PMOS TRANSI STOR STRAIN OPTIM ZATION W TH RAI SED JUNCTI ON REA ONS FI ELD
~[0001] G rcuit devices and the manufacture and structure of circuit

devi ces. BACKGROUND [0002] Increased performance of circuit devices on a
substrate (e.g., integrated circuit (1C) transistors, resistors,

capacitors, etc. on a sem conductor e.g. , Silicon) substrate) is usually
a maj or factor consRMOSTRANSP TR YRAINORFBMILATIONd operati on of

t hose devices. For exanWETHRAISEDJEENGRIGNREGEONS ct ure or form ng of,
nmet al oxi de sem conductor (MOS) transistor semnm conductor devices, such as
those used in a conplenentary netal oxide sem conductor (CMOS), it is
often desired to increase novenent OFIEgEIEctrons in Ntype MOS device
(NMOS) channels and to increase novenent of positive charged holes in
P-type MOS device (PMOS) channel s. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0003]
Various {eMdires, aSieuttgleviges and\ihamapudaciirg anbaignetung PECIEW, oughl v
apparent fromthe followi ng detail ed description, appended clains, and
acconpan o awi ngs in which; [0004] Figure 1 is a schematic
cross-section view of a portion of a sem conductor substrate after formng
a well, gate dielectric, and gatBRAGSIKGROUND of NMOS and PMOS devi ces.

[ 0005] Figure 2 shows the sem conductor substrate of Figure 1 after

dovi cos., WBBSE) F: onre-sednsrs R RbcB S REkE RS Al hERRIPeEN ¢ 4

after f Qrizlpstedl ciRMIE(I{ ) nahkistors agsistors aiagacitdrst ett. on a semiconductor

f:) (e.g., silicon) substrate) is usually a major factor considered during degign,

) manufacture, and 6peration of those devices. For example, during design and
manufacture or forming of, metal oxide semiconductor (MOS) transistor
semiconductor devices, such as those used in a complementary metal oxide
semiconductor {CMOS), it is often desired to increase movement of electrons in
N-type MOS device (NMOS) channels and to increase movement of positive
charged holes in P-type MOS device (PMOS) channels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various features, aspects, and advantages will become more
thoroughly apparent from the following detailed description, appended claims,

and accompanying drawings in which:

[00043 Figure 1 is a schematic cross-section view of a portion of a
semiconductor substrate after forming a well, gate dielectric, and gate electrode

of NMOS and PMOS devices.

[0005] Figure 2 shows the semiconductor substrate of Figure 1 after

forming sidewall spacers and junction regions of the NMOS and PMOS

devices.

[0006] Figure 3 shows the semiconductor substrate of Figure 1 after

forming of PMOS junction region voids.




[000?] Figure "4 shows the sem conductor substrate of Figure 1 after
depositing of silicon alloy material into the PMOS junction region voids.

[ 00081 Figure 5 shows the substrate of Figure 1 after form ng of silicide
| ayers on the diffusion regions and gate el ectrodes of the NVMOS and PMOS
devices. [0009] Figure 6 shows the substrate of Figure 1 after the formng
of a co | et ch; ‘ I ; I}l?&)% RNLES: J [ 0010]
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subst 1 at q,y s R hd AR AN S8tk )echiodies f thd NIMOS cineEMIOS _
cross-sectYon view of a portion of & sem conductor substrate after form ng
a wel |, ghvécasi el ectric, and gate el ectrode of an NMOS device and a PMOS
device. Apparatus 100 (e.g., such as one or nobre CMOS structures) includes
sem cond subst _ o I sURsthaltErmNe &R t axi al
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gi}l ectricin’the trench openings (e.g., such as fornmed to height H as
shown in Fi %ure .. In er_rboai ments, STI struct ei 110 deé'h@ﬁsacti ve areas
or cell [P&Flons foFighreiBis aflaw diagranaf g Prgssssdes fgrrnigg a as NMOS and

PVOS devi . . i t |1
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105 and forme S
junction regions such that the silicon alloy material is in a non-planar

relationship with the surface of the substrate.




in the individual active area or cell region defined by STl structures 110.
For exanple, P-type well 105 is forned in one region of substrate 102
while Ntype well 115 is formed in a second region of substrate 102.
P-type well 105 is fornmed, such as, by introducing a dopant, such as boron
(B) and/or aluminum (Al), into an area of substrate 102 designated for an
N-type device. N-type well 115 is forned, such as, by introducing a
dopant, such as arsenic (As) DEL#Ad$IND) dnd/ or antinmony (Sb) in an
area of substrate 102 designated for a P—type device. P-type well 105 and

N-type well 115 may ve functions caorresponding to the work function
of an NVJ8VHEvi ce a dg‘lgiﬁ%? S afhPRia! crcfa%sﬁé@&?%mw 8# %O E?rcuit

Practi cesg B‘%i ﬁ&ﬁi&é&%ub%ﬁé%aftérfdrmiﬂg &wellssae didlebtric, aAlEAR elodtradd
structures and wel I's 105 and 115 are known in the arf and are,
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be used to further optimze t tra tor devi ces.
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di el ect ri Figh2®1pr &n klmﬂmdunantshémstructam llald@fmehetleeereas aroelldescri bed

further herein.,.[Q015 ure. SET remtb' es gate

el ect r odeSBIF fc%dﬂéll‘)é‘i ?j'ntg?g \r,\%%ég Sﬂg‘ft}%stra eg%giﬁvsl?gh as by
depositioae‘ﬁ@ééloﬂamoslsa}mel)c 120. NMOS gate el ectrode 130 and PMOS gate
el ectrode 132 nmay

[0013] Figure 1 also shows P-type well 105 and N-type well 115 formed
in the individual active area or cell region defined by STI structures 110. For

example, P-type well 105 is formed in one region of substrate 102 while N—type
well 115 is formed in a second region of substrate 102. P-type well 105 is

. formed, such as, by introducing a dopant, such as boron (B) and/or aluminum
) (Al), into an area of substrate 102 designated for an N-type device. N-type well
- 115 is formed, such as, by introducing a dopant, such as arsenic (As),
i)hosphorous (P), and/or antimony (Sb) in an area of substrate 102 designated
for a P-type device. P-type well 105 and N-type well 115 may have work
functions corresponding to the work function of an NMOS device and PMOS
‘device, respectively, of a CMOS circuit, Practices for forming, sizes, and
thicknesses (e.g., depths) of STI structures 110 and wells 105 and 115 are known

in the art and are, therefore, not presented further herein.

[0014] Figure 1 shows substrate 102 after the forming a gate dielectric

layer and gate electrode layer over the surface 136 of substrate 102, and

subsequent patterning or removal of unwanted portions of the gate dielectric

layer and/or gate electrode layer. For instance, as shown, gate dielectric 120
3




each be deposited to a thickness of, for exanple, 150-2000 angstrons (e.g.,
15- 200 nanoneters (nn)). Accordingly, the thickness of NMOS gate el ectrode
130 and PMOS gate el ectrode 132 are each scal abl e and naybe sel ected or
chosen based on integration issues related to device performance. NMOS
gate electrode 130 has a work function corresponding to the work function
of an N tniggbderbem oRidpBsied. eAﬂIeecatrr[:delef g32 dielectaiomaterialithat ison

correspondi n t he Wo Kk fu Cct a P- di ment s,
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deposi t ed reasf@@erat \rﬁraaamcﬂﬁ@%oydmex( é&f@mé@@&ﬂc@%ﬁcﬂ@@@ﬁtbbﬁ form N-type

and P-type terials, respectively, such as the dop gt(ﬁ des | bed above
sate glagg(
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art, and atg, th&’%'gb B@deg&ﬁbe‘?m@ﬁgeﬁprther herein. 4 [0016] Figure 1

further shovWs t substrate after removal of undesired portions of gate
dielectric 120 and NMOS gate el ectrode 130 and PMOS gate el ectrode 132,
i;rgh as by0Qi&dt er ni Rjgaredbsiowsy sirucvee vdndeiﬂdre@ewgaéaeia@tmdmw gat e

trode 1 3 d d
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based on integration issues related to device performance. NMOS gate

electrode 130 has a work function corresponding to the work function of an N-
- type device. PMOS gate electrode 132 has a work function corresponding to

the work function of a P-type device. In embodiments, NMOS gate electrode

130 and PMOS gate electrode 132 are each silicon deposited by chemical vapor

P deposition (CVD) and then doped to form N-type and P-type materials,

J respectively, such as the doping is described above with respect to forming the
N-type and P-type material of N-type well 115 and P-type well 105,
respectively. For instance, NMOS gate electrode 130 may be doped at the same
time that the corresponding NMOS junction regions are doped (e.g., such as
NMOS junction regions 203, shown in Figure 2), and PMOS gate electrode 132
may be doped at the same time the PMOS junction regions are doped (.8,
such as PMOS junction regions 204, shown in Figure 2). Practices for forming,
sizes (e.g., area of gate dielectric 120 the gate electrodes cover) and additional
thicknesses {e.g., heights) of NMOS gate electrode 130 and PMOS gate electrode
132 are known in the art, and are, therefore, not presented further herein.




chem stry. Masking and/or renoval of gate dielectric and gate el ectrodes in
the NMOS and PMOS devices nay be perfornmed sinmultaneously or in separate
patterning, masking, and/or etching operations as are well known in the
art, and are, therefore, not further described herein. For instance,
according to enbodi ments, NMOS gate el ectrode 130 and PMOS gate el ectrode
132 are g@i¢)si | i coFigefeoshireir BiiowYEhenbsthenaf@sicatbaid of ahdbsided [ 0017]

Figure 2 shows the senjconductor strate of Fiqure 1 af fQrm ng
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around ng‘gt%ﬂgg}ae%?ﬁ@gs @?teg&lahgttﬁngit@kt% r@ﬁ%‘ﬁ?l ua tugl ectrodes of
the transihehestrye WMaskingfaod / oexempial, of prBSdightcric snd gateorliegpedesia 214 nay
e ¥ orned, o Ll ri.al i k- .

deder | bedha P eVl Ebifisen R Pe BRl 08 bl Bhe TRV S0 A Soreile

cont enpl a3 gebrhiieg, MMEGngpiral /s etdiihg bpepaives ais ai@wallimovae in tree adre or a
different naterial }han Pl\g%%ate I gol ation pracerts 214. 1n ap enbodi nent
NVOS gat endsateatheisidsapet édﬁﬁ@hﬂ&rﬁﬁ‘r G B¢ QPF%ﬁCC%Tﬁlé%% % 214 are
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[0017] Figure 2 shows the semiconductor substrate of Figure 1 after
forming sidewall spacers and junction regions of the NMOS and PMOS
devices. Figure 2 shows NMOS gate isolation spacers 213 and PMOS gate
isolation spacers 214 that may be formed, of a suitable dielectric incorporated
around NMOS gate electrode 130 and PMOS gate electrode 132, respectivély, to |
insolate the individual electrodes of the transistor devices. For example, |
NMOS gate isolation spacers 213 may be formed by depositing dielectric
materiél, similar to dielectric materials described above for gate dielectric 120,
along sidewalls of gate dielectric 120 and NMOS gate electrode 130 structure
shown in Figure 1 and then patterning and etching the formed or deposited
dielectric material to create NMOS gate isolation spacers 213, such as
patterning and etching techniques described above for NMOS and PMOS gate
electrodes 120 and 130. Similarly, PMOS gate isolation spacers 214 may be
formed of a suitable dielectric material incorporated around PMOS gate
electrode 132 to insulate the individual electrodes of the transistor devices. For

- example, PMOS gate isolation spacers 214 may be formed of a similar material
and using a similar method to that described above for forming NMOS gate

isolation spacers 213. It is contemplated that NMOS gate isolation spacers 213
| 5




sonetinmes referred to as "sidewal |l spacers” or "shoul der spacers"), and,
therefore, are not further presented herein. [0018) Figure 2 shows NMOS
junction regions 203 and PMOS junction regions 204 (e.g., also referred to
as "source-drain regions" or "diffusion regions") that may be forned by a
junction inplant (e.g., such as inplanting O with arsenic, phosphorous,

and/ or anh‘la‘w tHeOsarhe bﬁ’ﬁ)dlfféﬂélﬁ{mﬁferfadiﬁteﬁnﬂvm ataﬁuﬂ)la‘ammspamw k4. al um num

f P-t t 204) bl ddi t |
Cort espﬁﬁfn A CogRsenT NS ise RHoR LSS AR et S TOSERDRET0S imy be
for med, ﬁ L3520y Eﬂe‘mtﬁgl\/ﬂﬂé&}é’ &Eségsffdﬂ%rffﬂ(ﬁ ﬂag)résté?zeﬁ ahdn t hose

e or

junction g| “on§’ exanpl e junction re may be  formed, in
accor dancthigknéssthef gataissdatiom spaicess ssichas NMOS g0 isadatianeprcgs PP dopi ng

the materi al e 105 f t i n NMOS
‘junction %‘aPg\ﬁdoszﬁ%glsé’l\%&’é‘s%’ﬁ%ggqgﬁg%glém‘nﬁﬁtﬁe% é{r‘? Eﬁ%%ﬁe ng to formthe
N- type ngérﬁéhﬁ{esq%féﬂé@/ﬂ@els\ﬂeideufalﬁspal&brsé@ré’shoﬂkléﬁspaﬂem Vomd,egi ons 204
may be forned, such dopi rtions of N-type well 115 to formthose
j uncti on thegelens, anec;wt Ifges%g?‘ggﬁ%nof N-type wel | 115 may be doped to
formthe P-type material in PMOS junction regions 204, in accordance wth

the Char@ﬁ gjlst'@ﬁreésﬁb’%mg nc%Bﬁ*}egi%%Zd@Qh@Q’M@S Gea@idrbed with
respect oping t ormthe e rraterl al of P—typ(%é%g%lﬁ [0019]

In additi mg;om2%66@i aémeéerrgi:taoa seyreaydean sepiaBht of ponding tip

cxtrpre. s Mfl T Be il Eﬁ%‘?ﬁff&@f e B e pe

dopi ng, Sweth azsenitpphmphmgom sndj or amhwmpbtdonhétymr]‘dndﬂon g i nto NMOS

L Tect on 4 brin A B MERRd By MR IRh G SLRRIORIRY M B 2195,

al so incl ﬂn@ﬁa@éislaaitﬁiﬁany Roirggforatiay eppeltipinplastacThas, NMGS antdtiog bor on

a1 cct  o0eroEsmS 4] DGYF NETeA ek P A @éoi@%%h&%%‘fﬁﬁ%@”ﬁﬁﬁé?m ng NS
junction g, those junction regions. For example, NMOS junction regions 203 may be

| ~ formed, in accordance with the characteristics of an NMOS device, such as by

doping the material of P-type well 105, to form the N-type material in NMOS

junction regions 203, as described above with respect to doping to form the N-

type material of N-type well 115. Moreover, PMOS junction regions 204 may

be formed, such as by doping portions of N-type well 115 to form those

junction regions. For example, portions of N-type well 115 may be doped to

form the P-type material in PMOS junction regions 204, in accordance with the

characteristics of a PMOS device, such as by doping as described with respect

to doping to form the P-type material of P-type well 105.

| [0019] In addition, as noted above, according to ernbo‘diments,
corresponding tip implants may be included in or incorporated with the
junction regions. For example, NMOS junction regions 203 may also include
additional N-type doping, such as implanting arsenic, phosphorous, and/or
antimony into NMOS junction regions 203 adjacent to NMOS gate electrode
130 at an angle directed at the channel. Also, for example, PMOS junction
regions 204 may also include additional P-type angled doping, such as
implanting boron and/aluminum into PMOS junction regions 204 adjacent to

PMOS gate electrode 132.




regi ons 203 by doping P-type well 105 with phosphorous, and further
subsequent|ly doping the region of P-type well 105 adjacent NMOS el ectrode
130 further wi th phosphorous to formtip inplants. Al so, enbodi nents

i nclude form ng PMOS junction regions 205 by doping N-type well 115 with
boron and further subsequently doping portions of N-type well 115 adjacent
to 0026 el ect Nde: skRRifidally, embodintents mclud%fbmmg Ofjuagien [ 0021]
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mat eri al of P-type rd| odi, nent ormati on of NMOS
gate i sol BMR %Eéegoéigézﬁﬁ%g fgwm @?‘514 NMOS j-unction

regi ons 203, and/or PMOS junction regions 204 may occur in any order as
appropri glgggpuch a?o'rﬁoﬁ@@ﬂ"-@ﬁs@ﬂréwmb mmb@aap@@mm ﬁplmqalmitslthe desired

RVDS | un o Ggpometarns hefemabier fanttian oLy MIG Speers S sg?@%?ﬁl) .
add't'O”rataf§Pgrﬁ9%‘ég'd@9crﬁ%rcfﬁgﬁ%qmtﬂge§]ﬂe@ttd%;ﬁﬂg% {8 thRUypen the art and

are, the ot presented further “herein 022] Figure gﬁ@ t he
serh condmiaeémsluhfsttype vedll Hi5g fimilerly Figure IRe?hOTAiﬁrRM tép up tion

region v0| ds Fi MO ;31410 and
second PMEE g ”g%‘%rl"g’n%\?%l ?@%@%d{&ﬁ&%é%g é?{iu by Permw ng a
portion Oﬂfhdé.é impIanlE#\/CB)n examplerpmm@mmﬂ\t}%e waldi/lﬁ maydee lighllyof N-type
wel |l 115 (e.g ortjion MOS gat e
el ect r odedapeq to Z‘B%Pab'ﬂ?% rf%te ‘c)igor"r% At éﬁgﬁ‘ h%ljil%é %@g%%cegssgg gnd voi d
360 may bg, .;?-P&g‘Bﬁ' RpiY@hs abtﬁ:rﬁﬂédfa&ib@e M1ﬂa3espbc&brdcqﬁﬁg t@foramthe B- vari ous
di nensi aons , .such as to ??851- %nd W dtg é{\l as 1h 0l?l gure

. type matenal of P-type wel Accor ing t0 embodiments, oration
_ NMOS gate isolation spacers 213, PMOS gate isolation spacers 214, NMOS

junction regions 203, and/or PMOS junction regions 204 may occur in any

order as appropriate, such as in accordance with the characteristics of the

desired device. Practices for forming, sizes, and thicknesses (e.g., depths) of

NMOS junction regions 203 and PMOS junction regions 204, and possibly

additionally including corresponding tip implants, are known in the art and

are, therefore, not presented further herein.

[0022] Figure 3 shows the semiconductor substrate of Figure 1 after the
forming of PMOS j'unction region voids. Figure 3 shows first PMOS junction
region void 340 and second PMOS junction region void 360 that may be

.' formed, by removing a portion of or all of PMOS junction regions 204, and /'or
portions of N-type well 115 (e.g., such as portions of N-type well 115 adjacent
to PMOS gate electrode 132). According to embodiments, first void 340 and
second void 360 may be formed at various surface areas of surface 136 and to
various dimensions (e.g., such as to depth D, and width W, as shown in Figure
3, and extending an extent E, not shown, but perpendicular to the cross-
sectional view of Figure 3) in N-type well 115 within the space between STI 110
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3, and extending an extent E, not shown, but perpendicular to the cross-
sectional view of Firgure 3) in N-type well 115 within the space between STI
110 7 and an effective width of a channel under PMOS gate el ectrode 132 for
the device. For exanple, in enbodinents, first void 340 and second void
360 may be fornmed to a depth Din the range between 50 nanoneters and 200
nanomet erghdgh effedtiviaridti 8fa churhdl andenPMOS Ritte efénéradenigd forf theet ween 90

nanoneters and 270 nanometers IS t 2, Cl

enmbodi merdeyice. T §Xg HE)EH‘ISF’BQF@&“"QC@E?? ﬁgﬁ{oﬂ“ﬁseecg @Q%F%ng(?ﬁl,ays uch as
to be betyeen one to amdpthDeA the FRsed h@w@eh 80 nangineters andddit i on, accor di ng
to enbodi ments, first v0| d 340 and secon ¥\9| d_360 may g orned to a
dep]'Eh m;;dge)ma’ﬁg‘éhﬁowﬁ‘ét ﬁﬂ%}aﬁzénﬂé‘héﬁ‘éhdgﬂ &gﬂfiﬁ@gﬁgﬁ ;é*l‘garqboelg)z\év |
surface 0 an
surface 13808 8tdrdahd 28RORbIEAs Of 18 1 bt b BFecAld el bbbl

a hei g non- nar W th surface 136 (e.g.,
such as awhtthgt n@agtlmmhatﬁyi axhoxchngimt}flagaeiwthmm‘hla&etgmmm@vﬁce t hat

operates sufficiently.an cord th

desired thigg time %’W P‘ﬂﬁéﬁr ﬁ" %‘g%é’ C@E@%ﬁ%@%@ﬁe%ﬁ”% as. shown
by the de\)’dﬁ%tl@rhﬁ@@edohﬂmoﬁ%@mﬁ E&ﬂiﬂr@dtﬁacnle pth inthelemigead CMOS, such as
shown bydvstruct uﬁgarggg@tgépa m ?0023%@%%‘@%2{33&5?&5' rstt#g ] ]lcmct | gn
regl on voreiwe4n M be forne

st mul't aneg éﬁds}'h&rl of 'a%ﬁ%ﬁ%@ﬁhhr@b’v@ﬂtﬂgra'ﬁki%corﬁ;l ©BIdBK0 RNREEhE ecess

etching (e*g., such as 1s scrib above for. renoving unde5|red portions
of el ect rthdeﬁ; r30-plankr 18l surface 336 @igs suebiop édiesgfztﬁtmna apeve

_ h racteristic .f re known in the
dharact ory st 1205 s8R AR IR GaPop b ARBIALLANY ofd i o KN
enbodi rreﬂatc&otdui'lwdmthhhamctermtmﬂof &medeairedﬂﬁ\/lﬂﬁmtd fAxrdC S)S(trlh@ttlée to the

- first junction as f | d 340)
defi nes a{eﬁrfrskllc{"sz\% @?Siﬁegg?smggu ﬁh"w} 5%@ Eﬁ ¢ h%tj}t %ggeoq of g“ﬁ'le

substr at e gf PXdiNBéSHrdddCMBS, Sﬁ@l@adshuwntb)osftrm&gresrﬁw@r@’ﬂﬂ) such as second

PMOS Junctlon region voi d 360).defines a second substrate sidewall surface

362. | 00[%@3]F| gur eFélr esxr;%np e:[ lqrst f’%&?&g(%c}norrego%bg&rdaﬂ% a(%fd s@cgﬂée 1 after
“ PMOS junction region void 360 may be formed simultaneously or
independently by patterning, etching, and /or recess etching (e.g., such as is
described above for removing undesired portions of electrodes 130 and 132) to
various desired sizes and depths characteristic for NMOS and PMOS devices
by operations as are known in the art, and are therefore not described further
herein. In addition, embodiments include wherein a surface of the substrate
" proximate to the first junétion region (e.g., such as first PMOS junction region
void 340) defines a first substrate sidewall surface 342, and a surface of the
substrate proximate to the second junction region (e.g., such as second PMOS

junction region void 360) defines a second substrate sidewall surface 362.

l[0024] Figure 4 shows the semiconductor substrate of Figure 1 after
depositing of silicon alloy material into the PMOS junction region voids (e.g.,

such as first PMOS junction region void 340 and second PMOS junction region
void 360). Figure 4 shows silicon alloy material 470 disposed in first PMOS
junction region void 340 and silicon alloy material 480 disposed in second

' PMOS junction region void 360 such that surface 472 of the resulting first

junction region is in a non-planar relationship with surface 136 of the substrate,




depositing of silicon alloy material into the PMOS junction region voids
(e.g., such as first PMOS junction region void 340 and second PMOS
junction region void 360). Figure 4 shows silicon alloy material 470

di sposed in first PMOS junction region void 340 and silicon alloy materi al
480 di sposed in second PMOS junction region void 360 such that surface 472
of the resid didghbt suiface ARt itberesulfingsecend junctigpFegiordsAlsPdR 4 i onshi p

with surface é"-ﬁgl‘fi} Qﬁﬁ}ﬁu%é‘?%‘ﬁﬁﬁ%‘f ﬁ%tﬁé‘gﬁb%@é gﬁ&&@gﬁoyﬂSZ of the

resul ti ng"¥eR SO I h a - non azlloanar reI ationship with
surface 136:.0f1d M0 SUPSL0 Blag. beSbfmednfalshrtyblersdtcem y matgriahd 480 may be

formed of a suitable SI i con mat eri al rst and second
PMOS | uncdispeseddgi fisst s g@; Iﬁ%}ggghon Fe&%gﬁﬁ%ggigg,ahp g’%gause strain 494
during per%og%myltggaﬁggesm@gd Lfiiraaneé of Mhetdavécaiald regioreef al 115

bet ween sl oy material 470 and silicon a eriah, 480 (e.
such as aN elwrell materiad §il b hetwiean ﬁih?orb@lQ)éF@Ferr@bi‘l%aﬁga’ﬁﬁgn ahﬂﬁs changel)
Sui t abl e si | 0 erdy® asshéai n 494

i ncl ude .ORAt e&a ?T%Gk}e S“%ﬁ'ea ﬁ%&ﬂng&e@%ﬁt@%ﬁgggggﬁ um Slaée), silicon

car bi de (ﬁu@s cHHrﬁ‘Jé Seiifabld sikedriNaliy) matdriadm fhatnay be:uwé 016a8Fe) | cobal t

I d bl b d/
o1 ur num St é&mv@ep 335 pr etnrear 1 (ARPERenpifof BEnBaniRe GGk b0 o oa O
materi al é?m/dr{‘&r&d% i@)oﬁhc@del a¥icidrt (NiSH, ﬁuaammgﬂtcfcba(ﬁsu)dc@b ¥ent than the

lattice spacin he 'substrate materi f Nt re

épem fi cadx]?glde |((rg3051@béfldt90@ﬁ Bifﬂtaﬁfé’q:‘iﬁﬁ?‘ﬁ@ c%‘e og%ﬁ?%ev\%bqr?&%ﬁ tM;rl als 470
nd 480 e | 70rahe 48 in nalude res _

S ain artpPAHAC for SATIEXHAR Ayl (il 470RAE 10 it caused mps. oo

al | oy 470mared1a41&avh@/a suhcon kHoy lajtice &;p%féli\&é\%’fl*ﬁa@lf egenf tﬁ ?et i ce

spaci ng than th tha %%Q-ﬁgfeﬁg 8fnd REel)E15. M@;@Spéhﬁdaﬂy,ﬁegl on. [0025]

Mor eover , 5 icon alloy materials 470 and 480
have a sy e‘%ﬁﬁoﬂbf HKB&PM(DSﬂeyma,cmhmn atll;g{ mterm;!s nd 43} may£ayfe fhe

secondju ction region 4 r§4g4f]@cae (e.g.,
surface I1CPgypregpion £?JB‘§’$lr Eer 0?/ a%ﬂﬂﬁ;re%vé ghélhdp ttgﬁglr rel ationship
bet ween tﬁ%]drPGPNLt‘j}@e well 115 caused by silicon alloy 470 and 480 having a lattice

spacing that is a larger lattice spacing than the lattice spacing of N-type well
115 in that region.

[0025] Moreover, according to embodiments, silicon alloy materials 470
and 480 have a surface of the first junction region 472 and a surface of the
second junction region 482 that are superior to the top surface (e.g., surface 136)
of the substrate as viewed. The non-planar relationship between the junction
regions and the substrate surface tends to cause first silicon alloy strain from
point 474 below substrate surface, as well as first silicon alloy strain above
substrate surface 476, and second silicon alloy strain below the substrate
surface 484 and second silicon alloy strain above the substrate surface 486
which any and/or all of contribute to operation strain 494. For example, the
thickness of silicon alloy material 470 and/or 480 deposited {e.g., the length L -
plus the depth D forming the height to surfaces 472 and/or 482) can be
controlled by the time duration of the deposition and/or the deposition

| concentration, or deposition rate of the deposition operation. In addition, in
embodiments, the silicon alloy material disposed or deposited in the first

junction region (e.g., such as silicon alloy material 470) may be attached super
9




regions and the substrate surface tends to cause first silicon alloy strain
from point 474 bel ow substrate surface, as well as first silicon alloy
strain above substrate surface 476, and second silicon:alloy strain bel ow
the substrate surface 484 and second silicon alloy strain above the
substrate surface 486 which any and/or all of contribute to operation
strai n 494djkemteodinst sybstiace sitbwak sagfaceoB4Zand donsilicdroylloptetdral 470

and/ or 480,deposited (e..g.,. the length L, plus the depth D.form t he
el gnt o QispbsrehoF deboifial intha soPRngoN Eioh (8 e By P TR HE dur at f on
of the depogidriNMeBNeMAbd sttacieRas &m;g cETRNS SBIITRE duftRira® sidepgisi tion rate
of the deposition operation. In addition, in enbodinents, the silicon

al | oy mat eiuréacedi®@posed or deposited in the first junction region (e.g.,
such as silicon alloy material 470) nay be attached super 9 adjacent to

First b g | 3 ar’ .
(1St SUDSPOTRE,  SoNRE MUTRERAR AR B VAT ARIBER
al l oy mat3&0imby defprmed ab suitililachefdcsaneas ofisjudaseni 3¢ andstecanibusubst r at e

si dewal | urface 362 0026]..,Thus, according to enpodi nents, first void
340 and séﬁm%ﬁ‘%an%égp%éﬁ%@w T%ﬂwﬁllisl&st"‘ﬁﬁpgggtﬂﬁ@é’é‘sea‘ﬁ%%’?dof surface
136 and t Qpeaationsl stelineard, ans, Bndigie pha ot ddifcibd raid deslded jauf fici ent
to provide“desjred pﬁe.atl onal strains 474 476,48_4, 86, a&d/ 494;

i ncl udi ng aseprdanse el characieristiceof adpEedP MOS Hayiserafy et CMOSf o desired:
PMOS devi ¢g g gﬂ\éa& r s S ' ] vice, as
shown by t% he deveio(g' “on tﬁghe%i?ég(ﬁ?ms(?%gggﬁce?%%%ggﬁhé?,agglrey(%stﬁ? ed CMOS

st fuct ur e righichdeof Etgiwe 6oy 7, or desired €MGH structurepjuchHasshewntie di mensi ons

and dept h | [ St ol G e [ d.3 i I terials
470 and ashuckirSioNoa HaNE, uReaRnel il dendl o GOD AU AN R,
respect t gesornid soid 36 siticpnadloyehatetield 470anebdBlz andawmpplanai ve strain at
strain 494 in a ran het we 0. rcent an 10 per t. Rarticularly, a
oroper dedFioRa)Lel e 1 407 wiilreserhipasliot 180 iy it €lhdl n” soa
i n the rangeahsd yeemplefVeariinabSrZinPBUGAN radige Hotwe@e 04t cemidnd. 5
percent (e.g., for Pexa,g:l)ll el a corrprdes_si ve strain of )

10 percent. Particularly, a proper design may be chosen to provide a

compressive strain at strain 494 in the range between 0 percent-and 2 percent or

0.5 percent and 2.5 percent (e.g., for exaniple,-a compressive strain of

approximately 1 percent). Itis to be appreciated that, in embodiments, a

sufficient compressive strain at strain 494 may be accomplished according to

embodiments having a non planar relationship where length L is in a range

- between a fraction of an Angstrom and 200 nanometers.

[0027] According to embodimenté, silicon alloy material 470 and/or 480
may be formed or deposited into first PMOS junction region void 340 and/or
second PMOS junction region void 360, respectively, such by selective

- deposition, CVD deposition, or epitaxial deposition. For example, an epitaxial
layer of single crystal semiconductor film may be formed upon a single crystal
substrate, where the epitaxial layer has the same crystallographic |
characteristics as the substrate material, but differs in type or concentration of
dopant. More particularly, silicon alloy materials 470 and/or 480 may be
formed by selective CVD deposition, and possibly include epitaxial deposition
of single crystal silicon alloy with the same crystal structure as that of the

material of N-type well 115 (e.g., having the same crystal structure meaning

10




approximately 1 percent). It is to be appreciated that, in enbodi nents, a
sufficient conpressive strain at strain 494 may be acconplished accordi ng
to enbodi nents having a non planar relationship where length L is in a
range between a fraction of an Angstrom and 200. nanoneters. [0027]
According to enbodi nents, silicon_alloy material 470 and/or 480 _may be

formed or thetibthe swtemaleof N-type wRIbA1P bas aiceystalagrde of dovesaoPntilr ~ second
PMOS j unct,i eyl I | | posi tion,
VD deposiit st Betlimedtotitioy RERERE WAlthavE diiite LU aniCgralPOr . | 0"
of si ngl e ceystslt gladepsaahasdi@d, alo,fet¢.n may be formed upon a single crystal
substrate, where the epitaxial |ayer has the sanme crystall ographic
characteristics as e ., substrate terial ut differs int or;

concent r aliG8Tof *° adBRHETRER S<farring bt Erpodibenteoifitch sy HBFals 5 470
and/ or 48Q7frandher 480 por R MRt dpianialldepoBitiohnldf Boro epe@ssicbhy i ncl ude
epi taxi al deposition of single crystal silicon alloy wth the sane crystal

st r uct ur e gasmeniatmdbiGelethemanaealing tor rexpeyaibiegoren fromn the glicotayi ng t he

same crys _ et _ ni [ qu{,ﬁ{' Il 115

has a cr'yg? %F‘s‘%i; a 'elig%,ré}?%f h&erl;%ffg’?i?&){m&ﬁ et cé.n?{%ﬁéfné\%%%&%it%\?con

al | oy depofbi sethnihalt tiessibcan gérmdrannohas dbulareaxgddaeice copsiant thgt éde, such

as, 100, 110 tc.).,[0Q028], Furtherpor accordi.ng to enbodi ...Silicon

al | oy mat éﬁ’g@f é’g@&}{f—hﬁ yo‘i?%ﬁ%@ﬁ%’é%fﬁ%?@éan &)S gﬁ?‘t"gﬁ%%&%g@&?‘ﬁzn of

]{)oron ﬂOpﬁﬁ?ﬁﬂ diﬂ'srcmaﬁog@f_rwslbw%iﬁ(nsiaf&)eblohkimram@ca?&me&be sitioon e L he boron
omthe silicon germaniym Therefore, a |ayer i, may, be grown on

(op of a BeMBYRIAR bopfls & the silicar iy cheats FFP%@#@E‘WM%%W‘%{ Burk .

rel axed | 284 i GEIFRPH AL, dthdh 408 subRag alcohfpréssive sehindtndyyredul? fRncent )

than the silicon it is grown on. The resulti n? msfit disl Qcaltjlhﬁn or

di sl ocat i Sresgermariunpiioais ssjuesrestingo finesibicon f silicen aloy guaterials $fPbonds to

the silic 1S4 : i an@n ot her

wor ds, st%gcli%g%gﬁgggﬁjﬁﬁﬁg%%éﬂ‘?gn%#ﬁ?ﬁ%?%n?%Errg(%q%lgseﬂ?%ﬁa%‘l?om t he -

ger mani undistaned sg veepeted tot thetsHecosi matarial of Nstyigecwelldlb.oy naterials 470

and 480 such that those silicon alloys have a lattice spacing different and

[0029] Suitable processes for forming or growing of silicon alloy
materials 470 and/or 480 include by vapor phase (VPE), liquid phase (LPE), or
solid phase (SPE) blocks of silicon processing. For example, one such CVD
process that is applicable to VPE of silicon includes: (1) transporting reactants
to the substrate surface; (2) reactants absorbed on the substrate surface; (3)
chermnical reaction on the surface leading to formation of a film and reaction

3 products; {4) reaction products deabsorbed from the surface; and (5)

‘transportation away of the reaction product from the surface.

.[0030]' In addition, suitable forming of silicon alloy comprises selective
epitaxial deposition, formation, or growth known in the art as Type 1 selective
epitaxial deposition. Using Type 1 deposition, silicon alloy deposition would
be occurring only on bare silicon substrates within the openings of the oxide:
film, and minimal, if any, growth on the oxide. Thué, in the embodiment
shown in Figure 4, for example, silicon alloy material 470 and/or 480 are
formed on surfaces of voids 340 and/or 360 respectively (e.g., including PMOS
* junction regions 204), but are not formed on surfaces of ST1 110, gate dieleciric
120, PMOS gate isolation spacers 214, or PMOS gate electrode 132. Moreover,

11




di storted as conpared to the silicon material of N-type well 115. [0029]
Suitabl e processes for formng or growing of silicon alloy materials 470
and/ or 480 include by vapor-phase (VPE), liquid phase (LPE), or solid
phase - (SPE) bl ocks of silicon processing. For exanple, one such CvVD
.process that is applicable to VPE of silicon includes: (1) transporting

r eact ant s it isdottemprubciated; thas in fabedimeitsy sliconalley mmtendde gonueinas

bstr at faces (3) i cal t s t | '
Pt AL S B0 o T b RSO RS ol Yol o0 bR
deags 0 [ b ?Qeéﬁ?ﬁﬂv@’}g as wdllbin @dtd stifhcestofHTINQ0;) gite dielestdly 120, RMOSr eact i on
produc rom |

sur f ace. 0 I ition, suit form of silicon
al | oy cor’rﬁaf%’é‘@i%glfbﬁﬁai‘:@’@ 2['1_26?‘82% _ﬁpﬂggﬁé? ‘ir]?‘H'FPéq %ﬂ&&ﬁ{? s growt h known
in the arngs, B&%&tﬁ&&@gﬂiy&\ al&R) ﬁé&lrﬂll aﬁ@ BARI/ bi 280 fdrﬁ‘leﬂgTyT'Y?ﬁe i

deposition, silicon alloy depositi‘on wou be occurring only on bare

silicon suelettivne epitaxiehilepasheoropsing agdliam smaceiiciedingiongoraneresini nal , i f

any, growth._ t Xl iy e ' wown . hng Bigire 4, for
exanpl e,_Wg"‘f f‘)g’o%‘pfl\& §§19C§é‘t%e?#‘§f‘“§%§§% %ﬁ?&ggﬁ;’bﬁ%e @gﬁ% %)%thilﬂef aces of
voi ds 340 (i}, aftafhiin sBRbdc(TiSig) yoladt dlicideCbBij), ﬂl@]iﬂbi)S_iCL,LﬁiHC_ﬂg)n r egi ons
2oty o s Sha TS Hnaely RS pes Bt i e e PO
to be appgﬂﬁbﬁts%ﬁrcéimhydt%eﬂ@@@iﬁd@uqéﬂ), élhlbti@@r(@z? isyres@iterial (e.g,. such
as material 470 and/of 480) may be fornmed on surfaces of voids 340 and/or
360, respectively, as well_ as on gate surfaces of STl 110, gate dielectric

1209, PMOSI0034] e i sofSuitpble selegive spitadabisamationntss Hidudes loderdde 132.
Speci fi : i gL S | iohd G- ald i .and/ or 480
pec 'Calséll)écﬂvéegﬁg%ilmk;p%sim wHe: aehmfi%dgﬁﬁm%n%@n or

formed by Type 1 ective epltaxi using a silicon source
i ncl udi ngUsireg Bypedrdepositionhferfraftionwirrgrowdhiaf she sijieomaloyi ecsse® | silicon

cer e BufguRbelGhyl o D Mgy e 5 Sy, cobe
t enper at udeposifibads nBidé2 61 hteSaddbataeehdheaspitazial lyesdf silicon sy ce i f
Dy 0o Lot 8 B MBI 3R ek Palorth 470

| formed on the oxide film is created. The angle of this interface relative to the
film growth direction depends on the crystallographic orientation of the
substrate. Thus, in the embodiment showﬁ in Figure 4, for example, silicon
alloy material 470 and/or 480 are formed on surfaces of voids 340 and/or 360,
respectively (e.g., including PMOS junction regions 204), and may also be |
formed on surfaces of STI 110, gate dielectric 120, PMOS gate isolation spacers
214, and/or PMOS gate electrode 132. Particularly, embodiments include Type
2 selective epitaxial deposition using SiH,, SiGe, SiC, NiSi, TiSi,, and/or CoSi,

R
3 3
[

as the silicon source.

[0032] Consequently, according to embodiments, subsequent to
formation, undesired portions of silicon alloy material 470 and/or 480 may be
patterned and/or etched away using various techniques known in the art (e.g.,
such as is described above for removing undesired portions of electrodes 130

and 132) and, therefore, not presented herein.

[0033] Thus, according to embodiments, silicon alloy material 470

and/or 480 may be formed having surface of the first junction region 472
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sel ective epitaxial deposition where selectivity of deposition is
non-critical. Using Type 2 deposition, formation or growmh of the silicon
al l oy occurs on bare silicon substrate, as well as on the oxide film and
thus when this type of deposition is made, an interface between the

epi taxial layer of silicon alloy formed on the bare silicon_ substrate and
a pol ysili dr syefacepf thelseeard AncEipn regieRdd2 AP 19,a WP SHTfare % cr eat ed.

The, angl ¢ \BF hBlalel ot Lakead ShiddeBel By et i Mk berviars | on depends

on .t he cr ono strate Thus, in the
enmbodi rrentnasi@mmensrarla Hilrreandmdters m)lamgthe Fos exdrople, anshayn amFigurad, 470

and/ or 480 rfaces o S_34 n _ ctively
(e.qg., |n(,S ?F}Mgr Fﬂﬁ@lpﬁﬁeg’é’é‘l%% 3fsmgﬁ%%§éggcgog‘%‘elhg$@?ned on
sur faces N%Egﬁ'mlxﬂa Gﬁi*eﬁd%?leﬁ@f to SurtlR 13B¥Phaaistiasobplérgthdpacers 214,
~and/ or gate el ectrode 132 Partlcuisﬁrly, enb d| N&S |n | ude Type 2

sel ect i ve bepweex 460 apd fOS pRg TS (619, 4-phinagmagtersy; lg?na P¥i 2, and/ or
o o bR gRld AR 18T mdy ighd Frag e M,na@@grdypmgn as

enbodi nmen seque mat1 on, undesired portions’ of sj licon al I.oy
mat eri al %ﬁenarmb/hguﬁem, um;tabge op retvegencd) andk?rmasoanetarsifedeniBi ng var i ous

Undasi r od YioreVBreopieiapBied o dno ity el adfRDs pRRBalp emoving

pr esent ed 1hgr@hBmctQQ3AH Idhth, L cinchd rmuge eterbnd0 andtX), nagiomeiers ial | oy

materl al 470 and/or 480 may be formed having surface of the first junction
i on 47dength. and/ or surface of the second junction region 482 superior to

at %op surface of the substrate (e.g., such as surface 136) by a length in

the range rfgiqpeen 5 FuppReiRLE A epilshdiRenes BilidsH ally ntateral3t470 aRdy/ oexanpl e,
as shown i'n Figure 4, surface of the first_junctio egl on 472 and/ or
surf ace oﬁSOM}sb%dﬁpbqliﬁﬁeﬁﬁ gescribedi ahe V@B@dnﬁ’x? éi&Rf%o‘ odBFBIBAITY surface
136 of th RPPMVS 8bviREBFOE. 9. |
40- 50 nang?éld %Q&&r néeﬁpg%ﬁhg¢mkwn%9§% 2&531%0 and/ or 480 rr{:;{}f/mextend

into N-typramgplé, afith depositide of hllmonagloyg-n@mﬁalsﬁm,a@glr/@r A80, gnep
et ween 2Q %]odsezrggte?l% 1OES ay B Sdop%ddﬁ%rés by doping those materials, as

described above with respect to doping to form the P-type material of P-type
well 105. Thus, for example, silicon alloy materials 470 and/or 480 may be
formed as, or may be doped to be, or to increase their polarity as electrically .
positively charged (P-type) junction region material. Consequently, it is
contemplated that silicon alloy material 470 may be the same or different

P material, and may be doped the same or differently than silicon alloy material

} 480. Hence, according to embodiments, silicon alloy materials 470 and 480 may

| include silicon germanium formed by selective CVD deposition of an epitaxial

layer having depth D of 120 nanometers and length L of 50 nanometers above

surface 136 and subsequently doped with boron after deposition.

e of

- {0035] As a result, silicon alloy materials 470 and/or 480 may be selected
to be materials of a type, doped suitably, in a junction region void of suitable
dimensions, and/or exteﬁding to a length L above surface 136 sufficient to

~ operate and/or provide desired strains 474, 476, 484, 486, and/or 494 in
-accordance with characteristics of a desired PMOS and/or CMOS structure
(e.g., such as desired PMOS, as shown by the device on the right side of Figure
6 or 7, or desired CMOS, such as shown by structure 600 or 700).
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Mor eover, contenpl ated are enbodi ments where depth D is approxinmately 120
nanoneters and length L is in the range between 40 and 50 nanoneters in

| ength. [0034] Furthernore, in enbodinents, silicon alloy materials 470
and/ or 480 may be deposited, as described above, and then doped to form
junction regions in accordance with the characteristics of a desired PMOS
devi ce. Fopo3exanpl eln aididondrposlihg enewbodirhértsiengtiol torstrtadesdfshd 70

and/ or 480, one or both t hose terials na doped, such as by dopi ng
t hose nat efshjuctgare 4;9{2 @BB&%‘&@F&WW@%@%&&&%@HW%&W orm the
P-type matgpt t; ; hid a@l | oy
material s %%ﬁa%%%@yi%%ﬁﬁ%%kblgl&?%y ﬁggﬂg‘gmflgrﬁyﬁngémggﬁ gxg%igd C.?%nbe, or to

i ncrease tavhditiopal lengthysupsrier ée swifaed 13p (appiswed) and in afayer phe)

junction regi.qn ' .Can I &.d . t ilicon

al | oy mat esileg%ﬁe E%Eﬁ%/a%g L&ﬁgﬁgeg%ngéﬁoljre %ﬁkﬁo}%@ﬁ%ﬁ;ﬁﬂ%ﬁfféﬁfﬁl?ﬂr éanigé’ﬁnearf/ be doped

the same dorgidg silietdel luyédsan thieldiffosionlrbgipnsand gatd eledBOdesdthe, accordi ng

to enbodi si,l ] | l.o terjals. 470,.and 480 ' ude silicon

ger mani um an y@&géf%"i“{?é @6 HBEHPT S 13}%*?%%&?‘@? gﬁg”yer havi ng

depth D ofgjjid8e 13RS 588 FRIOTHntEATE ’bn&ﬁicﬁﬁl_ﬁ?él@@u%ﬁd BMOS garur f ace 136
on. [ 0035] a result,

and subsequent |y “doped w th  boron after deRﬁ\sgl ion. . )

silicon a|s4ﬂegrdq§3@r5é1l§0w:ahancﬂrmaodr%y OSdvastieyregionhémt eri al s of
atype, d | | ] ' LA | g | hIensi ons,
and/ or exten |$\§h§egé?%&f0edr?g}t3?’ IEM;(E% @&gﬁﬁ%@@ﬁ?ﬁﬁ% %%?ic?gogoperat e
;i{ﬂd/ or pr fisdizodedioyadateriah A3 and 480,47 nersar somss of RMIDS jundion n

cgor dance_wi th RFMSLLES i ] L.Qf r4qgt ure
R e R
Fi gure 6 504, #dtur 5ldshapte Giited ofithe sasestrovariduys sstitabde silieldg00 or 700). 13
[0036] In additj on,dfcz)(%r i ng t 0_enbodi rrer.}%@l | ength L to su(gf ace of the
first jundfPiGHASIGP" A GAEF G OTa’ ARG B RS OB R <e®nd j uncti on
T gg! on 48%prﬁﬁl‘él seilfica f61 doupllivey ﬂoaayﬁqu@tﬁdélctronw lieraedmd dwenied by aln '
gf 'tiona accgrrgi%;lce %%Hweéﬂac}gcttegst?g o?%ﬁe 'es?re%d\éseéfggi)ce 2{{8/ or &Mﬂé ng a tayer
| ' structure. For example, one or more of silicide layers 523, 513, 524, and 514
may be formed by sputtering down a blanket of suitable silicide material (e.g.,
such as nickel {Ni), titanium (Ti), cobalt (Co), and annealing the silicide
material so that it reacts with any exposed silicon to form the appropriate -
silicide layer (.., such as nickel silicide (NiSi), titanium silicide (TiSi,), and/or
cobalt silicide (CoSi,)). After sputtering down the blanket of suitable silicide
i material, undesired portions can be etched away (e.g., such as is described
above for removing undesired portions of electrodes 130), such as by removal
of any unreacted silicide material (e.g., such as any unreacted nickel, titanium,

and/or cobalt).

[0037] According to embodiments, a layer of silicide material may be
deposited along the entire exposed surface of structure 500 (e.g., such as NMOS
device 503 and PMOS device 504 of a CMOS structure) and heated so that the
silicide material partially diffuses into selected portions of that entire surface.
Thus, it is contemplated that layer of silicide material 523, 513, 524, and/or 514
| may consume a portion of NMOS junction regions 203, NMOS gate electrode
- 513, silicon alloy materials 570 and 580, and/or PMOS gate electrode 514,

respectively. More particularly, layers of silicide material 523, 513, 524, and 514
14




silicide material. For instance, Figure 5 shows the substrate of Figure 1
after formng silicide |layers on the diffusion regions and gate el ectrodes
of the NMOS and PMOS devices. NMOS junction silicide |ayers 523, NMOS gate
silicide |ayer 513, PM3S junction region silicide |ayers 524, and PMOS gate
silicide layer 514 formed in, on or in and on, NMOS junction regions 203,
NMOS gat e nsh cmmpdrsemﬂqel sam@ejcumunmng ap@noem@a‘(ebygﬂnasqmﬁt% oportions or

Ja{Jlnct ?I)nSI fl’liecé?‘(r}’r‘ er?idbl-f’ﬁ?ﬂéfzéﬂ@g%ﬁ%g %Hgige%rhr%;pec I ve dyplvg)lsl i ci de
Lﬁ?’f;; I 223;(;:65{&3»1 d@%gﬁﬁﬁé@ﬁhdﬁgﬂ indFygure 5 dﬁcmedv%rﬁ tl:/d;@lrmgenmft vari ous
oper at i on$il %%g?)ﬁ?d\ﬁ’ggﬁ é@pﬁ%‘}gﬁﬂ?é};%ma&iﬁe Wa@cﬂﬁbﬁ’f tE‘QSPt %lhﬁﬁb €el ectri cal

contact fgq tlertt he desired
PMOS devi cgle}%%9 ; guB%Sh%}t)}aﬁgtg fﬁgeq@g)?b%%a%p@das%ﬁgh%?uﬁ?e of silicide

I?yers 5§|39gc5h3r (egpssuchreg meffeglhag tbéleﬁﬁﬂh{;@rlﬁyl'f%%h@@hfﬁ@o(ﬁ&ﬂn a bl ?_T_k;at
of suitabl e ni um (Ti
cobal t (061 ﬁ‘%bﬁiﬁé’g?ﬂ‘%detaié" t§| effeé_ﬁe[(jlcgﬁ':?ler| a @ge% E&%Shéﬂrrtégacts W th
anyke?(pos;gﬂlcsdéé Slzf\)lngtrmctf@s fort foemdipg) lrsmms) eatdatluddess&so(eg} aiﬁpth(mdgt, S:JCh 35
ni ckel siligi i .Si umsilic nd/,or silicide
- (CoSi 2)). hﬁ?&}g ?)‘Ufac ?F‘ﬁl‘ﬁ“ﬁgﬁ}ﬁerﬁﬁé M‘%ﬂ% %}né{ﬁqufﬂ"g a§‘|”I “material ,
undesi r ed P FithESd&RAbBE hetdhed away (e.g., such as is descrl bed above
for renoving undesired portions of electrodes 130), such as by renoval of

any unreact ed silicide material (e. such _as any.unreacted nickel,
td éanl um [0038d/ or c&ignxe)6 s mﬂ]es&%eﬁatﬁqf@w%@f ﬁ?émlggaa | ayer of

i ci de heaNgk t X shdwaese of
structure %@JI e@stﬁﬁ%&ﬁ?%%f dev?ggnggg‘d?%déﬁw(ﬁ'% gg%?%e 504 of a CMOS

structur eNMIQS (tmf&fosualseidn stop laper 663 ¢qveriag exposed surfpeasiaf MO f f uses
[T 51 eaRB MM BB LR 55t Ry bed g o
portion ofof INMBSJdeIVMelﬁﬁH Mgﬂﬁﬁdﬁ@mp luyéfﬁ@ear&i/@irmchsm layet i con

oY gL o720 67 G0 BFyEVRR BB LBEA RIS b B0REL
and/or of the same or various suitable materials, such as by deposition, sputter
deposition, and/ or‘growth of silicon nitride (Si;N,) $iO,, PSG, SiC, as well as

various other appropriate materials, sizes, and thicknesses suitable for and in

operations suitable for depositing those materials such that surfaces below

NMOS etch stop layer 663 and/or PMOS etch stop layer 664 are protected (e.g.,

such as silicide layers therebelow).

[0039] | Further, according to embodiments, NMOS etch stop layer 663
and/or PMOS etch stop layer 664 may include a material that causes NMOS
tension 693 in a region of P-type well material 105, as a result of tensile
attributes of NMOS etch stop layér such as shown by NMOS etch stop layer
tensile vectors 613, 614, and 615. Alternatively, an etch stop material may be
selected, that causes PMOS tension 694 in a region of N-type well 115 such as a
tension resulting from PMOS etch stop tensile vectors 623, 624, and 625.
However, while the region of P-type well material may result in a channel that

~ is overall in tension, as a result of the effect of tensile vectors 613, 614, and 615
of NMOS etch stop layer 663, the region of N-type well material 115 may

experience a channel that overall is in compression of the tensile strain 694 that
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‘14 may conprise nickel silicide consum ng approxi mately 20 nanoneters of
silicon alloy materials 470 and 480 begi nning at surfaces 472 and 482 and
ext endi ng downward, as shown in Figure 5. However, the formation of
silicide layers 524 and 514 should be such that the formation of those
silicide |ayers or subsequent  operations do not cause silicide 524 and 514

to short mragygm tiee résmlinf vesiorh628s 684, aeﬁf@étdfri’@\d()ﬁe?tmﬁgpﬂa}&er(ﬁé%ﬁ ace

h ht 570, 580 d/ h h t hat

o1 Dot doscmicaeed i nfErdl e funb B iBng Kok PolifEaftedon 0 1100

L hi cknes 543% @?6?484 gﬁidt%w{hﬁorebeelg s Jirstfsusfaice thﬁllght g?ﬂ) and decddrﬁiymia@r e wel
nown in thé art an er ef or er, descri.bed her

[0038] Fikgight 5891?6\?@“{ %éo‘@lﬂ)‘ ilgé gﬁ\ﬂéggﬁﬁ&é“??éﬁeé}tef‘ﬂ ‘?’Ff%oré%lzgo nf or nal

eteh St oPa @Sl MR 1edd E a'ﬂ'\@%cﬁ&‘?d BIVER SIRS pOverfill PUIOSGehion504 D

conf or mal stop l'ayer 663 covering surfaces_of NMOS device 603

and PMOS b6 Ny attertslcméﬂa b@gaeweeeetoeng&mrvb 624 arequshedfaribes  of PMOS
devi ce 604. N 664
et or moce gy trerc Bt ke B3R ANTEL 1R She PaaBRNaAHE) by 200 M
and/ or of&ieff@rﬁaatboﬂms asectmhccﬁualﬁ@bhmtmleﬂmmd 48Qipthase shyfadesfiyé) t | on,
FC ' as wnd 988 e ?a;‘?f(éj/‘%{“ﬁg &1 BipcPspefen domiing S8et Andthlorides 0

thi cknessgges 'skﬁph@efr%saﬂa/amemewmﬂwatra@m drerhelefweiritng t hose
materi al s suc at ‘surfaces below NMOS etch stop layer 663 and/or PMOS

echh stoppt%yntecb th#feh%?l@t ected (e.qg. such as silicide |layers
:hgr ebel ow). [0039] Further accordi ng to enbodi ments, NMOS etch stop |ayer

6 3 d/
an @bg@’j’%B Ig‘i% R On X e@ﬁﬂst&r@eé dmgaféq théﬁe%d\ﬁhgtah%ttc}?auses

ten P-t mat eri al 105 s a result of
tenS| le abprla emﬁsnoﬂla\mwseiwestﬁgurea?éhowa@n% ediswant WhewRs et ch st op

e B e R T s S o
N-type wehirfddds FRMOSsdevica 23k.gn suels a$ id depcfibednabMiSf@tremasting t ensi | e
| veetors 6§§de5?12ed pophons %St electrodes 130 and 132). Thus, PMOS etch stop layer 664
may be removed, such as by patterned etching, selective etching, or other

suitable removal techniques from PMOS surfaces 747 which may include the
surfaces of one or more of STI 110, surface 170, surface 180, surfaces of gate
isolation spacers for PMOS gate electrode 132, and/or the surface of PMOS

gate electrode silicide 514. Moreover, removal of PMOS etch stop layer 664

may adjacent to a proximate end of STI 110, along the surface of ST 110 (e.g.,

such as shown by edge 749), or adjacent to a distal end of STI 110 (e.g., such as
shown by edge 743). ‘Practices of rerhoving, area sizes removed, and

thicknesses removed of etch stop layer 664 are known in the art and, are

therefore not presented further herein.

[0041] - According to embod-iments, a sufficient or selected portion of
area of, a thickness of the layer, and/or all of PMOS etch stop layer 664 is
removed to decrease or eliminate any tension or tensile stress resulting from
PMOS etch stop layer 664 where it has been removed. Thus, the residual strain
794 in N-type well 115 will include more of a compression in the channel as the
strain associated with vectors 474, 476, 484, and 486 are kept largely in tact,

- while those of vectors 623, 624, and 625 have been substantially removed.
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‘However, while the region of P-type well nmateri al méty result in a channel

that is overall in tension, as a result of the effect of tensile vectors
613, 614, and 615 of NMOS etch stop |ayer 663, the region of Ntype well
material 115 may experience a channel that overall is in conpression of

the tensile strain 694 that 15 may be the result of vectors 623, 624, and
625 of PMO®4eich st durtleyreroréedntandimendsincbrdeciosthabipnob apligesiricdayger ai n 494

resulting, from conpressi ve vectars v 47 4 ) r er, as
first surféfes gﬁf‘ rized WEreXEr éﬁf%cga%al‘?ﬁ%&%ﬁg@%%n ’%%Ve
surface 1§§d/81\/@§:,eés0‘bel$b@paﬂi@uﬁthbea%k/garm&m&iﬁzfﬂor theCMDS have | ess of
an effect and create a_| ess powerful tensi on 694, t]IE:lan t &; of NMOS

tensi on egBuchedssireddforaed ayes any of ghe sispgfupesshonn Ly Figures 4ifay from t he
region of E%JS@@S f&FfdrFﬂ]gg,%rﬂzél ar}d—?ﬁéﬁ}%ses oeaidMGiChgeP firnddovdrhe for med

or dispos rcon a materials and 480 whose“surfaces 570 and 580
extend abany of thé atactiges strvac it Eigureod-Tis knowg, inghe est anshig, therefRiRsses  of

etch stop | ayer 663, and/ o, 664 are known in the art and, are therefore not
present eangfsf??§P§%E‘g%?r}F5@ﬂO] Figure 7 shows the substrate of Figure 1
after renoving an etch stop layer fromthe PMOS device. Figure 7 shows an
enbodi menfoogpr e PHfuRIER afl®p diﬁﬁ;n 664 phaesbeforraingedMOBm one or

P

nore portrons of .the ~s es of PMOS.devige 703 (.6, 9., sugh S
descri bedsﬁbéﬁﬁemﬁ’m&%@%(ﬁé deyicgad é’(!l‘CBB@ﬁpﬁﬁgat@%a}e&‘g&%?@aé@%ﬁ%o and
132). Thu@xr‘cﬁ%e St stcRRhAANE IR allrﬁxn%ﬁ%ﬂmyl%ors?maas by patterned

etching, selectiv& etching, or other sditable renoval techniques from PMOS

{upf aces relationstip with thegunfars afthe substratee StSLOINMEP apd A MEP sT1 110,

surface 1%0,. r ﬁ!llgf ( | ' MOS gat e
el ectrodeéi?ff%éjgilgw the sur Za%?% %‘%/?g% Sﬁghg%ﬁwggﬁ?ﬁ ioalléESM.
Mor eover , wietlgpjuaiction rEjioBs egaté diefentritn gate €edtrodesy andjgatedaelationa pr oxi mat e

749) " or RAEELA Sl (< U G oBpwEsh Hghie 9 e sa0fARBBM BEOIE 1 202

743) . Pr apM@S judtidrersgiorasg04andapassitdy N-eypywell 1dhdre tdmokebses renoved
of eteh S;[N?gﬂ'll and rdeggélasa crigsill‘(eréoa\{g}aéerﬁt H’?\ﬁogrgtatéi &%ttrgag 132 (e.g., such as is

shown in Figure 3). For example, first and second PMOS junction region voids

340 and 360 may be formed such as by etching, as described herein.

[0044] At 830, silicon alloy material is deposited or formed in the PMOS
junction regions such that a surface of the first junction region and a surface of
the second junction region are in a non-planar relationship with the surface of
—} the substrate (e.g., for example, as shown in Figufe 4). For example, silicon
germanium, doped silicon germanium, silicon carbide, silicon carbon, carbon
doped silicon with lattice spacings different from than the silicon substrate
(e.g., N-type well 115) can be deposited including by an operation using one or
more of CVD, epitaxial deposition, and /or selective deposition. Thus, for a
PMOS device, such as shown by 404, a silicon alloy having a lattice spacing
Jarger than that of the substrate can be deposited to provide a compressive

strain in the substrate (e.g., such as in the PMOS channel).

[0045] On the other hand, for an NMOS device, embodiments include
formation of structure 404 where the electrical type of the materials is reversed

(e.g., such that well 115 is P-type material, gate electrode 132 is N-type material,
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therefore not presented further herein. [0041] According to enbodinents, a
sufficient or selected portion of area of, a thickness of the |ayer,
and/or all of PMOS etch stop |layer 664 is renoved to decrease or elimnate
any tension or tensile stress resulting from PMOS etch stop |ayer 664
where it has been renoved. Thus, the residual strain 794 in Ntype well
115 wi || i 1gtd. agoeqensaryon a@c:@r@h&pecwsﬁlﬁhe|chanaﬁ@r@ﬁ§ﬁﬂfe&w4£esaﬁéNMd/

associ at ed 41 ﬂfs&olgésoﬁ%aj%p‘}n rgggfﬁax A8Ang i A8%BLRSHARL s sﬁ{ag%|r Arl) tact,

whil e those 0 ave een substanti a rem)ved
16 [0042] Ifmmheomubstra&a‘(mgu surhtas snlmolmnad:nﬁe,rmh-tomcarbfneaaﬂdédnecarbon Iayer
i nt.er a er .di.electri Jormed of SiO2

bee 5 S dopa ilbonaien BE deniRaiBisA At audrufa NMOSHREIE 1@ab ors 1 or

the CMOS %{dl%tglrﬂaeNMOEB mirﬂeﬁwomﬁas 34y afd 3bMEtoscaiieh Wrgdledliown in
Fi gures 4-7 actices for formn sizes, and thi gknesses f a dielectric

| ayer for msensimein theghagnekafdh e NME5 devicesgwsurh as YeFreding.thej s known in
the art angpgﬁsné@ €681 Shosd Moy 57 894,906 44 BGY. Rareuy. 100431 Figure 8

is aflow ramo a process or fing’ structure having a PMOS
device with silicon alloy materi aI deposited in the junction regions such
that the s{0046bn al | Bgr exdrepleah siufadaofdhaenbgirairanay define & tobiiaed t h t he

surface of substrate, At 8 devi

structure of HedREat il miiie LMCHRR S bR 2sB AL AR A8 s | unce on
regions, gﬂieese@bﬂﬂ?mﬁd’ﬂdisr,eggﬁi(egﬁloéeithéﬂ@PM@S@rWQS‘Saheet|on spacers,
ignd STIs (e such as i in Figure 2} At 820, ,a i on of PMOS
J.udction r 88 gnznhaaﬁlaswg% re\siperier fo theftop rfaé?ﬁﬁg to a wdth
and depth ggp ﬂ?a‘-‘térgégaﬁhéﬁ%@%éoi\’%ﬁﬁﬂ ﬁh@&ﬁélgﬂ?i&.@u&@d Bposifiigh as is

shown in Figure 3 or exanple, first ‘and sec unctlon region

voi ds 340@@@@6@1' ﬁmﬂlﬁéof Hhevsatesiad sufficien t@tc@]qq;q@deageCH&Qm p&d 2her ei n.
[0044] At Biord ol GRfbrAd Y il e URrde( %%hta%qnarregp{) R BIthb RvdiDgr PMOS

junction regloné suc ace e T1rst junc n region and a
surface of charrel of ﬂmdlemcaims desinedg Mnr@rver, ithe depornhpnamﬂ aﬂlﬂpélab]pbf'o nshi p

with the syrtacs ,of may include a concentration or type of silicon alloy material having a

silicon alloy lattice spacing that comprises a different lattice spacing (e.g.,
smaller or larger) than the lattice spacing of the substrate material, as desired,
to cause the target strain in the substrate. Furthermore, the deposition of the
silicon alloy material may comprise deposition of one or more of silicon
germanium, silicon carbide, doped with one or more of boron, and/or

aluminum to form an electrically positive charge junction region material.

[0047] At 840, silicide layers are formed on the silicon alloy material and
gate electrode (e.g., such as is shown in Figure 5). For example, nickel,
titanium, and /or cobalt may be deposited onto the exposed surfaces, as shown
in Figure 4, in a manner as known in the art such that the nickel, ﬁtaniufn,
and/or cobalt reacts with any exposed silicon to form a silicide, and then any

- unreacted portions may be etched away. Thus, the silicide layers may

consume of the silicon alloy material and/or gate electrode.

[0048] At 860, an etch étop layer may be formed over the current
surfaces of the device (e.g., such as is shown in Figure 6). For example, a

conformal layer of tensile silicon nitride can be deposited on the NMOS and
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‘the substrate (e.g., for exanple, as shown in Figure 4). For exanple,
silicon germanium doped silicon germanium silicon carbide, silicon
carbon, carbon doped silicon with lattice spacings different fromthan the
silicon substrate (e.g., N-type well 115) can be deposited including by an
operation using one or nore of CVD, epitaxial deposition, and/or selective
deposi t i oPMDBwkevidesufficieMOS-atier & cempsessiorai thiedWV@§ chaamela silicon all oy

having a Lattice acing, .larger than that .of the St e

deposi t ed Weﬁy%ﬁﬁ%%ﬁjeggﬁﬁﬁ%%éi V@ﬁ)§ﬁ§?‘ﬂdio dteﬁgs%g)g‘s‘ifrtg%gt%gﬁgﬁ, such as
inthe P é%'iWBb belett@Q40th Battthe réxiuiedig trastbn inothedMUPXB.adav] daes

enbodi nents i ncl'ude _formation of struct,ﬁé ?}é?cfl ere.the electrical type

of the matetpueome thewergagssien figm the sy gepositign selege ype material,

gate electrode 132 is N-type material, 17 etc. as necessary in accordance
with the cteri gt ' d‘?:z%m ' dhsSib ek oBl | oy
mat eri al ﬁé}\%’gig a Ig%dtrf%giglts\%%ga%t%%t S sngPﬁg%‘b{{ éarl]t tshe Sili cgn

subst r at e l{yergnay besélectively formed oulytiviee the NMOSpardiopiafe, Chld%r car bon

doped silicon) can,be deposited.into first and segon jMaction .

regi on véFHC%“é}?gg,lteFﬂ e&wﬂﬁm& & eéﬂalg%alg?er\;%iagt?néﬁge%]ﬁgwpo cause a

tensile oforrh@N&ven CMOBsHebazaghaybe tlittseivERiy esinoeed érogn theBEMOGs by

creating the. opfgfite vectors of those shown by 474, 476, 484, 486, and 494).
e

[ 0046] FoPOoBSQMP $tEREUBE- the substrate may define a top surface of
the substrate and the surface of the first junction region, and the surface

of the s J unc iy QiR - {befol@tiod ST EVIDS Miviudevi ce

r(godi nenﬁ?iggjsj descﬁlg{e?)algg%tol grésglrgdseﬁ(geri or ‘toot he top surface of the
suibst r at ehatimgosi NM@Safevideand PME¥hdevice{hereine ermiodigpnt deposi ting
a thickngss or a | al i G A4S H §def €d strain
(e.g., a ?‘szr‘]%"é‘ ngp%?ﬂ%(gérrg%gl?g {ﬁ%%?&é,ﬁastcﬁzg%%%is%\{%&(%{ g., %udcéﬁ as ina
regi on of 464608604, and /chZ0®) evitlodutithe Nl odyvicasThusicoatempletesbver , t he

of o111 cofPty WafarPar i RgE QPR oS i TYER EEALE A, e
conpri sest@fdind 4 dedite dildrithaf sSORIOSgrieuge multiphd ¢aipled PMOGeleyicehan t he
attice >0t other a%;ré}g]rezat%lé?rscwta Vit on a salllBstr%%e gv%selr{e & description above

with respect to silicon alloy material formed or disposed in junction regions

“such that the surface of the silicon alloy material is in a non-planar relationship

with the surface of a substrate applies.

[0051] The invention is described with reference to specific embodiments
g i thereof, It will, however, be evident that various modifications and changes
- may be made thereto without departing from the broader spirit and scope of
the invention as set forth in the claims. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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to cause the target strain in the substrate. Furthernore, the deposition of
the silicon alloy material may conprise deposition of one or nore of
silicon gernmanium silicon carbide, dgped with one or nore of boron,
and/or alumnumto forman electrically positive charge junction region
mat er'deFmS: [0047] At 840, silicide layers are forned on the silicon alloy
material and gate electrode (e.g., such as is shown in Figure 5). For
exanpl.e, nAclpparatut comprising: and/ or cobalt may be deposited onto the exposed
surfaces, as.shown in Figure 4, in a manner as known in the art such that
the nickel 2S4FaRi um  and/or cobalt reacts with any exposed silicon to
forma siljgi ; i . Thus,
the sili ci%gfsggflvelgé;ﬁﬁ%lgﬁ%co s%ﬁg%@% tﬁgadsg?@ F%%ﬁtﬂglsﬁ%yymna%tngtraﬁgﬁqan or gate
el ectregive.anfl @848ndAn@®HA region &t thh sslistrpte adjeeentthy gite efeotrodxotho Viest jideeiog ur r ent

f f .the devi h. as | 1 in Fi 6). F le, a
cont aFRR g Y soBTq hed Fiion MR R e CoPT® THIEE BHin6 AT, and
18 PMOS deti gfitasiidf faly€i @M pristhgCAdB& IR TR 654 id%o§épa ih Qﬁcﬂm shapnet

fi
Moreover, the type, thickness, and/or frethod of "deposition of the et%% stop
| ayerregig) ap@ thesjeeendeignetiptregivatsuethibat esuface nfjthedinstijomction redien BMOSswhaanel

d : i f .he . sili | iti

ST o B s 8 Rod N OB LR B Praldr Sl Bt i O S o SRR S Melrh &l g 1 i

st op the sijiesn attoy Metet el Gedndy BENwithe Bt BIf YheQBErdtd avHINDIS 2 i kd @Eciﬁ% og CMOS
S

struciﬂur_ . Alternately, according to enbodinents, a tensile etcC op | ayer
|+

f or neBe sigen allaavpieralis ditfprent thap ajatticn sRasingeita matcapinfdle welb of thesulpias;

ti f i . - escri he
Por i on oircend ettty R s MO RN PR o ol MEGAL P e
t her esurfaceesfithelsutetrbte and ghnetion réghomsebingdl iafa secdMObellleithe euipdate, MR scémd
descri hed. above ("%5( y é}g%} as device 404, 504, 604, an_d/ or 70_3) Wi t hout
t he. Qﬂe‘?ﬂnég‘?tl ghe € @hfiag psgndytivi tyrspidhe ﬁﬁﬂ%’ﬁ]érfﬂ’ént si ngl e PMOS
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structure nultiple couple evi ces,
by the second welil.
2. The apparatus of claim 1, wherein a surface of the substrate defines a top surface of the

substrate and the surface of the first junction region and the surface of the second junction region

are supetior to the top surface of the substrate.

3. The apparatus of claim 1, wherein the surface of the first junction region and the surface of
the second junction region are superior to the top surface of the substrate by a length in the range

of between 5 nanometers and 150 nanometers.

4. The apparatus of claim 3, wherein the first junction region and the second junction region

define a depth in the range of between 30 nanometers and 250 nanometers in depth.

5. The apparatus of claim 4, wherein the lattice spacing of the silicon alloy material is larger

than the lattice spacing of the material of the well of the substrate.




or other appropriate circuit devices on a substrate where the description
above wth respect to silicon alloy material formed or disposed in
junction regions such that the surfacg of the silicon alloy material is in
a non-planar relationship wth the surface of a substrate applies. [0051]
The invention is described with reference to specific enbodi ments thereof.
It will, however, be evident thatvarious nodifications and changes nay be
made 6.her eTloe spptareust ofcthépar 1, iwigrdin asuifie ditixaddstrap proximanto SeaRe jofictiohhe

i nvention %,Set forth in %Pe ﬁlains. The specification and draw ngs are,
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gate cir.od he fj.r junction. region and. the second. junction_ region
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epi t astirfake.l ayer conprising a silicon alloy material disposed in each of the

first junction region and the second junction region such that a surface
of the first junction region and a surface of the second junction region
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wher edilicoa dllay mateigdpaci ng of the silicon alloy material is different than
a lattice spacing of a material of the well of the substrate; a second
devi ce conplenentary to the first device and conprising a gate el ectrode on

t he urf rna ' j reqions f in a.second well
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wel | 20 .CO%IESI HPafa?® of claim 1, wherein a surface of the substrate
defines a top surface of the substrate and the surface of the first
junction region and the surface of the second junction region are superior
to tHe tophsuppaetisof claire 1siirdier eneprising a layer of silicide material on the surface of

the first junction region, the surface of the second junction region, and the gate electrode, wherein
the layer of silicide material comprises one of nickel silicide (NiSi), titanium silicide (TiSiy), and

cobalt silicide (CoSiy).

10.  The apparatus of claim 9, further comprising a layer of conformal etch stop material on the
layer of silicide material, wherein the layer of etch stop material comprises one of silicon dioxide
{810y), phosphosilicate glass (PSG, a Phosphorous doped Si0), silicon nitride (Si3N4), and silicon
carbide (SiC).

11.  The apparatus of claim 10, further comprising a layer of dielectric material comprising on
the layer of conformal etch stop material, wherein the layer of dielectric material comprises one of
~carbon doped oxide (CDO), cubic boron nitride (CBN), silicon dioxide (SiO,), phosphosilicate
glass (PSG), silicon nitride (Si3Ny), fluorinated silicate glass (FSG), and silicon carbide (SiC).




3. The apparatus of claim1, wherein the surface of the first junction
region and the surface of the second junction region are superior to the
top surface of the substrate by a |lengbh in the range of between 5

nanonet ers and 150 nanoneters. 4. The apparatus of claim3, wherein the
first)j unchhqpp &@ﬂ&@&nﬁﬁgn .he second junction region define a depth in the
range of between 30 na ‘ers and 250 nanoneters in depth. 5. The
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one of nickel silicide , titaniumsilicide (TiSi2), and cobalt
silicide (aCeshg)devi@. commmﬁyam the: fobt ddviderm8 ,coffnpﬂtlhga garrgedusdegn el ayer
of con | ayer of siljcide material, wherein
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(Si3N4), and silicon carbid apparatus of claim 10, further
conpri si ng dielle@tylé imabériadl selpetvehi d}Spmté pi Hie suofpe ofthe gubstratetinen lawgielleﬁmefd

conf % qﬁé se%%ﬁﬁ' fop mat erial, wherein the layer of dielectric materi al
conpri Yses one gfe car bon doped oxi de (CDO), cubic boron nitride (CBN),
silicon dioxide (SiQ2), phosphosilicate

13.  The apparatus of claim 12, wherein the substrate comprises an N-type channel/well
material having an electrically negative charge, and wherein the silicon alloy material comprises a

P-type junction region material having an electrically positive charge.

14, The apparatus of claim 13, wherein the silicon alloy is silicon germanium having a lattice
spacing that is larger than a lattice spacing of the N-type channel/well material, and wherein the

strain is a compressive strain,

I5. A method comprising:
forming a first device in an area of a substrate defined by a first well, the device including:

a gate electrode on a surface of the substrate;




glass (PSG, silicon nitride (Si3N4), fluorinated silicate glass (FSG, and
silicon carbide (SiC). 22 12. An apparatus conprising: a substrate; a
first device including a gate electrodg on a surface of the substrate and a
first junction region and a second junction region in the substrate
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a dievdbtric material selectively disposed on the surface of the substrate

in an area defined by the second well. 13. The apparatus of claim12,

wherein the substrate conprises an N-type channel/well material having an
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st r aigRrdeit COrERERIASH INSudbktakN. 15. A method conprising: forming a first

device in an area of a substrate defined by a first well, the device

including: a gate electrode on a surface of the substrate; 23 a first
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vapor deposition sufficient to form an epitaxial layer of silicon alloy material,

18.  The method of claim 15, wherein depositing the silicon alloy material comprises depositing
silicon alloy material in the first junction region superjacent to a first substrate sidewall surface of
the substrate proximate to the first junction region, and depositing silicon alloy material in the _
‘second junction region superjacent to a second substrate sidewall surface of the substrate

proximate to the second junction region.

19.  'The method of claim 15, further comprising doping the substrate material with one of
phosphorous, arsenic, and antimony to form an N-type channel/well material having an electrically

negative charge.




el ectrode; depositing a silicon alloy material in each of the first
junction region and the second junction region such that a surface of the
first junction region and a surface ofy4t he second junction region are in a
non-pl anar relationship with the surface of the substrate; formng a second
devi cgpin u I : . i
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regions formed in the second well; and selectively formng a dielectric
IayerC % the area of the substrate defined by the second well. 16. The
met hod of claim 15, wherein depositing the silicon alloy nmaterial conprises
depositing a sufficient thickness of silicon alloy material having a
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conpr i ai.n in the .range begtwe 0.5 percent canpression . and 2.5
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deposdlédtivglet he silicon alloy material conprises a chem cal vapor
deposition sufficient to forman epitaxial layer of silicon alloy nmaterial.
18. The nmethod of claim 15, wherein depositing the silicon alloy materi al
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material in the second junction region superjacent to a second substrate
sidewal | surface of the substrate proximate to the second junction region.
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material with one of phosphorous, arsenic, and anti nony totorm an type
chanrsetgndevéll.mat eri al having an electrically negative charge. 24 20. The
met hod of claim 15, further conprising doping the silicon alloy materi al
with one of boron and aluminumto forma P-type junction region nmateri al
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further conprising formng a |layer of silicide material on the surface of
t he fseeand Welhction region, the surface of the second junction region, and
the gate el ectrode.




"22. The nethod of claim 21, further conprising forming a sufficient |ayer

of conformal etch stop material on the |ayer of silicide naterial to cause
a tensile strain in the channel. 23. The apparatus of claim1, wherein the
di el ectri apsEAcri g THENASESOSURMSi | e attributes on the second well, 24. The
apparatus of claim 12, wherein the dielectric material inposes tensile
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? surface, as well as above the substrate surface, to affect an optimal silicon alloy
Y induced strain in the substrate channel. In addition, the non-planar
(.

relationship may be selected so that any strains caused by different lattice

spaced layers formed over the silicon alloy material have a reduced effect on

the strain in the channel region.
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