| MPLANT DAMAGE CONTROL BY IN-SI TU C DOPI NG DURI NG SI GE EPI TAXY FOR DEVI CE
APPL| CATI ONS CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s patent
application is a regular patent application (non-provisional) that clains
priority at |east under 35 U S.C. 119(e) fromthe US provisional patent
application: SN 60/732,354, Filing date Cct. 31, 2005, entitled Inplant
damage control by in-situ C doping during Si Ge epitaxy for device
applications, first named inventor Jin Ping Liu, Singapore, SG atty docket
| CI S-0165- PSP, Confirmation Nunber: 5534; which is incorporated herein by
reference for all purposes. BACKGROUND OF I NVENTION 1) Field of the

| nvention Sonme exanpl e enbodi nents of the present invention rel ates
to a sem conductor device with lattice-m snmatched zone and fabrication
met hod thereof, and nore specifically to a strained-channel transistor
structure and fabrication nethod thereof and nore particularly to a

strai ned-channel transistor structure and fabrication nmethod conprising a
Car bon doped Si Ge | ayer. 2) Description of the Prior Art

IMPLANT DAMAGE CONTROL BY IN-SITU C DOPING DURING SIGE EPITAXY
FOR DEVICE APPLICATIONS

CROSS REFERENCE TO RELATED APPLICATIONS
This patent application is a regular patent application (non-provisional) that
claims priority at least under 35 U.S.C. 119(e) from the US provisional patent

application:

SN 60/732,354, Filing date Oct. 31, 2005, entitled Implant damage control by in-
situ C doping during SiGe epitaxy for device applications, first named inventor Jin
Ping Liu, Singapore, SG, atty docket ICIS-0165-PSP, Confirmation Number: 5534;

which is incorporated herein by reference for all purposes.

BACKGROUND OF INVENTION
1) Field of the Invention
Some example embodiments of the present invention relates to a

semiconductor device with lattice-mismatched zone and fabrication method thereof,
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Si ze reduction of the netal -oxide-sem conductor field-effect transistor
(MOSFET), including reduction of gate |l ength and gate oxi de thickness, has
enabl ed a continuous inprovenent in speed performance, density, and cost
per unit function of integrated circuits during the past few decades.

In order to further enhance performance of the transistor, stress/strain
may be introduced in the transistor channel to inprove carrier nobility to
enhance performance of the transistor in addition to device scaling. There
are several existing approaches to introducing strain in a channel region
of the transistor. US6844227: Sem conductor devices and nethod for
manuf acturing the sanme - Inventor: Kubo, Mnoru; Me, Japan
US20040262694A1: Transi stor device containing carbon doped silicon in a

recess nexjngt o c,qwar@]@assﬁiarr@dncmedvv}rrehaaﬁﬁktﬁr Q¥GALRS anfRistRata am PR

US6190975: Met hod o ces wmth a silicon-germani uncar bon
conpound geethodberepband ayase particutartyrto &stbainedichanng! tiinsistdragiuctussEBd6535:

Car bon doped.epi t axi er. for h speed 5 - Inventor: Drobny,

VI adi mir E.?I(erlc el qﬁtﬁgdfgé]%%]ga%@a%gﬂbgﬁ'@%%eiﬂersem conduct or devi ce

and method of producing the same - Inventor: KUBO, M NORU; ME, Japan

US?OQSQO35§ n@?&rﬁ& erlePﬁgpAth hod of formng integrated circuits
trai

utilizing annel transistors - Inventor: Lin, Chun-Chieh;
Hsi n- Chu, Tai wan
Size reduction of the metal-oxide-semiconductor field-effect transistor
(MOSFET), including reduction of gate length and gate oxide thickness, has
enabled a continuous improvement in speed performance, density, and cost per unit
function of integrated circuits during the past few decades.
In order to further enhance performance of the transistor, stress/strain may
be introduced in the transistor channel to improve carrier mobility to enhance
performance of the transistor in addition to device scaling. There are several

existing approaches to introducing strain in a channel region of the transistor.

US6844227: Semiconductor devices and method for manufacturing the same
- Inventor: Kubo, Minoru; Mie, Japan

US20040262694A1: Transistor device containing carbon doped silicon in a
recess next to MDD to create strain in channel Inventor: Chidambaram, PR

US6190975: Method of forming HCMOS devices with a silicon-germanium-
carbon compound semiconductor layer Inventor: Kubo, Minoru; Mie, Japan

US6576535: Carbon doped epitaxial layer for high speed CB-CMOS -

Inventor: Drobny, Viadimir F;

US 6,190,975 and US20020011617A1: semiconductor device and method of
producing the same - Inventor: KUBO, MINORU; MIE, Japan



However, there is a need to inprove upon these nethods, Summary O The

I nvention Sonme exanpl e enbodi nents of the invention conprise a
sem conductor structure conprised of: a MOS transistor on a
substrate, the MOS transi stor conprised of source/drain regions, a gate
dielectric, a gate el ectrode, channel region; a carbon doped Si Ge
region that applies a stress on the channel regi on whereby the carbon doped
SiGe region retain strain on the channel region during subsequent heat
processi ng. A first exanple method enbodi ment, [wsnfor formng a
sem conductor device conprising the steps of: providing a gate over a
substrate; etching S/D recesses in the substrate adjacent to the gate; at
| east partially filling the S/D recesses with a carbon doped Si Ge

US20050035369A1: Structure and method of forming integrated circuits

utilizing strained channel transistors - Inventor: Lin, Chun-Chieh; Hsin-Chu, Taiwan

However, there is a need to improve upon these methods.



| ayer; form ng source and drain regions about adjacent to the gate at
| east partially in the carbon doped Si Ge | ayer; wher eby the carbon
doped Si Ge layer puts a uniaxial strain on a channel region under the gate.
A second exanpl e nethod enbodi nent for formng a sem conductor device
conprising the steps of: providing a gate dielectric layer, and a
gate over a substrate; the substrate conprised of silicon; etching S/D
recesses in the substrate adjacent to the gate; partially filling the SID
recesses with a carbon doped SiGe layer; 4 formng a top S/D Si-containing
| ayer over the carbon doped Si Ge | ayer; form ng source and drain
regions at least partially in top S/D Si-containing | ayer; whereby the
carbon doped Si Ge | ayer puts a uni axi al

Summary Of The Invention

Some example embodiments of the invention comprise a semiconductor
structure comprised of:
a MOS transistor on a substrate, the MOS transistor comprised of
source/drain regions, a gate dielectric, a gate electrode, channel region;
a carbon doped SiGe region that applies a stress on the channel
region whereby the carbon doped SiGe region retain strain on the channel

region during subsequent heat processing.

A first example method embodiment, ws1ifor forming a semiconductor device
comprising the steps of:

providing a gate over a substrate;

etching S/D recesses in the substrate adjacent to the gate;

at least partially filling the S/D recesses with a carbon doped SiGe
layer;

forming source and drain regions about adjacent to the gate at least
partially in the carbon doped SiGe layer;

whereby the carbon doped SiGe layer puts a uniaxial strain on a

channel region under the gate.

A second example method embodiment for forming a semiconductor device
comprising the steps of:
providing a gate dielectric layer, and a gate over a substrate; the
substrate comprised of silicon;
etching S/D recesses in the substrate adjacent to the gate;
partially filling the S/D recesses with a carbon doped SiGe layer;
4



strain on a channel region under the gate. A third exanpl e nmet hod
enbodi nent for form ng a sem conductor device conprising the steps of:
form ng a carbon doped Si Ge | ayer over a substrate; the substrate conprised
of silicon; formng a top silicon |ayer over the carbon doped Si Ge | ayer;
formng gate dielectric layer, a gate over the top silicon |ayer; etching
S/D recesses in the substrate adjacent to the gate; at |east partially
filling the S/ID recesses with a silicon containing |layer; form ng source
and drain regions in at least partially in the silicon containing |ayer;
wher eby the carbon doped Si Ge |ayer puts a uniaxial strain on a channel

regi on under the gate. A fourth exanpl e nethod enbodi nent for

form ng a sem conduct or devi ce conprising the steps of: formng a
center carbon doped r ri sed of
silicon; form ng a eplr%@g %&ééﬂw %’ﬁ%"‘%{gﬁ ggrbc%tgrcgo[ %d oé'éd Si Ge

| ayer; form nglayegat e d| el ect ric layer, and a gate el ectrode over the top
oY I :

silicon layer; forming source and drain regions at least partially in top S/D Si-

containing layer;  whereby the carbon doped SiGe layer puts a uniaxial

strain on a channel region under the gate.

A third example method embodiment for forming a semiconductor device
comprising the steps of:

forming a carbon doped SiGe layer over a substrate; the substrate
comprised of silicon;

forming a top silicon layer over the carbon doped SiGe layer;

forming gate dielectric layer, a gate over the top silicon layer;

etching S/D recesses in the substrate adjacent to the gate;

at least partially filling the S/D recesses with a silicon containing layer;

forming source and drain regions in at least partially in the silicon
containing layer;

whereby the carbon doped SiGe layer puts a uniaxial strain on a
channel region under the gate.

A fourth example method embodiment for forming a semiconductor device
comprising the steps of:
forming a center carbon doped SiGe layer over a substrate; the
substrate comprised of silicon;
forming a top silicon layer over the center carbon doped SiGe layer;
forming a gate dielectric layer, and a gate electrode over the top
silicon layer;



etching S/D recesses in the substrate adjacent to the gate; and at | east
partially filling the S/D recess with a S/D carbon doped Si Ge | ayer.

form ng source and drain regions adjacent to the gate at |least partially in
the SID carbon doped Si Ge | ayer. An aspect of all exanple

enbodi nents is wherein the center carbon doped SiGe |layer has a Si atomc %
between 68.8 % and 84.9% a Ge atomc % between 15 and 30 % a C atomc %

between 0.1 and 0.2 %. An aspect of all exanple enbodinents is the
center carbon doped Si Ge | ayer has a C concentration can be about between
1E19 and 1E20 at onl cc. An aspect of all exanple enbodi nents further

conprises; after formng the carbon doped Si Ge | ayer; annealing the
substrate at a tenperature over 400 C

etching S/D recesses in the substrate adjacent to the gate; and

at least partially filling the S/D recess with a S/D carbon doped SiGe
layer.
forming source and drain regions adjacent to the gate at least partially in the

S/D carbon doped SiGe layer.

An aspect of all example embodiments is wherein the center carbon doped
SiGe layer has a Si atomic % between 68.8 % and 84.9%;
a Ge atomic % between 15 and 30 % ;

a C atomic % between 0.1 and 0.2 % .

An aspect of all example embodiments is the center carbon doped SiGe

layer has a C concentration can be about between 1E19 and 1E20 atom/cc.

An aspect of all example embodiments further comprises; after forming the

carbon doped SiGe layer; annealing the substrate at a temperature over 400 C.

A main advantage of the embodiments is that the SiGeC stressor regions
retain their stress on the channel region after heat processes greater than 400 C

and especially after heat processes greater than 900 C.

The above and below advantages and features are of representative
embodiments 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 claims, to be considered
limitations on the invention as defined by the claims, or limitations on equivalents to
the claims. For instance, some of these advantages may be mutually contradictory,
in that they cannot be simultaneously present in a single embodiment. Similarly,
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A mai n advantage of the enbodinents is that the Si GeC stressor regions
retain their stress on the channel region after heat processes greater than
400 C and especially after heat processes greater than 900 C 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
assi st 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 equivalents to the clains. For instance, sone of these
advant ages may be nutually contradictory, in that they cannot be

simul taneously present in a single enbodinent. Simlarly, 6 sone

advant age cﬂ%‘?llt ) i i} i i~cabl e
to ot her S%o@fjef? errr% e, r%e#?g?%ﬁgggﬁtgtgsg%cﬁﬁgh% ai ﬁggﬁﬁ&‘gﬁ? P%Inib%ﬁgivfg not
been di scodwrd. Fentmrmoréiovestain asprets of thecslaineshiovéntidsehaveanwt beegar di ng

t hose di scussedé; rein relative to those nolt diércussed h reitn ot her than
for purpodkLUsee ﬁsfceé"-eh‘.‘%l"’?"ee&u’&? HﬁerreBﬁ%tsPPPSrPe RUL ORI (4fGr y of
features angussbdnbrgerelsii@todhoss nbedisQusseddicedinGithgramiahifaepurposkes 6 i ni ng
equi val ence. Additional features and advantages of the invention wll

become apPRAEH AN Fedurdng eanekilipmyl s this sumarary of Hratures andadvagdagesnd from

the clai ”%houfjlﬁrﬂcﬁfbe%%gfe?éd 8Rp8Lititdfh &&@g@gﬂxg@ ?%ui\t/ep]lgﬁg@. ASRISHR focitds

advant ages of a sem conductor device acco present I nvention and
furt her dendiddyaofages pf tueingentiorf whirbecamegpparent ia tbe fiolyvioy deseripdioni ce i n

accordanc i .pre i nyent,i will be nore clearly understood from
the foll o?ﬁoﬁ%{h%ei%ﬁ"g{s? %ﬁ@ﬁ‘ré)lggﬁml ﬂéﬁ%j unction with the acconpanying
drawings in which Iike reference nunerals designate simlar or

correspondi ng el enents, regions and portions and in which: Fi gures 1A
through | E are cross sectional views for illustrating a structure and

met hod for manufacturing sem conductor device according to a first exanple
enbodi nent of the present invention. Fi gures 2A through 2E are cross
sectional views for illustrating a nethod for manufacturing sem conduct or
devi ce according to a second exanpl e enbodi nent of the present invention.



Fi gures 3A through 3F are cross sectional views for illustrating a nethod
for manufacturing sem conductor device according to a third exanple

enbodi ment of the present invention. Fi gures 4A through 4B are cross
sectional views for illustrating a nmethod for manufacturing sem conductor
device according to an fourth exanpl e enbodi nent of the present invention.
Fig. 5A, shows rocking curves of SiGe |ayers without C in-situ doping
(control cell) for a) as grown, c) after B inplantation and high

t enmperature anneal ; Rocking curves of SiGe layers with Cin-situ doping
(invention) for b) as grown, and d) after B inplantation and high

t enper at ure anneal . Fig. 5B contains cross-sectional/plan-view TEM
i mges of SiGe layers after B inplantation and hi gh tenperature anneal for

a)/c) without and b)/d) w t@,.&} PgﬁélhﬁHOﬂ%q'tHg#'jg@&@%i on's cell).

Fig. 5C contains cross-sectiona I'rages o ayers after As
i npl antation and hi gh tenperature anneal for a) without and b) with C

i n-situ doping ventlon eII re 6Ais t abl e showi ng t he
results of an E&Egﬁ’? Héﬁﬁa”' %@est%fea éﬁ’éﬁ'ﬁﬂ U%%QGY'E%@PCQV%%@BBH Slg

layers. present Hv@Hﬁ@n Qﬁd ‘f@rﬂfbrgfe?é”% & a §Rﬁ§§s§ 8ftabticatiig aicHexper i ment
i nvol ving the exanpl e enbodiment's C doped Si CGe | ayers Detail ed

Descri pti sﬁmmondugtonggmp:een Batrdaneawith 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:

Figures 1A through 1E are cross sectional views for illustrating a structure
and method for manufacturing semiconductor device according to a first example

embodiment of the present invention.

Figures 2A through 2E are cross sectional views for illustrating a method for
manufacturing semiconductor device according to a second example embodiment

of the present invention.

Figures 3A through 3F are cross sectional views for illustrating a method for
manufacturing semiconductor device according to a third example embodiment of

the present invention.

Figures 4A through 4B are cross sectional views for illustrating a method for
manufacturing semiconductor device according to an fourth example embodiment of

the present invention.



Overvi ew Non-limting exanpl e enbodi nents of the invention form
carbon doped Si Ge stressor layers (SiGeC) that retain their strain after
ion inplants and/or heat cycles. The carbon doped Si Ge stressor |ayers can
be used in MOS transistors to put stress on the MOS channel regions to

i nprove transistor performance. The enbodi nents' carbon doped Si Ge stressor
| ayers (Si GeC) can al so reduce lon inplant danage in adjacent, proxinmte or
over |l api ng doped regions. Preferably the carbon doped Si Ge stressor |ayers
are formed using an epitaxial process. The Si GeC regions can put a uniaxial
stress on the MOS channel regions. A point of sonme exanple enbodi nents is
that the Cin the SiGe |ayers enables the SiGeC |layer to maintain stress on
the substrate even after subsequent heat cycl es, such at over 400 C and

especi ally oveg; k tress
af Ito er hea%/ cycﬁ.gzlg’ %n%'é"wg%‘%m&&t"%gl"?r@é © ??\Aﬁtp térﬁ%tu 8@@&34&@@
stressor kay)osahad geowre)SfteeB impjetaticet mmh@hrtememtam avirezal aﬁhmelmhgd at

t t bet 00 Ct 300, C.and bet 00, and
1090 C angungee! Siae st Yo TEsibgSRne Thventord, b B ol epracrisbal st s ar e
descri bed ghglpiitatist Bhd pltotempariteke BRAE. car bon doped silicon ger mani um
(e,g., Sii_x_yGexCy) (Silicon germaniumcarbon alloy). Junction depth or
depth of doped region - defined as depth from substrate surface where the n
and p Concen”ﬁyu%g @drﬁa@@\ﬂﬁéss- bnalﬁﬁ&ﬁ% F2M %a&‘e@ﬁ)f@é%a &Q%tft'eP”S

represent the and e equal .
These can BﬁmmhtaMmdnd\htgh tad)pmatumgamhml |form)m)twmnout ahe b)/d) witarC im-situ

different ,inplant e dose and species type. In general, in the
figures, PHB'"Pg'r'ﬂ(YFPE gé’ﬁp)n of the doped regi ons corresponds to a dopant
concentration about 1E17 atom cc. SIDE - source drain extension |I. First

enbodi nent a PMOS FET with SID regions in a Si GeC region - Figure 1D
An exanpl e enbbigi fereontdiRp ressssectiPnas! EMAmEioes 6f Sifpe vsrealier Adre of the

doped SOULrﬁﬂ H@Eﬂ arn‘agrhﬁﬂ?erﬁﬂ dré%n@%l 110?3 WitRaLL At bywith ENntdie & ﬁgfr ain

regi on regi on can ectively pu a uni axi conpreSS|v
on t he PMiBvertmmisetel)A first exanpl e enbodinent is shown in figure 1D.

Figure 6A is a table showing the results of an experiment involving the
example embodiment’s C doped SiGe layers.
Figure 6B is a graph of some results of an experiment involving the example

embodiment’s C doped SiGe layers.



Figure 1D shows a substrate with carbon doped Si Ge regions 36 in the
substrate 10 adjacent to the gate structure 20 22 of a PMOS transistor 50P.
The PMOS transi stor 50P can be conprised of a gate dielectric, gate,
spacers, source/drain (S/D) regions and source-drain extensions (SDE)
regions. The transistor can further conprise other elenents such as Hal o or
pocket inplants (not shown). Figure 1C shows the source/drain regions
40 can be fornmed totally within the Carbon doped Si Ge regions 36. The
source/drain regions 40 can be forned by inplanting p-dopants such as B or
BF2 in the substrate. The inplants can create End of range defects (ECR
defects) or other defects 44 as shown in figure 1C. The Si GeC | ayer
36 preferably has about the foll ow ng concentrations: Si atom c % between
68.8 % and 84.9% (tgt = 74.85) Ge atom c % between 15 and 30 %target =

259 C atomc % between 0.1 and 0.2 %target = 0.15% I n anot her
measurenment units, tDetdilextbDesotiptiohaf thaExampledEmbbdimerts 1E19 and 1E20
atoni cc. The Si GeC | ayer can have these concentrations and
concentration profiles in all enbodinents (e.g., PMOS and NMOS). The
Si GeC | ayer 36 can have an about constant C concentration or can have a C
concentration that varies between about 0.1 and 0.1 with depth. The

carbon dofSer¥e®e | ayer is preferably formed by a sel ective epitaxy
process, such as a LPCVD process.

Non-limiting example embodiments of the invention form carbon doped SiGe
stressor layers (SiGeC) that retain their strain after ion implants and/or heat cycles.
The carbon doped SiGe stressor layers can be used in MOS transistors to put
stress on the MOS channel regions to improve transistor performance. The
embodiments’ carbon doped SiGe stressor layers (SiGeC) can also reduce lon
implant damage in adjacent, proximate or overlaping doped regions. Preferably the
carbon doped SiGe stressor layers are formed using an epitaxial process. The
SiGeC regions can put a uniaxial stress on the MOS channel regions. A point of
some example embodiments is that the C in the SiGe layers enables the SiGeC
layer to maintain stress on the substrate even after subsequent heat cycles, such at
over 400 C and especially over 900 C. The inventors have found that SiGe loses
it's stress after heat cycles/anneals. The embodiment’s C in the carbon doped SiGe
stressor layers helps the SiGeC layer retain stress even when annealed at
temperature between 400 C to 1300 C and more preferably between 900 and 1090
C and more preferably above 900 C.

Four example embodiments are described below.
Terminology:
SiGeC means carbon doped silicon germanium (e,g., Sii-«,GexCy) (Silicon

germanium carbon alloy).
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The Si Ge regions reduce the defects fromthe S/Dion inplant (1/1) and from
any other inplants such as a halo inplant or pocket inplant (not shown).

A First enbodi ment - Exanple nmethod- C-doped SiGe S/ID fill regions A
non-limting exanple nmethod for the 1st exanple enbodinent is shown in
figures Ato 1E It is understood that there are alternative nethods to
formthe 1st exanpl e enbodi nent and this exanple does not Iimt the

enbodi ment. FlI GURE 1A Figure 1A shows a cross sectional view of a
gate structure 20 22 24 over a substrate 10. In this non-limting exanple,
the Tx is a PMOS 50P. A gate structure can be conprised of a gate

dielectric 20, a gate el ectrode 22, and spacers 24. A MOS transistor 50P
can be conprised of the gate structure 20 22 24, a channel region under the

gate el ecty i el ' in t The
substrate Jfgl(é?gﬁ?%é?}g ogla({eﬁ)ctgrfﬁ o‘f‘ﬁgd Feéggt r g{eﬁﬁeiﬁ@;ﬁ%@'efforé%f&‘s’%tf%? e surface
is prefer ahl*face:wh‘ﬁré thedh ahd i calmbmm(tjioha? abo(:ﬂélﬁl)l al. Gthématically( thel) crystal
orientation or other orientatjons and preferably a (100) orientation.

| sol at i on GFRYM BHCUEBS FepreeRn ftb? peundary @t avhichy 'érfyé’(e R-AYPedqRanh BES PMVOS

regions 1igaad THYESchR BeUfustd witheRljddtdlrtBe dplant profiles either with different
implant energy, dose and species type. In general, in the figures, the junction
depth of the doped regions corresponds to a dopant concentration about 1E17
atom/cc.
SDE - source drain extension

l. First embodiment a PMOS FET with S/D regions in a SiGeC region - Figure
1D

An example embodiment comprises a PMOS transistor with one or more of
the doped source/drain regions comprised at least partially with the SiGeC region.
The SiGeC region can effectively put a uniaxial compressive strain on the PMOS

channel.

A first example embodiment is shown in figure 1D.

Figure 1D shows a substrate with carbon doped SiGe regions 36 in the
substrate 10 adjacent to the gate structure 20 22 of a PMOS transistor 50P. The
PMOS transistor 50P can be comprised of a gate dielectric, gate, spacers,
source/drain (S/D) regions and source-drain extensions (SDE) regions. The
transistor can further comprise other elements such as Halo or pocket implants (not
shown).

Figure 1C shows the source/drain regions 40 can be formed totally within the
Carbon doped SiGe regions 36. The source/drain regions 40 can be formed by
implanting p-dopants such as B or BF2 in the substrate. The implants can create

End of range defects (EOR defects) or other defects 44 as shown in figure 1C.
11



We can formLDD regions (or S DE) 26 in the substrate adjacent the gate
before the spacers 24 are forned. W etch S/D trenches 30 in the
substrate 10 adjacent to the gate structures. W can use a trench resist
mask 28 and the gate structures and the isolation regions as etch masks. W
can renove the resist mask after the trenches are forned. The trench can
have a depth between 700 and 2000 angstrons. FlI GURE 1B As shown in
figure Bl, we forma Si GeC |ayer 36 at |east partially filling the S/D
recesses/trenches 30. The Si GeC layer 36 is preferably forned by a

sel ective epitaxial process that can at least fill the S/D
recesses/trenches 30. FIGURE 1C As shown in figure 1C, we preferably
i npl ant dopant ions to formthe source and drain (S/ D) regions 40. For this
PMOS exanpl e, the ions are p-type such as B, or BF2. The S/ D i npl ant
can formend of range (EOR ) defects (and other defects) 44 near the bottom

and bel ow of t ﬁ'me%ﬂd@wyeﬂ364&efe1c§bly has abouPﬂﬁ‘f@ﬂ@bing domeefiréifast egi on 36
ected range) of the SID

has a | o dept h | east 2. 0
i npl ant. THi&o @poﬂ’%é@ﬁ@ @3@%’ @Edt%aq%t(@ @Jﬂ@@s 44 are contained nostly
Wi thin t hesShigfic'% PetlestP 1638hd S6lYse dBhRGHES 25% )

C atomic % between 0.1 and 0.2 % (target= 0.15% )

In another measurement units, the C concentration can be about between
1E19 and 1E20 atom/cc.

The SiGeC layer can have these concentrations and concentration profiles
in all embodiments (e.g., PMOS and NMOS).

The SiGeC layer 36 can have an about constant C concentration or can have
a C concentration that varies between about 0.1 and 0.1 with depth.

The carbon doped SiGe layer is preferably formed by a selective epitaxy
process, such as a LPCVD process.

The SiGe regions reduce the defects from the S/D ion implant (I/I) and from

any other implants such as a halo implant or pocket implant (not shown).

A First embodiment - Example method- C-doped SiGe S/D fill
regions
A non-limiting example method for the 1% example embodiment is shown in
figures 1A to 1E. It is understood that there are alternative methods to form the 1st

example embodiment and this example does not limit the embodiment.

FIGURE 1A
Figure 1A shows a cross sectional view of a gate structure 20 22 24 over a

substrate 10. In this non-limiting example, the Tx is a PMOS 50P.

12



FI GURE 1D Figure 1D shows the structure after an anneal. The defects
are reduced by the Si GeC | ayer 36. The defects are reduced especially by
the Cin the SiGeC |ayer. The Si GeC | ayer preferably puts a uniaxi al
conpressive strain (C) on the channel region. After all heat
processing, the Si GeC | ayer preferably has a depth bel ow the bottons of the
Source and drain regions and preferably the source and drain regions are
substantially contained in the Si GeC | ayers 36. The enbodi nent' s
carbon (C) in the Si GeC |layer helps the Si GeC | ayer retain stress even when
anneal ed at tenperature Between 400 C to 1300 C and nore preferably between
900 and 1090 C. FIGURE 1E Figure | E shows a cross sectional view of
both PMOS TX 50P and NMOS Tx 50N forned on a substrate. The Si GeC | ayer 36

was only fornmed ddle stactiMEar B8 mprsed be §E5i%(alél%€ir@;r203@ gj)é{é %Ie%trode

conpressi ve stress on the PMOS channel there roving t
per f or man€d. aTHSPRNES 243gAMDSztraf@rst@reSQﬂmubem@mngsedwef @ﬁla’c%t@g@tua chin

t he PI\/DS

i ol ectri 20200 stihenosheaigtl it s R Bl 28 ORI Mitecthia 2035 s

S| D r egi osubéttatanrtd. Pnel | 14. Preferably the Si GeC region 36 has a
depth after all anneals (final product stage) .that i.s at |east 1% deeper
o More o o el B RpBarate Jouth o Sl ot S autstate. The insict SUBTEA

(neasur edgfida Fs&ﬁ‘efé?&b@c@ﬁ@n‘éé& BﬁSﬁbn@Eah W\%Vé%”(ﬁ@@) 5\“1‘@0)0'6?1(1‘1 1 %El}s@éls 40
and nore preferably between 10% and 20 % deeper than the final "‘total depth

(measur edofiertationer pter srieptations ﬁa@@yef@fahlh@@a@)r@eerm@rdr ai n regions 40.

B. Uni axi al str ?s'oihﬂon regions 18 can be formed in the substrate and can separate PMOS

regions 11 and NMOS regions 12. (see figure 1E).

We can form LDD regions (or SDE) 26 in the substrate adjacent the gate
before the spacers 24 are formed.

We etch S/D trenches 30 in the substrate 10 adjacent to the gate structures.
We can use a trench resist mask 28 and the gate structures and the isolation
regions as etch masks. We can remove the resist mask after the trenches are

formed. The trench can have a depth between 700 and 2000 angstroms.

FIGURE 1B
As shown in figure B1, we form a SiGeC layer 36 at least partially filling the
S/D recesses/trenches 30. The SiGeC layer 36 is preferably formed by a selective

epitaxial process that can at least fill the S/D recesses/irenches 30.

FIGURE 1C

As shown in figure 1C, we preferably implant dopant ions to form the source
and drain (S/D) regions 40. For this PMOS example, the ions are p-type such as B,
or BF2.

The S/D implant can form end of range (EOR ) defects (and other defects) 44
near the bottom and below of the S/D regions 40.
13



In sonme enbodi nents, because the Si GeC regions are positioned adjacent to
the Gate only in the direction fromsource to drain (not along the Iength
of the channel), the SiGeC regions inpart effectively a uniaxial stress on
t he channel . For exanple in this enbodi nent shown in figure 1D, the
Si GeC |l ayer 36 puts a conpressive stress/strain (C) on the PMOS channel
regi on below the gate 22 thus inproving hole nobility and PMOS transi stor
performance. Because the lattice constant of the SiGe is |arger than that
of Si, the channel region between the two Si Ge source/ drains is placed
under conpressive stress (C). 11. Second exanpl e enbodi nent - Si GeC and
Top Si layer in SID recess A second exanpl e enbodi nent conprises a
NMOS transi stor with the Si GeC regi on under and spaced fromthe

source/drain @r&%ﬁtﬂ%@é‘%@%%ﬁbﬁ% HeRY e era§ H”“agL anto ‘)e strain

on the NMOS channe ons are p ant| a na Si
cont ai ni ngprojaoted camje)tolﬁméSS@(ﬁnplagi ofsis depth heIpReﬁemne's rhlgatttbe Ia’egnm:eME a
Si GeC region 237N or e SL.D.recess, 230N 2C) adjacent to
The. DS o8 SoaeM it mp8lSHnisdRE STGeC RERTr A t9Ls delbtFayer 236N | s
formed over the Si GeC region 237N. The silicon |ayer can be conprised
substantially of silicon. The silicon |ayer can be doped with N type
dopants or undoped. S/ D regions 240N are at |east partially fornmed
in the silg g%ﬂyer 238N and possibly at least partially forned in the
Si GeC regqi on The Si GeC region 237N preferably puts a uni axi al
t ensi on stressFgureH® siddE tHeestnedtuneeaftenran anneal. The defects are reduced by

the SiGeC layer 36. The defects are reduced especially by the C in the SiGeC
layer. The SiGeC layer preferably puts a uniaxial compressive strain (C) on the
channel region.

After all heat processing, the SiGeC layer preferably has a depth below the
bottoms of the Source and drain regions and preferably the source and drain

regions are substantially contained in the SiGeC layers 36.

The embodiment’'s carbon (C) in the SiGeC layer helps the SiGeC layer
retain stress even when annealed at temperature Between 400 C to 1300 C and

more preferably between 900 and 1090 C.

FIGURE 1E

Figure 1E shows a cross sectional view of both PMOS TX 50P and NMOS
Tx 50N formed on a substrate. The SiGeC layer 36 was only formed in the PMOS
region 11. The SiGeC region 36 puts a compressive stress on the PMOS channel
thereby improving the PMOS performance. The NMOS region 12 can be masked
during the S/D recess etch in the PMOS region 12.

The NMOS Tx 50N can be comprised of : gate dielectric 20N, gate 22N,
spacers 24N, LDD regions 26N, Halo region 78N, S/D region 40N and Pwell 14.

14



The Si GeC region 237N hel ps reduce defects fromthe SID I/1. In
addition, the carbon (C) in the Si GeC region 237N hel ps the Si GeC region
237N retain it's stress during subsequent processes, such as the S/D
anneal . A Uniaxial strain Because the Si GeC regions 237N are
positioned adjacent to the gate only in the direction fromsource to drain
(no along the length of the channel), the Si GeC regions effectively
inparts a uniaxial stress on the channel. This is not significantly a

bi axi al strain device. For exanple in this enbodi nent shown in figure
2E, The Si GeC | ayer 237N puts a tensile stress/strain (T) on the NMOS
channel region thus inproving electron nobility and NMOS transistor

per f ormance. B. exanple nethod for the second enbodi nment

non-limting e : i wnln
i gures 2A Lo s PE G ok RIS AT of S e
form the atayegtaatps at Ieabbﬂ%rdaﬁpealaddtmme prriorably afl est A0% déaper thdrethe
embodi mantﬁ'na’: tlo%IJraEp%A(measured from the top SiGeC surface) of the source and drain

regions 40 and more preferably between 10% and 20 % deeper than the final total

depth (measured from the top SiGeC surface) of the source and drain regions 40.

B. Uniaxial strain

In some embodiments, because the SiGeC regions are positioned adjacent
to the Gate only in the direction from source to drain (not along the length of the
channel), the SiGeC regions impart effectively a uniaxial stress on the channel.

For example in this embodiment shown in figure 1D, the SiGeC layer 36
puts a compressive stress/strain (C) on the PMOS channel region below the gate
22 thus improving hole mobility and PMOS transistor performance. Because the
lattice constant of the SiGe is larger than that of Si, the channel region between the

two SiGe source/ drains is placed under compressive stress (C).

15



Figure 2A shows a substrate 10 with a NMOS region 11 and a PMOS region 12.
A NMOS gate structure 20N 22N 26N is fornmed over the NMOS region 12. The
NMOS gate structure can conprise a NMOS dielectric layer 20N, A NMOS gate
22N and NMOS spacers 24N. A PMOS gate structure 20 22 24 is forned
over the PMOS area 11. The PMOS gate structure can conprise a PMOS
dielectric layer 20, A PMOS gate 22 and NMOS spacers 24. The PMOS
region 11 can conprise an optional N-well 13. The NMOS region 12 can
conprise an optional P-Well 14. FlI GURE 2B Figure 2B shows a NNS/D
recesses 230N forned adjacent to the N-gate structure. A resist |ayer 228
can cover the PMOS region 11 or having openings over the NMOS region 12.
The resist layer is renoved after the recess etch. The trench can have a
dept h between 700 and 2000 angstrons. Fl GURE 2C Figure 2C shows a
NMOS S/ D Si GeC | ayer 237N forned to at least partially fill the NNS/D
recess. The SID Si GeC | ayer 237N can be forned using an sel ective epitaxial
process. Th&espnd sxanple gyebodiprentcaPibelcand dopfidayenitePiD tadesss as

di scussed above in the first enbodi ment. FlI GURE 2D

A second example embodiment comprises a NMOS transistor with the
SiGeC region under and spaced from the source/drain (S/D) regions. The SiGeC
region puts at least a tensile strain on the NMOS channel. The S/D regions are
preferably substantially in a Si containing layer over the SiGeC regions.

Referring to Figure 2E, a SiGeC region 237N is formed in a S/D recess 230N
(see fig 2C) adjacent to the NMOS gate structure 20N 22N.

A top S/D silicon layer 238N is formed over the SiGeC region 237N. The
silicon layer can be comprised substantially of silicon. The silicon layer can be
doped with N type dopants or undoped.

S/D regions 240N are at least partially formed in the silicon layer 238N and
possibly at least partially formed in the SiGeC region 237N.

The SiGeC region 237N preferably puts a uniaxial tension stress on the
NMQOS channel region.

The SiGeC region 237N helps reduce defects from the S/D /1.

In addition, the carbon (C) in the SiGeC region 237N helps the SiGeC
region 237N retain it's stress during subsequent processes, such as the S/D

anneal.

A. Uniaxial strain

Because the SiGeC regions 237N are positioned adjacent to the gate only in

the direction from source to drain (no along the length of the channel), the SiGeC

16



Fi gure 2D shows a top NMOS Si containing SID | ayer 238N fornmed over the
SiGe Clayer 237N. The top N-Si S/D layer 238N is preferably conprised
substantially of crystalline silicon. The top NSi S/D | ayer 238N
can have a thickness between 500 and 1000 angstrons. The N-S/D Si GeC
| ayer 237N can have a thickness between 200 and 1000 angstrons. The
Si GeC | ayer 237N preferably puts a Tensile stress (T) on the NMOS channel
for exanple, roughly between about the SDE regions. The Si GeC | ayer
237N preferably has the follow ng concentrations Si atom c % between 68.8 %
and 84.9% (tgt = 74.85) Ge atom c % between 15 and 30 % ( target = 25%) C
atomc %between 0.1 and 0.2 % (target = 0.15% Figure 2E Fi gure 2E
shows S/ D regions 240N are forned adjacent the gate structure at | east

partially . ‘%}F’K LRI s whﬁ}% r:eol 2 e
pr ef er abl Jéggb%&g@ ﬂ;/\'leg}sr)lﬁri] np aa;]"tu pr ocegég %&e er aab y I'ts{ﬂl-emsé%%bgggplﬁ%%m rom
the S/ D i epbiaxial $toaih dericanneal ) are located close to the SiGeC region so
the ECR defects can be,redueed Bditidat shRTid SUr™E, The SiGeC layer 237N

puts a tensile stress/strain (T) on the NMOS channel region thus improving electron

mobility and NMOS transistor performance.

B. example method for the second embodiment.

A non-limiting example method for the second example embodiment is
shown in figures 2A to 2E. It is understood that there are alternative methods to

form the 2nd example embodiment and this example does not limit the embodiment.

FIGURE 2A

Figure 2A shows a substrate 10 with a NMOS region 11 and a PMOS
region 12. A NMOS gate structure 20N 22N 26N is formed over the NMOS region
12. The NMOS gate structure can comprise a NMOS dielectric layer 20N, A NMOS
gate 22N and NMOS spacers 24N.

A PMOS gate structure 20 22 24 is formed over the PMOS area 11. The
PMOS gate structure can comprise a PMOS dielectric layer 20, A PMOS gate 22
and NMOS spacers 24.

The PMOS region 11 can comprise an optional N-well 13. The NMOS

region 12 can comprise an optional P-Well 14.

FIGURE 2B
Figure 2B shows a N-S/D recesses 230N formed adjacent to the N-gate

structure. A resist layer 228 can cover the PMOS region 11 or having openings
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The S/ D regions 240N are least partially formed in the silicon | ayer 238N
and possibly at least partially forned in the Si GeC region 237N. I n
an option, after all anneal steps, the S/D regions 240N are substantially
contained within the Si containing | ayer 238N. I n another option, all

anneal steps, the SID regions 240N are substantially contained within the

Si containing |layer 238N and the Si GeC | ayer. The Si GeC regi on 237N
preferably puts a uniaxial tension stress on the NMOS channel region. The
Si GeC region 237N hel ps reduce defects fromthe S/D I/1. In

addition, the carbon (C) in the Si GeC region 237N hel ps the Si GeC region
237N retain it's stress during subsequent processes, such as the SID or
suicide anneal. [IIl. Third exanpl e enbodi ment -Si GeC regi on under the

channel rsa&;pmecrim@sl\@éldrm The resisddyer ¥rehicledrafidiame ?ébé%é%m The
enbodi ment conprising a Si GeC regi on under the channel region of a MOXS tx.

The Si GeClresefi 6an pave adepth betwenn 1¢{bant2AR@aNEIHOA- of the MOS
transistors. In this enbodinment the S/D regions preferably are fornmed in
silicon layers, not in SiGec. Depending on the configuration of the Si GeC
| ayer, a BIGHREA2Cconpressive or a tensile stress can be placed on the

o1 4§ g okl CCraonss NHOSBS B GaE Sal et Buat eastepBials 3
to 3E. |tfill theNAGDSlcRESs.t TRé SIDBiGel 18yeH 25MN84H Béf@ﬂ?ﬁé‘tpd§n§%nfs‘éléﬂtlbée 3rd

exanpl e enbodi ment and_this exanple does not |limt the enbodi nent.
epitaxial process. The S/D SiGeC layer 237N can have the same concentrations as

discussed above in the first embodiment.

FIGURE 2D

Figure 2D shows a top NMOS Si containing S/D layer 238N formed over the
SiGe C layer 237N. The top N-Si S/D layer 238N is preferably comprised
substantially of crystalline silicon.

The top N-Si S/D layer 238N can have a thickness between 500 and 1000
angstroms.

The N-S/D SiGeC layer 237N can have a thickness between 200 and 1000
angstroms.

The SiGeC layer 237N preferably puts a Tensile stress (T) on the NMOS

channel for example, roughly between about the SDE regions.

The SiGeC layer 237N preferably has the following concentrations
Si atomic % between 68.8 % and 84.9% (gt = 74.85)
Ge atomic % between 15 and 30 % ( target = 25% )
C atomic % between 0.1 and 0.2 % (target = 0.15%)
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Dependi ng on the device geonetry, the stress can be tuned to be |argely

uni axial or biaxial. By tuning the stress tensor,(e.g., conpressive or
tensile) one can use the filmfor either N or P MOS or both. As shown
in figure 3A, a sem conductor substrate 10 is provi ded having spaced
isolation regions 18 defining at | east a PMOS region 11 and a NMOS region
12. As shown in figure 3B, we etch back the silicon containing
substrate 10 surface to formstressor recesses 15 16. The stressor recesses
can have a depth between 500 and 1500 angstrons. W can use the isolation
regions 18 as an etch nask. As shown in figure 3C, we can
selectively forma Si GeC | ayer 301 301N over the substrate surface. The
PMOS Si GeC | ayer 301 and the NMOS Si GeC | ayer 301N can be fornmed in 2
separate giqpe &9 that their conpositions are different. The areas that we

do not want” the Si GeC can be covered. That is we can tune Si GeC layers 301
301N to have t higuse @beshayempileagiens 24N e karmedadijacant the gatestiughise @évi ces

(P[\/[B or oM . j r I has

{hi cknoss bt RBRIEHPUeCH RSB bonteiping Il b0 Tn 2P eRbls 2R "e e o ¢
cgncenth r apie;gmb@yﬁoﬂ*dnedﬁm ﬁlpblaNgtquoaéés.WéNraHy tHimlEﬂg cegions e thb;S! [ n303
t he ot her  enbo nts. xt .an uppe npel Si-cont n er
505N 1 o 1 EPlgat R erinnea e IPGater ke SHBCaeab e iR dyed Sos
303N pr ef gpalbeyelased byq@s@e@ﬁg%ﬁgn 20 and 50 nm (200 and 500 Angstrons).
The silicon containing |ayer 303 303N can consi st substantially of

crystal | ine siThe&D repionsiR4fhkarereastaeriallyfpened ibihg siicandayer 2N aad |y in
t he upper P§%‘?ﬁ@%‘ﬁ%ﬁ%§%ﬂﬁ‘k%%d ﬁ%ﬁééﬁgggﬁ%ﬁmn éé?,wan aspect, the channel

region is r-channe I'ning layer 303 303N.
An optional N-lkehh opBom aaftdrallfanneridstaps,ahy S/DmregioAs 24PN arabutbstartidily ( not

shown) can _al so be forned.at any tine. Referring to, figure 3D, we
Form 51 b PRAETBSSA G5 61 CrHEing leVPr 238N 4 aPotse5oBii, At ARMEHIERES: eq! on
301 301N gdspvesjibhy 240Nt A s‘iﬂb@ﬁatrﬂiagfcéﬁlained within B ST Eoriteintry rbkgrur e 3E
we fill the PMOS SID recesses 301 and NMOS S/ D recesses 310N wth a silicon

cont i nui ng38tasndi the IGeCIAPN- and preferably substantially with Si or

i Frerent mat el SRS TRAEh RPN P SERERh s es e 1T\ 2,
the PMOS BMDSetessel3egyioor. the NMOS S/ D recess 301N or both are filled at
east partial| 4iidiBod G5ioh 25 Hiios 1Balh 35RER b e WD TR o7 8! 18
In addition, the carbon (C) in the SiGeC region 237N helps the SiGeC
region 237N retain it's stress during subsequent processes, such as the S/D or

silicide anneal.
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21 layers, a bottom SiGeC |ayer and an top Si layer. This could allow
further tailoring the stress, nobility and performance of the NMOS and PMOS
regi ons. Referring to figure 3F, we performa S/Dinplant to form
PMOS SID regions 40 in sonme conbination of the silicon region, SiGeC region
and the substrate. The SID inplant conprises inplanting Boron, Bf2,
As, P or Sb ions into the substrate. W can form NMOS S/ D regi ons 40N

adj acent to the NMOS gate. Next, hal o inplants can be perforned to
form NMOS hal o regi ons 28N and PMOS hal o regi ons 28. Masking steps (not
shown) can be used to nmask the proper areas. In one aspect, the
entire LDD (or SDE) region 26 is contained in the the upper channel

Si -containing | ayer 303 303N. and the silicon continuing material 320 320N.
In this exanple, a NFET is fornmed in the NMOS region 12 and a PFET is
formed in the PMOS region 11. There are other conbinations. The

enbodi ment' s _Si GeC may only be forned in the NMOS region and the PMOS

regi ons céh Third example emhadiment -SiGaC segionunderdheghasmeleegioniof a hi s

di scl osure. Nogrdhéting review of exanple embodi ment - SiGeC layer under

t he channel

Figure 3E and 3F show an example embodiment comprising a SiGeC region
under the channel region of a MOS tx. The SiGeC region puts a stress on the
channel region of the MOS transistors. In this embodiment the S/D regions
preferably are formed in silicon layers, not in SiGec. Depending on the configuration
of the SiGeC layer, a uniaxial compressive or a tensile stress can be placed on the

channel regions.

A. Method for the Third example embodiment

A non-limiting example method for the 3™ embodiment is shown in figures 3A
to 3E. It is understood that there are alternative methods to form the 3™ example
embodiment and this example does not limit the embodiment.

Depending on the device geometry, the stress can be tuned to be largely
uniaxial or biaxial. By tuning the stress tensor,(e.g., compressive or tensile) one can
use the film for either N or P MOS or both.

As shown in figure 3A, a semiconductor substrate 10 is provided having
spaced isolation regions 18 defining at least a PMOS region 11 and a NMOS region
12.

As shown in figure 3B, we etch back the silicon containing substrate 10
surface to form stressor recesses 15 16. The stressor recesses can have a depth
between 500 and 1500 angstroms. We can use the isolation regions 18 as an etch

mask.
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The Si GeC | ayer 301 301N under the PMOS or NMOS channel provides defect
gettering fromthe inplanted doped regions (e.g, SDE and S/D and Hal 0) and
mai ntai ns stress on the channels fromthe Si GeC regi ons 301 301N.
Dependi ng on the device geonetry, the stress can be tuned to be |argely
uni axi al or biaxial. By tuning the stress tensor (Si GeC regions) , one can
use the file for either NMOS or PMOS devi ces or both. Dependi ng on
the Si GeC stressor conposition and geonetry, the PMOS Si GeC | ayer 303 can
put conpressive stress on the PMOS channel. Depending on 22 the Si GeC
stressor conposition and geonetry, the NMOS Si GeC | ayer 303N can put a
tensile stress on the NMOS channel . QO her steps to forma conpl eted
device can be performed in any other using processes known by those skilled

inthe art. | th o e | R : anpl e
enbodi nment shO\)/\(ﬁ S:ﬁﬁwi'gtﬁlgggé@g’ g%%ﬁ? Ia '&Flysf?m(]grsgegelr? g??og?g'g}bgréxﬁ Ge
| ayer 303tia08Mstatd eunfack. dinge? MO Sikhe tegler 801 aniiiiie NMASI SiGCeGslayér second
SiGe or Si | ayer_ 420 42QN is fornmed in SID recesses.410 410N. The second
Cor - cent oP 18 GEHOMER Pairorra!8rs g5l i @i igscare flarpnti 20 ° 220N
can be ungee drbgs PG & Rot WahaRS . SiGeTt@iNsslcavdrBl N ThAtisWdcasliren, or
partially overlap the S/D reqgion or any conbination of the above.

Pr ef er abl pi®ee layars 004N tg/avsi the peopeny@mpressian grditensile stiess éeitthee S/ D
recess 410 A10N;GRAPRIGSHINMEIWd A% ofhingegi ons.

The SiGeC layer preferably has thickness between 50 and 100 nm. (500 and
1000 angstroms). The Si & Ge & C concentrations in the SIGE C layer 301 301N
can be as described above in the other embodiments.

Next an upper channel Si-containing layer 303 303N is formed over the
SiGeC layer 30 301N. The Si-containing layer 303 303N preferably has thickness
between 20 and 50 nm (200 and 500 Angstroms). The silicon containing layer 303
303N can consist substantially of crystalline silicon. The channel region is
preferably at least partially in the upper channel Si-containing layer 303 303N. In an
aspect, the channel region is fully in the upper channel Si-containing layer 303
303N.

An optional N-Well 13 can be formed at any time. An optional P well (not

shown) can also be formed. at any time.

Referring to figure 3D, we form S/D recesses 310 310N in the silicon layer
303 303N, the SiGeC region 301 301N and possibly in the substrate 10.

Referring to figure 3E, we fill the PMOS S/D recesses 301 and NMOS S/D
recesses 310N with a silicon continuing material 320 320N and preferably
substantially with Si or crystalline Si. In an aspect, the PMOS S/D recess 301 are
filled with a different material than the NMOS S/D recesses. In another aspect,
either the PMOS S/D recess 301 or the NMOS S/D recess 301N or both are filled at
least partially with SiGe or SiGeC. In an aspect, the Si material is comprised of 2
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An exanpl e method for the fourth enbodi mrent begins as descri bed above for
the third enbodi nrent and shown in figures 3A to 3C. Note that the PMOS

Si GeC layer 301 and the NMOS Si GeC | ayer 301N can be fornmed in 2 separate
steps so that their conpositions are different. Next, referring to figure
4A, we etch SID recesses 410 410N adjacent to the gate structures.
Referring to figure 4B, we fill the SID recesses 410 410N at | east
partially with a Si GeC or Si Ge |ayer 420 420N. Figure 43 shows the aspect
where the Si GeC substantially fills the S/D recesses. The PMOS S/ D recesses
410 and NMOS S/ D recesses 410N can be filed with SiGeC or SiGe in separate
steps so that the second (or center or SD) Si GeC or Si Ge |ayers 420 and
420N can have di fferent conpositions. The second (or center or S/D) SiGeC

O Poce & s S8 AR&iARENa AR ol B 8D THROHRAT Shb BRI AR ©
di fferent @mounts an ypes (conpressive or tensilTe) or stress in tHe
respect i vehe btress Insobility and peeformanbe oflthe NRIOS and PMOSphiehed by f or
exanple, formng SID regions 40 40N, and Hal o i nplants (not shown).

Dependi ng on the device geonetry, the stress can be tuned to be |argely

uni axi al or bi ﬂ@f@dnngﬁyﬁﬁum 39, W Befbie 8SS/DERFMnt t8RGE PMOS S/Dhegibhé M f or
either N or P MOS or both. For the P Tx, the S/D Si GeC 420 and

channel S48 STMe cambination of dnp pibsen egien, e CoiegidieamMbe subsliniet .
 oa e oo, TR R S0 0eh, BE9G, MRS Be bt |
enbodi mentsubstrateown in figure 2E, where the Si GeC layer 237N partially
e e S0 Seeas RS L SheboRt il R Gd e Secon
A. Exanpl es - Next, halo implants can be performed to form NMOS halo regions 28N and
PMOS halo regions 28. Masking steps (not shown) can be used to mask the
proper areas.
In one aspect, the entire LDD (or SDE) region 26 is contained in the the
upper channel Si-containing layer 303 303N. and the silicon continuing material 320
320N.
In this example, a NFET is formed in the NMOS region 12 and a PFET is
formed in the PMOS region 11. There are other combinations. The embodiment’s
SiGeC may only be formed in the NMOS region and the PMOS regions can be

standard devices or any of the other embodiments in this disclosure.

Non-limiting review of example embodiment - SiGeC layer under the channel

The SiGeC tayer 301 301N under the PMOS or NMOS channel provides
defect gettering from the implanted doped regions (e.g, SDE and S/D and Halo) and
maintains stress on the channels from the SiGeC regions 301 301N.

Depending on the device geometry, the stress can be tuned to be largely
uniaxial or biaxial. By tuning the stress tensor (SiGeC regions) , one can use the file
for either NMOS or PMOS devices or both.

Depending on the SiGeC stressor composition and geometry, the PMOS
SiGeC layer 303 can put compressive stress on the PMOS channel. Depending on
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| npact of In-situ C Doping on |Inplant Damage and Strain Rel axation of
Epitaxial SiGe |ayer on Si In this exanple, inplant danage and
strain relaxation in thin epitaxial SiGe |ayers on Si (001) and their
dependence on in-situ C doping in epitaxial SiGe are studied. For a 65 nm
Si Ge | ayer with-25% Ge, conventional inplants used for pMOS S/ D, halo and
extension led to significant inplant damage and strain rel axation. Two
def ect bands were observed, one close to the surface and the other at
SiGe/Si interface. In-situ C doping (1019-20 /cnB) was found to elimnate
t he i nplant danmage close to SiGe/Si interface area and prevent significant
strain rel axation. Here we study the inplant damage and strain
relaxation in thin epitaxial SiGe filnms (later referred to as Si Ge) and

in-situ S| i r ¢ i

Subst r at ot R e ey CpsRoRark a a1l OB FERCMYS A00En ona

i npl ant s puekal ténwilestieESos/the NMODS chadnelkt ensi on | ead to significant inplant
darmage and stre}n r?lax€ﬁgon. Tmoldg%@it.bands are observed: onpe is. close
to the surface iHd TR © IREP 3 omplegagiodce pan P pgrdermed sy, oReg Ysingg
(1012- 20 protRbsés khonn By tiios] skilldtbihghé gt | npl ant danage cl ose to Si Ge/ Si
interface area and prevent significant strain relaxation. Epi t axi a
Si Ge and Si GeC growt h was performed on a comrercially avail abl e LPCVD
system An additional C precursor was used for in-situ C dopi ng under
otherwi se identical conditions. After epi growh, wafers were inpl anted
using typical conditions for P-MOS SID, hal o, and extensions. Typical
results are presented here fromtwo different inplants: 1) B inplant with
energy of several Key and dose about 1015/cn®, and 2) As inplant with
energy of tens of KeV and dose of 1013/cnR. After inplantation, wafers were
rapid thermal anneal ed at high tenperature (>1000 C). The strain rel axation
and i npl ant danage were characterized by high-resolution 26 XRD and
cross-sectional TEM Fig 5A shows XRD results for (a) as grown Si Ge |ayers,
(b) as grown Si GeC, and (c) as B-inplanted and annealed SiGe as well as (d)
as B-inplanted and anneal ed Si GeC. Well defined thickness fringes are seen
in the as-grown films (Fig 5A (a) and (b), indicating little strain

rel axation and snooth interface. Fitting the rocking curve for the SiGe

| ayer in Fig 5A(a) using commercially avail able software gives a Ge
conposition of 24.3% and a thickness of 65 nm Assum ng the sane Ge
conposition as in SiGe |ayer, the substitutional C conposition is
determned to be 0.07% by fitting 5A(b) and using a nonlinear relationship
between C content and the lattice constant. This result is close to SI M
data indicating - 100% substitutionality. After B inplant and anneal, the
(004) peak location for Si Ge |ayer noves to | ower angle and the thickness
fringes disappear, indicating significant strain relaxation. The (224)
reflection shows a broad peak, consistent with (004) reflection results.
Wth no appreciable Ge interdiffusion during the anneal (AES results not
shown), i.e., no change in Ge conposition in the SiGe |ayer, a strain

rel axation of -70%is cal culated from (004) peak shifts shown in Fig 5(a)
and (c). Conpared to SiGe layer, SiCGeC |ayer shows | ess (004) peak shift to
| ower angle, and (224) reflection shows a sharp peak above a broad peak
(Fig 1(d)). The strain relaxation degree, if determ ned from (004) peak
shift, is -13% The sharp peak in (224) reflection (Fig 5A (d), solid

| ine), however, corresponds to a fully coherent Si Ge | ayer, indicating
nearly 0% strain relaxation. The apparent inconsistency can be expl ai ned by
the mcrostructure of the epi films revealed by the TEMresults shown in
Fig 58. For the inplanted Si Ge | ayer, we observed two bands of
defects (Fig 58 (a)), one close to the surface and the other at the Si Ge/Si
interface. The defects in the surface band are of the stacking fault
tetrahedral type, while the dense arrays at the interface are msfit

di sl ocations. The dom nating features in the plan-view TEM (Fig 5B (c)) are
Moire fringes, which obscure any contr@3t fromthe defects in either the
surface or interface bands seen in Fig 5B (a). Unlike the Si Ge | ayer, the
Si GeC



27 filmdisplays only the dense band of defects at the surface(Fig 5B
(b)). Awell-ordered array of msfit dislocations exists at the Si GeC Si
interface (Fig, 5B(d)). The array is of |ow density such that the msfits
are not seen in a random TEM cross section (Fig. 5B(b)). W now
propose an explanation on the strain rel axation behavior shown in Fig. 5A
The TEMresults (Fig. 5B) show that in addition to the interface defects
whi ch normal |y cause relaxation in SiGe/Si heteroepitaxy system there are
surface defects that can relieve the strain in the top part of epilayers.
This non-uniformstrain rel axation across the depth of epilayers can be
seen fromthe slightly asymetrical (004) peak and the broad peak together
with the sharp peak in the (224) reflection (Fig 1(d)). Fromthe spacing of
these msfit dislocations in SiGeC |layers (Fig 5B, (d)), the strain

rel axati on degree caused by interface defects is determned to be - 1%
consistent with the position of the sharp (224) peak observed in Fig 5A(d).
Thus the {\GoEFpupthuexampie embodimesi (d) nostly comes fromthe additional
strain rel axation, stlmated to be -12% fromthe surface defects. Because
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which i's Phsfekily EH#,ESIQ SibE &@AE?&GHellggér%tdmﬂﬂé)fheté}ﬂlré@b%ééss The

interface a8a| n |s cl ean wi thout nany defects, indicating small degree of
strain reHaQ40brand extends helow thesS/Doesiinst ent with - 9% strain rel axation
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si nks or 200 mang/. di s ? c' 9 § bec se of the shall.ow i nplant conditions
used. compressive or tensile) of stress’in erespectwec annels.

Next, the devices can be completed by for example, forming S/D regions 40

40N, and Halo implants (not shown).
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In summary we have shown that for a 65 nm Si Ge | ayer wth-25% Ge,
conventional inplants used for p-MOS S/D, halo and extension lead to
significant inplant damage and strain relaxation. Two defect bands are
observed: one is close to the surface and the other is at Si Ge/Si
interface. Surface defects cause additional strain relaxation in the top
part of the epi layers. In-situ C doping (1E19 to 1E20 1cnB) is found to
elimnate the inplant damage close to SiGe/Si interface area and prevent
significant strain relaxation. B.Exanple 2- C helps SiCGe retain stress
after anneals. Test wafers were prepared using the following flow G ow
SiGe(C) epi with a C concentration about 1.5 atomc A (1E19 to 1E20 /cnB)
| mpl ant RTA at T greater than 1000 C (stress measurenent done after each

step) Figure 6f:30R4H g dHfthetiNideSgddmb thS stres€cart b8het to be largely
uniaxial or biaxial. By tuning the stress tensor, one can use the film for either N or P
MOS or both.
For the PMOS Tx, the S/D SiGeC 420 and channel SiGeC 301 can put a
compressive stress on the PMOS channel.
For the NMOS Tx, the S/D SiGeC 420N and channel SiGeC 301N put a

tensile stress on the NMOS channel.

Another possible aspect of the fourth embodiment is shown in figure 2E,
where the SiGeC layer 237N partially fills the S/D recess and a silicon layer 240N is
formed over the second SiGeC region 237N. The aspect might be used in a NMOS

transistor.
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Figure 6B shows a graph of percentage of Stress retained vs Cfor the 4 1/1
condi tions. Sone conclusion that we can draw fromfigure 6A and figure 6B.

1) Chelps SiGe retain stress for all 4 inplant conditions 2) As
i npl ant gives the worst inpact on stress loss followed by B S/D inplant and
then by BF2 inpl ants. 3) It seens inplant-induced damage is the

maj or contributor to stress loss although filmthickness nmay be slightly
thicker than critical thickness. CN = 0. 5 sccmis about C concentration in
the Si Gec | ayer of about 3E19 Atons/cc CN = 1.2 sccmis about C
concentration in the Si Gec | ayer of about 7E19 Atons/cc C. non-limting
exanpl e enbodi nents The exanpl e enbodi nents can be conbined with

ot her stress or strain inducing techniques such as stress nenori zati on,

dual stress |ayprs @gaguﬂggu capping stress layers). netal gates, STI
stressors, etc.

Impact of In-situ C Doping on Implant Damage and Strain Relaxation of
Epitaxial SiGe layer on Si

In this example, implant damage and strain relaxation in thin epitaxial SiGe
layers on Si (001) and their dependence on in-situ C doping in epitaxial SiGe are
studied. For a 65 nm SiGe layer with~25% Ge, conventional implants used for p-
MOS S/D, halo and extension led to significant implant damage and strain
relaxation. Two defect bands were observed, one close to the surface and the
other at SiGe/Si interface. In-situ C doping (10'*%° /cm®) was found to eliminate the
implant damage close to SiGe/Si interface area and prevent significant strain
relaxation.

Here we study the implant damage and strain relaxation in thin epitaxial SiGe
films (later referred to as SiGe) and in-situ C doped SiGe flims (later referred to as
SiGeC) on Si (001) substrates. We show that for a 65 nm SiGe layer with~25% Ge,
conventional implants used for p-MOS S/D, halo and extension lead to significant
implant damage and strain relaxation. Two defect bands are observed: one is close
to the surface and the other is at SiGe/Si interface. In-situ C doping (10'% /cm®) is
found to eliminate the implant damage close to SiGe/Si interface area and prevent
significant strain relaxation.

Epitaxial SiGe and SiGeC growth was performed on a commercially available
LPCVD system. An additional C precursor was used for in-situ C doping under
otherwise identical conditions. After epi growth, wafers were implanted using typical
conditions for P-MOS S/D, halo, and extensions. Typical results are presented here
from two different implants: 1) B implant with energy of several KeV and dose about
10"%/cm?, and 2) As implant with energy of tens of KeV and dose of 10'%/cm?. After
implantation, wafers were rapid thermal annealed at high temperature (>1000 C).

The strain relaxation and implant damage were characterized by high-resolution
26



O her configurations of gate structures are possible for all enbodi nents.
G ven the variety of enbodiments of the present invention just described,
t he above description and illustrations show not be taken as limting the
scope of the present invention defined by the clains. Wil e the

i nvention has been particularly shown and described wth reference to the
preferred enbodi nents thereof, it wll be understood by those skilled in
the art that various changes in formand details nmay be nade wi thout
departing fromthe spirit and scope of the invention. It is intended to
cover various nodifications and sim | ar 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

arrangene c . j i S: formng a
sem ¢ g ndu (r:% Fg? aﬁ@“@ﬁ%%‘%%#{??‘?'sﬁy f‘%l'gl %&%ﬁ@o'ﬁeﬁj% fégt(gf ég§&) "21'9 §!’§ % on ’
doped Si Gdayerg] (b) asyrown @‘nGeC_sSm'i mmmplaﬁlt&mam@bapealgd SfiGé@rsrwagasadl\/DS
transi stor on @ substrate; sai tra tor. c ri se source a

drain regi(@hds %sf"uﬁ@rée@ gttt pRied Siagk Al &@flﬂ%@@ﬁcmséﬁemﬁr& Se_reé‘SI‘on
under sai %Q@_&%r&hﬁ?ﬁrﬁ@@ﬁg 5A ga) an@f(b)‘%rinciieétmg"lﬂtlé §trQin%£é§8B%|?9H§@n@om@E

| ayer; annealing said subStraté at a tenperature over ) er eby
sai d car bdntetfeped Fitli@:theggickingupe tos the SiGelayenin tigddAlBhusiag regi on and

ther ey < e RN 3P g 0 4 SHUPTAMR LS55 80 ABEIAR"SL .,

Si Ge | ayerofies ran] Asemhirigotheaiathe) Sleccophmssitiondss inSiGH ldyen) bisd saistitutaabC

carbon doped Bsiton iehelertmindtlto 56 b by HRAS'sAB) Indasho™ ferlingsr
relationship between C content and the lattice constant. This result is close to SIMS
data indicating ~ 100% substitutionality. After B implant and anneal, the (004) peak
location for SiGe layer moves to lower angle and the thickness fringes disappear,
indicating significant strain relaxation. The (224) reflection shows a broad peak,
consistent with (004) reflection results. With no appreciable Ge interdiffusion during
the anneal (AES results not shown), i.e., no change in Ge composition in the SiGe
layer, a strain relaxation of ~70% is calculated from (004) peak shifts shown in Fig
5(a) and (c). Compared to SiGe layer, SiGeC layer shows less (004) peak shift to
lower angle, and (224) reflection shows a sharp peak above a broad peak (Fig
1(d)). The strain relaxation degree, if determined from (004) peak shift, is ~13%.
The sharp peak in (224) reflection (Fig 5A (d), solid line), however, corresponds to a
fully coherent SiGe layer, indicating nearly 0% strain relaxation. The apparent
inconsistency can be explained by the microstructure of the epi films revealed by
the TEM results shown in Fig 5B.

For the implanted SiGe layer, we observed two bands of defects (Fig 5B (a)),
one close to the surface and the other at the SiGe/Si interface. The defects in the
surface band are of the stacking fault tetrahedral type, while the dense arrays at the
interface are misfit dislocations. The dominating features in the plan-view TEM (Fig
5B (c)) are Moiré fringes, which obscure any contrast from the defects in either the
surface or interface bands seen in Fig 5B (a). Unlike the SiGe layer, the SiGeC
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said source and drain regions at |least partially are forned in said carbon
doped Si Ge layer. 3. The nmethod of claim 11, which further conprises:
form ng the carbon doped Si Ge regions in said substrate adjacent to said
gate electrode; formng atop SID silicon containing |ayer over said
carbon doped Si Ge regions; said top S/D silicon containing |layer is about
adj acent to said gate electrode; at |least a portion of said source and
drain regions are in said top S/ID silicon containing |ayer; a portion of
said source and drain regions are over at |least a portion of said carbon
doped Si Ge layer. 4. The nethod of claim11 further conprises formng an
upper channel Si-containing | ayer over said carbon doped Si Ge | ayer; and
formng said gate dielectric and said gate electrode directly over said

uere haiFlisPha Y kot MRS e SRR T e
channel regleved array of misfit dislocations exists at the SiGeC/Si interface (Fig, 5B(d)).
The array is of low density such that the misfits are not seen in a random TEM cross
section (Fig. 5B(b)).

We now propose an explanation on the strain relaxation behavior shown in
Fig. 5A. The TEM results (Fig. 5B) show that in addition to the interface defects
which normally cause relaxation in SiGe/Si heteroepitaxy system, there are surface
defects that can relieve the strain in the top part of epilayers. This non-uniform
strain relaxation across the depth of epilayers can be seen from the slightly
asymmetrical (004) peak and the broad peak together with the sharp peak in the
(224) reflection (Fig 1(d)). From the spacing of these misfit dislocations in SiGeC
layers (Fig 5B, (d)), the strain relaxation degree caused by interface defects is
determined to be ~ 1%, consistent with the position of the sharp (224) peak
observed in Fig 5A(d). Thus the (004) peak shift in Fig 5A (d) mostly comes from
the additional strain relaxation, estimated to be ~12%, from the surface defects.
Because of the similarity of the surface defects observed between SiGe and SiGeC
layers, we can assume the same strain relaxation degree, ~12%, is caused by the
surface defects. This is relatively small, compared to the overall strain relaxation,
~70% for the SiGe epilayer. The non-uniform strain relaxation along the depth in
SiGe layers is thus not clearly resolved in our (004) and (224) reflections.

Very interesting, we found very similar results on the implant damage and
strain relaxation in the SiGe and SiGeC layers for the more-damaging As implants.
As can be seen from the TEM results shown in Fig 5C, for SiGeC, there is a surface
defective layer, which is thicker due to the deeper projected range for the implants.
The interface again is clean without many defects, indicating small degree of strain
relaxation at the interface, consistent with ~9% strain relaxation determined from
XRD results (not shown). For the SiGe layer, however the film becomes quite
defective across the depth. It seems the surface defect band is connected with the

28



5. The method of claim1l wherein said carbon doped SiGe |ayer has a a C

atomc % between 0.1 and 0.2 0/0 .

carbon doped Si Ge layer has a Si atomic % between 68.8 % and 84.9% a Ce
atom c % between 15 and 30%; and a C atom c % between 0.1 and 0.2 /0 7.
The nethod of claim1, wherein said carbon doped Si Ge | ayer has a C

concentrati on between about 1E19 and 1E20 atoni cc.

a sem conductor device conprising the steps of: providing a gate over a

substrat e;

etching S/D recesses in said substrate adjacent to said gate;

| east partially filling said S/D recesses with a carbon doped Si Ge | ayer;
form ng source and drain regi ons about adjacent to said gate at | east
partially 33 in said carbon doped Si Ge | ayer; whereby said carbon doped

6. The nethod of claiml1l, wherein said

Si Ge | ayet, i Betddl B¥IR asIBRNLPR tRe ENARGIShteHEHS80 diiE e PBAMca e

dense array of defects causes 85% strain relaxation in SiGe layer determined by
XRD (not shown).

A hypothesis is that dislocation loops generated by implants in SiGe layer
and Si substrate can move to SiGe/Si interface and form misfit dislocations, causing
more strain relaxation than SiGe layer grown on Si without implants under the same
thermal budget. This hypothesis is consistent with the high strain relaxation degree
we observed here for implanted SiGe epi layers and with the fact that we found little
strain relaxation for similar SiGe epi layers on Si with high temperature anneals
alone. A small little amount of C has been shown to eliminate the EOR defects for
implants in Si, which has been attributed to C atoms acting as Si interstitial sinks. A
similar mechanism seems to be operating for epitaxial SiGe layers. The
suppression of EOR defects inhibits the nucleation of misfit dislocation for such thin
SiGe layer and thus prevents strain relaxation. Near the surface however the
defects are still formed as in SiGe layer, which may be due to the inefficiency of Si
interstitial sinks or too many displaced Si, because of the shallow implant conditions
used.

In summary we have shown that for a 65 nm SiGe layer with~25% Ge,
conventional implants used for p-MOS S/D, halo and extension lead to significant
implant damage and strain relaxation. Two defect bands are observed: one is close
to the surface and the other is at SiGe/Si interface. Surface defects cause
additional strain relaxation in the top part of the epi layers. In-situ C doping (1E19
to 1E20 /cm?®) is found to eliminate the implant damage close to SiGe/Si interface

area and prevent significant strain relaxation.
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9. The method of claim8 wherein said carbon doped Si Ge | ayer has a Si
atom c % between 68.8 % and 84.9% a Ge atom c % between 15 and 30% ; and a
C atomic % between 0.1 and 0.2 ,4). 10. The nethod of claim8 which
further conprises formng a top SID silicon |ayer over said carbon doped

Si Ge | ayer; the step of source and drain region formation further
conprises: formng said source and drain regions at |east partially in said
top SID Si-containing layer. 11. The method of claim8 which further
conprising; after form ng said carbon doped Si Ge | ayer; annealing said
substrate at a tenperature over 400 C. 12. The nethod of claim8 wherein
sai d carbon doped Si Ge | ayer has a C concentration can be about between
1E19 and 1E20 atomcc. 13. A nethod for form ng a sem conductor device
conprising the steps of: providing a gate dielectric |ayer, and a gate over
a substrate; said substrate conprised of silicon; etching S/D recesses in
said substrate adjacent to said gate; partially filling said S/D recesses
with a carbon &pedEgample ref;helps SiGe retain stress after anneals.

Test wafers were prepared using the following flow:

e Grow SiGe(C ) epi with a C concentration about 1.5 atomic % (1E19to
1E20 /cm®)

e Implant

e RTA atT greaterthan 1000 C

o (stress measurement done after each step)

Figure 6A shows the results in tables 1, 2, 3 and 4.
Figure 6B shows a graph of percentage of Stress retained vs C for the 4 I/i

conditions.

Some conclusion that we can draw from figure 6A and figure 6B.

1) C helps SiGe retain stress for all 4 implant conditions

2) As implant gives the worst impact on stress loss followed by B S/D implant
and then by BF2 implants.

3) It seems implant-induced damage is the major contributor to stress loss

although film thickness may be slightly thicker than critical thickness.

CN = 0. 5 sccm is about C concentration in the SiGec layer of about 3E19
Atoms/cc
CN = 1.2 sccm is about C concentration in the SiGec layer of about 7E19

Atoms/cc
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formng a top SID Si-containing | ayer over said carbon doped Si Ge |ayer;
formng source and drain regions at least partially intop S/D

Si -containing | ayer; whereby said carbon doped Si Ge |ayer puts a uniaxi al
strain on a channel region under said gate. 14. The method of claim 13
wherein said carbon doped SiGe |ayer has a Si atom c % between 68.8 % and
84.9% a Ge atomc % between 15 and 30 % a C atom c % between 0.1 and 0.2
% 15 The nethod of claim 13 wherein said carbon doped Si Ge |ayer has a C
concentration can be about between 1E19 and 1E20 atom cc. 16. The net hod
of claim 13 wherein said top SID Si-containing |ayer is conprised
substantially of Si. 17. The nethod of claim 13 which further conprises;
after formng said carbon doped Si Ge |ayer; annealing said substrate at a
tenperature over 400 C. 18. A nethod for form ng a sem conductor device
conprising the steps of: formng a carbon doped Si Ge | ayer over a
substrate; said substrate conprised of silicon

C. non-limiting example embodiments

The example embodiments can be combined with other stress or strain
inducing techniques such as stress memorization, dual stress layers (e.g, SiN
capping stress layers). metal gates, STl stressors, etc.

Other configurations of gate structures are possible for all embodiments.

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
skilled in the art that various changes in form and details may be made without
departing from the spirit and scope of the invention. It 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 a top silicon |layer over said carbon doped SiGe layer; formng gate
dielectric layer, a gate over said top silicon |layer; etching S/D recesses
in said substrate adjacent to said gate; at least partially filling said
S/D recesses with a silicon containing |layer; formng source and drain
regions in at least partially in said silicon containing |ayer;

wher eby said carbon doped Si Ge | ayer puts a uniaxial strain on a channel
regi on under said gate. 19. The method of claim 18 wherein said silicon
containing layer is substantially conprised of silicon. 20. The method of
claim 18 which further conprises; after form ng said carbon doped Si Ge

| ayer; annealing said substrate at a tenperature over 400 C. 21. The

nmet hod of claim 18, wherein said carbon doped Si Ge |ayer has a Si atom c
(1/0 between 68.8 % and 84.9% a Ge atom c % between 15 and 30 %; a C
atomc % between 0.1 and 0.2 %

What is claimed is:

1. A method for forming a semiconductor device comprising the acts of:

forming at least a carbon doped SiGe region in or on a semiconductor
substrate;

forming a MOS transistor on a substrate; said MOS transistor comprised of
source and drain regions, a gate dielectric, a gate electrode, and a channel region
under said gate electrode;

after forming said carbon doped SiGe layer; annealing said substrate at a
temperature over 400 C;

whereby said carbon doped SiGe region applies a stress on the channel
region and whereby said carbon doped SiGe region retains more stress on the

channel region after the anneal.

2. The method of claim 1 wherein said carbon doped SiGe layer is adjacent to said
gate electrode in said substrate, said carbon doped SiGe layer is not directly
under said gate electrode;

said source and drain regions at least partially are formed in said carbon doped

SiGe layer.

3. The method of claim 1, which further comprises:
forming the carbon doped SiGe regions in said substrate adjacent to said gate

electrode;
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22. The nethod of claim 18, wherein said carbon doped SiGe |ayer has a C
concentration between about 1E19 and 1E20 atomcc. 23. A nethod for formng
a sem conductor device conprising the steps of: formng a center carbon
doped Si Ge |l ayer over a substrate; said substrate conprised of silicon;
formng a top silicon |layer over said center carbon doped Si Ge | ayer;
formng a gate dielectric layer, and a gate el ectrode over the top silicon
| ayer; etching S/D recesses in said substrate adjacent to said gate; and at
| east partially filling said SID recess with a SID carbon doped Si Ge | ayer.
form ng source and drain regions adjacent to said gate at |east partially
in said S/D carbon doped Si Ge |ayer. 24. The nethod of claim 23, wherein
said center carbon doped SiGe |layer has a Si atom c % between 68.8 % and

3429% a f&#niff Aop SR NSInmEdaydt Seer said CarlBdPabseVEhES Y&fohS- dai@nd
top S/D silicon containing layer is about adjacent to said gate electrode;
at least a portion of said source and drain regions are in said top S/D silicon
containing layer;
a portion of said source and drain regions are over at least a portion of said carbon

doped SiGe layer.

4. The method of claim 1 further comprises forming an upper channel Si-containing
layer over said carbon doped SiGe layer; and forming said gate dielectric and
said gate electrode directly over said upper channel Si-containing layer;

wherein at least a portion of said carbon doped SiGe layer is directly under and

spaced apart from said channel region.

5. The method of claim 1 wherein said carbon doped SiGe layer has a

a C atomic % between 0.1 and 0.2 % .

6. The method of claim 1, wherein said carbon doped SiGe layer has
a Si atomic % between 68.8 % and 84.9%;
a Ge atomic % between 15 and 30 % ; and
a C atomic % between 0.1 and 0.2 % .
7. The method of claim 1, wherein said carbon doped SiGe layer hasa C

concentration between about 1E19 and 1E20 atom/cc.

8. A method for forming a semiconductor device comprising the steps of:
providing a gate over a substrate;
etching S/D recesses in said substrate adjacent to said gate;
at least partially filling said S/D recesses with a carbon doped SiGe layer;
forming source and drain regions about adjacent to said gate at least partially
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25. The sem conductor device of claim23 wherein said center carbon doped
Si Ge | ayer has a C concentration can be about between 1E19 and 1E20
atonfcc. 26. The nmethod of claim23 which further conprises; after form ng
said center carbon doped Si Ge | ayer; annealing said substrate at a
tenperature over 400 C. 27. A sem conductor device conprised of: a
MOS transi stor on a substrate; said MOS transistor conprised of source and
drain regions, a gate dielectric, a gate el ectrode, a channel region under
said gate el ectrode; a carbon doped Si Ge region that applies a stress
on the channel region whereby said carbon doped Si Ge region retains nore
strain on the channel region after heat processing. 28. The sem conductor
device of claim 27 wherein said carbon doped Si Ge |ayer is adjacent to said

gat e el ecinrgftecamonaioped BiSknayd; widiréby 94t Garsorldelet SiG@E{}f@ﬂﬁut@ta | east
partially are formed in said carbon doped Si Ge |ayer. 29. The

seni conduétigriabgliain &ngt chardiehieniomHade spid §ate-car bon doped Si Ge | ayer is
adj acent to said gate electrode in said substrate, said source and drain
regions are substantially in said carbon doped Si Ge layer. 30. The

sem condu@it e ohetharkofotlaoh & wh@zindaid earbdrndo st Hidie ldgerebash Gai atenioi

applies ab%pviggﬁ:%g\%é%@s%f%/t he channel region. 31. The sem conduct or
. 1G4

devi ce of _ _ op S/D silicon containing |ayer is over said
carbon dogpexk Sofc PeBeNEen 15 and 30 % ; and

a C atomic % between 0.1 and 0.2 %.

10. The method of claim 8 which further comprises forming a top S/D silicon layer
over said carbon doped SiGe layer;
the step of source and drain region formation further comprises: forming said

source and drain regions at least partially in said top S/D Si-containing layer.

11. The method of claim 8 which further comprising; after forming said carbon doped

SiGe layer; annealing said substrate at a temperature over 400 C.

12. The method of claim 8 wherein said carbon doped SiGe layer hasa C

concentration can be about between 1E19 and 1E20 atom/cc.

13. A method for forming a semiconductor device comprising the steps of:
providing a gate dielectric layer, and a gate over a substrate; said substrate
comprised of silicon;
etching S/D recesses in said substrate adjacent to said gate;
partially filling said S/D recesses with a carbon doped SiGe layer;
forming a top S/D Si-containing layer over said carbon doped SiGe layer;
forming source and drain regions at least partially in top S/D Si-containing
layer; whereby said carbon doped SiGe layer puts a uniaxial strain on a channel

region under said gate.
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a portion of said source and drain regions are over at |least a portion of
said carbon doped Si Ge layer; at least a portion of said source and drain
regions are in said top SID silicon containing |layer. 32. The

sem conduct or device of claim27 wherein at |east a portion of said carbon
doped Si Ge layer is directly under and spaced apart from said channel

regi on; a upper channel Si-containing |layer is over said carbon doped Si Ge
| ayer. 33. The sem conduct or device of claim27 wherein SID recess
are in said substrate adjacent to said gate el ectrode, said carbon doped
SiGe layer is adjacent to said gate electrode and in said SID recesses,
said source and drain regions are at least partially in said carbon doped
Si Ge | ayer; a center carbon doped Si Ge |ayer is under and spaced
apart fromsaid channel region; at |east of portion of an upper channel

Si - cont ai ni 3% layer is over said center carbon doped SiGe layer. 34. The
sem condult4 dihedaethed obclaimal nwhareimeaidicarken dored Bisie Bypedasa &t atayier%has a

C atomi ¢ JoaRELNEE3 Y, 5na'eh 2 % -
a Ge atomic % between 15 and 30 %;

a C atomic % between 0.1 and 0.2 %.

15 The method of claim 13 wherein said carbon doped SiGe layerhasa C
concentration can be about between 1E19 and 1E20 atom/cc.

16. The method of claim 13 wherein said top S/D Si-containing layer is comprised
substantially of Si.

17. The method of claim 13 which further comprises; after forming said carbon

doped SiGe layer; annealing said substrate at a temperature over 400 C.

18. A method for forming a semiconductor device comprising the steps of:

forming a carbon doped SiGe layer over a substrate; said substrate
comprised of silicon;

forming a top silicon layer over said carbon doped SiGe layer;

forming gate dielectric layer, a gate over said top silicon layer;

etching S/D recesses in said substrate adjacent to said gate;

at least partially filling said S/D recesses with a silicon containing layer;

forming source and drain regions in at least partially in said silicon containing
layer;

whereby said carbon doped SiGe layer puts a uniaxial strain on a channel

region under said gate.
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35. The sem conductor device of claim27 wherein said carbon doped Si Ge

| ayer has a Si atom c % between 68.8 'A and 84.9% a Ge atom c % between 15
and 30 %; and a C atomc % between 0.1 and 0.2 % . 36. The sem conduct or
device of claim 27 wherein said carbon doped SiGe |ayer has a C
concentration between about 1E19 and 1E20 atonicc.

19. The method of claim 18 wherein said silicon containing layer is substantially

comprised of silicon.

20. The method of claim 18 which further comprises; after forming said carbon

doped SiGe layer; annealing said substrate at a temperature over 400 C.

21. The method of claim 18, wherein said carbon doped SiGe layer has a Si atomic
% between 68.8 % and 84.9%;
a Ge atomic % between 15 and 30 % ;

a C atomic % between 0.1and 0.2 % .

22. The method of claim 18, wherein said carbon doped SiGe layer hasa C

concentration between about 1E19 and 1E20 atom/cc.

23. A method for forming a semiconductor device comprising the steps of:
forming a center carbon doped SiGe layer over a substrate; said substrate
comprised of silicon;
forming a top silicon layer over said center carbon doped SiGe layer;
forming a gate dielectric layer, and a gate electrode over the top silicon layer;
etching S/D recesses in said substrate adjacent to said gate; and
at least partially filling said S/D recess with a S/D carbon doped SiGe layer.
forming source and drain regions adjacent to said gate at least partially in said

S/D carbon doped SiGe layer.

24. The method of claim 23, wherein said center carbon doped SiGe layer has a Si
atomic % between 68.8 % and 84.9%;
a Ge atomic % between 15 and 30 % ;
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a C atomic % between 0.1 and 0.2 % .
25. The semiconductor device of claim 23 wherein said center carbon doped SiGe

layer has a C concentration can be about between 1E19 and 1E20 atom/cc.

26. The method of claim 23 which further comprises; after forming said center

carbon doped SiGe layer; annealing said substrate at a temperature over 400 C.

27. A semiconductor device comprised of:

a MOS transistor on a substrate; said MOS transistor comprised of source
and drain regions, a gate dielectric, a gate electrode, a channel region under said
gate electrode;

a carbon doped SiGe region that applies a stress on the channel region
whereby said carbon doped SiGe region retains more strain on the channel region

after heat processing.

28. The semiconductor device of claim 27 wherein said carbon doped SiGe layer is
adjacent to said gate electrode in said substrate, said source and drain regions at
least partially are formed in said carbon doped SiGe layer.

29. The semiconductor device of claim 27 wherein said carbon doped SiGe layer is
adjacent to said gate electrode in said substrate, said source and drain regions are
substantially in said carbon doped SiGe layer.

30. The semiconductor device of claim 27 wherein the carbon doped SiGe region
applies a uniaxial stress on the channel region.

31. The semiconductor device of claim 27 wherein

a top S/D silicon containing layer is over said carbon doped SiGe region;

a portion of said source and drain regions are over at least a portion of said carbon
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doped SiGe layer; at least a portion of said source and drain regions are in said top

S/D silicon containing layer.

32. The semiconductor device of claim 27 wherein at least a portion of said carbon
doped SiGe layer is directly under and spaced apart from said channel region; a

upper channel Si-containing layer is over said carbon doped SiGe layer.

33. The semiconductor device of claim 27 wherein

S/D recess are in said substrate adjacent to said gate electrode, said carbon
doped SiGe layer is adjacent to said gate electrode and in said S/D recesses,

said source and drain regions are at least partially in said carbon doped SiGe
layer;

a center carbon doped SiGe layer is under and spaced apart from said
channel region; at least of portion of an upper channel Si-containing layer is over

said center carbon doped SiGe layer.

34. The semiconductor device of claim 27 wherein said carbon doped SiGe layer has
a C atomic % between 0.1 and 0.2 % .
35. The semiconductor device of claim 27 wherein said carbon doped SiGe layer has
a Si atomic % between 68.8 % and 84.9%;
a Ge atomic % between 15 and 30 % ; and
a C atomic % between 0.1 and 0.2 % .
36. The semiconductor device of claim 27 wherein said carbon doped SiGe layer has

a C concentration between about 1E19 and 1E20 atom/cc.
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