PMOS TRANSI STOR STRAIN OPTI M ZATI ON W TH RAI SED JUNCTI ON REG 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 (eNg. silicon) substrate) is usually
a major factor cAMQRIBANGISHGRISERAM! OMF\M@&U@I}] and operation of

t hose devices. For eXdAFPHeRAISEDNGNETION REGIONAUf acture or forning of,
nmet al oxi de sem conductor (MOS) transistor semnm conductor devices, such as
t hose used in a conplenentary netal oxide sem conductor (CMOS), it is
often desired to increase novenenElElfDel ectrons in Ntype MOS device
(NMOS) channels and to increase novenent of positive charged holes in
P-type MOS device_ (PMOS) channgls. BRI EF DESCRI PTI OF THE. DRAW NGS [ 0003]
Var i o@00ldat ur esCitg Vé‘fesaaﬁtﬂie thevaaruger ANt SE@E% ST or oughl y
~apparepnt.fromthe follow ng detail ed description, appended clains, and
accom%"rﬁl N g drawi ngs in which: [0004] Figure 1 is a schematic
cross-section view of a portion of a sem conductor substrate after f.ormng
a well, gate dielectric, and BAKERQUNIe of NMOS and PMOS devi ces.

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

formng sidewal | ;spacer ' t] i t eand PMOS

devi a0 0005]  FREEFELPARATH R AchATeRRS, B o e Flgure 1

af t er jnfeossicabciotuiPlOS tarsistosnresiosn capiciiors, et 0DA7AENECgdectar shows t he

sem conductor substrate.of Figure 1 after It f1.8,k1 con al | oy
nat er i(@g-, ﬁﬂlc@ft%ﬁéf’m?jl%ﬁﬁﬁlg’na P@é?rggﬁcé&cﬂlggag%go%@ﬁqngidg%fgg ’5 shows the
subst rﬂé&%&ﬂé} WhE chedbi6n of HodenigvidessFbt etairplel dyeing desigrhandii f f usi on
regi ons and gate el eCtrodes of .t he NMOS anéj PI\/L‘&A .

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:

[0004] 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.



devi ces. [ 0009] Figure 6 shows the substrate of Figure 1 after the formng
of a conformal etch stop |ayer over the NMOS and PMOS devi ces. [0010]
Figure 7 shows the substrate of Figure 1 after renoving an etch _stop |ayer
fromthe PMOS device. [00111 Figure 8 is a flow diagram of "a process for
formng a CMXS structure having a PMOS device with silicon alloy material

deposi t%’(:?ﬂa n the Fig f@&bﬁ&véﬂ% céH&ﬁctbP@q&bé&th%fFigiﬁ@ 1alftey material is

inan anar atl onship wt he surface of the substrate. 2 DETAI LED
DESCRI a’arpmlhgoafzqﬂmrgﬂm mat@aéus@rtbﬁﬁl\rl@ dHRRtors g KOWSew of a portion
of a sem conductor substrate after formng a well, gate dielectric, and

gate el ectrode e 00 (e g.
such a088k or %5'&%@? ﬁ‘tfc‘ctlfprsgrgig %@eg%\gﬂgﬁ]?%rﬁgﬁfgﬁl&zu strate 102,
such ag.RrShh itBerliffEsIBA rEgibAs ant gape élaxtlradied alythe NMQE sediPdd08Buct or
substra aving active areas or cell regions defined by isolation areas
such ade‘sllae:’r-l ow trench isolation structures 110 forned in substrate or
epitaxial |ayer 102. For exanple, substrate 102 nmay be formed or grown
froms cryst jrengleN s ®rh@Re 0Pl ) structures
110 maw&gé]ef or rreﬁ% lseld’é W%tg re&%g%gé o h&@m%!f‘tter ench et C%I ng) and grow ng
or depasiformal eitdh siop lajjepxivee teSNDIPS amdelf’wgdéwic?ﬁthe trench openi ngs
(e.g., such as forned to hei ght H as shown in Figure 1). In enbodi nents,

STI structures 1 e ac $ biadi vi dual
tran‘si@péb I devi C(]EFO g'fré* 9 ,ngﬁﬂ}? Séls%h%go §ﬁg+\lhﬁf{egg%/@§elsﬁ R TOMos
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formed ¥he i ndi vi dual active ar ea or cell region defined by STI

structures 110. Eor ~exanp 105.i s, for.ned e regi on of
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phosphorous (P), and/or antinony (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 form ng,
sizes, and thicknesses (e.g., depths) of STl structures 110 and wells 105
and 115 are known in the art and are, therefore, not presented further

herein. [0014] Figure 1 sEEEAKERDESERIBPIAN er the forning a gate

dielectric |ayer and gate el ectrode | ayer over the surface 136 of
substrate 102, an sequ atterni n ar..re nted portions
of thd0§kle di el dgwec lﬁ%ﬁ\ﬂnaaﬁ}ﬂ%Ps %Ftc OBIMeTY roé’gjj? ayetg}\e@or i nstance, as
shown, . gat & nﬁﬂt@ﬁﬁﬁﬁs@rﬁ@@ﬂ@r fﬁ%ﬁllhga@’(féleaw didbquesictad gate electiodiee of gate
di el ecst fric materral that is %pl cally gr ernmal, techni ques over

subst reftan NOAQS devize andia PM@S dgeice aﬁ;ﬂpéé?%géol(%t SUChHasoRi 5 on to Si 02,
other dat Wﬁ&ﬁk {iffes) THENARS SGAL ?uc Refls Rxiedn| G as wutbioen o on

nitri phospho S|I|cate8 , licon nitride (Si3N4),
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Si zes, t hi cknesses (e.g., hei ate ectr re known in
t he armbsmde 14 anay hérf@ffa? Or gEPW Fﬂfﬁtﬁeﬁ?ﬂ%"é}'@f‘ﬁ S%'%g {’%51 Figure 1

shows # %EHESn‘Q@T RrRalg %0 galyebetpaledasiedeidihg ﬁgiabn]s32 over the

surfac strate such as by deposi.tiopn, ont ei lgg el ectric 120.
NMOS gahﬁmeg}ectxemh@tqmoghmd lﬂ@@lw%d@%*ﬂ%a’ém%z? ﬂg@e g b} be deposited
to at kness Lh 5 hwn 200

5@; h(ﬁ rﬁ-xcﬁ’xe Rfe(?l Hﬁ{ﬁ ({2% Q52099 f et FPRBighe Hlas shidwn

manomet & ) ccor € thickness of N gate éh ectrode 130
and PMEggaty. éhembaﬂimemsaﬁetr@aweséb@dbﬂl@eawwaéé'% ected or chosen

based of [ nt eqratj;on | ssues [l al ed o deulie. RATLAIRNPRIOSNCS gat e

el ect r BEAONS ion cor¥ épondl ng to t work function of an

N typgeseyi 6€a CIMOS gaticuet)ect rode 132 has a work function corresponding
to the work function of a P—type device. In enbodiments, NMOS gate

e iohany Mgre TafAl Fof T G el s 3 A PeSbil FATigRRS! t ed by
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),
phosphorous (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 ST1 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



deposition (CvD) and then doped to form N-type and P-type materials,
respectively, such as the doping is described above with respect to formng
the N-type and P-type material of N-type well 115 and P-type well 105,
respectively. For instance, NMOS gate el ectrode 130 may be doped at the
same tine that the corresponding NMOS junction regions are doped (e.g.,
S:Jch asfga M%rbmcbﬂ d&pérsﬁdi.onm @ﬁ&;plsm\gatd dieleiciric mapyrialdhat iPMOS gat e

el ectrode’ 13 may be doped at the sanme ti t P ] ' regions are
doped (¥pisally grgem thw/%e?f%ﬁetq%a EG P‘d‘ﬁsrs{%iﬁﬂ,ﬁz %Sr':%?\;&ﬁ' ?{r}gk‘? Sﬁr e 2).
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pat t or med i ksntsag MEIGAIDA AL SXISGHG TRERS AT BRdh 408 PRGE 130 over
patter £e over
NMOS devi Ctg;ellé%%re,?%gdE&rfb%Hrfh%te?h@fé?h.eC_tri c 120 and PMOS el ectrode 132
over PKB d&VTce” , such as by patterning using conventional techniques,

such as plasma etchant, sputter etchant, and/or a chlorin -blgaed etch
cheni stjog15]Maski néiganel showe asimaictwrte wWhich inrlades gricelgeao el ectrodes in

e RS, R P o s S el it 1 o

pat t er it g, I'hg operatio S are we known in the
art, anelediris 12016NMQE gaterebéctfade 186rardbEMOS gatermedtede Fmajist ance,

e 82 SRRSO AL oot aass ) eit o
Fi gur e 305howendtbe ®a.caneieinglysttesihidnesodf NMOGeate efecode 130 m ng
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214 1 h%}asg&}{mQﬁtég%lﬁ&qissﬁés RISl Hcd i Riresrinfidricel NNIQBgateed

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

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

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 (e.g.,

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.



around NMOS gate el ectrode 130 and PMOS gate el ectrode 132, respectively,
to insolate the individual electrodes of the transistor devices. For
exanpl e, NMOS gate isolation spacers 213 may be fornmed by depositing
dielectric material, simlar to dielectric materials descri bed above for
gate dielectric 120, along sidewalls of gate dielectric 120 and NMOS gate
el ect r@df%]130 st IRigiute Bfurttiepshoivs thé gubsirate after tdmeovglatftumdsisirgdand et chi ng

the formed or deposj.ted . di.el ectr] terial t reat te isolation
spacerporbipzs Qfygie eleﬁ&ﬂﬁéﬁﬁﬂﬁé@@%@‘@rﬁ%@%&ﬁ?ﬁiadl?@@%&?f%ed above for
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spacers my be for a
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ewal [ “spacers" or "shoul der spacers"), and, therefore,

are nathemistdyer Maskingrareld oneewionzal ¢ligate digtpgticang gAeRleckngss inct i on

. e ! ; ! _
" sour che I B A ERCS Bt nph B8 RRRor B iftnfltaneBlaay SiohkpBEt 8 B8
j unct i oatériPh@Ninagleng, andlmtetdsingropleantiomgas aetwelhksenindn tha@shhor ous,

d/ i for N i unct . i d d/ | uni
for Payberg ahvrrars, ebiBid G5 ERNERAE Bog P e R e e 1y "
cor r espARdENAch i RIMOS datpbrotrode TB0andIMIOS gate tlaatrodedgleme 203 may be
formed, such as By donpi

juncti MYS%EPB@PQSH?B@; (ré'}I{ : O‘]E‘B?P&e(tqy%ﬁd %ﬁ%‘kﬂ%?z%% n;§r [)net h?z(ramed, in
accordance with the characteristics of an NMOS device, such as by doping
the majogiial of BidyR® Mehs the%entiod @idtot hisbohrdty BEFIRIrert dfteri n NMOS

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, respectively, to

insolate the individual electrodes of the transistor devices. For example,

NMOS gate isolation spacers 213 may be formed by depositing dielectric

material, 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



junction regions 203, as descri bed above wth respect to doping to formthe
N- type material of N-type well 115. Mreover, PMOS junction regions 204
may be forned, such as by doping portions of N-type well 115 to formthose
junction regions. For exanple, portions of N-type well 115 may be doped to
formthe P-type nmaterial in PMOS junction regions 204, in accordance with

the fﬁé glﬂé 84he Br Q;dlﬂeﬁwﬁﬁlag@valcthan M@S@t@moh@pnm@aa@rs&éég r5 i bfgo\i\g} h
respect 0 opr ng to formthe P- e nmat
| n addilniaorembedimgreddy Mgﬁ/&ateéﬁfﬂ%ti‘%‘f Pl EE ﬁ{ﬁmfﬁ@ﬁ?ié&m@é@ CS)%OI’ldI ng tip
I mpl ants ma d ?.tf&qnjﬂl tdhabbe sijdebdtid on regi ons. For
exarrpl ﬁ%qglﬁ!{]%tgldl&n?\g%ﬂgpgﬁé &»B&égénﬁgﬂ)al SO |ncI Sge S;ic?d{?'lt orﬁé N-type

[
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al so i ghietign@riférrad e aslz”ﬁ&eﬁealdideamls’ﬂmp?a@uld&rcﬂpaasrs "),apHant i ng boron
and/ al um num i nto PMOS, junction i ons 204 adjacent to PMOS gate

el ect r dueref@e, are I[‘QfoEUf‘eNB’Eeée% élcl?qgfia‘&‘al |y, enbodi ments include forning NMOS
junction regions 203 by doping P-type well 105 w th phosphorous, and

furt heL%OI%Tbseqqu}%Jﬁ% ?%MNM@SPﬁﬁtt%th &Mm&n@PMOS@rmﬂnmcent NMOS

el ectr 130 f er wth posphorous tOfOI’mtij ants. Al so,

enbodi megibas 204 4.g1dalsé oefairad t@ﬁ!@és?%l‘rﬁ-’@tdl’éﬁ‘ ¥9@9’Ibsns°r2£nlﬂ§/mﬂopl ng N-type
wel | 115 wit, f r tRds RApldreig of N-type
wel | 1{%18{}?2@%&}%%}) egz?t gtB?lo %ﬂz()f ?E bo?onpto form P-type tip
i mpl antgth hRRALd, plﬂosphmasafnd%ﬂw@mmy forgN-tirpe jurct@aredianst2¥3t i p i npl ant s

such agnaprBag cBelBEERT B et e fion EEREE P R S T he
N'typedeﬁH@bH@hh&fall}"&o)‘ﬁ@?mﬁi (?J@@ e tfp ihphanlts, T}rﬁnsgmld% jeingtien PMOS ti p
i npl ants 204 that ma

h.as_by.d N-t I
115 { oregions 20has B3 {9risgh AL PEACBEBPEC RO NS BELRCY Se wel | 115

may be eR&M S xfxéi’rFBIPe%hﬂﬂe”NMtDB hn&tﬁfxﬂf @‘ES 2Btrenyfber mat i on of
PMOS sﬁc)éaljgg?%(l)ézéﬁﬂ Ihgq?is by dopi ng as descrl R&g @ Ct_hh respect to
dopi ng fm:mnédmmach@rdance with the charactens’acs ofan N S eV1ce, su

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 embo-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.



type material of P-type well 105. According to enbodi nents, formation of
NMOS gate isolation spacers 213, PMOS gate isolation spacers 214, NMOS
junction regions 203, and/or PMOS junction regions 204 nay occur in any
order as appropriate, such as in accordance with the characteristics of the
desired device. Practices for formng, sizes, and thicknesses (e.g

dept hsgyp941 NMOS NIBRCSpeRiTidally 1mboaﬁﬁemadld:PMqumluuglNMQ%ng?ﬁl@nzo4 and
possi bl'y ]addl tionally incl udl @r}g rres ond?1 ? Fm rgxrtﬁ@fs are known in
t he artegammb 283@)7 dapipgfop®e W @f‘) PhGFRYFe A1 [3322] Fi gure 3
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] unctlﬁ)“ﬂjsre 51n h% t]tl;égﬁgﬁ%tf %&s fi rst PI\/DS j unctjon . region void 340

and sepgmﬂlﬂﬂ\@b‘mt}mhosphorrem tinforml dp Soplarfiat Alsey € ORI by renoving a
ortion of or aIl i tiels of N-type
el | dinstas gorming M BeltRE reelirs 38 BB g2t m@@”"‘*ﬁ?ﬁ?\t o PMOS gat e
el ect rgg,g)r}%g.)d fAKkaT dibsgqientindopinggrir s ons Dthtymlvdem t adigcertd®ond voi d
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di mensPMSgatg electgelg 1 é’(é ’@‘E@H%rhtqj %I?Rl 48%Shown in Figure. 3,

and extending an extent E, not shown, but perpendicular to the cross-
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enbodi nent s, If@;ﬂth such as
to be B@Q’f\méﬁ ngﬁ\ésq%aesgbxﬁ %ﬁ%%gg O?gehgji%%n%qgg%h tion, according
to enmbodi %m A8t poy@ﬁngkomnWMdﬁdwemlBB@ may bedigh$hed to a
dept h |n th ge_ of etwe ers .and 4 bel ow
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oper at mm&ﬁm@%&ﬂ?ﬂo‘%ﬁ@%ﬁéﬁég 13‘?36&%?%%? e f e
desir egplvfg? ARG O 1GNP Atk 4 8 UPRIOS 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 junction 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 ad]acent
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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(e.g., such as a desired PMOS as shown by the device on the right side of
Figure 6 or 7, or desired CMOS, such as shown by structures 600 or 700).

[ 0023] For exanple, first PMOS junction region void 340 and second PMOS
junction region void 360 may be formed sinultaneously or independently by
patterning, etching, and/or recess etching (e.g., such as is described
above 519% ah & TP¥ENG: Wit neflannelirater RMOS gate eledeede 382 fardhe32) to

various desired sizes and depths characteri,SEiCf devi ces
by opedevicend’ C&'sexéf@ﬁﬁrdﬁ\i\?ﬁ‘dq I?Wé‘gsa?if?a{ void 32@ and ﬁgéoerw(\)/'rg@ dﬁgdgté ljg'e cri bed
furt heé (ShEG o d &béﬁﬂdﬁ ] @10 raR BB BEIVEAT 50 harimetersiat 200 a surface of the

- substrate” proximate to the first jungqaic‘&_regi on e.@?, such,as first PMOS
j unct i pansegters balowduagy 1¥efndde awidihstV B Be FAnaeC T dWRaN PVsur f ace 342,
and a surface of t e [ tdIEHSEGRREhHIMlen®) region
(e.qg. ,nWﬁ‘eg?Ss ‘2%%9 ]ﬁ@g&%shgﬂsgﬁ regligﬁa\a/oi d 360) defines a second
subst r g5 @isivienay be scrlédaecosfing to he zate kingth, suah s émbe bagve@hPRdNduct or

substrate of Figure 1 after .depaosjting of sili teri:al into the
PMOS | amé thise A dhe gatedength: Sﬂ’a%ld%ta%xﬂ a5§0%1$%f&mhﬁﬁ%%% gﬁétr egi on .voi d
340 a”goi[%f’&zflﬁ nBNE® A 06 380 megbefornied to 3@epth Fi dherrenge shows silicon
alloy material 470 disposed in fTirst Pl\/g ‘%{uncftk}(t)% eﬂiﬁnt void 340 and

si | i cohetavdeny2fraeapigtera gpd @08 Haaemetershelesy gurtp ‘f& #'%n region void
360 such that s Eorft i ¢ b sbdorglvoillwsottbarheiglgi on is in a
non- pl §ﬁ8?81 gpaaglflvgoﬁg ?%ZIQ?\?)?{ITI%{}?F329136 of t he ‘;cﬁbst[ate, 8§gﬂnd such that
sur f ach#482noh-phear esihl surfagedd6 dogh pudtes dhelgdyEURIONGRYS n a

non- pl anar r tionship w f : sl Silicon alloy
mat er i B89y @rﬁfozfggesr?a%eg ?%ﬁlﬁgg%gﬁ%rgﬁf%gﬁﬂﬁi con alloy materi al

di sposgg-drAahié stittactthraeernsiicsREBe denired FMOBgiIndd ov §INMOSIHOAREE 360,

respectively, to cause LN 4 dur.i {0 : Wee in a
r egi on(eeg-, S %%%\ﬁﬂmd ﬁM@ Fﬁgﬁﬁ‘fg%ﬂ}e{}%ecgeﬁﬁéﬁ ({)%ﬁgﬂ %EB %ét e ilgl 470 and
sil'i cop gkl gy dedRE® INMDSARRAN & dhowrs byhtartares60@bn700). a regi on that may be

referred tb as the PMOS channel). Suitable silicon alloy materials that
may be used to cause strain

ST comgal mani ki Sxaaple, lip MG thongcpisr o ERandtirifae (N'S ),
'([j Io 1}; Zgl m@bg%ék%rﬁh #ﬁj? g%idb%?azﬁﬁgﬁ@ﬂmngdusm@d possi .bI y may be
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 junction 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.

[0024] Figure 4 shows the semiconductor substrate of Figure 1 after
depositing of silicon alloy material into the PMOS junction region voids (e.8.,
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 isin a non-planar relationship with surface 136 of the substrate,

8



al um num For exanple, silicon alloy material 470 and 480 may include a |
material having a silicon alloy lattice spacing that is different than the
| attice spacing of the substrate nmaterial of N-type well. 115. Mre
specifically, in operation of the PMOS device, silicon alloy materials 470
and 480 may cause a conpression in the well material or a, conpressive
strainaﬁasﬁa{EhﬁsﬁgécéQSEOfﬂﬁgﬁﬂﬂﬁngsammyﬁynmbomI%@Q“é%@é%ﬂnﬁy silicon

alloy 470 and 480 having a.latlice, Spaci t g 1ahoer lattice
spaci ngom%w%ﬂfélqmj‘%w %‘a%‘ir%’ﬁeg?ﬁ Rffl}/ep%ﬂ)\/sér?%. Sﬁ%&hlé] t)ﬁat regi on. [0025]

Mor eover ' rRAYPBE FdrRRibSof Shhitabdasiticomgllopneteadls 470 and 480
have a@&?@%gg?g? Htgﬁltggf' '

t tion, ' 47 f f th
ceConadispostd amirstgndrrenm NS s HOTIREIDY V05 ERLT TR Rur face (..
Dot ot PR e B B B BB R e foncie o <ol

bet weeffSPRE egl oris and the substrate surf c.r tends to cause
first N-tyjpeoneRiphatyrial 118 retivieernsilison rlloy 7aatgBRbdY $15PR a8HY f ace, as wel |

as first "silicaon alloy strajn.above . 4 46th@nd second
si | i comaieniahAs0e & ﬁ“ééf‘%@vshﬁgl %%gwﬁg%sﬁ%ﬁégf%%gaénd second silieon

al | 0y BHAEE PhARGMR SlnealslebRicoatalog mndtaciels4Bet mapiberiseAyio SABPDr al | of

contribute to operation strain 493. 1For exanpl e Qnt{'?erduhh%@?ss of silicon

al | oy stmbierd9diingtpeieane Srmespoidsdel %’B‘%-eff‘gg?“ $HE engt¢1 L “plus the depth

D for mﬁ‘ﬁig?ﬁt‘ ggrbf}?é ?J‘F:lt)'t BAdaGes (ML), anatiaim 482eddibifecobabint rol | ed by the
no e’de

time d position and/or, the depositio con tion, or
deposi tilienler (@oSifartchpossdpysnay ba dopes é(t’ll% Ane PRI i‘.’? pgron %ﬁayéﬁbodi ment s,

the siljcon all mat erj al..di depasideaso malhiaclidest  j unction
r egi Ona@u&u,msgéﬁeﬁagﬂg% #lé%hﬁgﬁﬁgsnﬁg{lg?l al 470) rrg?{ bcg_leg%h?ched super 9
adj acep{atéQallidvihg auiisdonadlbysiathineeipacing that s Biferandnh %on al | oy
material _dispqgsed . or deposited A CaRd ) ieeffichBgjin (e.g., such
as sil BBW&F’P@V SW@S?%aiﬁg)Ofnl\Eﬁﬁg@?t%?hé\g suger {:d?chlent to second
substr Bg@ré?ﬂoﬂ%b PNIOSf RsRee3 62icoh AllR§]matetis]s 4AOcHAAITRY @HHoYi nent s,
first vord 340 and_second voi, 360 na f S U4 l.e surface areas
of surtWIQS&EJYaMW?/%P?%EQ%%%% %??gﬁlaensgfag%g% %gaxsﬁ%ﬁﬁ aN-type wel | 115
sufficj %Bﬁnto?l‘ﬂm# de11desichaged BpeilRbhaillaly oraidnB0dwyingadattiggs, 486,
; i

and/ or I nc ng strains desired i.n . )
spacing thatis a lalgger 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



accordance with characteristics of a desired PMOS device and/or CMOS
structure (e.g., such as desired PMOS device, as shown by the device on the
right side of Figure 6 or 7, or desired CMOS structure, such as shown by
structures 600 or 700). Hence, the dinmensions and depth of first void 340
and second void 360, silicon alloy materials 470 and 480, and non-pl anar
rel ati oag Btéhiotfo Bitst baberatd didleandl ABfhceiddh andshestlicon eé]nyfraa:terlaBG may be

sel ect ed ause a co ssive sfrai.n at strain 494 in.,a rapge between
0.1 per @@ﬁps @r Oﬁlé'?‘ggh € SpEeR mcgppﬁeg‘&rﬂfe&pé‘?l%aé§?1&ﬁ°% e chosen to

provi denﬁteﬁﬂ%@%ﬁéyﬁe Slri el s e%ﬂ ant@%ekond BEbsteategidestalleen 0 per cent
and 2 percent or .5 percent a percent (e.g., for exanple, a

conpr essinfaces3oZi n of appr oxi rratel y 1 percent). It is to be appreciated
that, in enbodinents, a sufficient conpressive strain at strain 494 may be

accom jabefl a°Conglng, 0. £IR0L RN S HRY 508 1R 0 BhaNBEx Tkl onship

where | Lis range ngstrom and 200
nanorret %@ma&ﬂﬁ&ﬁhnﬁdmrsdltamets@rmade'tasmftsarfasé 186 end db Ival;louat erial 470
and/ or 480 be f d o 0Si te% 5@% ‘(‘Jgf] rstttPl\/mEj Cff ion region void
340 and?l’é?en%%%ﬂ’ad S]"ﬁ AYPEGY h LI P fiskant tp IR ASEId such by

sel ect 'tealgeﬂ%ﬁﬁl b s 4@@7@% 86, id /@ 49p) ihatidihg depsiddsirad iffor exanpl e,
an epi i

al layer of sin fec cry stal sem conducto il be fornmed upon
a si nglaccordancg wit d%‘@fﬁcéqr%ﬁcﬁﬁéﬁéleﬁﬁé éﬁ‘i@&d%’l‘@%&‘& M%e sanme
cryst al APl e CORTARIRKHBHTMOBYVIG, U BRLIAS, IRl &id on biel di ffers in

type or-concen opant. Nore particularly, silicon alloy

mat er i ad:ghﬂ@ldea}id:ﬁgmre@@'ﬁﬁydfelrEﬂé}M% &tyu@erea@ui: as evevadyosi ti on, and
OSSIb cl ud alloy with

Ito he sa &95‘?5 @Oe‘ﬁ) g%@ﬁ%giﬂqgﬁs@ ﬁg aﬁ!:l r| a ¥1§%@|§)ﬁ?§h%gﬂv\gl I 11)5/

(e.g. d@@undgrdldi%e,aamccma/lki asdridls 470 endﬂaﬂ,largi ﬂm—qa%Manf the material of

N-type 5 has cry. exa tc., then
the 51 15eERtPTsTR g SuTREEIIZE AR TEanR IR eerthi] rrere Htreuke Hraad “cryota
gr ade, t%‘t(‘alﬁsé‘%,coiz%eséﬂz@str@irpat)straﬁﬁ’@%ln Fushfebomveen (BT pén’cérmgld 0

enbodi nents, silicon al]loy materials 470 and/or 480 naybe forned by

epi t axi ¥ peregpbi Parsisulrlin 8 REAPAORLHISR M3t Ba @i ided Ge), t hen
anneal | Rgn b QsERERY ik BEstPARUD4TH PHR +d1eBdteRR 0 percent and 2 percent or

0.5 percent and 2.5 percent (e.g., for example, 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 embodiments, 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
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germani um Therefore, a layer of Si, ,,Ge,, may be grown on top of a
substrate of Si such that the silicon germanium has a bulk relaxed lattice
constant that is larger (e.g., such as by 4.2 percent) than the silicon it
is grown on. The resulting msfit dislocation or dislocations at the bl ock
or bl ocks where the silicon germanium bonds to the sili cor] create

st r ai nsthaT#f thd Fhatetialiof Megpeanell b5 hapoacrystal grashe ofnfrrgxamg ?m 494, such

as a coypy essiye strakn r . f ' ggueezed into
the si| b Caftil‘g?ﬁlig‘% o g@é’ F?g?@%‘?ezﬂf @ﬂ%ﬁwgﬁ%ﬁﬂo&sﬁgﬁg{rﬁ T hose silicon
al I oys aﬁgﬁl graddd, slelRasna@0j 1g, dict)f erent and distorted as conpared to the

silicon terial of N-type well 115. [0029] Suitable processes for formng

or growing of silicon alloy maéeri als 470 an /orl. 480 f ncl u %’ap vapor
phase ([‘Oﬂ%l, | i quitarthermaere; peserding,to exghe % SjceP@ TBEREAGY si 1 con
process) ?ﬂ?}; feal BEH6LESH bhBbrdrsdeped sitiabhe to VPE of
sili conﬁi?i'e%cr}%s@)é 1 PF;&%@S%%F?ES regct aﬁ?ﬁg to thlé substrate surface; (2)
r eact angernehsunbEiGe) théreanngrdingdpsergvebe boyan frophe 44O eact i on on the

surface | eadi.ng tp fofmation e [ [ O0UHSatd 4) reaction
pr oduct&e%‘&%]'b rleiotfﬁﬁﬁagegéfrﬁétt%%*r%%ﬁg‘f%%rogﬁ?ggétati on away of the
react i a5f Praehehatitheilide gurfaanen Haea3n]Ikirelaaedi4tion comtamtababist or ni ng of

silicon allay conprises selecti epi t axi al ., depositionmfaqr 4.qn, or

gr owt h IRFRSKAE.Bn SHRR2 Y4§quf§ﬁ%¥%‘%&bec?ﬁ%“téspg¥oawx?gp' eﬁg&g@lhg. Usi ng
gype 1 .4 Q%jiélbgéﬁorﬁbi B%thaﬁibh@ﬁth deisisik bﬂblo@pymem&;@siﬁugm ng onlj y on
are silicon substrates wthin the openings t i an

ni ni nalgerivfandagn bepdsorthe siliges 13y geeaterpiyans ﬁ%‘l't‘ﬂg' %%‘iﬂgg@r?é\#/& shown .i n

Fi gure 4, r ga‘;@ 3 iz BN 9Y 2 BBERrbRivddtaianthagred80f@ne formed on
surface@% R\%I? S E%B’Enaiﬂo%%;g_o res%eqmel yv.(e. g1 iagcl u |qg PMOS

j unct i che geginenauRG4YMsisqueeres inte thesrhieen ehsikicon adexs mstersgls 490, gat e

di el ectri 20 g ' ffENPapdt € el ectrode
132. e TR Bl B B g R . i1 con

al | oy r@teticd ad @rgparegitoithasiliconreaterial d7N-type/vwell 18D) may be formed on
surfaces of voids 340 and/or 360, respectively, as well as on gate

2l or IR gt o St b i Tosfuie ey g BECRELRANGY, |0, CEEEIT Con
al | oy nRLRHAN 4AVh@ Y 80 iA8Ridedyrespdrypasp€VEE), 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

chemical reaction on the surface leading to formation of a film and reaction

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. Thus, 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 STI 110, gate dielectric

120, PMOS gate isolation spacers 214, or PMOS gate electrode 132. Moreover,
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sel ective epitaxial deposition using a silicon source including one or nore
of the following: silicon germanium (SiGe), silicon carbide (SiC, nickel
silicide (N Si), titaniumsilicide (TiSi2), cobalt silicide (CoSi?2),

hal ides, SiC 4, SiHC13, SiHBr3, and SiBr4 at suitable tenperatures. Al so,

SiH2C12, SiH4 may be used as a  silicon source if hydrogen chloride (HCl),
chl or i ri¢ig Ol appresiadedihat ingoaiqdimesis, sHisoa alloyanaieyial Eﬁbgrt $YGIAS £ or mat i on
al so incl i i i i A tivity of
Gepos! OraietF 474ARAT or SENFRLY BE B d P S S e ot
of the kpéatrelpldsoyelbecon gawrsurbaeeosTI Lidn gatebdieleatri 1245 PMO$ as on the

oxide film and thus wh t hi of , d Siyt i kS an interface
bet V\/eerg‘"’ttﬂésoiﬁ?%ﬁl?%ﬂerq d(ﬁsorw&écﬂ?t%Fﬁgg()d?3‘32‘951389%?%@”bar e silicon
subst  girRbEdiEnéntd holHb bitiedn LBYEmAbrisl 4700 Arl 480 fofraedbg Typethe oxi de
filmis created. The angle of this interface relative to the filmgrowh

di r ect isslecHiypepiiaxiah denesiipy 618 BelisphpeUSEi BRSNS ATS T FHEe Of ubst r at e.
Thus, i i: %%? i i . : | €18l dilh al | oy

mat er gﬂeﬁ%o@%%ﬂﬁ%gare or n‘ssgcgj;gglﬁgj?;fgg@dg?ﬁggi ﬁlgk %4%‘1(2%3/ or 360,

r espec t(Nisi)ytifaeiwm, silicide (TithYy cohdbsilichds (Cobiy) ulides, 3i64) SiHGH, may al so be

f or med ur f of, SIl,,110 ate die t&.i 2 P i.sql ation
spacer S1FBTa ana Pt SRR g PR G0 de e b DIAA AT 1Y CEREsd: ment s

i ncl udeilfamesoudes Hlgairoyen epotiaxi(BICI)ebixind (@, )usipresesitH4, SiGe, SiC, N Si,

Ti Si2, and/or CoSi2 as the silicon source. [0032] Consequently, according

to enbodi nents, subsequent to forpmation, undesired portions of silicon
al | oy @9Hdi al '4753“'5}%27%?#“4]8’@%’?”‘ formztien g alaﬁa‘ﬂS?[fXPE ed away using

vari Ou%efe%ﬁt}@%?ﬁﬁﬁ kBeMssiiion WiRraktlelividy of d tiaf i folesicicalbed above for

ia
renmoving undesired portions of electrodes 130 and 132) and, therefore, not
pr esenflding dyper dempgsin, fermsatior epgm W ebthebearnalisoc®Fs PRon al | oy

mat er | %liggziﬁﬁogﬁg;)%até?% wel aQ?n{tﬁE '&%m%fliﬁ%éﬂfﬁsa&ﬁeﬁihiﬁ dbf st junction

region or surface o e second junction region 482 superior to
a top slepbasitionds mades apubherfaae be(veean thesapstaxiad layerrefcdicoeallayy a 1 ength in

s shotrmed B gnr b NI Fagh R A B D EIROR e Qe eRgliey O G or
sur f acgoffied ba theoaidk filumis dreated. The angle of this interface relative to the

film growth direction depends on the crystallographic orientation of the

substrate. Thus, in the embodiment showh 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,

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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region 482 may extend superior to surface 136 of the substrate by length L
bet ween 400 and 500 angstronms (e.g., 40-50 nanoneters), and silicon all oy
materials 470 and/or 480 may extend into N-type well 115 to a depth D, as
shown in Figure 4, in a range of between 20 and 250 nanoneters in depth.
Mor eover , conterrpl ated are enbodi nents where depth Dis a mately 120
nanorreteafds/cﬁmﬁrfaeagf Hid_secsndmlltlmnrfégg@ ERrsperon P afkep ‘3‘6‘&5 ‘#maters in

| engt h. rther i A&t erials 470
and/ or th% gﬁ%@egggdg% fs%fj,fgl ef%zgg Eﬁ%t (gj\\/% e?éttﬁbeéﬁ doped to form

j uncti giinoneétefend mmmrdauecemﬁngth H@r@hanqde,@ﬁusbpwwncﬁlgar%su red PMOS
devi ce. For | e, aerr depo of . s drl s 470

and/ or Sﬂlgfﬁceé’zéh% TS dHIMHOZE eﬂfﬁ%@#@@rqrﬂlgfaﬁggpg‘e 8%%%“?& as by doping

t hose %”gﬁf' ?%xt&l@%%rpebﬁﬂ tabaMacaM 3dvfrtae pebsmtte bqj?dpng@\ Lo formthe
P-type teri e  well 105, Thus, for exa

I
mat er | djawemw%ndﬁoﬁsogﬁiﬁgnﬁéegfr69158@3&911’196% ﬁéh 6‘;‘%‘ f gnbg 8?’ to
i ncrease {9515:‘ %ﬂPAIfde/r sﬁﬁgﬁ]ﬁ%ﬁmﬁ}d M-t @%éllyﬁabaca@pma 4P- type)

junctldﬂ sequent g is contenplated. that silicon
al I oy rmbwnaw@@emdomrtgte@fstmsem @iamdaﬁ@nanomt@ﬁ imfepdhd may be doped

the sane or different han c SOxink® accor di ng
to enbddPHRIVEY, C%t?mel?ﬁ iﬁ%@“‘#ﬁgéﬁ?% s %ﬁmhg{?% ﬁé &GI nc?lgﬁe silicon

ger manim f.porkdeR)arseleastti Les BMbedengs betvorenotO and é@naaamters iyer havi ng
depth D of 120 nanoneters and length L of 50 nanoneters above surface 136

and suBergflient | y doped with boron after deposition. [0035] As a result,
silicon alloy nmaterials 470 and/ or 480 may be selected to be materials of

a type,g H@ﬁed SU'M‘H&@% dr8, ﬁérﬂﬂéam%htgeﬂh@m Alvdmateriuls 42bhed /di mensi ons,
and/ or *extending to fnngt L above surface éQBegéffl cient to operate

and/ or %ﬂmayjbedepome&ﬁ,@ﬁmﬁﬁs egiyabayes and ghen o WSRO accor dance

th ch t )/ CVEP WHdwite F y h
as desiPbpsibaceaiinf Wi def iR Aulabedhl] ﬁ‘f“”é"i do of E’j“eu?e 6 or

7, or @gaiipde dtMbleps Hﬂimnaﬁ sshmmalhw gtaltmlﬁlfl%f) / & 48t gne of Ho 036] In
O i I PR e g 1 T
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
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.

[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 extending 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 siructure
(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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region 482 may include a silicide |ayer and/or may be conpl enented by an
additional |length superior to surface 136 (as viewed) and including a | ayer
of 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, N\gB3gpte sid hddiien] agterdmgdp eRfioBliments; langth égiosmriice pétie | ayer s
524, and PMOS gate . silicide, |ayer &4 f or med m] on gr Iil{)do%nd on, NMOS

j unct i oirst By egon 4 /gieelenp Lo suiacy 9h e ili%h r egi ons

(€.9., ihPRR1eY siBtilde 18fer Sinldi/ 60 magl beosoriplednérabd HY@rand 480, and
non or %%ﬁiﬁ%@%%& | ungtisc;n ' ?e iecgns 504) agwl dﬁ g%te Ithr de 132
UGS 78y ety

r espectaddiipnaliength seperigrdpsusiage 130 s vieyyed forned of
t he sa

.Qr, vari j ; b:L i i i, tpersanme or
vari ous™ ﬂfiﬁéﬁ?gg%gefgﬂll}lonég?’o %Pgév?%éo‘g%{}%%g#g{g??g{glggﬁgfl ace for coupl i ng
to an ebeglifig sdicidolatyarstor drendiffusivnt teginrisrandagade cteahodesnpf fhechar act eri sti cs

for the desjire evi ce r 4StrU e e, one or

nor e ofNMé\éé‘F&elE @&%W%11@'@%‘?]%%@5“51@%&3#&%2{@}4%& by sputtering
down a o apkedyef51SUPMEDS Ruttibhakgionmilicdé hlyete524, andSMDSegntei ckel (N ),
titanium (Ti), cobal t (C9), and anneal i w silicide. N?Ibgri al so that it
reacts siﬁlttlﬁeé\@ﬁﬁreﬂéc@@ﬁe@ L BHPE WrFﬁ?l?‘n PEICHRRTEEOMSSP1 i de | ayer
(e.g., i 130, PMOSGHh&! idrde ¥ Mstich agipdetiédd & &), and/ or
cobal t Igl I%%%g@%l%%%ﬁléd%l\ggs ]gyaﬁ%(%nerre}g?%ﬁorl(g\%n St heab anket of suitable

si | i ci def siliatrealicy materdd 470 endpi$fs anshson gh spmef dMPSHHAGHR. g. , such as is
described. a f Qront; [ [ 1 APS : Oshes 0), such
R e e C e T

unr eactsed, shd ket 514 iragtiedformednd tioe saobat variof196aitablasisidt ng t o

nbodi nent s, . a | ilicid t eri.al . it | th

o e TeRataktend) e g tan bE Fo TR S BoI B ionl SBPRRIBE o, 000 LNE o o
PMOS _d%?f:j}ﬁg 50 QfrfaeGMOBoEpling tolie pleattitaheattad: ontedap thewn insi | i ci de

mat eri al” ‘p

Thus. | iacchiiacsn vt FREBHICERHES [/ BF Brrel PR RN d90s) S °57, %
ol et 1 SO e e P oyt And. B0, ancl o, PADS Gate
el ect r adey bedormed bysputiesing dawna Hankstof suitphle ligide maerial €8 de
mat er asLu Za‘g’mége?l’ (N]F’)?f]itarﬁaﬂi @Igi)(} cobalt (Co), and annealing the silicide

material so that it reacts with any exposed silicon to form the appropriate

silicide layer (e.g., such as nickel silicide (NiSi), titanium silicide (TiSi,), and/or

cobalt silicide (CoSi,)). After sputtering down the blanket of suitable silicide

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.¢., 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



14 may conprise nickel silicide consuning approximtely 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 shoul d be such that the formation of those
silicide layers or subsequent operations do not cause silicide 524 and 514
t 0 shorrhay toggirisernitle! gilicidrictnsagnibg agps: Ematg]y 2 anOmRIRIS O%r sur f ace

hei ght 570, 0 nd/,or,-hei Sl Cl ed such that
o1 Dot s altapppltitR iz fad dg Bt S bt A By %??ngﬁg, sizes, and
t hi ckneseasdihg dbwn@apd, sahdwrhiei Bgtye 5f Howevahltbe Soimatiereof ayers are wel |

k in th d f furt her | hed: in. [0038

Fi gur o soiclotarnerband ERaERo R 1 it el oA SRESRE T 0 Con”

stop | q%{)ggr Q,\f%hb%&g]Mvggeﬁiﬂ)rﬁwwheegﬂicﬁegﬂzmr@ 5TAoreshokVOS conf or nal
t Fayer 63 cov

h d surf f N ice 603 and PMS
Cont o topeibete.s: o aher CRGHmENe eE N B SE eI GRT 0 S0 P dovi co
604. N’%@/ﬁo}@%@ﬁg& SIRISE 5PPR BOCH AU ot GiliRIRR S2akpbrt 964 My be

f or med arious” surta operations known in the art and/or
of the ssacBe B14) Araoticessui farnhingnsizes, antshicknessea & pydeptbadid i on, sputter

deposi tion, ~and/ or. gr qwt f silico LLrl ﬁ'\é‘}? 1.0 SiC, as
vel | adelgip Pgﬁ‘élt%kflgéﬁl ‘E‘?)%Xﬁﬁ e m&%wgﬁg,tﬁg?zes,d %lr?d%%%g@ nesses

sui t abl g+frafihaPdebddibedd@irain. ons suitable for depositing those nmaterials
such that surfaces below NMOS etch stop |ayer 663 and/or PMOS etch stop

| ayer 664 are protected (e.qg. such as_silicide | ayers therebelow). [0039]
Fur t hed0038cor di rkjguee & ABowr e pubstrqipsf {Weétagﬁrﬁéwgﬁ%?) and/ or PMOS

et ch stcg)gg#@%@{eyggét\@ﬁ?éyém\léﬂmeNM@%A&PMC@HeGi@@ﬁeEig\MDS shoevssi on 693 in

aregio material 105, as a resylt of te E]:I\LIS attributes of
NMOS e tNINI3$ opnicayred etrbichop da st G/A CHYENDEXRASEH %‘Féﬁe? 86 Sensil e vectors
613, 614, .and 6l L ' § b BovELSF bRbodERs Races el ect ed,
that cAlfYeE %}9[%‘4 Eﬁ%@%ﬁ%ﬁ%gyﬁgﬁoﬁ% N- ?\f/geﬁ%\eﬁb 115 juch as a
t ensi opfrAI@St devded 6@im WMIBS etastep dayer 43 and / or EMPS ebdustoplayerand 625.
However, while the reqi of P-t . wel | | Ak 33 Hiik théa® channel
that G64a0@Y EF Ifoﬁme‘?gﬁgﬂ% ﬁ?mgsoréﬂ?g\é\%lspltg@%ﬁ# ee% ec%ﬁ(g?_ tensiie vectors
613, 61fd/RRGfEAEsame or various suitable materials, such as by deposition, sputter

deposition, and/or growth of silicon nitride (Si;N,) Si0,, 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 layer 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 resultin 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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of NMOS etch stop layer 663, the region of N-type 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 PMOS etch
stop layer 664 are counteracted by conpressive strain 494 resulting from
conpressive vectors 474, 476, 484, and 486. Moreover, . as fi%st surface
hei ght n&#tbenhe sendhdf wastdraéa3, 624i yrd 68Bof BMhetchisiRR 12y6F PatEreL36, PMOS

etch stop | aye ensile v . ; - af ffect and
creat eccaumfggé‘f{%\t,@# FUP Eﬁgﬁtet% é%g?%g;@ @gﬁﬁﬁogﬁﬁbﬁéﬁw&&?gﬁy on 693,

Rﬁ: %Z@;\C\%lq?%tsggﬁﬂ a&?Sﬁagecazree, amfﬁ’seshrﬂ‘a:le}]hﬁhtl Hiand segnn? serfaee :) ?n of

di sposhdigé‘itlﬁ%)o‘ﬁ‘tﬁ‘l‘qlié oyﬁéxg}qgcgilgtéwcg%tcﬁggmﬁgﬁp%ﬁ}l%a?gé’é@%ﬁ and 580
ext end agti ¢efe haess puwiertgl PRIGS eensivmdbdhthaknesses  of
etch s?gg%?é%y}zéw%%%g%%?%frfﬁm are ﬁr?ovx?w Ilﬂll"l the art g]nd”ag}e t her ef ore not

pr esentlert FFUNMIOS tergien A93,[beoaege VaCkRrs 627 aBA SRS afHRY YL of Figure 1

after renovin t ¢ N1t VIS chdrir@ly®y 7 shows an
embodj AVRY ﬁmg‘? @e%ﬁmgﬁ@%@% %%8[ %%gg%gggﬁgﬁeen rOeEﬁIC)}\l/de:d frl(f)ym one or
more pekd f@nsedbr disposedisilizorsliof rRMEEatiddead2HR whoge surdarer 544 i s

descri bed above for,renovin ngesited porti o e 0 and
132). mdé,Somm‘@@EHV%ﬁHﬁaﬁ%a&?’g’r q%%%meﬁé@” {%mrnggfos\g/)iee& ! 5@%&%@5@%&3’%,[ t er ned
et chi ngy ez?ﬁ' &6 ilHﬁexeéGBfHﬁw’or@M@i‘dﬂhﬁow&uhtth@hﬂ anetravatherefohaingties from PMOS
surfaces 747 i ch may include the surfaces of one or nore of STI 110,
surfacpresm,’teélﬁ?ﬂhééh@gg}- surfaces of gate isolation spacers for PMOS gate
el ectrode 132, and/or the surface of PMOS gate electrode silicide 514.

Mor eov enmovalg; L"W%?%&E%ﬁmrdt@mﬁ é1 JFRY¥ rediostenan erha proxi mat e
end of Ioﬁllo, algnE; t he surface of STI 110 (e.g. di sugﬁgﬁas shown by edge
Odl

749), efopaidiyec éram e BMOS davicen Fignregrshonipan TEBHWST chown by 6dg6
743) . ' f : . _ g
) Eﬁé&&%ﬁﬁ&p ]réag(gp gér%s SRR 6T Ror 2de pbRiSHIGITHeS renove

of etc nown in the art and, are "therefore not
pr esentgetabes bNEMOS devine 70D (2] suldoasrididegeriledealinies fos aemovinguf f i ci ent or

ctch seederagdpasgans & SPaRptefd DS s PYOTERR IR 8L, o or
tensi | e,5) he$8micved] fudidsibyopatterned 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 STI 110 (e.g.,

such as shown by edge 749), or adjacent to a distal end of ST1110 (e.g., such as

shown by edge 743). Practices of removing, 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 embodiments, 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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PMOS etch stop | ayer 664 where it has been renoved. Thus, the residual
strain 794 in N-type well 115 will include nore of a conpression 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
substantial ly rermved 16 [0042] Furthernore, enbodinents i ncI ude formation
of a d!ﬁbﬂ}tl’l ¢ | Byehernferegembsdirhemts incipHafennatian off éﬁﬂ%’&fé‘ﬁ ai€&l ectric

(ILD) tformed of SiQ2, r a s ot her
appr opf§-&t SUFR SR ngga%ﬁ% ’t"ﬁeer?@%“gl?%@t Hﬁgﬁé’é@?gﬁ %%ﬁe&ggﬁ ?/gr any of
the st UG S3CSHOWRIlIAR viakiduk @Shet-a proﬁrlatetmaﬁzszals:)ﬁorfclmaf @M@S sizes, and

t hi cknesses of _a dielectric |ayer fgﬁcf’ﬂ;lg? ver t he itf uctures shown

in Fi gatr@wfmrf?d*?%TWéW‘?%OY?fea‘b}f? rteﬁélil%‘ly\érlgfmgw&? present ed

furt he WadidgEinifferdohed @ver f or forning
ﬁj g?et?‘%ér}g%‘e vichg lhgéj ﬁdgthggl\???:%s\%l ta 1S| i coﬁ}tear 0o 5Ha rial

dep03| g ofnhem&ucmeeshownneélng%Zkﬁ kppwn im ghesant ﬁﬁéhsf Material is
in a non- pI anar, relg lgr%:h' p wth the surface of the substrate. At 810,
NVOS aR@t PREEE™ 8 T8 B U ovos structure are fornmed on a substrate havi ng

the appropriate wells, junction regions, gate dielectrics ate
el ectr pgiRRy ; and g ﬁré 8@4 ﬁﬂbﬁﬁdxagmne)“fsa,pmnebs%f fDr(rangaC as i s shown
in Figure 2).

At 8 orti.on 'EW EI\/DS unct i on lrégzgl ons and possi bly
I\I—typesmlcturﬁlhlﬁ‘ﬁﬂg a Vige Wl £ 5 8%%? adj acent PMOS
gate elagc dé r%éﬂs {&tOhat BHCHII8S ABoy @ﬁm&ﬁalhﬁlfhgl@mpl&)nar For exanpl e,
first &nd seco MOS j uncti on regl on voi ds é‘%ﬁ%& 3(16]2% be formed such
as by eélcahongku}awfde@crsllbf@de rEthe substate st &0, an |l oy materi al
5 deposy, E‘iecfii s ERIBL b 08P Red SIS B80S, Siechprbptiae surface of

the f fion region and a surface he secdhd junction region are
in a nerell) prmhdreiegiomngmhep:lmiettIIQShgat@lﬁlﬂél@deéffanc’c &rlies%ﬂ%tﬂ?%t e (e.g., for

I h , doped
S TT Conbagmm T ISe e SurE e tien & R 21 SB07% pOHEIRST, 0Ly ar

rbon doped silicon
wi th | giNiOsguBpReh Regiots 20&ard pobsibly Naq«peuneum AtsoRmRIeSHoa & (e.g.,

N-type well 115 n be deposited a ti g one or

nor e oWlé\ﬂDanélﬁg%ﬁlaél degizp § 3CERt #&ﬁ(i# &-geéfcé% (:l&vfeﬁ ) (5sS|8{&1 H§wThus for a

PMOS deyi66y irSKigiiras). SRsmskabivpé Dfiest ansi setaid PO yurtaionnggion weidsce spaci ng
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 Figure 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
larger 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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| arger than that of the substrate can be deposited to provide a conpressive
strain in the substrate (e.g., such as in the PMOS channel). 10045] On the
ot her hand, for an NMOS devi ce, enbodinents 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, 17
etc. as ebeasseaessaryninemcordiage avii the mwmsmtcérthgﬂﬁ@ge%ﬁﬂ@é desired

NMOS deyice). A.silicgon allo i L0 : | I that is

smal | er Qe (it FRORel Y Slashee it bty SRateaeaid "o 1P o,

car bi ne thagiceh substeae (e.gdopech & %ilie@m}carbaieﬁ bﬂichamasbinemr}da’tom caﬂ;drr st dang40

second NMOS junction regjon . voj e.q,, e ML val.ence of voi ds

and 360)(:1053@(1](’5&1&%1)5@i)ﬁgt{epgs%qc?lqtg%\sf;rgharp(iS@W@mgpmbcﬁlo{l Hggﬁvos devi ce
.g., 3 bOG; it il b

(e.g %gggﬁs{,}»éaxﬁgm4gg§@vf[al&cewpeﬁs ROV 3003 totaliseasensilovn by

474, 476, 00@ For exanple, a surface of the substrate

may def itersien frofhesthanackof e NMOS dewice 4.8, sidn asly S6pFREESf the first -
junction_region d d.j4nefy on region (e.g., of

ei ther &PB 3?“%%@3%@%%84&4#%%,482’2@ ’e%ljclzdr}li%e)d above) are superior
to the top surface of the substrate. Deposition of the silicon alloy

mat er i alfpoysy i ncl Fde edappld, hisngfage of Hedubssstomagrdajine aofoptsvafasgt eri al

sufficient to cause a.desired strain (e.g.,. a_ tensio ession) in
t he sub®f tha Blsirae ?n@gl&sgzaqeﬁafrﬁfeg’@g’tdﬂﬂﬁtﬁoq R a}nd(;i%heosi.lﬁ%%%y of the
devi ce) haseBaslijiReHoMEo & g., shatiteRANIODe NMObIdesine al | oy materi al
may i nclude a concentratlion or type of silicon alloy mat tﬁ\i al having a

si | i coneniblogyymient tascesebed ahpvalare sepgicrdodhy top £y F“é‘?ﬁ’te Sttice spacing
(e.g., r ' ) ' ﬁﬁhgﬁheﬁldéfdé itgubstrat e

mat er i ars]?gsggt éﬁggﬁ{&f‘g t?gggigo%\@ ar gﬁgt?ﬁét rain in thgﬁgﬂfﬁégtor at e.

Furt her titknessive aepast dfithe nufterinesuf§icient thcaise @ydesined TR e/ onpri se
deposition.of one o Of 1 Si ] r ' WEE kfleyr doped
wi th on&BI%HSFéY8 prrﬁgogr?é'ﬁ, 19‘5%%/5 l(’)ﬂrjgﬁgﬁe&%gﬁggna{[l gﬂ“o? 5r‘r(%é‘éﬁﬁ_g)lfggeﬁa’f:ecalrl y

posi ti vehshad @f theideticonas dgsiord. nitoredar, tHeodeprysitian gfiglicen alley de | ayers

are fornmed on the.sili,con all mat erjal . ga ‘g., such as
i s showdaterig gay indpde g songenthation Oﬁ#ya?e(%?scllh?c?} %ﬁ?ﬁ#}%?%%ag %Prirﬁ%galt may be
deposi F@i@ic@ﬁtaﬂo?hﬁttﬁéﬁ %ﬂg&Mﬁ@ﬁﬁiﬁs@% gifferent lattideispacimgde.gi,n a manner as

known in the arf such that 'the nickel, titanju . .
smaller or larger) than the latt(lz"‘ce spacing ofI the su'bstrr%te 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
germaniuim, 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, titaniuin,
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 stop 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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and/ or cobalt reacts with any exposed silicon to forma silicide, and then
any unreacted portions may be etched away. Thus, the silicide |ayers may
consune of the silicon alloy material and/or gate el ectrode. [0048] At 860,
an etch stop |ayer nmay be forned over the current surfaces of the device
(e.g., such as is shown in Figure 6). For exanple, a conformal |ayer of
tensi | @MDS R@fRcdidffitidat &adae aepesicssiondn thti X NMUSEhandell8 PMOS devi ce

sufficient to cause a conpressi in the channe repgver, the type,
t hi cknddetecxsne/the tyre M@?S%@@Z‘P%WH‘%# f%f&ﬂ‘a‘ﬁ“ Qkﬂ}f%%’#’ thy be
sel ect ?}%retﬁ'lfﬁgy bBatlekRf SeRYhhi 1@ rE&NgingRehdioh e tRVERICH ahaatel does not

overco he conpression fromthe silicon alloy deposition selected. [0049]
Cor r es pohdivarpoyne decomipregsion frammdhe aidises allgy pltonetedértet-op | ayer may -
be selectively forned only over the NMOS portion of a CMOS structure.

Al t , di tQ. i , i : f d
over albishs: r be e ey BB BRIR B ERE G e HERRAT ¥l on of
S e D e B e ENu dos o Lhararn . copod mant

st ruct u Vi evi ce an Vi erejn. enmbodi nents
i ncl UdétruFB’ffﬁ’aﬁlt%néﬂ&)é apﬂﬁ%&%&\w EQ%BSIW‘FBEI:V%?@&QE&? 9% 4¥Gve (e.g., such
as devi@g?eecg%?r é@‘fwo@%ufcaw 19y HRBLb¥ediiely ddheo NP etedMOBNUS,

cont enp ormati on of independent singlé PMOS devices, single PMOS
devi cepocidumbbthe €Y @pprngtusevi ce other than a CMOS structure multiple
coupl ed PMOS devices, or other appropriate circuit devices on a substrate

her e RRYeSC | RBRN. ANRNSre W ULRRE Rk oK b SOMEE gicler | ol for e

or dis in junc I ONS = suc ‘the surface of the silicon alloy
mat er i Ahvirg AmNAMOSevienand PM@S idemidei therein tambodinents dedude a substrate

S L el

oWever, vari ous
modi f i aed,ispaseEn dndianpes) withyubthetddOS devireo Thiushcorttengpaedi ng from t he

cpoct ffeakatinn abiaspanpryiasls A SRR e MRS Hlickshfife, o ™ T
i 11 ust g@td ¥ea R RrothBathad 4 EMOB SthiceureengRipld 2oupled PMOS devices,

or other appropriate circuit devices on a substrate where the 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
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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IN THE CLAIMS What is clained: 1. An apparatus conprising: a substrate; a
device on the substrate including a gate el ectrode on a surface of the
substrate and a first junction region and a second junction region in the
substrate adj acent the gate electrode; and a silicon alloy materi al

di sposed in each of the first junction region and the second junction
regi on such that a surface of the first junction region and a surface of
t he second junction region ardN THE @baIMSnar rel ationship with the
surface of the substrate. 2. The apparatus of claim 11, wherein a surface of
the substrate defines a top surface of the substrate and the surface of
the fir¥hatimeldinadr egi on and the surface of the second junction region
are superior to the top surface of the substrate. 3. The apparatus of
claim1q V\/hep@liﬂ}) g}ghgwohml'ﬁg; the first junction region and the surface
of the second junction region are superior to the top surface of the
substrate byagub#fgfeh in the range of between 5 nanometers and 150

nanometers. 4378 APARIAbUERlinch @i 35l e&kd bf alsuiicepitel T on T egi on
c efl

and the secdhd junction region depth in the ranﬂg?T of between 30
nanonet artstraamand a0firsajuwivp region aela $ecobd jTneticipREian i claim1,

wherein the substrate.is under _a.strain caused by a silicon alloy lattice
spaci ng‘-“lL)tht’iaﬁ%a alc?%'btrtu‘eﬁar%g?c%?dérﬁgﬁappar atus of claim1, wherein the

silicon al | oysiiebarliely thatrial disposehin eddhoyf thafirsijenspertegion pad i s
different than_a lattice.s aci}{l of tge su};%‘tr tﬁ. n%éﬁrrie "ona%(aaT The
appar at e seeord HnRHEN KEITLIYCT hat a FREpFGPLtNed IFHIYEIC co%presm ve strain
caused Qﬁlfécl%eofsthb sE@h@uneMoh abdibh@rés Res nog-plehagrdatianshép Wit tece spaci ng

than the lattice spacing of the substrate material. 8. The apparatus of
cl ai m lsurfiverafithe substrdtgce of the substrate proxi mate

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 superior 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 1, wherein the substrate is under a strain caused

by a silicon alloy lattice spacing of the silicon alloy.

6. The apparatus of claim 1, wherein the silicon alloy material has a silicon

alloy lattice spacing that is different than a lattice spacing of the substrate

material.
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to the first junction region defines a first substrate sidewall surface and
a surface of the substrate proximate to the second junction regi on defines
a second substrate sidewall surface and the silicon alloy materi al

di sposed in the first junction region is attached to the first substrate
sidewal | surface and the silicon allqgy material disposed in the second

juncti dh redilonapgaratusseddeim 6, whereir gheobstghsis T & QBWAEFSIEGr f ace. 0.

The appar at us of ¢l ai m. { s idd I L@k k@dci@NPri ses an
epi t axiSaia 5@8?6‘10% ??‘%T%I%S%H\gﬁ)g%/a@%{%a?gﬁ Hﬁigg%%h@égg%ar atlﬁimo claim1,
wher ei RhhAghsldtticospalih@yf thetsmibisahtecoateriabes  one of silicon ger mani um
(Siy., Gex), silicon carbide (Siy ,, Cr nickel silicide (N Si), titanium

)

silicide (Ti Si2), and cobal.t siljicide i of claim
1, furtther cﬁ?ﬁpﬁ)’l?}%*?rﬁbusaoﬁjci@‘@} f’o‘lyhglielu?f‘fi(s}’%e)f§ %)fetrhije;ﬁUbHo}ﬁt tiﬂeagﬁéﬁce of the
First jynRk Go& LRGBS redibR defihbas tirgtfsubbizaeaideadall garfacomnd regi on, and the
gate el ectrode,” wherein the layer of silicide nmaterijal,conprises one of

ni ckel ssirfaiceofishg spbsityate prodriated e the ser ILWC§P§)IF8’:§}H‘UC“’§HBQ§& silicide
(CoSi2). 1 Rt ' icnUdlidiehateimIdisposgdan hayer of
conf or maf e %ﬁﬂ-&g%tg% mat ely%{f?écc?%r?ih?eljsg;ﬁ of ’si Iai ci delﬁjat erial, wherein

the | ayast pihciibohregiongs attackad t thedipt subsirabmeidewallisuriass 2BAdREde (Si 02),

phosphosgilicate gl ass . (PS . Pl%p r =) tachelite@Re Ni tri de
(Si 3N4)5,ﬁl‘%9’i‘dﬁiq31 g@gﬁp%gﬁm%&ga(lgit §é)é%§'dwﬂ%ﬂgrgp %8%%0% claim 12, further
conpri skfdhdishbsteste efdedvall @aotfadec nmaterial conprising on the |ayer of
conformal etch stop material, wherein the |ayer of dielectric materi al

conprises one of carbon ed. oxj de. s i i fr i (CBN),
silicof-di oxﬁ&’eﬂR@re%S, Of%ﬁ%gfbho‘é’}“la’ieé’;%%}l @@@%&%@%dﬁéﬁ ‘llge%i tride

(Si 3NQun {ﬂi%&élﬂﬁf&%f@ilﬁ&&%lﬁaﬂhﬂwiﬂFSG), and silicon carbide (SiC). 14.
An apparatus conprising: a substrate; 21 a device on the substrate

including a gate el ectrode .on.a top.surface of., the r nd a first
juncti df-r eéﬂlﬂﬁ%ﬂiaﬁlss‘éfc‘%ﬂ" }U‘ﬁ%‘?ﬁp%%?eeﬂﬁ'é?f‘ ploy Héatgég%éotﬁgﬁsé&adj acent the
gat e el £etdrdifio nfarivhd ©RN Gé),eylidert @irbile (BRy Y rdcled kiliwtde al | oy | attice

spacing that 1Is ifferent than a lLa ti.ce.spacl. of the substrate di sposed
[ ﬁ eac %Wi),ttﬁt@niumﬁlicide (TiSi,), and cobaﬁt silicide ?80é1r259 P

11.  The apparatus of claim 1, further comprising 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 (TiSi,), and cobalt silicide (CoSi,).

12.  The apparatus of claim 11, 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 (Si0,), phosphosilicate glass (PSG, a

Phosphorous doped Si0,), silicon nitride (Si;N,), and silicon carbide (SiC).

13.  The apparatus of claim 12, 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 (Si0,), phosphosilicate glass (PSG), silicon
nitride (Si;N,), fluorinated silicate glass (FSG), and silicon carbide (SiC).

14.  An apparatus comprising:

a substrate;
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junction region and the second junction region such that a surface of the
first junction region and a surface of the second junction region are
superior to the top surface of the substrate by a length sufficient to
cause a strain in the substrate. 15. The apparatus of claim 14, wherein
the substrate conprises an N-type channel/well material of one of silicon,
pol ycryst al 14 devigel arcihe, subadats ingiugling a gategledrodeon aHapisHE28R 061 ectri cal | y
negat i char YR NN rd i ses a P-type
ot She FUBr G A e B P oh A B s B e o 16, The
appar atsupsahte hdjaredtthegaee electroties asid i con alloy is silicon germani um

having a lattigce spacing that,is. |arger than l.attic .nhg of the

N-type chanr?e?ﬁWé’Plaﬁr?ﬂtrg?ﬁeﬁllai haw&%%ﬁ%qrhﬁr eﬁlg??ea%ﬁr?cﬁrgg%gé%pressi ve

strai ”-diﬂfoe  fHRahNO tE@MEpalEIgNeE. thE enbitige digjRised én eacla os thstirsat e, t he
inclu

devi ce ing: a gaté eléctrode on a surLaﬁe of the é‘? strate; a first
j unct i gunetion segwRdans hessrrnd IwcHopiegiogisyhithak neurfachh thedstgj acent t he

gat e el.ect.rode:; ik | b ; i bRoERftheof the
ot T e A D S PR 2 ur T ace
of t he tbpmatficendithesubsitite byaéngth suffitieobtaotausea deivnd theincti on regi on
are in a non-planar relationship with the surface of the substrate. 18.
The rretsHBatrBYepcl aim 17, wherein depositing the silicon alloy materi al
conprises depositing a sufficient thickness of silicon alloy materi al

havi ng 1. | argeappataticef daiacildgwhien thd aitlistede spapirisgs oh NHgpeubstrate to

cause a_conpressive strainh in the ran between 0.5 [ GEeR onpr essi on and
2.5 pé&haepel/oy %gﬁ‘%ﬁpf?‘ﬂ‘et#esmé%‘spg&céﬁt@ eyt Icﬂg%ﬁgfsﬁ%o%lgof claim 17,
wher ei R AappSiicbAhabiig & blecBivallylr@gatiat ehire, andmidreirsti siim cal vapor
deposition sufficient to f% m an_epi.taxial | ager, ﬁé silicon alloy

mat er i alloyaoaterfd cRERTEES 1 -BIRE IMNERON FRBPBIMAEERLERYIEF ™t he silicon al | oy

mat er i %!lectﬁﬁ?m bgggvg%plglsg'é_i ng silicon alloy material in the first junction
region

- 16. The apparatus of claim 15, 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.

17. A method comprising:

forming a device on a substrate, the device including:

_a gate electrode on a surface of the substrate;
a first junction region and a second junction region in the

substrate adjacent the gate electrode; and

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 of the second junction region are in a non-planar relationship with the

surface of the substrate.

18.  The method of claim 17, wherein depositing the silicon alloy material
comprises depositing a sufficient thickness of silicon alloy material having a
larger lattice spacing than a lattice spacing of the substrate to cause a
compressive strain in the range between 0.5 percent compression and 2.5

percent compression in the substrate.
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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
sidewal | surface of the substrate proximate to the second junction region.
21. The nethod of claim 17, further conprising doping the substrate
nmateri gy W th @ neethbd pif opinal7p udhereinstapiositi estidonmilontwatasiah an N-t ype
channel /well material  having an.el ectrica ne i : 2. The
met hodcompeis@s? £hemicHl YRRPT ARG N flﬁ’c?&kk fc{rﬁggéieiﬂﬁg%ﬁ?g I]('ﬂn(/)iz mat eri al
with ope of aﬁ?&?@nﬁ@ﬁaﬁ' umnumto forma P-type junction region material
havi ng~an elécttically positive charge. 23. The nethod of claim 17, further
conprising formng a_layer of silicid mat erjal ..on t surface of the
first ponct ldme megfhed of claamdlyy Wzil%aﬁffﬁﬂ?élbé&tbﬁélllﬁ%%fqyowaieé&?on, and the
gate el ectrode, j24.; i InSefibMndBe HettjuRehiok 98@Ebhsi ng fornm ng a
suf fi cFRAPTIS e(flg%?ﬁt-[ﬁ%%ﬁ?ﬁ%ﬂogtr%h st op rateri‘al on tf}% | ayer of silicide
mat er i ghpégacans® afitstssbiteatesidervall surfaceeoidha snbstratgproximate 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.

71.  The method of claim 17, 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.

29 The method of claim 17, further comprising doping the silicon alloy
material with one of boron and aluminum to form a P-type junction region

material having an electrically positive charge.

23.  The method of claim 17, further comprising forming a layer of silicide
material on the surface of the first junction region, the surface of the second

junction region, and the gate electrode.

24. The method of claim 23, further comprising forming a sufficient layer of

conformal etch stop material on the layer of silicide material to cause a tensile

strain in the channel.
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