-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. [OOOZ]”*he 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 relaxed 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 th | Vi Il..C00- ' produces
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dislocations in the silicon-germanium lattice are difficult to control and can spread into the

strained silicon layer, degrading that layer and hampering performance, The higher the level 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



thick layer of relaxed silicon germanium A

di sadvantage is that this nethod only inproves p-

channel netal oxide sem conductor (PMOS) perfornmance,

but degrades n-channel netal oxide sem conductor

(NMOS) performance. An alternative is the use of a

thin silicon-carbon |ayer .instead of a
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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 is 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, 7

[0012]  Fig. 7 is a cross-sectional view of the device shown inFig. 6in 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. 7 is 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
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[d(og;g; ORER G AT EVTR 1256 26130H i) colipPHedits VAR dBfbsition
(CVD), pl’asma-cnhanced ;:hemical vapor deposition (PECVD), atomic layer deposition (ALD),

physical layer deposition, sputtering, spin-on-coating, and/or other additive processes. Unless

specified otherwise, layer removal may compn'sé chemical mechanical polish (CMP), wet etch,
dry etch, and/or other removal processes. Doping may comprise implantation, in sifu 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
- present 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



dry etch, and/or other renoval processes. Doping nay
conprise inplantation, in situ growh, and/or other
~dopant -addi tion processes. [0017] Fig. | illustrates a
sectional view of at |east a portion of one enbodi nent
of a mcroelectronics device 100 in an internedi ate
stage of manufacture according to aspects of the
present disclosure. In one enbodi nent, the device
maybe fabricated on substtate 101 haV|ng doped wel |
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and/or disilane, germane, methane, and an etchant such as hydroclﬂon_c acid as reagents. After

formation of the strained layer 206a, the hard mask 208b may be removed. If the embodiment
contains isolation 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 similar 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 proximate to the second doped well 102b. Inan
embodiment where the second strained layer 30§b is silicon-germanium-carbon, the layer may

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



mask 208b may conprise silicon-nitride,
silicon-oxygen-nitride (SiQV), and/or other deposition
and/or inplant resistive materials. [0020] In one
enbodi nment, the first strained | ayer 206a nmay conprise
sel ective epitaxial growth (SEG in areas where the
substrate 101 is not covered by the hard mask 208b
-which includes well 1023 in the present exanple. The

strai ned Ia r 206a,.can be formned using,sil d/ or
acid 8§ GRgeHse! ﬁayefe mahian of e piEained layprp 086y t@%ﬁﬁ'sl@ﬁgﬁmagbe
mcﬁ'? rochl oric acid as reagents. After formation of the
e rai ned | ayer 206a, the hard mask 208b may be
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[0023]  Inan embodiment where the strained tri-elemental layer 206 is silicon-germanium-

carbon grown on the p-well 102a (in the present example), the germanium content may be about

twenty to thirty mol pércent. Applied to equation (1), x should be at least ten times y, such as:
Si9.24Geo.25Co1-

As'y approaches nil, the composition is essentially SijxGe,. In embodiments where x is greater

than ten times y, the lattice constant of the strained silicon-germanium-carbon layer 2062 is

higher than the Jattice constant of the underlying substrate 102a, producing compressive strain in

the silicon-germanium-carbon layer 206a. |

[0024]  In an embodiment where the a strained tri-elemental layer 306b is silicon-germanium-

carbon grown on a well 102b (in the present example), the carbon content may be about fwo to

three mol percent. Applied to equation (1), x should be less than ten times y, such as:

| Sips75Gen.1Cos.

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



el enental strained |layers 206a and 306b may al so

conpri se speci es added or renoved by any subsequent
processi ng, such as inplant doping, to forma source

and drain. Further, a tri- elenental |ayer may

conprise substantially two el enments such that it
functions as a di-elenentag- |ayer, for exanple
silicon-germani umcarbon with a only trace anmount of
iHaRthe titicsfeerstintofithd Wndetlyietm it Qibsteale 1028, preducing temsils strain in the
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thFlgs 4 and § can be used on ot evmes on the same wafer.
[0028] Referring to Fig. 4, a layer 406 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]  After layer 406 has been formed, a hard mgsk 408b covers both well 102b and 2
portion 406b of layer 406 while leaving a portion 4062 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 408 and the isolation structures 104 may be different to allow for selective processing at

subsequent steps.



silicon-germani um carbon [ ayer 306b. [0025] In order

to be of distinct formulations, the tri-el enental

strained | ayers 206a and 306b shoul d have different
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[0032] A process to add species may comprise implantation. In an embodiment 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 reco gnizc.that' ‘
layer 406b may be treated first by covering layer 406a with hard mask 508a. Other embodiments
may comprise altemating treatments wherein hard masks 408b and 508a arc formed and

removed more than once. Still other embodiments may comprise processes that affect both

layers 406a and 406b or intermediaries.



conprise silicon-nitride, silicon-oxygen-nitride,
and/ or other deposition and/or inplant resistive
materials. If the enbodi ment contains isolation
structures 104, the materials used for the hard nmask
408b and the isolation structures 104 may be different
to allow for selective progessing at subsequent
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Representation in the drawing of gate structure 714 as a single layer does not preclude

composition of multiple layers. In an embodiment where well region 1Q2a is PMOS, well region
102b is NMOS, and there are gate structures 714 over both wells, a CMOS 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 wh1ch insufating structures 812/812b and
spacers- 816a/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 812a/812b may
have a width substantially similar to the width of gate structures 714 as shown by structure 812a
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,



[0032] A process to add species may conprise

i npl antation. In an enbodi nent where the
tri-elemental strained layer is

sili con-germani um carbon, the inplanted species my
conprise carbon. Sacrificial |ayers such as
silicon-oxide may be used.to prevent surface damage
caused by inplantatlon -R-process to renove species
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I nsul ating yer 712.7 1 n an enbodi ment where cappi ng
rhayybe implderital. Fot example, the dirduit S82 tcludes aplyrality plimicraslectronic
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nbodi nents, capping | ayer 710 may prevent
undesirable. environnental ly-induced oxidation of
{00391 neTle intdgrapddavirenit 912 tayyalsosnchiib intemaehn8OSH6 edendivgalong and/or

such oxidation may not occur in en& h{ﬂents wher et he
thighgh amaoemp isleciisr ey 25 dhihe qeyifen #44e J he interconnects 926 may

comprise tungsten, aluminum, copper, and/or other materials. The interconnects 926 may further

comprise a barrier 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), borophosphdsilicate glass (BPSG), spin-on-glass
(SOG), and/or any other low-k material.

{0040]  Thus, the present disclosure provides 2 method of manufacturing a microelectronic
device including forming first and second tri-elemental strained layers of distinct formulations

over differently doped substrate.



at nosphere. [0035] In a transistor enbodi nent, gate
structures 714 may be fornmed on the insulating |aye
712r. Formation of gate structures 714 is well-known
in the art. Gate structure 714 materials nmay conprise
doped or undoped silicon or polysilicon, and may be
capped with a nore condugpLve-material such as
tungsten, alum num copper, an alloy such as

(00441195 T8O foRighing hakPoutlived feamyes of foweralmmiudimentsacesrding to aspects of
sem conductive material or conbination of s
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cagnge e ar ate structures 714 over both wells, a .
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m med around gate structures 714. Formation of :
mF%éﬁﬁ%P%%% structures 812a/812b and spacers 816a/816b
is well-known in the art. .Insulating structures
812a/812b may have a.width substantially simlar to
- the width of gate structures 714 as shown by structure
812a or substantially simlar to the wdth of spacers
816b as shown by structure 812b. The spacers 816 may
conprise one or nore |ayers of silicon-oxide,
silicon-nitride, silicon-oxygen-nitride, -9- and/or
other materials. The spacers 816a/816b may
i ndependently or collectively be enployed as a mask
duri ng subsequent processing to renove at | east
portions of insulating |ayer 712 as shown by
structure 812b. [0037] In one enbodi ment, the spacers
81l6a/ 81 6b nay act as a mask or pattern for
i npl antati on of dopants such as boron, phosphorous,
arsenic, and/or other materials into substrate wells
102a and 102b, . strained | ayers 206a and 306b, and
capping layer 710 to create sources and drains 818 and
channel region 820. In another enbodi ment, a
phot oresi st mask may




be used to inplant dopants into only certain wells.

Subsequent diffusion, annealing, and/or any other

el ectrical activation processes may be enployed to

attain a desired doping profile. In sone enbodinents,

t he sources and drains 818 may not have simlar

geonetric shapes or conpositions. For exanple, the

t hi cknesses of the sourcestand drains 818 relative to

e layers 102a, 102b, 206a, 306b, and 710

WH%E?SM@{E’D%%? the widths of the sources and drains

818 ang hmfsmentiednic devick bemgraing: structure 714 may

differ. In one enbodi ment, the sources and drains 818
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: mc?uéle I nterconnects 926 extendi ng al ong and/ or

t hrough one or nore dielectric |layers 928 to the
devi ces 924. The interconnects 926 nmay conprise

tungsten, aluminum ca . andiar.. '
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may conprise tantalum titanium titaniumnitride,
tungsten, tungsten-silicide, tungsten-nitride, '

tantalumsilicon-nitride,, and/or, other.suj.tabl .
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n S’iFl i con- oxi de, carbon-doped silicon-oxi de,
enf e - doped silicon oxide, fluorosilicate gl ass
(FSG, borophosphosilicate gl ass (BPSG, spin-on-glass
(SOG, and/or any other lowk material. [0040] Thus,
the present disclosure provides a nethqd qf e
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formng first d secqn el emental strained | ayers
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substrate. -10-

5. The microelectronic device of claim 1 wherein the first silicon- germanium-carbon
formulation comprises more than twenty mol percent germanium and less than two mole percent

carbon.

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 mot

percent germanium.

7. The microelectronic device of claim 1 further comprising a silicon capping layer

proximate to the strained layers.



[0041] The foregoing has outlined features of severa
enbodi nents according to aspects of the present
di scl osure. Those skilled in the art should appreciate
that they may readily use the present disclosure as a
basis for designing or nodifying other processes and
structures for carrying out the sane purposes and/ or
achi eving the sane advanH es of the enbodi nents
i ntroduced herein. Those skilled in the art should
al so realize that such equival ent constructions do
not depart.fromthe spirit and scope of the present
di s&! osThe miaoelkectibrit devieryof niaim Frfirihencmipoisisg aninsuijing layer
substitutions, and alterations herein wthout

praxépale toithesilicon RAPPME 1Y6T-r i t and scope of the present
di sclosure. -11 WHAT IS CLAIMED IS: 1. A
m croel ectroni c device conprising: a silicon substrate
with first and second wells of different dopant

chagact efye$libbQect@nit! 'déﬁée ¢fclaith D@gther comprising:
sil1con-germani um carbon | ayer of a first fornulation

pr ox to the second strained

si | F@gsﬁgf’g%tﬁ%ﬁ‘tﬁfﬁ%’{%ﬁa‘é g%%vég%“g second fornul ation
di stinct, from theflrst for mu n proximate to the
. sec BFEoRkgafe SHECt“fFIPéUXI‘H‘%?@éﬁeesEfqngﬁ‘feg' device of claim1

wherein the first and second wells of different
dopant characteristics are separated by at |east one
.isolation structure. 3. The m croel ectroni ¢c devi ce of

cl aifgn 2 Avkfidgredletrohie devier camprisingst ructure is a shal | ow
trench. structure. 4. The m croel ectroni c devi ce of

cl aiagﬁﬂsgéﬂ’@%ﬁﬁ\n@ll%f%f?drérﬁﬂop@ﬁlﬁﬁﬂhctaﬁﬁb@d eristic is n-

type and the second dopant characteristic is p-type.

f - g?i?sé ?t‘rﬁrge -%l%ﬁt%rﬂgll efj@tva! f@&x} tigh %lt'axi‘élﬁ? bl obdt®ne well;

- germani mcar ormul-ation” Conpri ses
afdor e than twenty nol percent germani umand | ess than
two nol e percent carbon.

a second strained tri-elemental layer of a second formulation distinct from the first

formulation epitaxially grown over a different well.

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 germaniunl.

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

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



6. The m croel ectronic device of claim1 wherein the

second silicon-germani um carbon fornul ati on conpri ses

nore than two nol percent carbon and | ess than twenty

nol percent germanium 7. The mcroel ectronic device

of claiml further conmprising a silicon capping |ayer

proxi mate to the strained |layers. -12 8. The

" mcroel ectronic device of claim?7 further conpri sing
an insulating | ayer proxtgate to the silicon capping

| ayer. 9. The mcroel ecttronic device of claiml
further conprising a first gate structure proximte

‘to tﬁga st_.wel,l; %aa second ate struct,ure

pr OXi &"?fﬂée%t’@% Vighticlaim dC ﬁNhPﬁ compesiage siliepneapping layer
ﬁﬁﬁhﬂﬁkﬁﬁgﬁﬁhéﬂﬁg a substrate with well's of different
dopant character SFICS; a first strained tri-elenental
| ayer of a first formulation epitaxially grown over
one well; and a second strained tri-elenental |ayer of
a second fornulati-on distinct fromthe first .

f or mi#-at i T migspelepkionic devieraf whinp Vefurtherdivmpeisingen insuldting layer
a&¥ J@Elﬂ‘ roelectrgggc devi ce. of claim 10 wherein the

RS ‘?QF%WFI fant characteristics are

separated by at | east one isolation structure. 12. The
m croel ectronic device of claim1l wherein the first
dopant characteristic is p-type and the second dopant
c har &bt erTihe miarodlectrosit Yewice of SlainT Hefurther compsig O@itdstructure
EVIEe of clal 10 wherein one tri-el enental

K ‘Ftﬁtef’%‘r?tri“g layeri con- ger mani um car bon conpri si ng
about twenty to thirty nol percent germanium 14. The
m croel ectroni c device of claim210 wherein one
tri-elenmental fornulation is silicon-germani um carbon

conpid. si g intbgated tivamitidevitdvotpristd: per cent car bon.

a plurality of microelectronic devices located at least partially in a silicon substrate
having first and second wells of different dopant characteristics 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.

19, Amethod of manufacturing a microelectronic device comprising:
forming a silicon substrate with first and second wells of different dopant characteristics;

forming a first epitaxial silicon-germanium-carbon layer of a first formulation proximate
to the first well; and

~forming a second epitaxial silicon-germanium-carbon layer of a second formulation .

distinct from the first formulation proximate to the second well.



-13 15. The mcroel ectronic device of claim10 further
conprising a silicon capping |layer proximte to the
strained | ayers. 16, The mcroel ectroni c device of
claim 15 further conprising an insulating |ayer

proxi mate to the silicon capping layer. 17. The
‘microel ectronic device of claim10 further conprising
a gate structure proxinqt to each strained | ayer.
18. An integrated circuit device conprising: a

r ahy 1 §.f i c.devices located at | east
| Eé’”fﬁ; " T defiba O AT SR e e R maigyserbon
ayer of e Gsbfbrmsthticn i9fordéd digk cteristics

wherei n at Iéas?t one ownhtgﬁ)@%ﬁ%irigpﬁls of

m croel ectroni c devices conprises: a first strained
silicon-germani um carbon |ayer of a first fornulation

2177 o BB bt dBirinti v Soonin s abalio gmmmsahion
b g KL O R gL 12 1

m croel ectronic device conprising: formng a silicon
substrate with first and second wells of different
characteristics; formng a first epitaxial

g pan M,
?1 i c-ethadknt clams L further compasingsf a first formul ation

proximate to the first well; and -formng a second
dgsmingsaihatd mask cearongefthewelism car bon. | ayer of a second °
formulation distinct fromthe first fornulation
proximate to the second well. -14- 20, The nethod of
claim19 wherein the first epitaxial

g | - Ll first, farmulation
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and a doattoberactéristi i tie Sdonthvedliis p-type Lant ifirfifer SRGRERgEPI t axi al
sili con-ger mani um

forming isolation regions in the top portion of the silicon substrate with a shallow trench
process; ‘

forming at least one hard mask over one of the wells thereby selectively forming the first
epitaxial silicon-germanium-carbon layef wherein the formulation comprises more than twenty
mol percent germanium over the first well and the second epitaxial silicon-germanium-carbon

layer wherein the formulation comprises more than two mol percent carbon over the second well;
forming a silicon capping layer;
forming an insulator layer; and

forming a gate structure proximate to the first and second wells.



carbon | ayer of a second fornulation is forned

directly on top of the second well. 22. The nethod of
claim19 further conprising: formng a hard mask over
one of the wells. 23. The nmethod of claim 19 wherein a
dopant characteristic in the first well is n-type and

a dopant characteristic in the second well is p-type,
and further conprising: fb¥ming isolation regions in

t he 440p g%éua@fbfﬁianﬁfﬁau&igfd iR cREtREly RViee viquéntially comprising:
shalTow trenc process; formng at |east one hard

A ] f. th I i ual ey
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wherein the fornul ati on_ conprises nor.e an t )
mol formeiogan cpijerisdaietoh ﬂcﬂfé‘rf"’%“f’? pef ﬁ%ﬁ‘? %%ﬂ%@@e"ye“%
second epi taxial silicon-germani umcarbon | ayer
- whergisking Adirst portiv of thoepitexiniayes everlying dherligivelno nol
percent carbon over the second well; formng a
Si |1 G0feARRRLDA haish of thoeghiatigl s bvuslyingtiorsebany awell tomgecond
formng a“gate structure proximate to the first and
foemhtch.wel | s. 15 24. A nethod of manufacturing a
m croel ectroni c device sequentially conprising:
formng a silicon substrate with first and second
wel |l s of different dopant characteristics; formng an
epitaxial layer of a first fornulation over the first
and second wells; masking a first portion of the
epi taxi al layer overlying the first well; nodifying a
second portion of the epitaxial |ayer overlying the
second well to a second fornmulation.



