substrate. The method utilizes a process in which a first Si

- substrate has a porous Si layer. A non-porous thin Si film is
formed through the porous Si layer, and a second substrate is
bonded to the first substrate. The porous Si is removed to

separate the two substrates.

Thereis still aneedin the semiconductor indus try toimprove
upon the process for making strained silicon layers on a silicon
germanium £ilm for silicon-on-insulator substrates to increase
electron and hole mobility, and using a cost-effective

manufacturing process.
SUMMARY OF THE INVENTION

Aprincipal object of this invention is to provide a strained




el ectron and hole nmobility, and using a cost-effective manufacturing
process. SUVWMARY OF THE | NVENTION A principal obj ect of this invention is
to provide a strained - 1 SEP 2005 TSMC2001-1530 4 silicon |ayer having
.increased electron and hole nobility on a si i con-on-insul at off S&uB&br at e
for maki ng senm conductor devices. A second object of the present invention

Is to use r.fLeLal layer that is,nechanically weak, such as a porous
silicon Ia?EW?QQQthgh%overlying relafbd SiGe layer to formthe strained
silicon |layer on a seed wafer. A further object of this inventionis to
bond a handle wafer to the seed wafer, and to etch and separate the wafers

at the sacriilfiicomnalayeyiatiheipesatbBg 14 AR anla hayeh ob'ifi'.%xf%%ré’ , by a
first enbodi nent, the objects of the present 1nvention ornaﬁl g a

strai ned sidiildoon-apeinsnlat&O) sulbsé €ratd afvt alidigetende6h&sc £y Provi ding a
polished silicon wafer (seed wafer) having an atomically snooth principal
surface. Adeydciesi.cial |ayer, such as a porous silicon layer, is fornmed on
and in the principal surface of the seed wafer, for exanple, by | ocal

anodi zation. The sacrificial layer is processed, to forma snooth

A second object of the present invention is to use a
sacrificial layer that is mechanically weak, such as a porous
silicon layer, with an overlying relaxed SiGe layer to form the

strained silicon layer on a seed wafer.

A further object of this invention is to bond a handle wafer
to the seed wafer, and to etch and separate the wafers at the

sacrificial layer to expose the strained Si layer.

In summary, by a first embodiment, the objects of the present
invention formakingastrainedsilicon layeronasSol v;afer (handle
wafer) begins by providing a polished silicon wafer (seed wafer)
having an atomically smooth principal surface. A sacrificial
layer, such as a porous silicon layer, is formed on and in the
principal surface of the seed wafer, for example, by local
anodization. The sacrificial layer is processed to form a smooth
surface. If the mechanically weak layer is porous silicon, the
smooth surface may be formed by high temperature (for example,
>1000°C) annealing in hydrogen ambient. A relaxed silicon
germanium layer is formed on the smoothed surface of the
sacrificial layer, for example, by growing an epitaxial layer.

Next, an epitaxial silicon layer is grown on the SiGe layer to




surface. If the nechanically weak | ayer is porous silicon, the snooth
surface may be fornmed by high tenperature (for exanple, 0 >1000 C

anneal ing in hydrogen anbient. A relaxed silicon germani um | aydrShPs]ifsor med
.on the snoothed surface of the sacrificial |ayer, for exanple, by grow ng
an epitaxial layer. Next, an epitaxial silicon |layer is grown on the Si Ge

layer to - l.SkF: - ﬁﬁyﬁ2001-1530 5 provi de a bonding surface for bonding
t he seed wafer ggggﬁ%ndle waf er . Theﬁ, a handl e waf er having an insul ator

on a principal surface is bonded to the epitaxial silicon |ayer on the
seed wafer. The sacrificial layer is etched to separate the seed wafer

from the hanevideval Bonaimy s re4peSLoP Holddang Ao Ts'a%d%@agféé 'Egiaa}aa aygr and
xed Si

t he snoot hed silicon |ayer on the surface of 'the rela ayer, which

i s now on twefémsulThienr, afhdridleheadee NEfiig ah ﬁ@&ﬂ%o%ﬂ%br&ﬁcﬂ?&ﬂ to
anneal the porous Si |layer on the handle wafer and to forma snooth
strained Sistefaee dabondeditnethyepytSkiel sliayeon 1Hes O st88whher.
silicon-on insulator having the strained silicon layer on a principal
surface. A ERRSIFréfdcdm Yoy ishetched did separatsitlid aced wdflear Fromt

enbodi nment . Thgg%ééference is that a silicon oxide (SiQ2) layer is forned
on the rel &% eMp¥er 8ndP PEPAsSe PaTsicmmiobithe sacrificial layer

and the smoothed silicon layer on the surface of the relaxed SiGe
layer, which is nowon the insulator of the handlewafer. A second
anneal is used to anneal the porous Si layer on the handle wafer
and to form a smooth strained Si layer on the underlying SiGe
layer. This completes the silicon-on insulator having the

strained silicon layer on a principal surface.

A second embodiment of this invention is similar to the first

embodiment. The difference is that a silicon oxide (Sioz) layer

is formed on the relaxed SiGe surface and is used instead of a

Si epitaxial layer as the bonding layer on the seed wafer.

A third embodiment of this invention is similar to the first

embodiment. The difference is that a Sio2 layer is formed on

the Si epitaxial layer on the relaxed SiGe surface to provide

a bonding layer on the seed wafer.
BRIEF DESCRIPTION OF THE DRAWINGS

The objects and other advantages of this invention are best

understood with reference to the preferred embodiments when read



Si epitaxial layer as the bonding |ayer on the seed wafer. Athird

enbodi ment of this inventionis simlar to the first enbodinent. The
difference is that a SIQ2 layer is forned on the Si epitaxial |ayer on the
rel axed Si Ge surface to provide a bonding |ayer on the seed wafleSEp BR EF
DESCRI PTI ON OF THE DRAW NGS The obj ects and ot her advantages of this

i nvention aF8M@2@Qe1-188ferstood with réerence to the preferred enbodi nents
when read -1 SEP 2005 TSMC2001-1530 6 in conjunction with the foll ow ng
drawi ngs. Figs. 1 through 7 show schematic cross-sectional views of a
portion of a wafer and depict the sequence of process steps for '
fabricating™a SUHTHIHEE G Widdn they Eplbawing| drawingsn-i nsul ator (SO)
wafer. Fig. 4A shows a schematic cross-sectional view of a portion of a
waf er depicting the process for fabricating a strained Si |ayer on a SO

wafer by a first odi . Elg..4B shows a schematic cross-sectional view
of a portion of % m?a;iegﬁgéu }(I:t7?ﬁa°¥'hsec PSSt CFBF ST 8BFFER3 N T 18WEL 96 ned

Si layer of gorQon'@fel, RYfdrS odiment. Fig. 4C shows a schematic
cross- sect i onlgel vio_ew of “a po?fi%ﬁé)%gﬁ%g %Fe?e%%?‘g?i?éptrﬁ@eﬁfoﬁté%sfor
fabricati ngfer Sﬁa&&liﬂﬁﬂ:iﬁg a strained silicon layer on a silicon-

on-insulator (SOI) wafer .

Fig. 4A shows a schematic cross-sectional view of a portion
of a wafer depicting the process for fabricating a strained Si -

layer on a SOI wafer by a first embodiment.

Fig. 4B shows a schematic cross-sectional view of a portion
of a wafer depicting the process for fabricating a strained Si

layer on a SOI wafer by a second embodiment.

Fig. 4C shows a schematic cross-sectional view of a portion -
‘of a wafer depicting the process for fabricating a strained Si

layer on a SOI wafer by a third embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A novel method for making a strained Si layer, having
increased electron and hole mobility, on a SOI wafer is now

described in detail. Referring to Fig. 1, by a first embodiment,




| ayer on a SO wafer by a third enbodi nent. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS A novel nethod for making a strained Si |ayer, having

i ncreased el ectron and hole nmobility, on a SO wafer is now described in
detail. Referring to Fig. 1, by a first enbodinent, - 1 SEP 2005

TSMC2001- 1530 7 the process begins by providing a silicon wafleftP17005t hat can
be doped ofghed.53Ehe preferred Wa;er has a <100> crystall ographic
orientation. Alternatively, silicon wafers having <110> or <111>
orientation can also be used. At |least one surface of the wafer 10 is

pol i shed, for exanple by chem cal-nechanical polishing, to provide an

atomi cal | y Emogirioeessshegime . byApRovading al s¥Bfcok? wagek0f 89, s8Nca8Rdhd N the
princi pal surface of the seed wafer. For exanple, the porous |ayer 12 can

be forned bjorehdizz amdopedTheTlae oot etk ad GAITEdre hher ged1hos an

el ectrochem cal cell using an anodi zing solution consisting of hydrogen
per oxi de, HHTRAJeOraphicdotipntatioy. valltmnatinelyesbahedn W2E%risy
volunme). With the Si wafer acting as the anode and a platinumwre acting
as the cat HFUEDS Kd18R0aF - rhile e Fisntatdamsicep ad sbebemesedbobt ledst 10

mlliAm-s cc;%a. ‘m:% pe/ %ohglus S. layer 12 is forned to a preferred depth

of between & oust N e wafer 10 is polished, for example by
chemical-mechanical polishing, to provide anatomically smoother
surface. A porous Si layer 12 is formed on and in the principal
surface of the seed wafer. For example, the porous layer 12 can
be formed by anodization. The anodization can be formed in an
electrochemical cell using an anodizing solution cénsisting of
hydrogen peroxide, hydrofluoric acid (HF 49% by volume), and
methanol (98% by volume). With the Si wafer acting as the anode
and a .platinum wire acting as the cathode, the anodizing current
density is between about 1 to 10 milliAmps/cmz. The porous Si

layer 12 is formed to a preferred depth of between about 100 and

10000 Angstroms in the surface of the seed wafer 10.

Referring to Fig. 2, the seed wafer 10 is thermally annealed
for a time sufficient to forma Si layer 14 having a smooth surface
and having a thickness of between about 2 and 1000 Angstroms on
the porous Si layer 12. The annealing is carried out preferably
in a furnace using hydrogen gas at a pressure of about 10-7 to

800 Torr and at a temperature of between about 900 and 1150°C.

Referring to Fig. 3, a relaxed silicon germanium (Si Ge )
x -X

layer 16 is formed on the smoothed surface 14 of the porous Si



10000 Angstrons in the surface of the seed wafer 10. Referring to Fig. 2,
the seed wafer 10 is thermally annealed for a tinme sufficient to forma S
| ayer 14 having a snooth surface and having a thickness of between about 2

and 1000 Angstrons on the porous Si layer 12. The annealing i-§ Srarpgsed out
preferably in a furnace using hydrogen -' gas at a pressure of about 10 to

800 Torr a t rature of betwegn about 900 and 11500C. Referring to
Fig. 3, a ;Lg?rgé(ze(gnsﬁ@l%fpon ger mani um (Sg. Gel-X) layer 16 is forned on the

snmoot hed surface 14 of the porous Si -1 SEP 2005 TSMC2001- 1530 8 | ayer 12.
The Si Ge layer 16 can be forned, for exanple, by chem cal-vapor deposition

and using alaywactiant 9As BLyL Ul L, SHICTE ' i , germane. (GeH4)
and di chl orosilane (Si C12H4) . he Ce %?‘bﬁﬁl ?&%ﬁl %ﬁ;@’rl ac'“é?? eb ni form

or st ep- gr ackeshicE1e vaiokGeépdei 61 st€ A0S § £0hd @ Peé@é&@ﬁ]ﬁ? B QL GEY, about

100 and 100000 ,Angstrops. The rel axed silicon germaniu ayer 1S deposited
"to have a TbfdéAPRalFHR ) germBBAt (GRH)3 .t and diclReiromilaget (84RIgH MA, and
by a first enbodinent, an epitaxial Si layer 18 is deposited on the sice
| ayer 16. LHrefeiBrofile do ldpposlé ednubéenghidiorei baxéd tdp-Prakded, Sugle as a

o o 1%be, JORRLAS &Y B 8 s 16/ SE 2SR about 18 Ana 100000

Angstroms. The relaxed silicon germanium layer is deposited to

have a concentration x of about 0.05 to 1.0.

Referring to Fig. 4A, andby a first embodiment, an epitaxial
5i layer 18 is deposited on the SiGe layer 16. Layer 18 is also
deposited using an epitaxial system such as a chemical-vapor
deposition system. The layer 18 can be deposited sequentially
in the same system after depositing the SiGe layer 16. Layer
18 provides a bonding surface for bonding the seed wafer 10 to

a handle wafer 100, as shown in Fig. 5.

Continuing now with Fig. 5, the handle wafer 100 is also
a single-crystal-silicon substrate with a preferred
crystallographic orientation of <100>. The handle wafer 100 has
an insulator 102 on a principal surface. The insulator 102 is
preferably a thermally grown Sioz. The sio2 102 is grown in an
oxidation furnace to a thickness of between about 0 and 1000
Angstroms. As shown in Fig. 5, the handle wafer 100 is bonded
to the epitaxial Si layer 18 on é principal surface of the seed

wafer10. Thebondingbetween the 8102 layer 102 and the epitaxial

Si layer 18 is carried out by wafer-bonding techniques as commonly




in the sane system after depositing the SiGe |layer 16. Layer 18 provides a
bondi ng surface for bonding the seed wafer 10 to a handl e wafer 100, as
shown in Fig. S. Continuing nowwth Fig. 5 the handle wafer 100 is al so
a single-crystal-silicon substrate with a preferred crystal QE?QZBWM C
orientation of <100>. The handle wafer 100 has an insulator 10Z27on a
principal s ' I nsul ator 102 i preferably a thermally grown Si02.
The SiO 2 1@%0%&'5\%%% n an oxidationh furnace to a thickness of between
about 0 and 1000 Angstrons. As shown in Fig. 5, the handle wafer 100 is
bonded to the epitaxial Si layer 18 on a principal surface of the seed
waf er 10. TheadaEdNnbeheeeRaLiae P! Qpn3nd Lhe epitaxial,; S

| ayer 18 is carried out by waf er-rgo%?élng&fq{ec%m q%ggegslg %ﬁlvodf'csEP

2005 TSMC2085ndinlar 9186£+686a E{c bBAALAGURhEYe tHRTRE atcg‘e%w ﬂ%’gé%éeé‘%' ude

anodi ¢ bonding and el ectrostatic bondi ng, where the surtaces onded
are broughtatedebhghtandgbenéelahd Hed 4D UARUEENSEr SO oH0QApButt P00 C
A larger electrig field is applied across the joint causing an extrenely
strong bondtQ 3000¢m & lekgeirnedetbric Maflel isNgppDi&d Gactosd BePPoorts Si

| ayer 12 is etched to separate the seedwafer 10 from the handl e wafer 100.
For exanpl €€ausing an extremely strong bond to form at the interface.

Referring to Fig. 6, the porous Si layer 12 is etched to
separate the seedwafer 10 fromthe handlewafer 100. For example,
the wafers are separated using a water-jet splitting process,
as indicated by the horizontal arrow 3. More specifically, the
water-jet splitting process is carried out by a process known
and used in the industry. The water-jet splitting process uses
a je_t stream with directivity to apply stress and penetrate a

Plane of separation at the mechanically weak layer.

ReferringtoFig. 7, after thewafers10and 100 are separated,
the remaining portions of the porous Si layer 12 on the handle
wafer 100 are annealed in hYdrogen to form a strained Si layer
104 on the unstrained (relaxed) SiGe layer 16 to complete the
SOI handlewafer. Thehandlewafer containing the porous Si layer
12 and the underlying smoothed Si layer 14 are annealed preferably
in hydrogen at a temperature of about 900 to 1150°C for a time
sufficient to form the strained Si layer 104 and concurrently
to form a smooth surface on layer 104. The preferred thickness
of layer 104 is between about 10 and 1000 Angstroms. This

completes the silicon-on insulator having the strained silicon




the wafers are separated using a water-jet splitting process, as indicated
by the horizontal arrow 3. More specifically, the water-jet splitting
process is carried out by a process knowmn and used in the industry. The
water-jet splitting process uses a jet streamwth directiyi?m;ngapply
stress and penetrate a plane of separation at the mechanical 'y weak | ayer.

Referring tgg feafter the wafer 0 and 100 are separated, the
remai ni ng port?éﬁ%& éﬁ3ﬁhe porous Si |§ er 12 on the handle wafer 100 are

anneal ed in hydrogen to forma strained Si |ayer 104 on the unstrained
(relaxed) SiGe layer 16 to conplete the SO handle wafer . The handl e

waf er cont alayerg onhe pRia¢ipal ka¥ehce 1LoANELYNG 4] Is&gg?raggg%&ed Si

| ayer 14 are anneal ed pref erably in hydrogen at a tenpera about
900 to 1150BGifams havimg iavkbheeantléotion Mddecild aoped sl | ayer 104 and
concurrently to forma snooth surface on |ayer 104. The preferred

t hi ckness of |ayer 104 is between about 10 and 1000 Angstrons. This

conpl etes the silicon-on insulator having the strained silicon -1 SEP 2005
TSMC2001- 1530 1&efgfaingrta Fpgi i palsenarfdenbddimdrab isansw dgseeibadnduct or

devi ces haﬁﬁggﬁhaﬁrgased el ectron and hole nobility. Referring to Fig. 4B,
a second e PAien byt §letii daxg to thestindbdimbotinentsiupi tarFig t he

first enmbodj,me up, t.q Fi
qlA, Q&cegt that g:he bonding epitaxial layer 18 shown in Fig. 4Aa

is replaced in the process steps by a bonding S:i.o2 layer 18’ formed

on the relaxed SiGe surface 16. For this embodiment layer 18’
is formed preferably by depositing a CVD SiO2 layer to a thickness
of between about 10 and 1000 Angstroms. Alternatively, the

bonding layer 18’ can be formed by thermally oxidizing the SiGe
layer 16 to form the Sio2 layer 18’.

Referring to Fig. 4C, a third embodiment of this invention
is now described. This embodiment is. similar to the first
embodiment up through Fig. 4a, except that after forming the
bonding epitaxial layer 18, a bonding Sio2 18’ is also formed
ontheepitaxial layer18. Forthisthird embodiment theepitaxial
layer 18 is formed as in the first embodiment (see Fig. 4A), and
to a preferred thickness of about 10 to 10000 Angstroms. The

bonding S:i.o2 layer 18’ is formed by depositing a CVD SiO2 layer

to a thickness of between about 10 and 1000 Angstroms.

While the invention has been particularly shown and
described with reference to the preferred embodiments thereof,

it will be understood by those skilled in the art that various




4A, except that the bonding epitaxial |ayer 18 shown in Fig. 4A is
replaced in the process steps by a bonding SiQ2 |ayer 18 forned on the
rel axed Si Ge surface 16. For this enbodinent |ayer 18 is fgﬁggﬁ

. preferably by depositing a CVD SiO 2 layer to a thickness of &@Qn about
10 and 1000 Angstroms. Alternatively, the bonding |layer 18 can be forned
by thernall J Gl Z 1 the SiGe layeg,16 to formthe Si 02 |ayer 18'.

Ref erri ng t%?4?9d3143998 third enbodinéﬁt of this invention is now
described. This enbodinent is simlar to the first enbodi ment up through
Fig. 4A, except that after formng the bonding epitaxial layer 18, a
bondi ng Si Ghakfyesi $natan fIdee t j Lals , this third
enbodi ment the epitaxial Iayertfgﬂfg&?%?ﬁigggga+%#§%§¥ké¥§?fggﬁ%o iTent
(see Fig. 4Me spddittand. spopkepredhd N ekdiseoof about 10 to 10000
Angstrons. The bonding SiQ2 layer 18 is forned by depositing a C/D Si O 2
| ayer to a thickness of between about 10 and 1000 Angstrons. Wiile the

i nvention has been particularly showmn and described with reference to the
preferred enbodi nents thereof, it will be understood by those skilled in
the art that various -1 SEP 2005 TSMC2001-1530 11 changes in form and
details may be nade w thout departing from the spirit and scope of the

i nventi on. '




- 1 SEP 2005 ' TSMC2001-1530 12 What is clained is:

1. A nethod for making

a strained silicon layer on a handle wafer conprising the steps of:
formng a porous silicon layer on a principal surface of a seed wafer; 5

anneal ing said seed wafer to forma smooth surface

on sai d panop sl i con

| ayer; formng a silicon germanium | ayer on said snmooth surface; grow ng
- an epitaxLegMé'66£?#§# yer on said sHI'con 10 germani um | ayer; bondi ng
e |

sai d handl e wa

g an insulator'n a principal surface to said

epitaxial silicon layer on said seed wafer; cutting said porous silicon
| ayer and separating 15 said handle wafer fromsaid seed wafer, while

retaining portwpas éﬁﬂf@mgp@ggs'silicon | ayer on said handle wafer;

anneal'ing said handle wafer to form said strained
handl e wafer. 20

silicon | ayer on said

1. A method for making a strained silicon layer on a

handle wafer comprising the steps of:

forming a porous silicon layer on a principal

surface of a seed wafer;

5 annealing said seed wafer to form a smooth surface

on said porous silicon layer;

forming a silicon germanium layer on said smooth

surface;
growing an epitaxial silicon layer

10 germanium layer;

on said silicon

bonding said handle wafer having an insulator on

a principal surface to said epitaxial silicon layer

on said seed wafer;

cutting said porous silicon layer and separating

15 said handle wafer from said seed wafer, while retaining

portions of said porous silicon layer on said handle

wafer;

annealing said handle wafer to form said strained

silicon layer on said handle wafer.

20

2. The method of claim 1, wherein said seed wafer is a

single-crystal silicon wafer having a crystallographic

orientation selected from the group that includes <1005,

<110>, and <1llls>.

3. The method of claim 1, wherein said porous silicon




2. The nethod of claim1, wherein said seed wafer is a single-crystal
silicon wafer having a crystallographic orientation selected fromthe
group that includes <100>, <110>, and <111>. The nethod, of claim 1,
wherein said porous silicon -1 SEP 2005 TSMC2001-1530 13 |ayer is formed by
anodlzatlon to a depth of between about 100 and 10000 Angstrdmél 2834, The
nmet hod of dh] re|n sai d seed fer is annealed in hydrogen to form
a snooth sur ace havi 8 a thickness of about 2 to 1000 Angstrons on said
porous silicon layer. 10 5. The method of claiml, wherein said silicon
germanium | ayer is formed on said snooth surface by chem cal -vapor

deposi tion, and layefroigelotfed b{Pi §KkHESSat in b(_%t\ge% pROUE ﬂJQPwéé}g 100000

Angstroms. 15 6. The nethod of claim1l, wherein sal ep|taX|a st licon
| ayer is fornedaboutalld0sahdcDooger Megstwohayer by cheni cal - vapor

deposition, and is formed to a thickness of between about 10 and 1000
Angstronms. 20 7. The nethod of claim1l, wherein said seed wafer is bonded
to said handle waf er by a process selected from
4. The method of claim 1, wherein said seed wafer is
annealed in hydrogen to form a smooth surface having a
thickness of about 2 to 1000 Angstroms on said porous

silicon layer.

10 5. The method of claim 1, wherein said silicon
germanium layer is formed on said smooth surface by
chemical-vapor deposition, and is formed to a thickness

of between about 100 and 100000 Angstroms.

15 6. The method of claim 1, wherein said epitaxial
silicon layer is formed on said silicon germanium layer
by chemical-vapor deposition, and is formed to a

thickness of between about 10 and 1000 Angstroms.

20 7. The method of claim 1, wherein said seed wafer is
bonded to said handle wafer by a process selected from

the group that includes anodic bonding and electro-

static bonding.

8. The method of claim 1, wherein said seed wafer is
separated from said handle wafer by cutting said porous

silicon layer using a water-jet splitting process.




the group, that includes anodic bonding and el ectro- static bonding. 8. The
met hod of claim 1, wherein said seed wafer is separated from said handl e
waf er by cutting said porous silicon layer using a water-jet splitting
process. -1 SEP 2005 TSMC2001-1530 14 5 9. The nethod of claim1, wherein
sai d porous silicon layer on said handle wafer is annealed i-i $fpdgygmoen at
a tenperature and for a tine sufficient to formsaid strained silicon |ayer
‘having a t hrsierms -ak3pet ween about 10;gnd 1000 Angstrons.

5 © 9. The method of claim 1, wherein said porous silicon lay"ar on said handle

wafer is annealed in hydrogen at a temperature and for a time sufficient to form said

strained silicon layer having & thickness of between about 10 and 1000

Angstroms.




