-1 CMOSFET W TH HYBRI D STRAI NED CHANNELS BACKGROUND
[ 0001] Formation of a sem conductor transistor
typically conprises a doped substrate featuring a
source and a drain bounded by dielectric regions, a
gate dielectric layer, and a gate. One nethod of

i ncreasing the performance of that conposition is
enhancenent of carrier nobility by introduction of a
strai ned channel beneath the gate and between the
source and drain. [0002] The conventional approach to
creating this strained channel is the replacenent of a
silicon substrate with bulk silicon-germani um which
is graded so as to produce rel axed silicon- germani um
at the wafer surface. The silicon-germaniumis then
covered (capped) with epitaxial silicon. The
difference in lattice constants between the silicon
cap and the underlying silicon- germani um produces
tensile stréE%OSEE¥ HYSRAD STRAINEDCHANNELS r i er

mobility in the silicon cap. A disadvantage with this
8 ch.is that the substitution of silicon substrate
m%d silicon-germani umis both expensive and
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t he conventional approach, the difference in
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S 6005 T Sl S BP0l R A B
disldcitAOnIRY difidh dBemafingl 18HEY A0 HiARA1 kSconfial anll RirSspraad hRfne
only inproves p- channel netal oxide sem conductor

strpnadsilicprelagasy degrading thabitayei aud kesepsring penfarmankce. iBhedlighenthelieve] of

defect control, the more expensive the process becomes.

[0003]  Another approach is capping a doped silicon substrate with an epitaxial layer of
strained silicon-germanium. As in the conventional approach, the difference in lattice constants
between the silicon-germanium and the silicon produces stress in the capped layer. Since the
layers are reversed from the conventional approach, the silicon is relaxed while the silicon-
germanium is compressively stressed. The strain produces the same benefit of enhanced carrier

mobility. Unlike the conventional approach, this process is not expensive since the growth of a



sem conductor (NMOS) performance. An alternative is
the use of a thin silicon-carbon |ayer instead of a
silicon-germanium | ayer. The difference in lattice
constants for the silicon-carbon on silicon
configuration puts tensile, rather than conpressive,
stress on the silicon- carbon cap. However, this
met hod only inproves NMOS p ot or mance, but degr ades
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In a subsequent “stage of manufacture. [0012]
Elsglssﬂnl S a cross-sectional view of the device shown
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microelectronic device in an intermediate stage of manufacture according to aspects of the

present disclosure.

{0007)  Fig. 2 is a cross-sectional view of the device shown in Fig. 1 in a subsequent stage of
manufacture.

{0008] | Fig. 3 is a cross-sectional view of the device shown in Fig, 2 in a subsequent stage of
manufacture.

[0009]  Fig. 4 s a cross-sectional view of the device shown in Fig. 1 in a subsequent stage of
manufacture.

[0010]  Fig. 5 is a cross-sectional view of the device shown in Fig. 4 in a subsequent stage of
manufacture.

[0011]  Fig. 6 is a cross-sectional view of the device shown in Fig. 3 or Fig. 5 in a subsequent
stage of manufacture.

[0012]  Fig. 7is a cross-sectional view of the device shown in Fig. 6 in a subsequent stage of

manufacture,



-3- [0013] Fig. 8 is a cross-sectional view of the
device shown in Fig. 7 in a subsequent stage of
manufacture. [0014] Fig. 9 is a cross-sectional view
of at least a portion of one enbodi nent of an
integrated circuit accordi n% to aspects of the present
di scl osure. DETAI LED DESCRIPTI ON [ 0015] The fol |l ow ng
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%th_h, and/ or other dopant addition processes.
[be@1 difeciiogtact] i ||l ustrates a sectional view of at |east
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phipstat iayer dddditibg eputring] opiednwbdting RGP othierb@Bdveyteeesses. Unless
102b, . The substrate 101 may conpri se silicon,
SPssHied 9theryise, lager removal may comprise chemical mechanical polish (CMP), wet etch,

dry etch, and/or other removal processes. Doping may comprise implantation, in situ growth,

and/or other dopant addition processes.

[0017]  Fig. 1 illustrates a sectional view of at least a portion of one embodiment of a
microelectronics device 100 in an intermediate stage of manufacture according to aspects of the
. preseat disclosure. In one embodiment, the device may be fabricated on substrate 101 having
doped well regions 102a and 102b. The substrate 101 may comprise silicon, monocrystalline
silicon, gallium-arsenide, and/or other materials, The differently doped well regions 102a and
102b may comprise any combination of substrate and one or more impurities in two different
quantities in two different regions. In one embodiment, the differently doped well regions may

comprise 102a being a p-type region, indicating doping with a species such as boron, and 102b



silicon, galliumarsenide, and/or other materials. The
differently doped well regions 102a and 102b may
conpri se any conbi nation of substrate and one or nore
inmpurities in two different quantities in two

different regions. In one enbodinent, the differently
doped well regions nmay conprise 102a being a p-type
region, indicating doping with a species such as

boron, and 102b -4- being-ds n-type region, indicating
doplng Wi th speC|es such as arseni c and/or
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hard mask 208b and the isol ation
contains iselation structures 104, the materials used for the hard mask 208b and the isolation

structures 104 may be different to allow for selective removal and/or other processing at
subsequent steps.

[0021]  Fig 3 illustrates a subsequent step to Fig, 2 in which a second hard mask 308a is
formed over the first strained layer 206a. The second hard mask 3082 may be simular in
construction to the first hard mask 208b of Fig. 2. The second hard mask 308a permits formation
of a second SEG strained layer 306b proximats to the second doped well 102b. In an
embodiment whers the second strained layer 30§b is silicon-germanjum-carbon, the layer may

be formed using silane and/or disilane, germane, methane, and an etchant such as hydrochloric



structures 104 nay be different to allow for selective
renoval and/or other processing at subsequent steps.
[0021] Fig. 3 illustrates a subsequent step to Fig. 2
in which a second hard mask 308a is fornmed over the
first strained | ayer 206a. The second hard mask 308a
may be simlar in construction to the first hard mask
208b of Fig. 2. The second Rard nask 308a permts
formati on of a second SEG strained | ayer 306b
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%Q|nent where the second strained | ayer 306b is
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08a may be T emoved. [ 0022] I'n some enbodi nents,
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[0023] In an enbodi ment where the strained

cathon gedvarasribep-wekh yeda (oBapresenisxpinpleh thgeemaniugnsontent may be about
twenty to thirty mol percent. Applied to equation (1), x should be at least ten times y, such as:

Sio,14Geg2sCo0.
Asy approaches nil, the composition is essentially SijxGe,. In embodiments where x is greater
than ten times v, the lattice constant of the strained silicon-germanium-carbon layer 206z is
higher than the lattice constant of the underlying substrate 102a, producing compressive strain in
the silicon-germanium-carbon fayer 206a.
[0024]  In an embodiment where the a strained tri-elemental layer 306b is silicon-germaninm-
carbon grown on a well 102b (in the present example), the carbon content may be about two to
three mol percent. Applied to equation (1), x should be less than ten times y, such as:

Sig.875Gega Co.zs.
As x approaches nil, the composition is essentially S1;.,Cy. In embodiments where x is less than

ten times y, the lattice constant of the strained silicon-germanium-carbon layer 306b is lower



carbon grown on the p-well 102a (in the present

exanpl e), the germanium content may be about twenty
to thirty nol percent. Applied to equation (1), x
should be at least ten tines y, such as:

Si O 74CGe0. 25C0O. 01 As y approaches nil, the conposition
is essentially Sii_,Ge,. Inenbodinments where x is
greater than ten tinmes y, the lattice constant of the
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rocess to add species m
p[0028] Referring to Fig. 4, a layer XOﬁ may be formed over both the wells 102a and 102b.

—

Formation of layer 406 may comprise SEG, non-selective epitaxial growth, and/or other means.
In the present embodiment, the layer 406 includes the three elements silicon, germanium, and
carbon. _

[0029]  Afler layer 406 has been formed, a hard mask 408b covers both well 102b and a
portion 406b of layer 406 while leaving a portion 406a uncovered. The hard mask 408b may
comprise silicon-nitride, silicon-oxygen-nitride, and/or other deposition and/or implant resistive
materials. If the embodiment contains isolation structures 104, the materials used for the hard
mask 408b and ﬁe isolation structures 104 may be different to allow for selective processing at

subsequent steps.



conprise inplantation. Sacrificial |layers such as

silicon-oxide may be used to prevent surface damage

caused by inplantation. A process to renove species

may conprise a |eaching agent or |layer. [0027] Figs.

4 and 5 illustrate another nethod for formng a

strai ned channel that works;with different types of

doped regions, such as is disclosed in Fig. 1. It is
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now referred to as, | ayer 506argm% 8‘
[0032] A process to add species may comprise impl atmn I 4 embo iment where the
tri-elemental strained layer is silicon-germanium-carbon, the implanted species may comprise
carbon. Sacrificial layers such as silicon-oxide may be used to prevent surface damage caused
by implantation. A process to remove species may comprise a leaching agent or layer. After
formation of tri-elemental strained layer, the hard mask 508a may be removed. Although this
embodiment illustrates treatment of layer 406a first, one of skill in the art will recognize that
layer 406b may be treated first by covering layer 4062 with hard mask 508a. Other embodiments
may comprise alternating treatments wherein hard masks 408b and 508a are formed and
removed more than once. Still other embodiments may comprise processes that affect both

layers 406a and 406b or intermediaries.



mask 408b nay be renpved. [0031] Referring to Fig. 5,

a hard mask 508a covers both well 102a and
tri-elemental strained |ayer 506a while |eaving the

“ other well 102b and | ayer 406b uncovered. The hard

mask 508a nmay conprise silicon-nitride,
silicon-oxygen-nitride, and/sor other deposition and/ or
inplant resistive materials. If the enmbodi nment
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t'0 achi'eve a certain lattice Structure in the layer
eliifehtal dthingd biyer b gs foayedrovdObiferemlydopaimegibm l@b& m | ar
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Pﬁ@ stiR6n. Ikilathlk eVeNT 12! maSicbmpiR dilica 8¥idé. Sn some embodiments,
i con- ger mani um car bon, "the i npl anted species ma

oapxm;g layee 71&maphelp toSedice f,tress betwden jherty-clemehtabstrained layers 206a and
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0 enent al har d

r mat tri nedla er, the
inmbkin®Ra 7hRy Inserme embodialents)\cappimg ddyet TﬂlOSma}qmmdﬁ nderirable
illustrates treatpment of | ayer 406a first, one, of

egkirqnmentglly-pduged oxidation of éfé%@eﬁlt% glomgntal layexs06a apkH6helfowever,
s@%&g&cﬁ@ﬁ%ﬁ {é&r@é%x? #‘gﬁ‘?’égﬁﬂﬁ% \Jggﬁéngﬁe sﬁf?&ﬁfe"i‘lem cBﬁlE&s HB53genated

I'se altern
dmephérent s wherein hard masks 408b and 508a are formsd
and renoved nore than once. Still other enbodi nents

[A935] corip mtrmslsw@még@@gntt gt straetpiss {1 4gntrbe franadion thpgawlating laye

Apd di
A deprdicBor Be TBRBGn bRy e h et Fofth oty Py materils
xﬁa)ldaﬁ@nwh%péae&mﬂ@@ed ﬁﬁ@ﬁrdr?ﬂsds]moh hanﬁ‘?ﬁa?'b@ ras@ea withl @fore

and 3 or "wth reference s. 4 and 5. first
ronulucHVaanﬂﬂtai kuchs:$ tuapgstarlalbmingm, ‘33@5% frsalioy Blmh as omgﬁgremhclde or
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cfoﬁ@bﬁﬂ’brﬂdf&bﬂtlple layers. In an embodiment where well region 102a is PMOS, well region
102b is NMOS, and there are gate structures 714 over both wells, a CMbS transistor is formed.
In another embodiment, a mask may be used to form gate structures 714 proximate to only one
well area, forming isolated transistors. _

[0036]  Fig. 8 illustrates further processing in which insulating structures 8122/812b and
spacers- 8162/816b may be formed around gate structures 714. Formation of insulating structures
812a/812b and spacers 816a/816b is well-known in the art, Insulating structures 8122/812b may
have a width substantially similar to the width of gate structures 714 as shown by structure 8122
or substantially similar to the width of spacers 816b as shown by structure 812b. The spacers

816 may comprise one or more layers of silicon-oxide, silicon-nitride, silicon-oxygen-nitride,



[00341 Fig. 7 illustrates subsequent processing in
which the tri-elenental strained |ayers 206a and 306b
may be capped with layer 710 and/or insulating |ayer
712. Capping layer 710 may conprise silicon.
Insul atirng | ayer 712 may conprise silicon-oxide. In
sone enbodi nents, capping layer 710 may help to
reduce stress between the t9.i-elenental strained
| ayers 206a and 306b and subsequent insulating |
7an@or ather amteeaboahm@mers/ﬁiéa/&@upw indpperdgnity qmgllchvely be employed
silic and.insulatin er 712 .is silico
@aamaﬁgdqnag é‘+b5"ﬂj§5“ megglﬁ%eg@vgla%?aﬁ RS ShipSing faver 712 a5
ag%g 712. I n sone enbodi nents, capping
nay prevent undesi rabl e.

qmm] onipeeaibydinialy the dpauis §64/316b by adt agh mask or pattern for
tri-elenmental |ayers 206a and 306b. However, such
omplaataﬁlqmrof dq;antﬁ stchas boron, nhomhb@ufs, pEsPRie; apderther fatenials into

oot els 13 At 20, o, e AU AT AP Bl PR R 710y crnte
rE?X\Jg% h@ LIRS 8%@2&&}1@&?@% BJITE It %ﬁwr dmiddimér® rarﬁ?ibio%@lst mask may

ate struc nown in the art.

Yeruselttol frgplahit dopunts @iitd ahlg certainywelsnBnbsequentoipiasions anmatlmg,emld/or any
silicon or polysilicon, and maybe capped wi.th a .nor
cc@waeﬂethéamatan|paqce@§a&;rﬁasa@ew?(fgy 4 torittaig a desived dpping profile. In some

Ce?xﬁ:@?imggtg,g}o C%Ol.ll% S ﬁuﬁ%panﬁsglh %gﬁétqﬂvesélﬁ 15 lglgglpetﬂﬁ shaﬁ&%r

or sem-co

C@Hf@bd’tﬁinb OFbr@fcarﬁpiéi hothiclatek®b 6f the fapeeaddtAts 318 rélitive iethe sum of
dr awi ng d’gate structure 714 as a single |ayer does

rtbe lamlmau 2b,66m> 364by anskV 18 mnaprdifeer. oF theiveigihs of the sougges and drains

T085n € RO e el e 18 ek Bt 1 b b, (i and

klﬁn%lh’s dm a?'be ﬁnﬁg@ Be‘fd%@ %aﬁér%‘%d t‘énﬁa‘%ﬂﬁ@l afterl fOrmlih BEkolation

be used to formgate structures
7stwﬂctpme<8mmb&letmpmduye omere masdW clzneed 826.0r mi ng i sol at ed

transi stors.. [00361 Fig il I rate ur,t her '
riﬂ%if‘éss'% S sHP lpﬁ%graieiﬂrwg 3 inkeich o d@fi@&ﬁ%ﬂ%nbed above

S PR R IR S PR O

%ﬂﬁéﬂﬂz,tbna afimeRat ehivh &b dé SibSlantially wiedilar ionknamavma 10thshown in Fig.
art. Insulating structures 812a/812b may have a width
Kibst ant i ally simlar to the width of gate structures

L R e e e L

Sthfclgtl oHe®r %?et&lelém?c JARACEIBI0 thB BBview Y24 OTHRIhtERoRREs 926 may
nore | ayers of silicon-oxide, silicon-nitride,

Stolmipdertungsien,cahemingm, c@pper,-@d/or other materials. The mterconnects 926 may further

comprise a barrer metal layer between the bulk interconnect material and the dielectric layers

928. The barrier metal layer may comprise tantalum, titanium, titanium-nitride, tungsten,
tungsten-silicide, tungsten-nitride, tantalum-silicon-nitride, and/or other suitable materials. The
dielectric layers 928 may comprise silicon-oxide, carbon-doped silicon-oxide, fluorine-doped
silicon-oxide, fluorosilicate glass (FSG), borophosphosilicate glass (BPSG), spin-on-glass
(SOQ), and/or any other low-k material.

[0040]  Thus, the present disclosure provides 2 method of manrufacturing a microelectronic

device including forming first and second tri-elemental strained layers of distinct formulations

over differently doped substrate.



and/ or other materials. The spacers 816a/ 816b may
i ndependently or collectively be enployed as a nask
duri ng subsequent processing to renove at | east
portions of insulating |ayer 712 as shown by
structure 812b. [0037] In one enbodi nent, the spacers
816a/ 816b nmay act as a mask pr pattern for
|nplantat|on of dopants such as boron, phosphorous,
Snibatt aeebdinged hspects of
T
gf&héﬁ%k&%ﬁfe Thesetskilled maheart should apEeciaicithat theymaygrealily use the
channel region 820. |In another enmbodi nent

pﬂammhminsm'e asrabasisrfan/desigaing eaodiyIng PHICRROCHS and @chwfeg for

| | b
G on g SO B O S LT Mg e oy Ty aeeS B8 Blients
g@ﬁ@d@%ﬁ%@% 'i‘l‘?os?%ﬁédﬂn thedaShairalgopilg that sich kquivalent constructions

i men e sources and drains 818 nmay not

Bay& d%ﬂ!aﬁ'ﬂ | o the §iFfend iscops bthe present discrsprss andi that ghey mgy make various
exanple, the thicknesses of the soqurces aﬁggdrat %%%uﬁﬂw
ciingts] anbstindiontand aferagirs herran WY SopaGBE SOT e P3R4 S0P
306D, qd 710 may differ, or the widths of the sources-
FFeenydisslonre. g18 and the width of the gate structure
714 may differ. In one enbodi nent, the sources and
drains 818 maybe inplanted before spacer 816a
formati on but after formation of isolation structure
812a in order to produce a nore narrow channel .820.
[0038] Fig. 9 illustrates an integrated circuit 922 in
whi ch the device 100 descri bed above may be

i mpl ement ed. For exanple, the circuit 922 includes a
plurality of mcroelectronic devices 924, one or nore
of which may be substantially simlar to the device
100 shown in Fig. 8. [0039] The integrated circuit

922 -may al so include interconnects 926 extendi ng al ong
and/ or through one or nore dielectric layers 928 to
the devices 924. The interconnects 926 may conprise
tungsten, alum num copper, and/or other nmaterials.

The interconnects 926 may further conprise a barrier
netal | ayer between the bulk interconnect material and
the dielectric layers 928. The barrier netal |ayer

may conprise tantalum titanium titaniumnitride
tungsten, tungsten-silicide, tungsten-nitride,
tantalumsilicon-nitride, and/or other suitable
materials. The dielectric |ayers 928 may conprlse
silicon-oxide, carbon-doped silicon-oxide,
fluorine-doped silicon-oxide, fluorosilicate glass
(FSG, borophosphosilicate glass (BPSG, spin-on-glass



(SOG, and/or any other lowk material. [0040] Thus,
the present disclosure provides a nethod of
manufacturing a m croel ectronic device including
formng first and second tri-elenmental strained |ayers
of distinct formulations over differently doped
substrate. -10- [0041] The %oregO|ng has outli ned
features of several enbodi nents according to aspects
cl8fs the present disclosure. Those skilled in the art
shoul d appreciate that they may readily use the
present di scl osure as a basis for designing or
) nodi,f %ﬂ%kmﬁoggdgngggﬁges and structures for carrying
' tAt € saite purposes hal o achi eving the sane
adv anﬂﬁ@emb@n‘ratt heth&“ﬁ‘h@dd s®sohd wellnbf didfeeedddpaneiharacteristics;
Thos Sklll%gﬁ n the art shquld al sg realize that such
equ A it iSRS Oyt 8 FES farEialing broximate to
1héﬁk{@&1%ﬁ@ scope of the present disclosure, and that
they may make various changes, substitutions, and
alte smoné Aisaifgsk %qumnwenhmuumtt@@a)ntlamg of x smmam@ngplatim distinct
frof t‘ljle 11 atLter L& ?othe(sj;clacSo(r:lh %rseﬂr e. -11- dainms 1. A
nlcroe ec ronic Paevi ce conpri "a silicon substrate
with first and second wells of dlfferent dopant
cha cteri tlcs a first. s i ned
“sili g%ﬂ““gj%“r‘ PR isACXise BBF#31’%§/ ahetsin thefirstapd pesppd sl oh
difR Q¥ Pe cheRactdrRBed drk §épai’éﬁi‘éd| by A KhsCorR§sMbnSthabred
si |1 con-germani um carbon | ayer of a second fornul ation
distinct fromthe first fornulation proximte to the
sec r.OF a
\Nh o ?gg ﬁl‘i&h&leqftt%m Jé%lc og élggI}‘qg %\Ivl\lgfellr“s&lg ?s%Yzl&%ﬁ fsg‘pcetﬁlie i mlilallow
d@pmmtmﬁharacterlstlcs are separated by at |east one
isolation structure. 3. The m croel ectroni c device of
claim2 wherein the isolation structure is a shallow
4. 11 emEhmidrbal&ditdhR: dedice bNElafth ¢ deleRCThE FRét GofAY khBaéristic is n-
claim1 wherein the first dopant characteristic is n-
typeppe thersgcand dloperd shyaderpdiats Bh@cact eri stic i s p-type.

5. A microelectronic device comprising:

a silicon substrate with first and second wells of different dopant characteristics;

a first strained silicon-germanium-carbon layer of a first formulation proximate to
the first well and comprising more than twenty mol percent germanium and less than two
mole percent carbon; and

a second strained silicon-germanium-carbon layer of a second formulation distinct

from the first formulation proximate to the second well.
6. The microelectronic device of claim 1 wherein the second silicon-germanium-
carbon formulation comprises more than two mol percent carbon and less than twenty

mol percent germanium.

7. The microelectronic device of claim 5 further comprising a silicon capping layer



5. A mcroelectronic device conprising: a silicon
substrate with first and second wells of different
dopant characteristics; a first strained
silicon-germani um carbon [ ayer of a first fornulation
proximate to the first well,and conprising nore than
twenty nol percent germani utiand |ess than two nole
percent carbon; and a second strained
pré}imb & O 1R SAIRE Mﬁéx@.ar bon | ayer of a second fornulation
distinct fromthe first fornmulation proximate to the
second well. 6. The mcroelectronic device of claim1l
wherein .t h econd sili-con- ni_um .car bon .
& for i SR SERrle SRR T AR S haiR af Beveonspyg,
préiflatces thetsH@bn tappiviglayeipl percent germanium 7. The
m croel ectronic device of claimb5 further conprising a
silicon capping layer -12- proxinate to the strained
9.1 ay qhs mi&oelLifond &Jv%'o?@ﬁafrﬁ@'fﬁnl%%bﬁﬁriﬁﬁg:d arm 7
further conprising an insulating |layer ©proximate to
t he adir$tigetsrstroetprsi prgrimatedo thedirstfnel;andr oel ect roni ¢

deVia%eco?lfi ggtleas{nrp:t%ref l%r)}ilrllleetg rcraps%ioshidrl%ll afirst gate
st r GetOre proxi nate 1o fhe PIrstowe * and a second

gate structure proximate to the second well. 10. A

m croel ectroni ¢ device conprising: a substrate with
10,0 smisfolefipRicdRYICHBYAMIS I har act eri stics; a first

St r gisihater el SIS g erb@Yi8pal thatadibhitics;f or mul ation
epitaxially (?r own over one ~well; and a second

st r aifmgigtreingd wi-dpmentall layeypéa fioht fermydation ¢pitaxiallyl giowoaver one
we(ﬁ.lgﬁdl nct fromthe first fornulation epitaxially grown

over a different well. 11. The m croel ectronic device

of alsedomd $Maindrbtiiedl eméhia layek b8a edcond fdrmnkabn depantfrom the first

characteristjcs are separated at | east one
fo"'r"rg"g‘?t’é’fliel%ﬁa’%?lly&f?ﬁ?8?’“]?‘2{3&%?%* Wqu oel ectroni ¢ device of
claim 1l wherein the first dopant characteristic is

11.  The microelectronic device of claim 10 wherein the wells of different dopant

characteristics are separated by at least one isolation structure.

12.  The microelectronic device of claim 11 wherein the first dopant characteristic is

p-type and the second dopant characteristic is n-type.

13. The microelectronic device of claim 10 wherein one tri-elemental formulation is

silicon-germanium-carbon comprising about twenty to thirty mol percent germanium.

14. The microelectronic device of claim 10 wherein one tri-elemental formulation is

silicon-germanium-carbon comprising about two to three mol percent carbon.

15. A microelectronic device comprising:

a substrate with wells of different dopant characteristics;



p-type and the second dopant characteristic is n-type.
13. The mcroel ectronic device of claim 10 wherein one
tri-elemental fornulation is silicon-gernmani um carbon
conpri sing about twenty to thirty nol percent
germanium 14, The m croel ectronic device of claim10
wherein one tri-elenmental fornmulation is

si li con-germani um carbon conpri sing about two to three

ol aAREGRAhe S RL-B8RentdBayd ok ﬁ!s@%xﬁﬁﬂa&fbﬂ' Pitgﬁé’lljpﬁown OVer one
conprising: a substrate with wells of ditferent dopant

wellhar acteri stics; - a first strained tri-elenmenta
! ay% seé%{nfi @n&héag@o%g&%&la}}%e? gfgﬁ’éc%@ iéo%w ?ﬁ ﬁ}’é’ﬂn&‘ﬁ%][m the first

fomﬂ.ﬂmd epitaxiallyadrown odérsi diffeent welnahthe fir st
fornulatlon |taX|aII rown over different well;
and ag11&PR F4Rp gclampﬁaﬂ%tgét? fhsrsaﬁmﬁ%@@erﬁo the strained
| ayers. 16. The m croel ectronic device of claim 15
further conprising an insulating |layer proximate to
16t he The mw;rgcie@mpq ideay elaim 17 furfive cornprsied acinpuating layer
devi ri.her conprising a gate structure
Pmmmat%%o ?lc@ a‘rl’(i-)ns,gtlg‘éerned | ayer. 18. An integrated

CIrCUIt deV|ce conprising: a plurality of
n1cr electronlc devi ce at | east parti al
i T gy

Ta silPp gioelesinoic daviceiphg riher comPESREhBEIHATY

pnghﬁ@@qgakhQQggajmgaaracter|stlcs wherein at |east one
of the plurality of mcroelectronic devices conprises:

a first strained silicon-germani umcarbon |ayer of a
8fir &L%%HHQQ%JQQdﬁﬁ g% 40 the first well; and a
secon Fai ned i con ni um car bon | ayer of a
sec talpdilrfllﬂy otimatrodectrotlid deetfcenlocited an lt:i’l;epir'tial‘b',t in a silicon
sulgs?rrate agltnlg ?II]‘S*E )s(écgg % ehs oit (P ﬁ'er% opant\/\%aractensncs wherein at least
one of the plurality of microelectronic devices comprises:
a first strained silicon-germanium-carbon layer of a first formulation proximate to
the first well; and
a second strained silicon-germanium-carbon layer of a second formulation

different from the first formulation proximate to the second well.



