Integration for Buried Epitaxial Stressor Background
of Invention 1) Field of the Invention This invention
rel ates generally to fabrication of sem conduct or
devices and nore particularly to the fabrication of

i solation regions and stress regions in a

sem conduct or structure. 2) Description of the Prior
Art Various techni ques have enmerged to inprove
performance of state of the art sem conductors. One
techni que invol ves introducing strain. Strained
silicon exhibits inproved sem conductor perfornmance
due to enhanced transport properties. Biaxia

di stortion of the crystal lattice in strained silicon
i mproves electron and hole nobility. Another

per f or mance enhancenent techni que i nvol ves providing a
sem conduct or er_separated fr t he substrate by an
i nsul ating | ayé"lI m%@P?Wﬁ%HHeggo@nhxF% FH&IBAnsul at or
(Sal), such structures exhibit reduced parasitic
capaci tance, thereby enabling a sem conductor to
function at significantly higher speeds with reduced
electrical |osses. Thge kﬁﬁﬂhhibﬁl Bnre0|able

I ncrease in performancean Fedud |on i n power
tbﬁkidmﬁthnﬂannmener further |nprovenents in device
perf mance chn ies., The

ded t
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directed to the subject, as docunented
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.



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 owi ng. US20050106790A1: Strained silicon on a

Si Ge on SO substrate - Inventor: Cheng, Kangguo;
US20050035369A1: Structure and net hod of form ng
integrated circuits wutilizing strained channe

transi stors Inventor: Lin, Chun-Chieh; Hsin-Chu
US20050142700A1: Strained silicon on a SiGe on SO
substrate - Inventor: Cheng, Kangguo; US20050023616A1:
Local i zed strai ned sem conductor on insulator -

I nventor: Forbes, Leonard; US6251751: Bul k and
strained silicon on insulator using |ocal selective

OXi daThéimportdhI dfamprdviry tetARBIOGY Motdda#3898 Bvidenced by the

| sol at ed fI|ITB using an air dielectric - Inventor:

gxipBpive Ke%wlqmlcalziesalﬁﬁmeﬁt gireetad to Higesithjest, ahdocumented by
ﬁ{g)r%?’é\%ﬁf‘béteg{ gﬁ@ E%o?]hg%?ﬂf%rétmée Fftnbcmor%rrgfé'vgﬁtgteehmcal

structure an manuf act uri

developméatstiothel paientliterdtbreacan lse hisined blyegnadem‘ig tHe foflowing.
characterized as follows. First and second exanpl e

enbodi nents can conprise a nethod of fabricating a

sem cosguos@T06YR0IAA e SEAIFRE!SH|dR8 dr'E SFEEBR SBI subsREIE NGventor:
one or nore buried doped regions in a substrate;
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 SOI 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 Oon;

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



formng a stressor |ayer over the substrate; formng a
strai ned | ayer over the stressor |ayer; form ng STI
trenches down through the strained | ayer and the
stressor layer to as least partially expose the
buri ed doped regions; etching the buried doped regions
to format least a cavity in communication wth the
STl trenches; filling the STI trenches with insulation
material to formisolation regions and formng a void
in the cavity. Third and fourth exanpl e enbodi nents
can conprise a nethod of fabricating a sem conductor
devi ce conprising the steps of : forming one or nore
buried doped regions in a substrate; formng at | east
a buried doped region in the substrate; formng a

stressor layer over $Qmniayssf tNeQnvERGSHNY a strai ned
| ayer over the stressor layer; formng STl trenches

down t hrough the strained |ayer and the stressor | ayer

to a ' . . buri ed doped

regi onss SEpdBE s B e BRSCR)Afich ol B Sitetyrg and o
frethod efinahefactuningensamicoadiucor aévibe Wita aRTisolatisreRg®Bwhich is
fillipg_the STl trenches and the cavities with

Fh@r&FQ@?'FSH aﬁi?' S1 to formisolations regions and

buried isolation regions. Device exanpl e enbodi nents

can conprise a sem conductor device

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 STI 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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conprised of: a stressor |ayer over a substrate; a
strai ned | ayer over the stressor layer; a cavity in
the substrate under the stressor layer; a transistor
over the strained |ayer; STI trenches down through the
strained | ayer and the stressor |ayer and

communi cating at least with the cavity; 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_co st twg cavities in t

Subst r AESHHIREBa RGO S Lt oA diee i COMEM YA SYE hRST
sour ce tpdiépdsai n regions in the strained layer; and

the transistor has a gate over the strained |ayer;

t Hélingathiet$ Edrencbeawnddae cayites wih ||@ﬁum1@@rmau¢éabt@dem isolations
and dr arkeglohg%'nflrb%nfed‘}sc;ll_gﬁo yc?] and bel ow advant ages
a en Y,

and fe res are of repres enbodi nents only,
and are not exhaustive and/or excl usive. They are
presented only to assist in understanding the
invention. It should be understood that they are not

repr eseitabkaRpfebbdihiiftd EEEdheRse debhicshda¥tor BBvice
clains, to be considered limtations on the invention

w_lrdﬁqdr@'d by the clains, or linitations on
equi Vé"gt?ggs%r 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 STI 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.



to the clains. For instance, sonme of these advantages
may be nutually contradictory, in that they cannot be
simul taneously present in a single enbodinent.
Simlarly, some advantages are applicable to one
aspect of the invention, and inapplicable to others.
Furthernore, certain aspects of the clainmed invention
have not been di scussed herein. However, no inference
shoul d be drawn regarding those discussed herein
relative to those not discussed herein other than for
pur poses of space and reducing repetition. Thus, this
summary of features and advantages should not be
considered dis itive in determ enc

Adai {1 a0t S Belowry BiAE g BB o i ShIpEmeEDiRtve
nbbdRRGRTBNGPRT BFY ndtiexhBEstiVethhdud @)ﬂ:llﬁ#ﬁ’@é? r'T'H@ I8 presented
fromthe draw ngs, and fromthe clains.
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i nvention ure 5A .and 6A are craos

(Aasdng dhose dindiosan et e Fos "Bbe s Brainiogher than
TR PuPitss 8 &f @bﬁd:@ 8nd Pedudisd repadtise g, tiasimenaipbhfedtures and
advantages should not be considered dispositive in determining equivalence.
Additional features and advantages of the invention will become apparent in the

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



enbodi nents of the present invention. Figures 5B and
6B are cross sectional views showing third and fourth
exanpl e nmet hod enbodi nents where the lateral trenches
41A 41B are filled with an insulation material.
Figures 7A-1 and 7A-2 are three dinensional views
showing first and second exanpl e enbodi nents havi ng
voi ds. Figures 7B-1 and 78-2 show third and fourth
exanpl e enbodi nents where the cavities are filled
with an insulation material. 6 Detail ed Description of
t he Exanpl e Enbodi nents The exanpl e enbodi nents of the
present invention will be described in detail wth
reference to the acconpanyi ng drawi ngs. Sone of the
exanpl e enbodi nents provide structures and net hods of
formng buried isolation regions and voids under a
stressor | ayer and strained |ayer. Four_ exanple device
enbodi ment s Four BsiefhBescriptionpfths Brawingshown i n

f ' .
exanpl  eichen 8 Gyddtols B8 sEodhuilpr Bclict Sogarding to the
presemtdnventiderartdfartbbradetalls of a prddess vf fabricatireg secoad
e T W e
irkelerSt8¢ flofn &uetf@||évd|ng>@r§@h@ucﬁﬂmeh iFRadnjeMen with fiegur e

78-1, lateral trench isolation

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.



regi ons 42C are fornmed under the channel of a FET 54C.
In a fourth exanpl e enbodi nent shown in figure 78-2,

| ateral trench isolation regions 42A 42B are forned
under the source and drain regions 68 of a FET 54D.
Bel ow are descriptions for exanple nethod enbodi nents
that can be used nmake the device enbodi nents. 1.
first and second exenplary method enbodi ments with
buried voids Figs 1, 2, 3, 4, 5A and 6A and figures
7A-1 and 7A-2 show exanple nethods steps. See figures
7A-1 and 7A-2 for 3 dinensional views. 7 A exanple

nmet hod for formng the first and second enbodi nents is
descri bed below. A formone or nore buried doped
regions in_a substrate Referring to figure 1, there

i s shown aDetailed Beseriptionof the Exanie Hmbediments
integrated circuit where we formone or nore buried
doped regi ons 20A 20B 20C in a substrate 10.

Subst Tlzd exaniple enbsdiments dfGhé psesent invention edl e desaibad in

cond, area 14 re two devices will_be formed. The
ALl He e AcEaTRANYIB AT HBR SUPREl te SXaaPIe
EmbadinfdrRd pAiidel StfuciGres hdaBeRus®RforAfYd B&rieM IsblaiBn regions
shown forned in the second area 14. The two devices
aned veilswdsr astregsayilaer and; siinrcdle¥esi ng but t he
device can be forned separately or with other process

steps and devi ces.
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.

l. 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 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 formed FETs A FET transistor
will be fornmed on the substrate. Qther type devices
such as bipolar transistors can also be formed. 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 will be subsequently forned and a

o of o sirB R, 6oy P BRI e Pt ool siioifents s
ddwerieet beldwe FET are usually electrically connected
to the substrate. In contrast to bulk silicon

MOSFE]s, SO MOSFET i [ lectri.call
fToatAng (AMRANS Pomore biriad dopdd Fedionsil & ibsibea
regi ons 20A 20B and 20C The buried doped regi ons 20A

20B 20C can be forned by inplanting a N type or
P-t y pfRefderiranto fiyuee dntheed isnghdwrea srdsstseatien offTaeoktioni afdin

doped r.egi ons, can e fornmed | ater | he .proces
bt B L reRtwed o nBeT s s huried doggd Prelons, 20A 208 20C
ihid Sibskae®142, a channel buried doped region 20C is

fornmed in a channel area that is under a channel
region (or gate) of a subsequently formed FET. In the

gﬁg\gggﬁarea 14, source and drain buried doped regions
are formed in source and drain areas under

sour CeEheasubgtirate h0 ihagiadirst arfeaal 2 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



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 | ayer
is preferably inplanted to a depth that will enable a
sufficient thickness of subsequently fornmed void to be
formed for sufficient electrical insulation or
strain. As shown in figure 2, the buried 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, | r..30 over the t . ressor
PR ine BET auf Lol bR BB une SUBst6 R nteast
toHullk SiCorIMOBHE T8an SO MOSHELT isTisually ergatvally Apatindimselation
a crystalline structure so that the subsequently
todhesHPS 3 ned | ayer 36 has a strain, preferably has

a biaxial strain. The stressor 9 |ayer 30 can be

formed of a SiGe alloy having a Si atom c percent

Butied slopeo regionss30A20Baa@ 28Coni ¢ % bet ween 15 and

gghclﬂfer §t ririegqiaiqrﬁd r%:ﬁgohslcéﬁ’)\ g@% %g%s&rmgﬁeg%@% by implanting a N-

t(ypé@&H’t-tfypléi@pahtsart&ﬁmwihgi’ehe tsgbst;[dfé.l Fhemuriedlieped regions can
stressor | ayer can be conpris one or. nore | ayers.
%@rn@@rl@@wtheawefse%ﬁuﬁga% aﬁﬁF &en!@ngé 30 36 are ‘Jor ed.
concentrations. The anpunt of strain and thickness of
the stressor layer can be deternmined by classical

t hi ckndbe fitdi@oea 12,Gr ohannat buded doped ragiore 86 ds farmsd in a

QoG B8y e ARAM B PR 5r  ihsddlBryrmer
ABRE. prtnsisecordakea theulne aiRC¥aiI bukédesperbragiors Z0A 20B are
fao\r/%ie!j ?r?lsgurce 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



met hods. C. forma strained |ayer over the stressor
layer Still referring to figure 2, we forma strained
| ayer 36 over the stressor |layer 30. The strained

| ayer 36 can be conprised of Si, or carbon doped S
(Si:C. The strained |ayer can have a thickness

bet ween 200 and 2000 angstrons. The strain in Si or
Si:C layer over the stressor |ayer, 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) sane as S
lattice. However if a void is fornmed underneath of

B Ban 588 800 LS S 2 e b 741 B o0 ane
8% aRg kese Meorhic Wdetwedn P8 anWd‘Pﬁﬁstf’éb@oﬁ eﬁﬂéh have a graded
| ateral trenches 41A 41B 41C as shown in %@

gg&es)trto

Breoncencation amnpieéle; brhegingle Serigneeriraliongs
Phihkht. T;]:% Fe%?gfﬂg&@r ﬁ@ﬁ%é&mgﬂg&?% (gr?ber abﬁbé taé\ggtsf Khe

process. trenc

stedsmoalayebuan tave haninggBe cohapetrationdef i ned by t he
buried doped |ayer and inplant process. Preferably
the top surface of the trenches are about |ateral.

f or m fHd akoeREoRSrdfe BRA khibkhdsa df itiee! ét@eé’ﬁor ‘I'h?ye? a8n berdBtermined
shal l ow trench isolation (STI) trenches

by elagsicalthickeasmiepry Grontecenditenss Gcﬁmmpwwgand Hickness
%%r{ Be gﬁﬁné@Voeénﬁﬁ s th%g{rgé%:o?rIﬂJoe?YsefénI?%trBEﬁeaswl (e any

y ex he su
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 STl 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
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doped regi ons 20A 20B 20C. Those skilled in the art
are well aware that STI regions are fornmed around a
transi stor 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 forned. forma cavities 41A 416
41C W etch the buried doped regions 20A 20B 20C to
formcavities (e.g., lateral trenches) 41A 41 B 41 C

in communi cation with the STl trenches 40A 40B.
Preferably the etch is in situ with the STI trench
etch. The STl and lateral trench etches can be

rformed in one step or t or _nore, s s.. The
8BhisReTBioge % 80907 Rt Rl B PbneRy J0RIEE YeeSecare
craferablydddat iateral, Hunga® have eay Shibéd Bs defihéhby HeaERS doped
in process conditions, by people skilled in the art.
layek ard implapt pipeass: Prefermbly: el susiaee ©f theedrgnches are about
%Qggpel | ateral trench) 41Cis at least partially
under the subsequently formed channel region of the
FET. The 11 channel l|ateral trench 41 C preferably

S i al under all of the subsequently forned
fi‘ﬁﬁhﬁiﬂ’?@&*‘%% for the FET. In the second area 14, the
source and drain cavities 41A 41 B (S/D | ateral

trench)_ are at |east partially under the subsequently
f or nedeieHiNete fightie dr wersanfegh shalleyy trepeh isetation (STI) trenches

f ; j :
(15 2P e Bhas RSB ARy BLah 4 ERANER A oo e
stegssedlayeusd@ éo andeadt partially gkpose thersubistrateFHrand 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
STl 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 STI trenches 40A 40B.

Preferably the etch is in situ with the STI trench etch. The STI 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
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E. fill only the STI trenches with insulation materia
to form isolation regions and formvoids in the

| ateral trenches Referring to figure 5A, we fill the
STl trenches 40A 40B with insulation material to form
i solation regions (e.g., STI regions) 50A 50B and form
voids 41A 41 B 41 Cin the cavities (e.g., latera
trenches). The lateral trenches or voids are not
filed with material. The isolation regions 50A 50B can
be formed by a process that nostly anisotropically
fills the trenches. The insulation material can be an
silicon oxide. The voids 41A 41 B 41 C create a

t e str an be
51l atEhel gt P PreBtati rbrdifond watgbafiat g Sobseareenty
ﬂﬁMe@Qﬁ}anﬁ@IfreﬁlonéﬁtheVFE'F’ and length direction is the
channel annel is unaxially strained, and can be

t ensi Ineth@rse%mﬁbal@@sméhe seweadindgirain caviieset! ASh B ($/0 lateral
E%?(%)%ég% getag{r B%é ,;?Uﬁlt?ér tpe sybéé’c{lj@ng)&%rﬂ%ﬂ s;&ru(r?%:,% %Hd Eipa?n

mgions ef the EIE' ﬁefesakﬁﬁ,%hééﬁume aéid&:cramtlamraiefédgaggﬂ13&1 B are
The.transi st an be co of source, an rain
?@ﬁ%‘?@h@ RO ngﬁxiq@eézﬁoug% &y g &gdiors for the
FEyers 60 and gates 62 over the channel area. The

transi stors can be NMOS or PMOS or combi nati ons.
Conventional steps such as bl anket threshol d adj ust
implants, well formation, annealing and the |ike may

be pegf or ngglon ih% w freﬁéW%!‘Mtﬂ ihB61a8icy m?ﬁé}‘fjal‘ia'?ohﬁ

perfor nmed an;/ during the processing. circuit
i s conpl etisa atlon 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., STl 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

12



wi th additional transistors, conventional back end
i nterconnect, alum numor copper, to formthe desired
circuit. Oher type devices can be forned over or in
the strained |layer with the invention's |ateral
voi ds. The ot her devices such as, BJT, HBT can be
potentially integrated with the desirable energy band
configuration, brought by the strain. Wth the voids
41A 41 B under the SID regions 68, stressor
| ayer/strained |ayer (e.g, SiCGe/Si bilayer) 30 36
becones free-standing in one or two di nensions,
allowing the filmstack to re-distribute strain in the

st_ m For Vvoi 41A 41 B under S/ D, the Si _channe

Y uoval Staneds BA-04le dIgasiph doers B0 pdigPieBa opering hannel

gl—éaectl ons between source and drain regions), which

i mproves PMOS devi ce performance. It should be
dbaprassistare can s NMOS ait BMES pheorobiaatiens.| engt h

e 15 00 381 3B ) BB o
fﬂTBTembn,r anne%EiFg aAB the lilks efagrtabdperfameiias iimelwﬁgmn\mitﬁ’@ ar,

chann on, .the Si channel the,
T SR8 NeEpanad ey A B ine i MreCeyang. dt cii iscompleted
M\Yﬁ%ﬂ\ﬂﬁ%n%ﬁﬁ&isc eoﬁ@érftrahapw enmﬁte?f,ér?r?e%t, aﬁ@rﬂiriaﬁw or
bi axi al or uni axi al nostly uniaxia tensile
eppaModorm the desitecheirasitt s conpr essi ve. Therefore, FET
54B is preferably a NMOS FET. 13 It. third and fourth
exanpl e enbodi nents with buried cavities filled wth

i nsul Bthernypmtievited cﬁi bel fernted evedl of irptiheestraliedllagadwith the
IWEnir s Loy F oLheiaies Sev APovsh Fodba 1P hhen be potentily
Irﬁégﬂa&id' With the des:rable 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 NMQOS, Z direction
gets compressive. Therefore, FET 54B is preferably a NMOS FET.
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material. Figure 7B-1 shows the exanple of the third
exenpl ary enbodi nent where the (channel) buried
cavity 41 Cis filled with insulating material to form
a buried (lateral) isolation region 42C under the
channel of the subsequently formed FET. Figure 7B-2
shows the exanple of the forth exenplary enbodi nent
where the (source and drain) buried cavities are
filled with insulating material to form latera
buri ed isolation regions 42A 42B under the source and
drain regions 68. The steps to formthe third and
fourth enbodi mrents can be the sanme as described above
or fj 4. Figures 5B and

Obs T A falth xaimele Biariments with EREeLeay e filled with

| at eripsuldtRiichRtenalt h i nsul ation naterial to form
i solations regions and lateral trench isolations

Ref erlFlgn@ 6B ahd glgumm1 amel TB12l srfolnethﬁalarﬁrfamﬂﬂ@ﬁarﬂ%
trenches 41A 41 B 41

r
PRBGRESn WhatNeat iy ofiee: 450 41PGHs iegnoherdosuistm
fatkrlapt eral trench isol ations regi ons 42A 42B and 42C.
In the first area 12, the lateral trench isolation
regi JNURGBS shomeeibie axamptss of thedhird akémplangembotiment where

FRTERE A S BB TP
mmgrabhsoléﬁén fetilomd2C yridef eeadhanriedonge @ibsé@@é*ttly formed FET.

art r the source/drain regions of
gubs ﬁ/ﬁf@‘if%loef@dhﬁ XATIPLS © thefarﬂeexemplﬂry pmbgngmtyvhere

: @f(%tﬁﬁct@%nﬂ'cﬁﬁlh? bERedBaVilié IFERIelBiith ReMIatRy Patéd to form
ransi stors
lateral buried isolation reglons 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 50B
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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and/ or ot her devices can be formed in/on the substrate
structure 10 30 36 as discussed above. Referring to
figure 6B, we forman exanpl e transistors 54C 54D over
the substrate structure 10 30 36. The transistors can
be conprised of source and drain regions 68, sidewal
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 enhancenents 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-limting exanple enbodinents In the

abovepdescgi.ptL.on _nunerous specific details are set
forthB'suc %{grs*rggwsli?astes’ pressure settings,

thic - | 0 kRO .
under g OF Arlt fGd1EE 71 BROYBCE e RahGilqiP BREGAD
amd/ohether tevicéd carebé farenachiaton thewabstsatetstmgsyre 10 30 36 as
esi dence tinmes, gas flow rates are equi pnent specific
@%gu%eﬂla%o\\;g.ry fromone brand of equi pnent to another.

't Wi Réfebrthgote\figaks 6BN@wesRh anteXxafipe traksiblorsisia 4P over the
art that the present invention nmay be practiced

Hhsksia srudee Wee@PsThe frangistess cambe saawsisedsr sowtewnd

A |
O AR SRR SRRGERESH R IR Blors @ 2 BitesR over
theechaanelearga.ofx 846 canenNyQB, andep54 ean HenRMMS Bor device

just d ribed t he above description and
é?q’ftﬂ’g}aﬁi iegﬁgn%%wnﬁot be taken as limting the scope
of  tlRdignresBtheitrirertdroscledanrdPinos Badel aiNes. Wi | e

the invention has been particularly shown and
descr!ndigdrepB rthe 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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reference to the preferred enbodi nents thereof, it

W Il be understood by those 15 skilled in the art
that various changes in formand details nay be nade
wi thout departing fromthe spirit and scope of the
invention. It is intended to cover various
nodi fi cations and simlar arrangenents and procedures,
and the scope of the appended clains therefore should
be accorded the broadest interpretation so as to
enconpass all such nodifications and simlar
arrangenents and procedures. 16 Wat is clained is: 1
A net hod of fabricating a sen conductor device

SR ThEder1hS: GRS sRaiges BIrOHA Anf HetdlsoRL Be JHédeithout

déﬁ%frtlﬁg}lfrdrrﬁthb F)rrﬁﬂaﬂd scbpé Bf the idvéritionl NeslinténRid tQ\&JR/er varlous
said stressor layer; formng STl trenches down throu

addicalions %S'M?éﬁ"ﬂ%\efﬁﬂn@ apdrrsegestures. 8kt the scgge o?the

I
O o R o B aE AR ctation so as to
eronpasisrallcucmmodifications windrsimdardar&rigements hed procedures.
filling said STI trenches with insulation material to
formisolation regions and formng a void in said
cavity. 2. The nethod of claim1l which further
conprises: formng a transistor on said strained
| ayer. 3. The nethod of claim1 which further
conprises: formng a transistor on said
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strained | ayer; said transistor having source and
drain regions in said strained |ayer; and said
transi stor having a gate over a channel region; said
void is at least partially under said gate. 4. The
met hod of claim 1 which further conprises: formng at
| east two cavities; formng a transistor on said
strained |layer; said transistor having source and
drain regions in said strained |layer; and said

transi stor having a gate over a channel region; said
cavities are at |least partially under said source and
drain regions. 17 5, The method of claim 1l wherein
said substrate is conprised of silicon; said buried
doped region is formed by inplanting a N-type dopant
and annealing the substrate. 6. The nethod of claim1l
wherein said stressor |ayer is conprised of SiGe or
SiGeC. 7. The method of claim1l wherein said strained

WSS &S mrised of Si, or carbon doped silicon. 8.
A me[sh%%' ot Fabri cat i ng a sem conduct or device

tomprmeihod dof Febrizhtipg agfemicorﬁdllc?tdﬁ@vww@m?rtﬁhﬁgetri@lﬁtésﬁof:
doped. regions in a substrate; formng at |east a

bur i efB"Hg}gé%Fer%rdT‘BW tP‘H_' ‘?%P%Uﬁgiqnﬁt'gﬁsuf)wﬁiemg a

St r esparhingdy SfeR¥elayeRblessIgslBétRtef Or M Ng a strai ned
| ayer over said stressor layer; formng STl trenches

down fPANBGghstszined tyeapredsadid piressandayesi d st ressor
! ayerforming STI trenches down through said strained layer and said stressor

layer to as least partially expose said buried doped regions;

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

filling said STI frenches with insulation material to form isolation regions and
forming a void in said cavity.

2. The method of claim 1 which further comprises: forming a transistor on said
strained layer.

3. The method of claim 1 which further comprises: forming a transistor on said
strained layer; said transistor having source and drain regions in said strained
layer; and said transistor having a gate over a channel region;

said void is at least partially under said gate.

4. The method of claim 1 which further comprises: forming at least two cavities;
forming a transistor on said strained layer; said transistor having source and
drain regions in said strained layer; and said transistor having a gate over a
channel region;

said cavities are at least partially under said source and drain regions.
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to as least partially expose said buried doped
regions; and etching said buried doped regions to
formcavities in communication with said STI

trenches; filling said STl trenches and said cavities
with insulation material to form isolations regions
and buried isolation regions. 9. The nethod of claim8
whi ch further includes: formng a transistor on said
strained | ayer; said transistor having source and
drain regions in said strained |ayer; and said

transi stor having a gate over a channel region. said
buried isolation regions are at |east partially under

i whi ch f h
Bl ABA0q oy e Srie Al o eapial s eaer

s abald bupBg iddhed réguh ROfoRPEE & iIMPRANtAR 3 N-tyRIEGSENt laRd
said st rai ned | ayer; and said transistor having a gate

ov@rnealingghe pubsitater egi on; said buri ed i sol ation
6 epho ﬁl%tfﬁfqeofaélalhﬁ??f\}h_ﬁﬁeﬁtﬁ'gﬁq%%’esgﬁp ﬁygf’% (g)nmysreﬁeof Wde or

drain regions ( erein:
sabizefubstrate is corrpri sed of silicon; the buried

7PB A of b TSl TPy 3o N SRR e caror
cI aopedsiidar. ei n:

8. 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 said substrate;

forming a stressor layer over said substrate;

forming a strained layer over said stressor layer;

forming STI trenches down through said strained layer and said stressor layer
to as least partially expose said buried doped regions; and etching said
buried doped regions to form cavities in communication with said STI
trenches;

filling said STI trenches and said cavities with insulation material to form

isolations regions and buried isolation regions.

9. The method of claim 8 which further includes:
forming a transistor on said strained layer; said transistor having source and

drain regions in said strained layer; and said transistor having a gate over a
channel region.

said buried isolation regions are at least partially under said gate.
10. The method of claim 8 which further includes:
forming a transistor on said strained layer; said transistor having source and

drain regions in said strained layer; and said transistor having a gate over a
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said stressor layer is conprised of silicon-germani um
or SiGeC, said strained |ayer is conprised of Si or
carbon doped silicon. 13. A sem conductor device
conprised of: a stressor |ayer over a substrate; a
strained | ayer over said stressor layer; a cavity in
sai d substrate under said stressor |ayer; a
transi stor over said strained |ayer; STl trenches down
through said strained | ayer and said stressor |ayer
and conmmunicating at least with said cavity;
isolation regions filling said STI trenches. 14. The
sem conduct or device of claim 13 wherein said

nsi stor .has source and drain regions in said
st Y& qggybr; and said transistor has a gate over

sasdld puried Mbtlo&%?ton%fyré’ af Rkt Yartialplind&aszid 83Urké %Hﬂdram
under said gate The sem conductor device of claim

1389INEh further includes: at least two cavities in

PRI TheMBHIHITIAREE Whaplift Stressor layer; said

transi stor has source and drain regions in said
st$'cu§d Betjstlra‘;tgescompdsexhoﬁbnhdananm stor has a gate over

str ed . la el sai av S ar at | east, . _
4B ictiied pte A EBieP 8 e et R Sl HRES it sep
Thﬁ;b‘s@mg:@mjuﬁﬁ@éhr@ew ce of claim 13 wherein said
cavity is filled with insulating material;
12. Thé method of claim 8 wherein:
said stressor layer is comprised of silicon-germanium or SiGeC;

said strained layer is comprised of Si or carbon doped silicon.

13. A semiconductor device comprised of:
a stressor layer over a substrate;
a strained layer over said stressor layer;
a cavity in said substrate under said stressor layer;
a transistor over said strained layer;
STl trenches down through said strained layer and said stressor layer and
communicating at least with said cavity;
isolation regions filling said STI trenches.
14. The semiconductor device of claim 13 wherein
said transistor has source and drain regions in said strained layer; and said
transistor has a gate over said strained layer;
said cavity is at least partially under said gate.
15. The semiconductor device of claim 13 which further includes: at least two
cavities in said substrate under said stressor layer;
said transistor has source and drain regions in said strained layer; and said
transistor has a gate over said strained layer;

said cavities are at least partially under said source and drain regions.

19



said transi stor has source and drain regions in said
strained layer; and said transistor has a gate over
said strained layer; said cavity is at |least partially
under said gate. 17. The sem conductor device of claim
13 which further includes: at |east two cavities in
sai d substrate under said stressor |ayer; said
cavities are filled with insulating material; said
transi stor has source and drain regions in said
strained layer; and said transistor has a gate over
said strained |layer; said cavities are at |east
partially under said source and drain regions. 18
rei.n.s

sem conduct or  devi ce of aim13 wh .sai d ',

L B RP R R o\, SESin h Bl P S S BlY wier

[ Sin@@lﬁﬁﬁg fRfle®]: silicon-germanium or SiGeC said

strained | ayer is conprised of Si, or carbon doped

si $3i¢ gansistay has source and drain regions in said strained layer; and said
transistor has a gate over said strained layer;
said cavity is at least partially under said gate.

17. The semiconductor device of claim 13 which further includes: at least two
cavities in said substrate under said stressor layer; said cavities are filled with
insulating material;
said transistor has source and drain regions in said strained layer; and said
transistor has a gate over said strained layer;

said cavities are at least partially under said source and drain regions.

18. The semiconductor device of claim 13 wherein
said substrate is comprised of silicon:;
said stressor layer is comprised of silicon-germanium, or SiGeC;

said strained layer is comprised of Si, or carbon doped silicon.
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