Integration for Buried Epitaxial Stressor Background of Invention 1) Field
of the Invention This invention relates generally to fabrication of
sem conductor devices and nore particularly to the fabrication of isolation
regions and stress regions in a sem conductor structure. 2) Description of
the Prior Art Vari ous techni ques have energed to inprove performance
of state of the art sem conductors. One techni que involves introducing
strain. Strained silicon exhibits inproved sem conductor performnce due to
enhanced transport properties. Biaxial distortion of the crystal lattice in
strained silicon inproves electron and hole nobility. Anot her
performance enhancenent techni que involves providing a sem conductor |ayer
separated fromthe substrate by an insulating |layer. A so known as
silicon-on-insulator (SO), such structures exhibit reduced parasitic
capaci tance, thereby enabling a sem conductor to function at significantly
hi gher speeds with reduced electrical |osses. The result is an appreciable
increase in performance and a reduction in power consunption.

However, further inprovenents in device performance are needed to newer

t echnol ogi es. The ilntegrationctor Buriedkpitaxin) Steesisool ogy not ed above is
evi denced by the extensive technol ogi cal devel opnent directed to the
subj ect, as docunented by the rel evant patent and technical literature. The

nore rel evant technical devel opnents in the patent |literature can be

gl eaned by considering the foll -I@m 50106790A1: Strai ned
silicon on a Si Ge on SO substrg e - Fﬂegﬁg%ﬁﬁﬁ%ﬁeng, Kangguo;
1) Field of the Invention

This invention relates generally to fabrication of semiconductor devices and
more particularly to the fabrication of isolation regions and stress regions in a
semiconductor structure.

2) Description of the Prior Art

Various techniques have emerged to improve performance of state of the
art semiconductors. One technique involves introducing strain. Strained silicon
exhibits improved semiconductor performance due to enhanced transport
properties. Biaxial distortion of the crystal lattice in strained silicon improves
electron and hole mobility.

Another performance enhancement technique involves providing a
semiconductor layer separated from the substrate by an insulating layer. Also
known as silicon-on-insulator (SOI), such structures exhibit reduced parasitic
capacitance, thereby enabling a semiconductor to function at significantly higher
speeds with reduced electrical losses. The result is an appreciable increase in
performance and a reduction in power consumption.

However, further improvements in device performance are needed to newer
technologies.



US20050035369A1: Structure and nethod of formng integrated circuits
utilizing strained channel transistors - Inventor: Lin, Chun-Chieh;

Hsi n- Chu US20050142700A1: Strained silicon on a SiGe on 501 substrate
- Inventor: Cheng, Kangguo; US20050023616A1: Localized strained

sem conductor on insulator - Inventor: Forbes, Leonard, US6251751
Bul k and strained silicon on insulator using |ocal selective oxidation -

| nventor: Chu, Jack Oon; US5232866: Isolated filnms using an air dielectric
- Inventor: Beyer, Klaus D. Summary of the Invention The enbodi nents
of the present invention provides a structure and a nethod of manufacturing
a sem conductor device with an isolation region which is characterized as
fol |l ows. First and second exanpl e enbodi nents can conprise a net hod
of fabricating a sem conductor device conprising the steps of

The importance of improving technology noted above is evidenced by the
extensive technological development directed to the subject, as documented by
the relevant patent and technical literature. The more relevant technical
developments in the patent literature can be gleaned by considering the following.

US20050106790A1: Strained silicon on a SiGe on SOI substrate - Inventor:
Cheng, Kangguo;

US20050035369A1: Structure and method of forming integrated circuits
utilizing strained channel transistors -
Inventor: Lin, Chun-Chieh; Hsin-Chu

US20050142700A1: Strained silicon on a SiGe on SOl substrate -

Inventor: Cheng, Kangguo;

US20050023616A1: Localized strained semiconductor on insulator -
Inventor: Forbes, Leonard;

US6251751: Bulk and strained silicon on insulator using local selective

oxidation - Inventor: Chu, Jack QOon;

US5232866: Isolated films using an air dielectric - Inventor: Beyer, Klaus D.



form ng one or nore buried doped regions in a substrate; formng a stressor
| ayer over the substrate; formng a strained | ayer over the stressor |ayer;
form ng STI trenches down through the strained |ayer and the stressor |ayer
to as |least partially expose the buried doped regions; etching the buried
doped regions to format |east a cavity in conmunication with the STI
trenches; filling the STI trenches with insulation material to form

i solation regions and formng a void in the cavity. Third and fourth
exanpl e enbodi nents can conprise a nmethod of fabricating a sem conductor
device conprising the steps of : formng one or nore buried doped regions
in a substrate; formng at | east a buried doped region in the substrate;
form ng a stressor |ayer over the substrate; form ng a strained | ayer over
the stressor | ayer;

Summary of the Invention

The embodiments of the present invention provides a structure and a
method of manufacturing a semiconductor device with an isolation region which is
characterized as follows.

First and second example embodiments can comprise a method of
fabricating a semiconductor device comprising the steps of :

forming one or more buried doped regions in a substrate;

forming a stressor layer over the substrate;

forming a strained layer over the stressor layer;

forming STI trenches down through the strained layer and the stressor layer
to as least partially expose the buried doped regions;

etching the buried doped regions to form at least a cavity in communication
with the STI trenches;

filling the ST trenches with insulation material to form isolation regions and

forming a void in the cavity.

Third and fourth example embodiments can comprise a method of

fabricating a semiconductor device comprising the steps of :

forming one or more buried doped regions in a substrate;

forming at least a buried doped region in the substrate;

forming a stressor layer over the substrate;

forming a strained layer over the stressor layer;

forming STI trenches down through the strained layer and the stressor layer to

as least partially expose the buried doped regions; and etching the
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form ng STI trenches down through the strained | ayer and the stressor |ayer
to as least partially expose the buried doped regions; and etching the
buried doped regions to formcavities in comrunication with the STI
trenches; filling the STI trenches and the cavities with insul ation
material to formisolations regions and buried isolation regions.

Devi ce exanpl e enbodi nents can conpri se a sem conductor device conprised
of : a stressor layer over a substrate; a strained |layer over the stressor

| ayer; a cavity in the substrate under the stressor |layer; a transistor
over the strained |ayer; STl trenches down through the strained | ayer and
the stressor layer and communi cating at |l east with the cavity;

buried doped regions to form cavities in communication with the STI
trenches;

filling the STI trenches and the cavities with insulation material to form isolations
regions and buried isolation regions.

Device example embodiments can comprise a semiconductor device
comprised of:

a stressor layer over a substrate;

a strained layer over the stressor layer;

a cavity in the substrate under the stressor layer;

a transistor over the strained layer;

STI trenches down through the strained layer and the stressor layer and

communicating at least with the cavity;

isolation regions filling the STl trenches.

A further aspect further comprises: the transistor has source and drain
regions in the strained layer; and the transistor has a gate over the strained layer;
the cavity is at least partially under the gate.

A further aspect further comprises: at least two cavities in the
substrate under the stressor layer;
the transistor has source and drain regions in the strained layer; and the
transistor has a gate over the strained layer;
the cavities are at least partially under the source and drain regions.



isolation regions filling the STI trenches. A further aspect further
conprises: the transistor has source and drain regions in the strained

| ayer: and the transistor has a gate over the strained |ayer; the cavity is
at |east partially under the gate. A further aspect further
conprises: at least two cavities in the substrate under the stressor |ayer;
the transistor has source and drain regions in the strained |ayer; and the
transi stor has a gate over the strained |layer; the cavities are at | east
partially under the source and drain regions. The above and bel ow
advant ages and features are of representative enbodi nents only, and are not
exhaustive and/ or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not
representative of all the inventions defined by the clains, to be
considered limtations on the invention as defined by the clains, or
limtations on equieVado®dhRd b@loW&ivﬁhtagé’s?anﬁatdr%é@rbfeepremmé t hese
advant ages nay be nutu?élyagontra |étor in th cannot
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are appl i cabbgy t®asdise irdsirRestafding the ihvaraoh.i |D§houﬁﬂl§b undgpstbod thiat ﬂney aret hers.
Furthernore, certain aspects of the cl I on ve nQ

h
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pur poses of space and reducin Thus, thi of features
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become apparent in the follow ng description,
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advant ages Oi‘nvéntmnhﬁ@mdﬂatcable%\btﬁées FRPEGGIE, ééatatrh&pﬁ&tewme dlaiweat i on and
further details of process of fabrjcati n% such em co or device in
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third and fourth exanple net hod enbodi nents of the present invention.
Additional features and advantages of the invention will become apparent in the

following description, from the drawings, and from the claims.



Fi gures 5A and 6A are cross sectional views for illustrating a nethod for
formng isolation regions according to first and second exanpl e net hod
enbodi mrents of the present invention. Figures 5B and 68 are cross
sectional views showing third and fourth exanple nethod enbodi ments where
the lateral trenches 41A 41B are filled wth an insulation materi al
Figures 7A-1 and 7A-2 are three dinensional views show ng first and second
exanpl e enbodi nents havi ng voi ds. Figures 78-1 and 7B-2 show third
and fourth exanpl e enbodi nents where the cavities are filled with an
insulation material. Detailed Description of the Exanpl e Enbodi nents

The exanpl e enbodi nents of the present invention will be described in
detail with reference to the acconpanyi ng drawi ngs. Sone of the exanple
enbodi ments provide structures and nethods of form ng buried isolation
regi ons and voids under a stressor |ayer and strained |ayer. Four exanple
devi ce enbodi nents Four exanpl e enbodi nents are shown in figures 7A-1
7A-2, 7B-1 and 7B- 2. In a first exanpl e enbodi ment shown in figure
7A-1, voids 41C are fornmed under the channel of a FET 54A

Brief Description of the Drawings
The features and advantages of a semiconductor device according to the
present invention and further details of a process of fabricating such a
semiconductor device in accordance with the present invention will be more clearly
understood from the following description taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or
corresponding elements, regions and portions and in which:

Figs 1, 2, 3, and 4 are cross sectional views of steps common to the first,
second, third and fourth example method embodiments of the present invention.

Figures 5A and 6A are cross sectional views for illustrating a method for
forming isolation regions according to first and second example method
embodiments of the present invention.

Figures 5B and 6B are cross sectional views showing third and fourth
example method embodiments where the lateral trenches 41A 41B are filled with
an insulation material.

Figures 7A-1 and 7A-2 are three dimensional views showing first and
second example embodiments having voids.

Figures 7B-1 and 7B-2 show third and fourth example embodiments where

the cavities are filled with an insulation material.



In a second exanpl e enbodi nent shown in figure 7A-2, voids 41A 418 are
formed under the source and drain regions 68 of a FET 54B. Inathird
exanpl e enbodi nent shown in figure 7B-1, lateral trench isolation regions
42C are fornmed under the channel of a FET 54C In a fourth exanple
enbodi nent shown in figure 7B-2, lateral trench isolation regions 42A 42B
are formed under the source and drain regions 68 of a FET 5411 Bel ow
are descriptions for exanple nmethod enbodi nents that can be used nake the
devi ce enbodi nents. |.first and second exenpl ary nethod enbodi nents with
buried voids Figs 1, 2, 3, 4, 5A and 6A and figures 7A-1 and 7A-2
show exanpl e net hods steps. See figures 7A-1 and 7A-2 for 3 dinensional

Vi ews. A exanple nethod for formng the first and second enbodi nents
is described below A formone or nore buried doped regions in a substrate
Referring to figure 1, there is shown a cross section of a portion of an
integrated circuit where we formone or nore buried doped regi ons 20A 20B

20C in a substrate 10. patdiRt'Ddsription of the Example Embodiments

The example embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Some of the example
embodiments provide structures and methods of forming buried isolation regions

and voids under a stressor layer and strained layer.

Four example device embodiments

Four example embodiments are shown in figures 7A-1, 7A-2, 7B-1 and 7B-

In a first example embodiment shown in figure 7A-1, voids 41C are formed
under the channel of a FET 54A.

In a second example embodiment shown in figure 7A-2, voids 41A 41B are
formed under the source and drain regions 68 of a FET 54B.

In a third example embodiment shown in figure 7B-1, lateral trench isolation
regions 42C are formed under the channel of a FET 54C.

in a fourth example embodiment shown in figure 7B-2, lateral trench
isolation regions 42A 42B are formed under the source and drain regions 68 of a
FET 54D.

Below are descriptions for example method embodiments that can be used

make the device embodiments.

. first and second exemplary method embodiments with buried voids

Figs 1, 2, 3, 4, 5A and 6A and figures 7A-1 and 7A-2 show example
methods steps. See figures 7A-1 and 7A-2 for 3 dimensional views.



The substrate 10 has a first area 12 and a second area 14 where two devices
will be formed. The first enbodi nent device will be shown fornmed in the
first area 12. The second enbodi nent device will be shown forned in the
second area 14. The two devices are shown side by side during processing
but the device can be forned separately or with other process steps and
devi ces. The substrate 10 can be conprised of silicon, such as a bulk
crystal silicon wafer. For exanple the a silicon substrate can be p-doped
with a (001) orientation or other orientations such as (110) orientation.

Subsequently forned FETs A FET transistor will be formed on the
substrate. Qther type devices such as bipolar transistors can al so be
f or med. The FET transistors are conprised of source and drain

regions, a gate dielectric and gate. The substrate 10 has source and drain
areas over where source and drain regions wll be subsequently fornmed and a

channel area overa ghfife hidthdiibefonhing thefifspamesbcoRd efrbodinlentsibe transistors
are bulk sili con FETs where the the FET are usually electrically

connect ed t 099378PeBLPVate. In contrast to bulk silicon MOSFETs, an SO
MOSFET is usually electrically floating in relation to the substrate.

Buri ed doped regidins #irk @o8oantbré ®iried dopedhregionsiind swbptrdfer egi ons 20A 20B
20C can be forned by inplanting a N-type or P-type dopant and annealing the
substrate. The buried doped regions can be forned later in the process,

such as after th‘?-?éféﬁ’lﬁlj%ﬁ&irgﬁ f?ﬂ@ﬁe lg%haﬁﬁa cross sectld)rnoftah&)rﬁdarf Starprea 12, a
channel buried doped region 20C is forned in a channel area that is under a

channel r egiiptegraied @%L@)WW e &’959'6% eBRiBhiPIe busieddoppiredian 202t Und area
14, source aad diRirgiebidr i ed doped regi ons 20A 20B are fornmed in source and
drain areas under source and drain regions of a subsequently fornmed FET.
The type of the dopant for the buried doped regions doesn't matter, so |ong
as it allowsglhérate’ i ed doped region to be etch selectively to the

substrate.
The substrate 10 has a first area 12 and a second area 14 where two

devices will be formed. The first embodiment device will be shown formed in the
first area 12. The second embodiment device will be shown formed in the second
area 14. The two devices are shown side by side during processing but the device
can be formed separately or with other process steps and devices.

The substrate 10 can be comprised of silicon, such as a bulk crystal silicon
wafer. For example the a silicon substrate can be p-doped with a (001) orientation

or other orientations such as (110) orientation.

Subsequently formed FETs
A FET transistor will be formed on the substrate. Other type devices such

as bipolar transistors can also be formed.

The FET transistors are comprised of source and drain regions, a gate
dielectric and gate. The substrate 10 has source and drain areas over where
source and drain regions will be subsequently formed and a channel area over

where the gate will be formed. Preferably the transistors are bulk silicon MOSFETs



The buried doped |l ayer is preferably inplanted to a depth that will enable
a sufficient thickness of subsequently fornmed void to be fornmed for
sufficient electrical insulation or strain_ As shown in figure 2, the

buri ed doped regions preferably extend fromthe substrate surface to a
given depth. B.forma stressor |ayer over the substrate Referring to figure
2, we can forma stressor |ayer 30 over the substrate 10. The
stressor layer 30 is preferably conprised of SiGe (silicon-gernmaniun), or

Si GeC. The stressor |layer has a crystalline structure so that the
subsequently fornmed strained |ayer 36 has a strain, preferably has a

bi axi al strain. The stressor |ayer 30 can be forned of a Si Ge alloy having
a Si atom c percent between 50 and 85 and a Ge atom ¢ % between 15 and 50.
The stressor |ayer can have a graded Ge concentration any profile, but a
single Ge concentration is the easiest to inplenent. The stressor |ayer can
be conpri sedwhéreahe trey FEDAR Usayipy SlectiibslySionessal tol thy eubstrate. auantraal yi ng Ge

trati . - f j . t hi ck f th A
Coyer can bebdulesianddOnEE Lt QBN aRRER Ay By AN foslion KPS one,
Ge conposi tierthésabdtfate kness can be defined to ensure that the stressor

layer is fully strained without any defects. The growth can be done by
LPCVD or other commercially available nethods. C. forma strained | ayer

over the strpe&fed dop¥éiregions 20A08 and 26@rring to figure 2, we forma
strained | ayer 36|‘ over, t%

e stressor_ | . The_strained | ayer 36 can be
conprised of Si, 'd¥Ruedgar B@afﬂgﬂo(‘\g?&{ﬁ&@m "sf"r”é‘reﬁ(?éi 'T‘B‘?@"gc% " have a
t hi ckness befypeepP3Nt aspshn? 8AP arvifihg Eisubstrate. Thélbaried tepad regioks car Si: C
| ayer over the strg sor, Ia%er, only exi Sf&és af}er tla voig%f rmati on. The
reason why P€f0Emg Tat?t'F‘é*i‘ pgcess: piRh aiR thelayergd %6@8 MeS-fully
strained with lattice constant (in-plane) sane as Si |attice. However if a

void is forned underneath of SiGe 30, relaxation of SiGe occurs and | eads
to strain in overl{iglgsigread2, achangnelbusid qapsed fepien %ﬁ% 15BN & r enches

channel area that is under a channel region (or gate) of a subsequently formed
FET. In the second area 14, source and drain buried doped regions 20A 20B are
formed in source and drain areas under source and drain regions of a
subsequently formed FET.

The type of the dopant for the buried doped regions doesn't matter, so long
as it allows the buried doped region to be etch selectively to the substrate.

The buried doped layer is preferably implanted to a depth that will enable a
sufficient thickness of subsequently formed void to be formed for sufficient
electrical insulation or strain. As shown in figure 2, the buried doped regions

preferably extend from the substrate surface to a given depth.

B. form a stressor layer over the substrate

Referring to figure 2, we can form a stressor layer 30 over the substrate 10.

The stressor layer 30 is preferably comprised of SiGe (silicon-germanium),
or SiGeC. The stressor layer has a crystalline structure so that the subsequently
formed strained layer 36 has a strain, preferably has a biaxial strain. The stressor



Next, we form STI trenches 40A 40B and | ateral trenches 41A 41B 41C as
shown in figure 4. The trenches can be fornmed by single etch process, or a
multi step etch process and/or an in situ etch process. The | ateral
trenches are preferably about |ateral, but can have any shape as defined by
the buried doped | ayer and i nplant process. Preferably the top surface of
the trenches are about lateral. form STl trenches Referring to figure
3, we can formshallow trench isolation (STI) trenches (e.g., isolation
trenches) 40A 40B by etch down through the strained | ayer 36 the stressor
layer 30 to as least partially expose the substrate 10 and the buried doped
regi ons 20A 20B 20C. Those skilled in the art are well aware that STI
regions are formed around a transistor area, extending both in front of and
behind the plane of the drawi ng. The STl thus defines a set of islands in
the silicon substrate in which the transistors will be fornmed. forma

cavities 41Ala‘%133(ﬂd§| N fopined of B&Gwan%a@wg@sw&amr@reé}d\ba%ea@@ahe form

cavities (e. g | ateral trenches) 41A°4 i n conmuni cation with the STI
trenches 40A5288d a Ge atomig é’fQﬁ“ﬁ%‘F’}ﬂ? ARd 8Y-chhe stressosieyer GanchaveRedragad  r ench

etch. The STGeaRfcéiia@bRkny RG] bEL LSRGl IR eRIPAtioRISBE dRik® Step or two
or nore steps.. The etches can use the same etch chemstries._The etch can

be done in a"@ﬂ'?@?@ phe gleassonjaysr can; %ﬁow&ﬁaeéon%owe@éwréom tions, by

peopl e skill ggedsBr faér @inthave varyl I(;'@ebbn%érﬁréﬁénsar ea 12, the channel cavity
(e.g., channel lateral trench is at |east partlally under the

subsequently formed channel r egl on of the FET. The
The amount of strain and thickness of the stressor layer can be determined

by classical thickness theory. Growth conditions, Ge composition and thickness
can be defined to ensure that the stressor layer is fully strained without any
defects. The growth can be done by LPCVD or other commercially available
methods.

C. form a strained layer over the stressor layer
Still referring to figure 2, we form a strained layer 36 over the stressor layer

30. The strained layer 36 can be comprised of Si, or carbon doped Si (Si:C). The
strained layer can have a thickness between 200 and 2000 angstroms.

The strain in Si or Si:C layer over the stressor layer, only exists after the
voids formation. The reason why Si is not strained at the point is that SiGe 30 is
fully strained with lattice constant (in-plane) same as Si lattice. However if a void
is formed underneath of SiGe 30, relaxation of SiGe occurs and leads to strain in
overlying Si 36.

D. form STI trenches and lateral trenches

Next, we form STI trenches 40A 40B and lateral trenches 41A 41B 41C as
shown in figure 4. The trenches can be formed by single etch process, or a multi

10



channel | ateral trench 41C preferably substantially under all of the
subsequently fornmed channel region for the FET. In the second area
14, the source and drain cavities 41A 418 (SID lateral trench) are at | east
partially under the subsequently forned source and drain regions of the
FET. Preferably, the source and drain lateral trenches 41A 41B are
substantially under all the subsequently forned source and drain regions

for the FET. E. fill only the STI trenches with insulation material to form
isolation regions and formvoids in the |lateral trenches Referring
to figure 5A, we fill the STI trenches 40A 408 with insulation material to
formisolation regions (e.g., STl regions) 50A 50B and form voids 41A 418
41Cin the cavities (e.g., lateral trenches). The |lateral trenches or voids
are not filed with material. The isol ation regi ons 50A 50B can be

formed by a process that nostly anisotropically fills the trenches. The
i nsul ati on netepletahl procassmdn afiin sitogtcl®siodess. The lateralfiénches dre 41A 41B 41C

create a strain in the strain |layer 36. The str can be bi axial and

i axi al ,  deETRIPIY 20RHTHEr b duh BN Dot crupbons o deneir e b GLOGRecl  anc
l'ength di recray@fhddsnith pRRBsE PrefStabftAB ) surfacd dfHedtdnkhsd draiahedy and can
be tensile o onpr essi ve, depending on whether SiGe is at SID or at the

channel . F. Eﬁrﬂlla transi stor on the strained |ayer Referring to
figure 6A, we forman exanple transistors 54A 548 on the strained |ayer 36.
The transi st gﬁr} be conprised of source and drain regions 68, sidewall
spacers 64, &if“e nehes; ¢ | ayers 60 and gates 62 over the channel area.

Referring to figure 3, we can form shallow trench isolation (STI) trenches
(e.g., isolation trenches) 40A 40B by etch down through the strained layer 36 the
stressor layer 30 to as least partially expose the substrate 10 and the buried
doped regions 20A 20B 20C.

Those skilled in the art are well aware that STI regions are formed around a
transistor area, extending both in front of and behind the plane of the drawing. The
STI thus defines a set of islands in the silicon substrate in which the transistors will
be formed.

form a cavities 41A 41B 41C
We etch the buried doped regions 20A 20B 20C to form cavities (e.g.,
lateral trenches) 41A 41B 41C in communication with the ST trenches 40A 40B.

Preferably the etch is in situ with the STI trench etch. The STl and lateral
trench etches can be performed in one step or two or more steps.. The etches can
use the same etch chemistries. The etch can be done in a single process with
slight changes in process conditions, by people skilled in the art.

In the first area 12, the channel cavity (e.g., channel lateral trench) 41C is at
least partially under the subsequently formed channel region of the FET. The

11



The transistors can be NMOS or PMOS or conbi nati ons. Conventi ona
steps such as bl anket threshold adjust inplants, well formation, annealing
and the like may be perfornmed as is well known in the art, and can be
performed any tine during the processing. The circuit is conpleted with
additional transistors, conventional back end interconnect, alum num or
copper, to formthe desired circuit. O her type devices can be
formed over or in the strained layer with the invention's |ateral voids.
The ot her devices such as, BJT, HBT can be potentially integrated with the
desirabl e energy band configuration, brought by the strain. Wth the
voi ds 41A 41B under the S/ D regions 68, stressor |ayer/strained |ayer (e.g,
Si Ge/ Si bilayer) 30 36 becones free-standing in one or two di nmensions,
allowing the filmstack to re-distribute strain in the system For
voi ds 41A 41B under SID, the Si channel under the gate can be conpressively
strai ned (i nchdreetliateralttiennls 4hEtpreferabbosubemnaaly uhidar all sfebé emssequartilych

i nproves P devi ce rformange. shoul d be conpressive from S/ D, al ong
t he channe:\/DFéﬂ‘&Fﬁﬁﬁ’i"fiE‘”tQ'%%rﬁ%ﬁ'#-no strain, if width is big. Z direction
gets tensile becausiee sdcopdiasstotd, itied ssurcd bied efatn avitieb B1A4BBI (S/Plagfrgr abl y a
PMOS Tx. C,under .channel r glon the Si channel in the

strained | ayg?n%% af:eaﬂtqﬁ%&lpéﬁ@w under thg siRgeaygt r‘ﬁ°ffT}?8r38\96“§ NS Revi ce
per f or mance. réGunssif tiesBET.dMefeeatiy, ake sdures anniraK |a{erallmhcrﬁ&sct1lpy4w1are>ﬂ al

(tensile) for N Zd|re ets ressive. refore, FET 54B is
preferably a° ND@ﬁI%Vr undena ltth? £y %?HHQ'F‘B’[}BF“G ST %" i ieaions Orii& h buri ed
cavities fil FE®W. with insulation materi al Figure 66 and figures 7B-1

and 7B-2 show third and fourth exanpl e enbodi nents where the buried
cavities 41A 416 are filled with an insulation material.
E. fill only the STI trenches with insulation material to form
isolation regions and form voids in the lateral trenches

Referring to figure 5A, we fill the STI trenches 40A 40B with insulation
material to form isolation regions (e.g., STI regions) 50A 50B and form voids 41A
41B 41C in the cavities (e.g., lateral trenches). The lateral trenches or voids are
not filed with material.

The isolation regions 50A 50B can be formed by a process that mostly
anisotropically fills the trenches. The insulation material can be an silicon oxide.

The voids 41A 41B 41C create a strain in the strain layer 36. The strain
can be biaxial and uniaxial, depending on the geometry of the devices. For a wide
void, and length direction is the channel, Si channel is unaxially strained, and can
be tensile or compressive, depending on whether SiGe is at S/D or at the channel.

F. form a transistor on the strained layer

Referring to figure 6A, we form an example transistors 54A 54B on the
strained layer 36. The transistors can be comprised of source and drain regions
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Figure 7B-1 shows the exanple of the third exenplary enbodi nent where the
(channel) buried cavity 41Cis filled with insulating material to forma
buried (lateral) isolation region 42C under the channel of the subsequently
formed FET. Figure 7B-2 shows the exanple of the forth exenplary
enbodi mrent where the (source and drain) buried cavities are filled with
insulating material to formlateral buried isolation regions 42A 426 under
t he source and drain regi ons 68. The steps to formthe third and
fourth enbodi nents can be the same as described above for figures 1 thru 4.
Figures 56 and 6B show subsequent steps. A fill the STl trenches and the
|ateral trenches with insulation material to formisolations regions and

| ateral trench isolations Referring to figure 56, we fill the STI
trenches 40A 40B and the | ateral trenches 41A 416 41C with insul ation
material to formisol ations regions 50A 50B and |ateral trench isol ations

regions 42A 48Bsigéhirstiacers 64, ate'cfblécﬁﬁ’c falyér8l60HaYaled 64 Hfer iR @laphelt r €nCh

i solation region 42Cis forme | east partially under the channel region
of the subsed®htly forned tranS| stor. In the second area 14, the

l'ateral trengheit@AkisorOdhn ROINNBS M&%r%ﬁmb%ﬁéﬁé ably formed at | east
partially under the source/drain regions of the subsequently forned

transistor. B. FePmentiena ptepssych as blankgdhreshqléhgdippigmplantsewathd fi gur es
7B-1 and 76- grmidhién tarnﬁgéllr%ta‘?\ﬁsthéﬂlg éégba@ekahéatmrs W YhGRS B8 ak® for med

in/on the substrate strucfure as di scussed above.
and can be performed any time during the processing. The circuit is completed

with additional transistors, conventional back end interconnect, aluminum or
copper, to form the desired circuit.

Other type devices can be formed over or in the strained layer with the
invention's lateral voids. The other devices such as, BJT, HBT can be potentially
integrated with the desirable energy band configuration, brought by the strain.

With the voids 41A 41B under the S/D regions 68, stressor layer/strained
layer (e.g, SiGe/Si bilayer) 30 36 becomes free-standing in one or two dimensions,

allowing the film stack to re-distribute strain in the system.

For voids 41A 41B under S/D, the Si channel under the gate can be
compressively strained (in the directions between source and drain regions), which
improves PMOS device performance. It should be compressive from S/D, along
the channel length direction. Width no strain, if width is big. Z direction gets
tensile because of poisson ratio. Therefore, FET 54B is preferably a PMOS Tx.

With voids 41C under channel region, the Si channel in the strained layer
36 can be tensile strained, which improves NMOS device performance. The stress
can be biaxial or uniaxial, but mostly uniaxial, (tensile) for NMOS, Z direction
gets compressive. Therefore, FET 54B is preferably a NMOS FET.
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Referring to figure 68, we forman exanple transistors 54C 54D over the
substrate structure 10 30 36. The transistors can be conprised of source
and drain regions 68, sidewall spacers 64; gate dielectric |layers 60 and
gates 62 over the channel area. Tx 54C can be NMOS, and Tx 54D can be PMOS
For devi ce performance enhancenents In figure 68, the transistor 54C can be
PMOS and/or NMOS. In figure 66, the transistor 54D can be PMOS and/ or NMOS.

C. non-limting exanple enbodi nments In the above description
numer ous specific details are set forth such as flow rates, pressure
settings, thicknesses, etc., in order to provide a nore thorough

under st andi ng of the present invention. Those skilled in the art wll

realize that power settings, residence tinmes, gas flow rates are equi pnment
specific and will vary fromone brand of equipnent to another. It wll be
obvi ous, however, to one skilled in the art that the present invention may

be practi cediiw t haifd drdearfahaiipgle emboaihiShtsi At HFRY calitles AflRaWALPT ocess

have not been described in detail in order to not unnecessarily obscure the
present inventi orMsulation megtedal ( he variety of enbodinents of the present

invention just d r'lﬁd3 abgy rhpiion.and i llystrations show not
be taken as |im tq;figugrbt e “sf’t:@g’é of ﬁﬁgaér%eésgmﬁhr@eaﬁpif% Wé% by the
cl ai ms. emppdimentshehdra dlembured dasitied el & aredilledinitly as ireulatiamd descri bed

with refer enﬁ,\%fér%l_the preferred enbodi nents thereof, it will be understood

by those ski in the art that various changes in formand details may

be made without ddguae7Bayshioventhelesampierdfthathild exemplaof embiiinemeastigron. 1t is
procedures. Sadciangel £H3 B Ty kRRRAA e deflo Phishet GPE7ER Bifer b
accor ded t he(ltewddedatianTegiopd@Catridenthe@hasndl of drecsutpeqenty formed FET.
modi fications anq:i&irgi?bgf s%v&satﬂg%ggr%l% o‘??fge %Hﬁ%ig%ﬁ?y emgg] I}ne;\tswr?elrg hmed is:
the (source and drain) buried cavities are filled with insulating material to form
lateral buried isolation regions 42A 42B under the source and drain regions 68.

The steps to form the third and fourth embodiments can be the same as
described above for figures 1 thru 4. Figures 5B and 6B show subsequent steps.

A. fill the STI trenches and the lateral trenches with insulation

material to form isolations regions and lateral trench isolations

Referring to figure 5B, we fill the STI trenches 40A 40B and the lateral
trenches 41A 41B 41C with insulation material to form isolations regions 50A 508
and lateral trench isolations regions 42A 42B and 42C.

In the first area 12, the lateral trench isolation region 42C is formed at least
partially under the channel region of the subsequently formed transistor.

In the second area 14, the lateral trench isolation regions 42A 42B are
preferably formed at least partially under the source/drain regions of the
subsequently formed transistor.
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1. A nethod of fabricating a sem conductor device conprising: providing a
substrate conprising a first device region; formng at | east one doped
region in the substrate; form ng a stressor |ayer over the
substrate, the stressor |ayer conprising a senm conductor stressor material;
form ng a sem conductor surface |ayer over the stressor |ayer; and

sel ectively renoving the at | east one doped region to format |east one
buried cavity in the first device region, the buried cavity is disposed
bel ow the stressor layer, the buried cavity causing the stressor |ayer to
have a rel axed portion overlying the buried cavity; formng a first
transistor in the first device region; and wherein the stressor

| ayer is a continuous stressor layer in the first device region, the

rel axed portion of the continuous stressor |ayer caused by the buried
cavity below creates a first strain in the surface |ayer to enhance
performance of th® fi Fekmitramsidtekr in the first device region. 2. The

met hod of claim 1 wherein: formng at | east one doped region conprises
forming first and?%f@fé@ﬂﬂg@f@pﬁ@daﬂdegﬂttﬁmmﬂ(ﬁmd\ﬂ&@ thegansistors H€S4kcond doped

regions for mgndibr stherice€ &M Be formed infon the substrate structure 10 30 36 as
discussed above,

Referring to figure 6B, we form an example transistors 54C 54D over the
substrate structure 10 30 36. The transistors can be comprised of source and
drain regions 68, sidewall spacers 64; gate dielectric layers 60 and gates 62 over
the channel area. Tx 54C can be NMOS, and Tx 54D can be PMOS For device
performance enhancements

In figure 6B, the transistor 54C can be PMOS and/or NMOS.

In figure 6B, the transistor 54D can be PMOS and/or NMOS.

C. non-limiting example embodiments

In the above description numerous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. Those skilled in the art will realize that
power settings, residence times, gas flow rates are equipment specific and will
vary from one brand of equipment to another. It will be obvious, however, to one
skilled in the art that the present invention may be practiced without these details.
In other instances, well known process have not been described in detail in order
to not unnecessarily obscure the present invention.

Given the variety of embodiments of the present invention just described,
the above description and illustrations show not be taken as limiting the scope of
the present invention defined by the claims.

While the invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
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buried cavities; and wherein the first transistor conprising a gate,
and source and drain regions adjacent to the gate, wherein the first
and second buried cavities are at |east partially under the source and
drain regions. 3. The nethod of claim1 wherein the substrate is conprised
of silicon and the doped region is forned by inplanting a N-type dopant and
anneal i ng the substrate. 4. The nmethod of claiml wherein said stressor

| ayer is conprised of SiGe or SiGeC. 5. The nethod of claim1 wherein the
surface layer is conprised of Si or carbon doped silicon. 6. A nmethod for
form ng a device conprising: providing a substrate conprising a first

devi ce region; formng a stressor |ayer over the substrate, the
stressor | ayer conprising a sem conductor stressor material; formng a

sem conductor surface |layer over the stressor |ayer; and

skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. |t is intended to cover various
modifications and similar arrangements and procedures, and the scope of the

appended claims therefore should be accorded the broadest interpretation so as to

encompass all such modifications and similar arrangements and procedures.
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formng at

| east one buried cavity in the first device region under the

stressor layer, the buried cavity causing the stressor |ayer to conprise at
| east one rel axed portion overlying the buried cavity; formng a first
transistor in the first device region; and wherein the stressor

| ayer is a continuous stressor layer in the first device region, the

r el axedVpaltris claimext ist he conti nuous stressor layer creates a first strain in
the surface | ayer to enhance performance of the first transistor in the
first devi ceA methicdmf fabficafiiigea sericondwforalesicencémptigingi n f or mi ng at | east one
buried cavity conprises formng first and second buried cavities bel ow
source and daviding agiubsisatefcompesing aditstdedngregiar;, in the first device
region. 8. The nethod of claim6 wherein the at | east one buried cavity is
f ormed bel ovioemiopahleest aneglopad ofgidrhia thé sghistiateansi stor in the first device

region. 9.
conpri ses:

The nethod of claim®6 wherein formng the buried cavity
ffommng g stresknpdayer eggrdime swhistrate, tHeestegbartlayer eomprisingdaf i ned porti on

of the first device region; and formng a shallowtrench isolation to
i sol at esenfieonductst stdesspcmategigh; on.

forming a semiconductor surface layer over the stressor layer; and

selectively removing the at least one doped region to form at least one buried cavity

in the first device region, the buried cavity is disposed below the stressor layer, the buried

cavity causing the stressor layer to have a relaxed portion overlying the buried cavity;

forming a first transistor in the first device region; and

wherein the stressor layer is a continuous stressor layer in the first device region, the

relaxed portion of the continuous stressor layer caused by the buried cavity below creates a

first strain in the surface layer to enhance performance of the first transistor in the first device

region.

The method of claim 1 wherein:
forming at least one doped region comprises forming first and second doped regions;

removing the first and second doped regions forms first and second

buried cavities; and

wherein the first transistor comprising a gate, and source and drain regions adjacent

to the gate,

wherein the first and second buried cavities are at least partially under the source

and drain regions.

3.

The method of claim 1 wherein the substrate is comprised of silicon and the doped

region is formed by implanting a N-type dopant and annealing the substrate.
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10. The method of claim9 wherein formng the shallow trench isolation

conpri ses: etching the substrate to forma trench for the shall ow
trench isolation, wherein etching renoves portion of the substrate
correspondi ng to the doped region; and filling the trench to form

the shallow trench isolation and the buried cavity in the renoved doped
porti ond.of thee setwdradciaim 1Wherdiheastressbrddyec issiompBisedh of 8iGe arleGe€r ai ned
portion of the stressor |ayer has about a sane lattice constant as the
surface layer. 12. The nethod of claim 11 wherein the relaxed portion of
the stressor layer has a larger lattice constant than the surface | ayer

13. The5.met hohkke methodaif rlalh2 1whrerain the sieface layeed qooprisecho$i dricerbendepsdr

| ayer is formed bel ow a channel region of the first transistor in the first
devi ce silggnon and the first strain is a tensile stress generated in the
channel region. 14. The nethod of claim 12 wherein the rel axed portion of
the stressor layer is fornmed bel ow a source and drain region of the first
transistor in the first device region and the first strain is a conpressive
st ress @enerAtredhodfoaformangreedievieegionmprisingt he first transistor. 15. The

met hod of claim6 wherein the relaxed portion of the stressor |layer is

for med bel owravidingranibstratgi compoiing ladir$tidesicetregiorsi stor in the first device
region and the first strain is a tensile stress generated in the channel
regi on. 16. foithiag metttessbrddyet loaemthé substrade, the Steesset layercdcopwprisinga of t he
stressor layer is forned below a source and drain region of the first

t r ansi ssemniconductoe sfresset madariae regi on and the first strain is a conpressive
stress generated in a channel region of the first transistor. 17. The

net hod of clfarming awlesrienduttor surfegetldyer buern tbe stressot layepapdi ses: form ng a
doped region wthin the substrate in a defined portion of the first device
regi on and sfelmiogiat byt orentowried gatityan dogpfirdt denipeaagion Laderfthe stretssoothyef, cl ai m
17 conprising formng the doped region before form ng the stressor |ayer
and senthe bodect taiity sausiog thel singssor layer to comprise at least one relaxed portion overlying

the buried cavity;

forming a first transistor in the first device region; and

wherein the stressor layer is a continuous stressor layer in the first device region, the
relaxed portion of the continuous stressor layer creates a first strain in the surface layer to

enhance performance of the first transistor in the first device region.

7. The method of claim 6 wherein forming at least one buried cavity comprises forming
first and second buried cavities below source and drain regions of the first transistor in the

first device region.

8. The method of claim 6 wherein the at least one buried cavity is formed below a

channel region of the first transistor in the first device region.

9. The method of claim 6 wherein forming the buried cavity comprises:
forming a doped region within the substrate in a defined portion of the first device
region; and
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19. The method of claim 17 conprising selectively renoving the doped region
after formng the stressor |layer and sem conductor surface |layer. 20. The
nmet hod of claim6 wherein the at | east one buried cavity is filled with
insulation material. 21. The nmethod of claim6 further conprising formng
a first gate stack over the surface layer after formng the at |east one
buri ed cavi tfprngechallewrench iselatien t iselaleithe Brshdevics rgg@d- wi th the first
transi stor.

10. The method of claim 9 wherein forming the shallow trench isolation comprises:

etching the substrate to form a trench for the shallow trench isolation, wherein
etching removes portion of the substrate corresponding to the doped region; and

filling the trench to form the shallow trench isolation and the buried cavity in the

removed doped portion of the substrate.

11. The method of claim 6 wherein the strained portion of the stressor layer has about a

same lattice constant as the surface layer.

12. The method of claim 11 wherein the relaxed portion of the stressor layer has a larger

lattice constant than the surface layer.

13. The method of claim 12 wherein the relaxed portion of the stressor layer is formed
below a channel region of the first transistor in the first device region and the first strain is a

tensile stress generated in the channel region.

14. The method of claim 12 wherein the relaxed portion of the stressor layer is formed
below a source and drain region of the first transistor in the first device region and the first

strain is a compressive stress generated in a channel region of the first transistor.
15. The method of claim 6 wherein the relaxed portion of the stressor layer is formed

below a channel region of the first transistor in the first device region and the first strain is a

tensile stress generated in the channel region.
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16. The method of claim 6 wherein the relaxed portion of the stressor layer is formed
below a source and drain region of the first transistor in the first device region and the first

strain is a compressive stress generated in a channel region of the first transistor.

17. The method of claim 6 wherein forming the buried cavity comprises:
forming a doped region within the substrate in a defined portion of the first device

region and selectively removing the doped region.

18. The method of claim 17 comprising forming the doped region before forming the

stressor layer and semiconductor surface layer.

19. The method of claim 17 comprising selectively removing the doped region after

forming the stressor layer and semiconductor surface layer.

20. The method of claim 6 wherein the at least one buried cavity is filled with insulation

material.
21. The method of claim 6 further comprising forming a first gate stack over the surface

layer after forming the at least one buried cavity wherein the first gate stack is associated

with the first transistor.
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