WO 2008/ 127643PCT/ US2008/ 004692 STRAI N ENHANCED SEM CONDUCTOR DEVI CES
AND METHODS FOR THEI R FABRI CATI ON TECHNI CAL FI ELD 5[ 0001] The present
invention generally relates to strain enhanced sem conduct or devi ces
and t o nmetwodesfigmssd heir fabrication, and nore parti cup@nbsporsebabes
to sem conductor devices having strain inducing enbedded regi ons and
t o met hodSSTROXING EHANGHINSEMICONDIG K DEVIGBR AN VI THODS #OR THER t 0

be relieved. BACKGROUND 10[0002#@@@36 y of present day
integrated circuits (ICs) are i h{/ using a plurality of
interconnected field effect transistors (FETs), also called netal

oxi de sem conductor field effect transistors (MOSFETs), or sinply MOS
transistors. A PET includes a gate electrode as a control el ectrode

and spaced apart source and draiIrE W@}\Pﬁﬂﬁa}bet ween which a current
can flow. A control voltage app 8 , ate el ectrode controls

15t he flow of current through a channel between the source and drain
el ect Kodd@001]} 008 [prekent inyratidm genepaiyarites to sismin cnlmned swhticmnmr devices

transistor resj.stan "on.resistanc ce to
cr o' w0 et BEHE TR SR Fole R BRY HAREE Ll Bl ig eREet
sum of t haviapanakl indedhs embeddep! rdgiohd@ndXd Qidtl&ids rfes If:ﬁirﬂﬁl‘ing suthedevices
channel resistance iis a function of the nobility of nmajority carriers
in the deVMERt GHSIRGEE strgjpigbe BFﬁﬂEters bei ng 20 equal, the higher
the nobility, the | ower the channel resi stance. The external

resi stance includes a nunber of ENTOGROUND ncl uding but not limted
to the resistance through each of the source and drain regions and

t he stance to the source and drai ons known
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holes in 25 the channel of a P-channel
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NDS ( PNDSFTiEPBtSios (AT aHieet drpeiiors MOSHETD e HEIPLS MO fregtiHafocs T
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MOS (NMOS) transistor. Such channel strains can be induced by

enbeddi ndetvesn waidh 4 Gvaigat 9§ fephod cgairal vpitags analaeélrtpahle gaie @*e%tmée sorlrde
and diai fyd Gal 8PGih ﬁl%g%ﬁ%ﬂaﬂnﬁltﬁwechtthé s%m%le .{%{g £duce the

external resistance Incliding the resistance t rou source and

{0003] An important parameter associated with MOS transistors is the device resistance
("on resistance") from source to drain when the device is tumed on. The total on resistance
is the sum of the channel resistance plus the external resistance. The channel resistance is a
function of the mobility of majority carriers in the device channel; other parameters being
20 equal, the higher the mobility, the lower the channel resistance. The external resistance
includes a number of components including but not limited to the resistance through each
of the source and drain regions and the contact resistance to the source and drain regions. It
is known to enhance the mobility of majority carriers by applying a strain to the channel
region. A compressive longitudinal strain enhances the mobility of majority carrier holes in
25  the channel of a P-channel MOS (PMOS) transistor and a tensile longitudinal strain
enhances the mobility of majority carrier electrons in the channel of an N-channel MOS
(NMOS) transistor. Such channel strains can be induced by embedding a strain inducing
monocrystalline material into the source and drain regions of the transistor. It is also
known to reduce the external resistance including the resistance through the source and

30  drain regions and the contact resistance to the source and drain regions by forming a metal
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30drain regions and the contact resistance to the source and drain
regions by formng a netal WD 2008/ 127643PCT/ US2008/ 004692 sui ci de
| ayer contacting the source and drain regions. Unfortunately, the

formation ﬁ,}bﬁosy@;ﬁg{‘ suicide layer on the source and dpai/DsHeHoRIs
has the side effect of causing a relaxation of the strain on the

channel rsagii@lagausadcing thhaoend add dehitmpdzeins al UnfSithriatdl i e fdrhatiGoul ge
and drain regions to reduce the external resistance thus nmay_negate

the possiBft@ shede dayehon he Ruithaind aingiegions hag thesidy dfFcleibsaliigg® a

strain i ngygiddd ofeSidadl on 1hOCRHNeACERA LGN By td erhifedd&Bik@Rhie dikiding
provide a strain enhanced sem conductor device having an optim zed

total on thestuseeandelrain segiendite rece the exemabegsisapeethuy may Hogaie thewosdle
for fabricating Al ! . o
or 13 “rgarclg&g, hﬁﬁr(emaxsaﬂ%m%ge@;%ﬁ%aggg%%&aaqxalgﬁ,ghaa&em ow on

resi stance. Furthernore, ot Sl tures an haracteristics
of the present invention will beconme apparent 10fromthe subsequent
det ai | ed (A8 i facpuskingndt ihdesipple e daovidap niainteakanred semisANdHetY jdskice

with the ' ' t : ' . icalafi

backar ot chaff M DETaARe, R ALEROL B LERTD 8 hEhGathE
strai n erfhtriesng 3 gmic erdocdoemioudueor avicogavangslowr @eresiggnaen Fartbermore,
drain region se ed hy trained channel region.is . rovi ded.
The devi QUi dBRERI G0 8 FABALAGE: BUBRIGTssh Ph@iohruft heBO B affien
regi an arfebnh hlensubedpbnisdediletl dies@ipribaahd teoafpbrdedoslsiar, alken 6 adrjunction

regions. An electro-|ess plated nducti.ve |ayer overlies the thin
ST ol de ‘e Btcomamry o Whn s auf PR LUTFRIT S SRS RSl R bRt gat e
el ectrode. [0006] In accordance with a further enbodi ment, a nethod
is provided for fabricating a BRIEF SUMMARY

[0005] In accordance with one embodiment a strain enhanced semiconductor device
having a source region and a drain region separated by a strained channel region is
15 provided. The device includes a gate electrode overlying the strained channel region and
thin metal silicide contacts to the source and drain regions. An electro-less plated
conductive layer overlies the thin silicide contacts and a stressed insulating layer overlies

the gate electrode.

[0006] In accordance with a further embodiment, a method is provided for fabricating a
20  strain enhanced semiconductor device. A strain inducing semiconductor material is
embedded in the source and drain regions of the device to induce a strain in the device
channel. Thin metal silicide contacts are formed to the source and drain regions so as not to
relieve the induced strain. A layer of conductive material is selectively deposited in contact
with the thin metal silicide contacts, and metallized contacts are formed to the conductive

25  material.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will hereinafter be described in conjunction with the

following drawing figures, wherein like numerals denote like elements, and wherein



20 strain enhanced sem conductor device. A strain inducing

sem conductor material is enbedded in the source and drain regions of
the device to induce a strain in the device channel. Thin netal
silicide cuaaisiase formed to the source and drain rgagpeHoHR.PS
not to relieve the induced strain. A layer of conductive material is
sel ect i vel0908ie pBiSt ¢d Oiitustrate] matrossisediioh festtain enhamicd MG$ Hevicedtnd methods
contacts andﬁgﬁtajllzed contacts are fo d to t he conductive

25mat eri afer ¢ FAISR SHRSCRAARGG $°0007] The present
invention will hereinafter be descrlbed in conjunction with the

fol |l ow ng[Odﬂ!E]Wi FGSE ilg&lﬂﬁmkemkt%eﬂﬁbn“dith KGR D8I Hlusirdlenatceosk isk®ion, a strain
el ement s, | 08/ 127643PCT/ 82008/ 004692 [ 0008], F| GS.
1-10 il W‘ﬁ B?‘ﬁ%"s a8 dt“?‘é?"ﬁzs gt’ Fsi SaBRicatia it AECORfasCE oY/ é‘l‘%tfﬁﬂ‘e
net hods f@mbdﬁﬁmﬁﬁhﬁdcatlon i n accordance with various enbodi nents;

[ 0009] FIGS. 11-14, taken together mﬁth FIGS. 1-8, illustrate, in

Cross section, train e nced and nethods for its
fabricati [tghﬂﬂn oﬂg Eg]\%\ifﬁt%le Wﬁlt‘ Ei(gseé iRt 514 dlipipisoingposs
FI GS. 15 @Bfbnl@.strhidlRRarce® RIS Hebd thdhh&ods¥ol s RbrifdieR-in decbfkdance with

illustrate, in cross section, a strain enhanced MOS devi ce and
met hods f¥# furthgr ¢mabadiments-on i n accordance with yet further
enbodi ments. DETAI LED DESCRI PTI ON 10[ 0011] The followi ng detail ed

description is nerely exenpl ar pETAINEBDUWESEETIGNNOt i ntended to
limt the invention or the application and uses of the invention.

Furt her no there_ is no intention to be bound by any expressed or
oy

i mpl i ¥t y Pieefkdioping drailade dERcHRURN Hgmpiebhprdmplary|ig) gpture and is not
backgr oungienddd @i FEBRYen®ibn bb enel DpliOitoR Gndl8iedior itk SleSkiohPtHuRRermore,

there is no intention to be bound by any expressed or implied theory presented in the

preceding technical field, background, brief summary or the following detailed description.

[0012] FIGS. 1-16 illustrate a stressed MOS device 30 and method steps for
15  manufacturing such an MOS device in accordance with various embodiments. In these
illustrative embodiments stressed MOS device 30 is a complementary MOS (CMOS)
device here illustrated by a single NMOS transistor 31 and a single PMOS transistor 33. As
will become clear from the following description, the various embodiments are directed to
the fabrication of an NMOS transistor having enhanced mobility and/or a PMOS transistor
20  that also has enhanced mobility to achieve a semiconductor device having superior on
resistance characteristics. Those of skill in the art will recognize that the invention can be
applied to a CMOS device, a single channel NMOS device, or to single channel PMOS
device. An integrated circuit formed from stressed MOS devices fabricated in accordance
with an embodiment can include a large number of devices such as device 30, and may also
25 include both stressed and unstressed PMOS transistors and stressed and unstressed NMOS

transistors.

[0013] Various steps in the manufacture of MOS transistors are well known and so, in the
interest of brevity, many conventional steps will only be mentioned briefly herein or will be
omitted entirely without providing the well known process details. Although the term

30 "MOS device" properly refers to a device having a metal gate electrode and an oxide gate
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[0012] FIGS. 1-16 illustrate a stressed MOS device 30 and net hod
steps for 15 manufacturing such an MOS device in accordance with
various enbodinents. In these illustrative enbodi nents stressed MOS

devi ce 30 {9 BoshOfRd enentary MOS (CMOS) device here il peghéaisfmidy @
single NMOS transistor 31 and a single PMOS transistor 33. As w ||

become cliaaratbs, aRattiden fwall lvevwhsed BiRGgHUPtd Qefer td1@ny SérhiobifdueiHP @diioe a8
are directed to the fabrication of an NMOS transi stor havi n? enhanced
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characteristics., Those of skill in the art will recognize that the

i nvent i orPosHiengrbovepppenaigondyctar ebsatgevi ce, a singl e channel NMOS
device, or to single channel PMOS device. An integrated circuit
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fabrication of stresSed
15 may be a bulk silicon wafer (not 1llustrated) or a thin layer of silicon 34 on an insulating

layer 35 (commonly know as silicon-on-insulator or SOI) that, in turn, is supported by a
silicon carrier wafer 37. Preferably semiconductor substrate 36 is, as here illustrated,
without limitation, an SOI wafer. Whether formed of monocrystalline silicon or some other
monocrystalline semiconductor material, the monocrystalline material forming substrate 36
20  and specifically thin layer 34, if the substrate is an SOI substrate, will be characterized by a

lattice constant associated with the crystalline structure of that material,

[0015] To fabricate a CMOS device, portions of thin silicon layer 34 will be doped with
P-type impurity dopants (a P-well 38) for the fabrication of N-channel MOS transistors 31
and other portions will be doped with N-type impurity dopants (an N-well 39) for the
25  fabrication of P-channel MOS transistors 33. The P-well and N-well can be doped to the
appropriate conductivity, for example, by ion implantation. Shallow trench isolation (STI)
40 or other electrical isolation is formed in the semiconductor substrate and preferably
extends through thin layer of silicon 34 to insulating layer 35 to electrically isolate
individual devices as required by the circuit function being implemented. As is well
30 known, there are many processes that can be used to form the STI, so the process need not
be described here in detail. In general, STI includes a shallow trench that is etched into the

surface of the semiconductor substrate and that is subsequently filled with an insulating
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30, in accordance with an enbodi nent, begins with providing a
sem conductor substrate 36 having a surface 32. The sem conduct or
substrate can be any nonocrystalline sem conductor material, but is

pref er abl ywg 2BASKLY St alline silicon substrate wherei nyéﬁ@sj,@;mm)z
"silicon substrate” and "silicon layer” will be used herein to

enconpassmithigalr eAfén thel yentl iPUnRd Skt eRninfEilaig Mhtribly HeCalfaye WS aghallp
t he sem conduct o¥0é| ndust %F%Sem conductor substrate 36 will herein be

r ef er r ed RIRNFeSy forgxampje cdimchagiigal pepagaton (GMPht i on, as a
silicon substrate. Those of skill in the art will recogni ze that
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crystalline structure of . t terial 0015], .To fabricate a, K CNMOS .
devi ce, [BMAlYrRAgREal i fypica Vl g “‘1“89‘@5“83&?"&& %‘é‘eﬁo osometaﬁa]ﬁaf‘%?e“
i mpuri ty fgpRtdYardi@ecBod\el depSB)thé Bite tdaeiaifoa bl PNthO Eertc 6RRABIE subMeRe
transi stors 31 and ot her portlons wi |l oped with N-type inmpurity

dopant's (i spigetjuctpomategial pther han sibigon élaf“FCBWaB‘fe with pasFrabodiment a layer
transi st fo%aéebiecﬂ}@e R)rm?dgl m%ﬂal%ﬁ a§ e&y%s@mﬁ@@uﬁ:&l Esr@cpaﬁ@& QRid @t e

conductivity, for exanple, by 1on inplantation. trench
i sol atSi orayesPf )gawonwlat@tt hBer edseof rdllS%ﬁSIOFlsblFta‘tfllﬂmt ﬂlgnlfab@nrébe ﬂewert plegate

sem Condgégécﬁfjdéfb%f %&‘te %Hrt{%gegr‘[a?@} M‘T FRXRAGS a% Ao Pysiaﬁ';ﬂ% A J%F
silicon 0§ nsul & n aer o electrical | SO teln
devi ces aﬁhomuhosed)fbyillt lhEﬂl@ ant gull tunfierstartd that rbaahg)r iothEk emehlce'cb. mmsnals
wel | 30 kn ces at can 0. formth
STl so t(:ﬁglwqal’jsg Cbéesuéseclil 2@2{: agffryof opycrystsaﬁme sificon i§ pre erabpy (? om%d as uH&opeE
polycrystalline silicon and is subsequently impurity doped by ion implantation. The
20  polycrystalline silicon material can be deposited, for example, to a thickness of about 100-
120 nm by LPCVD by the hydrogen reduction of silane. A layer 64 of hard mask material
such as silicon oxide, silicon nitride, or silicon oxynitride is deposited onto the surface of
the polycrystalline silicon. The hard mask material can be deposited to a thickness of about

50 nm, also by LPCVD.

25 [0017] The layer of polycrystalline silicon 62 and the layer of hard mask material 64 are
photolithographically patterned to form MOS transistor gate electrodes 66 and 68 as
illustrated in cross section in FIG. 2. Gate electrode 66 overlies the portion of P-well 38 of
thin silicon layer 34 that will form a channel 70 of NMOS transistor 31 at surface 32. In
similar manner gate electrode 68 overlies the portion of N-well 39 that will form a channel

30 72 of PMOS transistor 33, also at surface 32. The polycrystalline silicon can be etched in
the desired pattern by, for example, plasma etching in a Cl or HB1/O; chemistry and the

hard mask can be etched, for example, by plasma etching in a CHF3, CFj, or SFg chemistry.
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be described here in detail. In general, STl includes a shallow
trench that is etched into the surface of the sem conductor substrate
and that is subsequently filled with an insulating WO

2008/ 127643BGldsHo%098/ 004692 naterial . After the trenchoigsahishbmoh
with the insulating material the surface is usually planarized, for
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al t hough f h It
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pol ydﬁyst;ﬁblorasfst sarl beosedits npske fler Hbﬁ/cyl geposiutieg implaotadapefthe source and
pol ycrystal.line sili iS s bsequently impurity doped by ion

i mpl ant atdi?%ﬂex TS BB\SW@N@% P ne silicon material can be
deposited, for exanple, to a thickness of about 100- 120 nm by LPCVD
by the hy00x8jernnecudmcowitbions einbodimer, haﬂbsmﬁéﬂ of FIa B dsidevsitl spatees 74l

such as siljicon,oxide, silic ni i de or Si nitr.i,de

Sonos it ool AT B R o 74 b Sen e il R o B¥ Bl Sobfall Shagess

mask mat e0iagd foemed bﬁ:ri@lﬁ@Q&hkﬁdleﬂ@eﬁm bk s;kpmeﬁlg smfewalmm 856f g clatta@edy
silicon. 62 and the | ayer

LPCVD.. 25[0017] The | ayer_of stallin

of haPd r?% ﬁétr@meaﬁw%‘/a B%S*fﬁ%f SP %ﬁd@?&ﬁﬁ?f&l&m WP 4 ar P Bl
MOS t r ansk $iiRbn didid, 8llieet 6A8E or O madhP&epasitihg b Usler 8t &¢ 1h§illa€ih%$xﬁ1tenal
section in FIG 2. Gate el ectrode 66 overlijes the portion of |

38 of thioyethe gagslockgdes and sybsegquenily anigosiopicalle efaking thedayesf fonmragple by
transi st QLacdde fin aaﬁsfgﬂﬁfasmé D CHPT ERS omppa{engﬁiﬁ ﬁh@\sat;r@q&rﬁ% and

overlies the portion 39 fhat form a channel
80, gate electrodes 66 and 68, the hard mask on the top of the gate electrodes, and STI 40

25  are used as an etch mask to etch recesses or trenches 92 and 94 in the silicon substrate in
spaced apart self alignment with the opposing edges of N-channel gate electrode 66 and to
etch recesses 96 and 98 in spaced apart self alignment with the opposing edges of P-channel
gate electrode 68. The recesses extend through the source and drain extensions and
intersect the ends of channels 70 and 72. The recesses can be anisotropically etched, for

30 example by reactive ion etching using an HBr/O; or Cl chemistry. If stressed MOS device
30 is being formed on an SOI substrate, the recesses are etched into thin silicon layer 34,

but do not extend through the entire thickness of the layer. At least a thin portion of layer

-6-



30 72 of PMOS transistor 33, also at surface 32. The polycrystalline
silicon can be etched in the desired pattern by, for exanple, plasma
etching in a d or HEr/02 chem stry and the hard mask can be etched,
for exanphgy ¥ Pkasma etching in a CHF3, CFl, or SF6 pehgRb&EiMee2 WO
2008/ 127643PCT/ US2008/ 004692 Fol |l owi ng the patterning of the gate
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sour ce agshiindudioL¥fafial QOB isDfeldckieelN\ehvi eabeddzt Q:lbita){lﬂoslﬁdom germanium
accordance w.th, one en‘ﬁodl ment, as Illustrated in FIG, 3, ewal I

spacers #S0RMavingahen 187 QiR GeicRRLECBRITN WA dhe seAmSHg S g icon

si dewal | & d9staBhuddsifel depgitdxist RaeRILS of thedbBbddAEMREMRAA W NGatkRAINis
oxi de | ayer 76 on opposing sidewalls 77, 87 of gate el ectrodes 20 66

and &3, nuciqgiedionyig spmaining Gingagden Ofsﬁﬂﬁeé#@et%atb@ Josers @f eresses 96 and
i nsul at i gg) mglﬁﬁ%ﬂ{ate? prbcﬁ%id%tvla %B&Eeﬂ'ﬁ‘ﬂf ha8 madk ln#QR @¥'ag@STEHO tdigd

| i ke by depositi ayer of e I nsul ati ng naterla over the gate
el ect r odéis sahetn@ugrgwmgntelgypnamﬂ@mth@prec@msﬁfetnah%g Métkodsaipe epitpaally

exanpl e I

chem)st rg%w@%ﬁﬁ%ﬁ{zﬁs g‘%gggtrsgaélgg 1§ ) 95& GU%: Hégs?%é%gglng%g”é‘ , antdhe
har d maskecdmot bfed&sapbedfhetdme gﬂ]eehaela@mat@dﬁace ametaBThardli@h aad eraased
as nask cesse or trench inth i l.i.con
Soboly ot Shea oS il SRR BT RrlsiorisTT 75 35 i dyl R Madas

N- channe‘ltc;ngalass;vel leﬁgmﬁﬁﬁlh G6esanidcresseettied) Hi(;loﬁﬂﬁﬁ @é&na@&#grkdm?a& hdless paded
apart se al. l gn nt wt the o osi n g anne at .

ol ect r oddiaBa! ) Bocs imprayes Bswﬁfgfmﬁwgﬁgﬁ g Lyg?igawroﬁ'%a- e SiGe
ext ensi ogs &nﬁhpuﬂtﬁdcﬁﬁatwn&m tepdson@hcigeekfinfly diplrides subR Qs bBRRASHES

can be anlsotroplcally etched, for 30 exanple by reactive ion etching
usi ng anforBryopEe 03 @ndcdrain KR jegians elacrrically gowrtes iesquees 8D and dn 4

Formed on@RionOor PMRSS frdidiod 3 TR ﬁﬁﬁgﬁy dbt nftc&hgg a&d&é‘%l:gﬁyd{b efnl.s'ttﬁon

| ayer 34, but do not extend through t entire thickne
| ayer. Adopmga@(rmg thelselecipesr apitexialogrowdnassubsequently by ion implantation.
[0021] The steps illustrated in FIGS. 4 and 5 for stressing the channel of PMOS transistor
33 can be repeated, with appropriate changes, for enhancing the mobility of majority carrier
electrons in channel 70 of NMOS transistor 31 as illustrated in FIGS. 6 and 7. Patterned
30  masking layer 100 is removed and, as illustrated in FIG. 6, a masking layer 104 is deposited

and patterned to remove the layer from NMOS transistor 31 while retaining the layer
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WO 2008/ 127643PCT/ US2008/ 004692 34 is left at the bottom of the
recesses to act as a nucleating site for a subsequent epitaxial
grom h step. [0019] The nethod in accordance wth one enbodi nent

conti nues vy #8RHeist i ng and patterning a nmasking | ayerpchidffmmfsds a
| ayer of silicon oxide, as illustrated in FIG 4. The 5 masking | ayer

can be dep&!ylﬁg?HMdSlean@%@ﬁBB eLayd 184tchih bk oesimilaf camsudition Qo Mnsiig LdyeVD
(TECS), source. Masking layer 100 is

fromatetr et hylorthosi]icate
pat t er ned% Caé Sﬁﬁ%lt@mﬁﬁaﬁﬁn%wg‘ﬁt"?@ﬁ?ﬂ phot or esi st patterning
and etching steps, to renove the layer from PMOS transistor 33 while

retai ni ngog2p IAaymst@réeﬁd FiANg, YRRtHoddn Sécdtdanceddith (e odhfient continues
illustrated in FI G ., the nmethod in accordance with this enbodi ment

cont i nuedY ftbhweﬁqsmsﬁ%ganﬂ@éewgb% mggogiytaliae simirengdusighpatepiat K6 haymng a

sem C@nd%&&rcdﬁﬁwmlthallpawhaﬁb@em@tahasi i€ So6OR S ﬁﬁéon%fétﬁr fBRbie
| attice constant of the host thin silicon | ayer . Preterab

sem cond@@ﬂ'@@ﬂdﬂﬁ@émaaqﬂa]lmﬁ jssseloativelyt Em@{nyefgbeém @?’A@é@h@hc@pmf@gﬂ @ic)
silicon gerpRobim ($l; E{Tﬁlc %}@e&g 2o H%naRe %E‘fﬂ% @?& ef@ﬁxc&?%ﬁ@t‘}ktwn

wi th the germani um replaci'ng i €on at cryst
Epi t axi alatggeceh Eﬂatwhégmm&edﬂthd emndd:edmdm@mducrmtmmml isi muiclkbted on the

nucl eated on .th i ni £ hi ortio f.silicon | a at, t
ot toms e fub 89BisR of Siisah BBt hoPeBpudiort B S anihe ikins <
80, har dnmuesial 004, Sideahll Gﬂacaﬂadeiihrdékﬁaskahaelﬁhltdaeanﬂei”ﬂom ieerd &Qvﬂeh:cm:
regions other than recesses 96a<19. s for. e axi al

growi ng VAR fryfegioag ﬁrggmsqee%%% &HS%W S & epjta al eﬁfg‘c‘ftfﬁg\}’éa‘e“als
manner akghWd Bick BRVWsiAdth RGedn NOteldavel es@hédne Rl Ridwn hdSRed¥@Rotabe
greater lattice constant than silicon and creates a 20 conpressive

| ongi t udidssribed befpig. oG Pasnaisarler BHigsrrorstayt Hhan RGP 20¢ $r9BIEs o Kot
172. The | LoMRdiRs Sinéss sPBahdHG BRlnnst 76SS MICAEAES ak s rrl?@lhlﬁeyte%le

majority carrier holes in the channel and hence i nproves
per f df mahangitedingb-serhassninercaskaOdet melribiiysefonajgdty carver Silactronsain the chanpal #ndy

Aoned Wi b O IR RS A 1P U 4P S B3 Dl

to formsource rain regions electric y coup
source 83/1tariﬂ-ty11cenond183ﬂ1vi25 delxtrmnmgonmuuﬁe% ab ra&nsucsqumoﬁi&oro‘ﬁh@o form

rity do
Celoct | o eSBR [ i Rkels 108 ROER sRREEAR st Pirdis) SRR P Hbintd tfsions
[ 0021] TbENM(H)Sansistdﬂ St r Theihnpurity-iépng dancbedicloniish&d Byemsin go;tuhg during
transi stor 33 can be rgﬁﬁated W|th 8 ropr

chan f te
chandBs, Hesreanin amiy Haub i sirreyay Shimurapah, TBpe i skilis te an

will understand that the method steps illustrated in FIGS. 6 and 7 also can be carried out

before the method steps illustrated in FIGS. 4 and §.

[0023] In accordance with one embodiment the method continues by removing masking
Iayer 104 and sidewall spacers 79 and 80. The layer of hard mask material 64 can also be
25  partially or totally removed at this time, although in this exemplary embodiment the hard
mask is not removed. In accordance with this embodiment new sidewall spacers 108 are
formed on opposing sidewalls 75 and 85 of gate electrode 66 and new sidewall spacers 110
are formed on opposing sidewalls 77 and 87 of gate electrode 68 as illustrated in FIG. 8.
The new sidewall spacers can be formed, for example, by depositing a layer of insulating
30  material such as silicon oxide, silicon nitride, or the like by PECVD or LPCVD and by
anisotropically etching the layer, for example by reactive ion etching. In conventional

processing a thick metal silicide layer would now be formed at the surface of and extending
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el ectrons in channel 70 of NMOS transistor 31 as illustrated in FIGS.
6 and 7. Patterned 30masking |ayer 100 is renoved and, as illustrated
in FIG 6, a masking |ayer 104 is deposited and patterned to renove

the | ayer transistor 31 while retaining the } u)ﬁ@mz
008! 1oso PRIy 6 503602 ovar ying PMOS transi st or gly‘%” er 104

can be ofi,gifg bak o@mﬁi&'aﬁﬁldﬁa@n {—’%&Jﬁbng‘h& aMaJSIﬁ&Qe aad toaph tbﬁcessa; to
deposited and patterned in ke manner. [0022] As |IIustrated I n I‘E

7, the naletrogseithe a@emabwﬁ@@nw efhthe magsna-atmﬁdm drsrrasipy g mvé@n@yacmsswmg
recesses s&ir ?Q&'d Bivde gtbnéaﬂa)i} %EéféésﬁJg' th' r&%@ﬂ]ﬁsk&&e%ﬁﬁé {'1% g

havi ng a attice constant ess t attlce constant o

host t hi negousi ddnfohalmerly 34has Peetf tuadbithat ﬂmrﬁocnnﬂmcfzfdhicmeealiSialimdlzGByars
selectlvel i taxial  silic rbon ( hav .
Sbout 2. FebarinpEPE SORCH AR Rk Bh ks @i ity d B sic,
at cryst ahdbasic (ﬁﬁJsSrEcﬂL&ihg Eairh(&bﬂh@lengmwﬁl&ltafthdrhﬁe@mbedd@dembeddmg the
sem conduct or erial is nucleated o he rggﬁj nj ngzt hin portion of

silicon Bl 34 ¢ Problemh pfigiantoith Shisksmta €IS \ES 19 VityO™MEQ 1N

mat eri al adQfdanst dGiEnl enfRAGENS of the ilvEnBlofBKinfBddefotMing GdthandleTdilidile
retard the selective growh in regions other than recesses 92 and 94.

Met hods flisier &} incpentaey Wity ths\ipyrge at draingpaions s passitdy @ epptagt with jsemgp of
host 4ign ?%?At@@feht\‘&cm%ﬁd&lr@ )gfglelmekpfﬁ%eﬁf}q Jaeed fJH&BoBEEf 9&‘& GhblRade

her ei n. has a smaller latti constant than silicon and creates a
tensi | e |herighaskdiyeabashacn semoveds Baridiis tretal silieidedyer7 0s meant pdaxeapbaetay

arr ons, 110ial hANShG 0o Sukanghigh 0oy S8 L BARSR P Less. The

nmobi it el ectron anne
| mproves thlheanmlr sﬁabmdamfer an‘ fdkhi% btyrchpsmmtg)a 18/er oThﬂlcSieCfouamgbeetal (not

irrpurity wth Nt con L Vit ter es such
e o seniligR et B SEREVE bnnse S Gl AR i e 5B g
el ectysi C@Irdné rdgwﬁhlaad pbosntﬂgmpbryery&ilma@mdgxagﬂe 82:cwdeel ﬂsy mnsmgffome]plc
transistor 31, The inpurity I.ng can acco I S

dopi ng dg’ﬁ’r?Rjd ﬂf@neiw@ngﬂé‘n&éﬁj@g E’%%ﬂa%iea Of@wg\m al gan gaﬁb % W&W
ion i npl aidet HRAum, FaBEnigh, allhdlhlﬂ éﬂ’h@lo%ﬁ' &f tﬁbs’e'mé!ﬂg%ﬁtp?éféiaﬁlbﬁ eithge
nmet hod steps illustrated in FIGS al so can be carried out

before t I8 wrmebtﬂwilmiﬁ@mae@w RaFpaalspositednfpr sxamplp Pyjspytipring to
accor danggnitkdels ot 96 b Hy ddty IMINQPEr 6P Hibiak fotmWg MEBAR Vilitlde layer

maski ng
20 112 forms only to a depth of less than about 5 nm in the source and drain regions. It has

been found that such thin metal silicide layers have a negligible effect on reducing the
strain inducing effect of the embedded epitaxial material. Any silicide forming metal that is
not in contact with exposed silicon, for example the silicide forming metal that is deposited
on the sidewall spacers or on STI 40, does not react during the RTA to form a silicide and

25 may subsequently be removed by wet etching in a Hy02/H,804 or HNOs/HCI solution.

[0024] Because the metal silicide layer is thin, it is difficult to make reliable electrical
contact to the source and drain regions with only a conventional contact plug technology.
In the conventional contact plug technology (not illustrated) a layer of dielectric material
such as a CVD silicon oxide would be deposited over the metal silicide and the gate
30 electrode structure. The dielectric material could be planarized by a chemical mechanical
planarization (CMP) technique and then contact opening would be etched through the
dielectric material to expose a portion of the metal silicide. A contact layer such as a layer

of titanium would be deposited through the contact openings and onto the surface of the
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| ayer 104 and sidewal | spacers 79 and 80. The |ayer of hard mask
material 64 can also be 25 partially or totally renoved at this tine,
al though in this exenplary enbodi nent the hard mask is not renoved.

| n accor daggs bkt hi s embodi ment new si dewal | spacer pegfoioBssoz
formed on opposing sidewalls 75 and 85 of gate el ectrode 66 and new

si dewal | mpAGAIKIdnalr & thosdRet DA dep fgiong. Thelawpkitisn 7 tiandmB¥oudd be
gate electrode 68 as jllustrated in FIG 8. The new sidewal|l spa rs

can be fdphewerd ydpriaatiamsf a comfpctivdystiaritigr syich gy pitagium) wgrtﬁedﬂeﬁ@"

materi al a%u,gg;tea . | HaBiRg e TlariNAl chbaad pmgtstm&are Whuld Bfusk teFolatibEeND
or LPCVD and by ‘ani sotropl cally etching the layer, for exanple b

reactivea tbwkémmmglhctdq Laxsh thah £9wh sdlaxothe siaess iim recemtieddsd sowrog|and drain

silicicde

w0 2008, 15985 ATl GrE T BT otk ASg e it Rhed b iE ROy |

regi ons. zH lmall kbarkctspedinge Im&coﬂmmlﬂnacasbahmemtmfdb@pem metfwd the

ext er nal &3l st ance tranSLst asin e ' ]

acr 0ss tH)é 3‘81} FRC ﬁg Wdéﬂﬁ?‘lc?nva?%oﬁ% ARG %@/l 03 yﬁag?%%é@%,nst%geg{w&y

][eSI Zt aEQi@ 6sﬂmtg]tt£ 18/t bE eoraiudtivtr ﬁmuarmlelgl @Rt UﬁﬁQhﬁluﬁahbkiMCiﬂé ldyas Hiéen
ound that t ornat i of thlck met I licide |ayer S

ol Bxat | GHEGROIBIGE FesQdaier I IS SN Y HEPEHHEh A iF S D i ks 112

enbed@ed apli GRnaRdkgNayeka i%"ﬂf&neftaﬂdﬁi%ﬂtﬁﬂcdrhﬁctr@ Bihdrdrta¥s £8baeG®8HHeposited

ot herwi se gai ned by enbedding the naterial. The probl ens attendant

with thi o thesesd layerjag ilpstrated it ElGy%e SRedlevsid 14 Fi‘f‘ Bo dor el dileyst 2h
enmbodi mentafiuhfvin gve@.takﬁ&s rprygltgtﬁt,ﬁa&ef,ﬁsmawr & htub 31RA. a'Th@'EJl)JeP bfle

| ayer 11 | n contac he source and drain regions and possib
i n cont agrllsdinh is prefergfly deposited by electro-less deposition from a solution of palladmm

acetate and acetic acid. Preferably conductive material layer 116 selectively deposited onto

15  the seed layer is a cobalt and tungsten metal layer. Boron and/or phosphorus may also be
added to layer 116 to improve uniformity and selectivity of deposition and durability.
Thicker layer 116 is preferably selectively deposited by electro-less deposition from a
solution such as a solution of cobalt sulphate heptahydrate, ammonium tungstate, and
sodium hypophosphite with the possible addition of buffering agents, complexing agents

20  and pH balancers. Chemicals such as dimethylamine borane can be added as a source of
boron. Other electro-less deposition solutions for this application, some proprietary, are
available from the vendors of electro-less deposition equipment. Using such a solution,
thicker metal layer 116 can be selectively deposited onto seed layer 114 to a thickness of
about 20-50 nm in about 15-40 minutes with a solution temperature from about 65°C to

25  about 75°C. Exact deposition times and temperatures depend on the particular deposition
‘ solution and the particular deposition equipment that is used. In a preferred method seed
layer 114 is preferably palladium deposited by an electro-less deposition process and
thicker layer 116 is a metal layer including at least cobalt and tungsten, but although these
materials and processes are preferred, the inventive method is not limited to these materials

30  or to an electro-less deposition process. Other conductive materials and other selective
deposition techniques can also be used. For example, the thicker layers can be pure

tungsten deposited by a selective CVD technique.
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10 the gate el ectrodes (as needed to inplenent the desired circuit
function) if and where the hard mask | ayer has been renoved. By "thin
nmet al suicide Iayer is meant a layer of netal silicide extending

into the {ag d drain regions to a depth of about P@ﬂg&@g,ﬁ@@S
The thin netal sul CI de layer is fornmed by depositing a |ayer of

silicidedgsp iy JBEh@ncé "Wkh idnk UshbRfiReh: MBAmE®AE LdoRGnued Ein MBS Entiinkin
exposed silicon (SiGe and/or SiCin the source and 15 drain regions
and possimngerpa Ylosupadain|ide 1@ty the derpaition<if ap tinsybating laygr hidat Infigfatineor
exanpl e i id

o e e e Y AL
pal | adi usilicar oxidé d;qpsswcﬂ bylvos ef tetchémicalaragopdepbstiabicshnigiesi Thesurigobef t

or nickel. [The met aI an b e

by spat ¢ appRlFs Bver fis S endt@blidfldee B0l PESMIE g LG RERAE,
of siliciide dorwhed treugh thesplahaize lagyetro 2tpoid Doftwnsreof abickert deppsited
depth of le an rimin t source a drai n _regi

a5, been cPBRNe Rk ARGt I oSt 410 S SRS Deiie Perpwes 190g7s Bt o
ef fect oRimemeal Mg rsma g El@h{hdnﬁldﬁcdoﬂﬂerecfrf:ﬁﬁllﬁvs @herédieoresypegigedonductive
epitaxial material. zasw cide formng netal that is not in contact

with expsissiabiuch apdope gelyerysaline siligen %’| fpimp ponsactsdp therrgnenstize metphtaypss
dep0§bt eqmpp, m%%ﬂ.eds%w% land BRfPlRioRt @ﬁbs§ﬂcﬂﬂ>@ s:e?s?ﬁﬁ foling ﬁ@?att@hﬁmyg
he RTA to forma silicide and may subsequent be renoved by wet
et chi ng illAD dayepO Ad-ARDE enmtaeNCBEG@s golwall mowi 030214?]56 BEekilisia thpaurt of
metal SURRlfid:2fficdrdudll Bevilds 43 el AUl adiillRNE, dElil, APBough not
el ectrical contac ? the' SouFce an nre|osvmteh only a
conventi aihatratemrfnalmr lqyewgoﬂlemﬂmyﬂrdWectﬂmmwealcedWamrtal buyais oé@mmacmnect
pl ug technol o il Lustrated) a l.ayer, of d| ect.ric
DS ovpmsreet 2P e e HE e FrnuBY B Buchhend Sie B BRRoAF sudlif
the gat e figftied 6fche Detgraéd cituiltbeing Tiplethemte@ct ri c materi al couI d be
pl anari zed by a chem cal mechani cal planarization (CWP) techni que and

th t hed t.h t h l.e
to° oxpos S5 oRt Fsftshes i 38 B SrhHERRR o Refted R hRbCuE G,
| ayer of ehhanadd Mmswawidé tebedapasi teditghenulh sdoemenod aeps aphismgsd and

ontothes rfaeo t he 2008/ 127643P / S2008/ 0
oui ci de FlFSetofol wmgdh?m?gmaﬂﬂ’a gy me hngdeq 9322%19“’%50waw of

titani Umlr\@rﬁldhﬁlg Reekiol iznv\@dieFasuE@ @ bhtinef asaﬁllﬁﬂﬁdzu% IN@. PBI Thelaybay®er
such as a titaniumnitride |ayer and then a tungsten plug. Heatin gD

t he 2P/ Tinglaries maigsial s gestor premple: wolayd datideon: ordds S?Fh’é‘t“?dohy 3 €
thick tiLaRbuMsHi £h8®d ket Pl GoM! G 'iri%hﬁﬁn% hl@atérar 2a8 He ﬁ)atn@ﬁled by
enbedded source and drain 5 regions. Additionally, the ayer can
have a r ebrmentisial/phiviierbsis ipeerningsingd eiphing s@@pea}xapptgerqu lsmtlﬂgéﬂﬁw@éﬁs
openi ngs .} 1, AFEQ! d}%@??ra%&tgr ?s‘“an%’l'gpe% veH{/mé ?] JHthod the
pr obl em SEUTE AR e conven |ona con ug tec nology is

avoi ded by selectively depositing a |layer of conductive material in
cont act #02f] t Asnllystratad insFIG. d2délSIemb@dsnellmmUPméfbeﬂbﬁﬂeiﬁcwft dripasideref

'ayeaalg‘ﬁ“ ﬁ%élggaer([vsgédvc&%%@) Oﬁaﬁgpgﬁa glygﬂ] élla(! Gl oh@%EL fn Hﬁz

10 an ayers er "conduct i ve fat ef
are sel emetateihyxdelmsmn adr@negihe l@ibmﬂ dlramerr:g:en; 103 ofURNMPOAttedsistar . Ghe9,

Seed | ayer 114 ca ayer of L adi um aV| n

hi cknes et en BB R Bresrar o, S25gE 5 Wi el Ot or
pal | adi umickel. pTIRS esnabétivedppab hiuedk bah BE deposited, d8iS exxheiples iblyi eﬁneléditmﬂe@s
sol ution of pal | adi um acet%e and acetic acid. Preferabl conduc‘itfl ve

mat eri al IFRRFIRION PrEcess| e dappsition: Paeamelss At beadiysird 00 Hgt |ty ap
cobahp agehdsiaost £eoMBledive a%eled 1BREOForRAARple PRE FRPRIHR tﬁﬁ)ﬁerﬁﬂu&paxﬂﬁ

added to layer 116 to inprove uniformty and selectivity of
deposi t i SecARdcarRRoalsiPn ey be PRPIORERelyafkisterly sAdditipnadly op gBttydeposition UV

anneal can be implemented to adjust the stress condition.

-11-




25 about 75C. Exact deposition tinmes and tenperatures depend on the
particul ar deposition solution and the particular deposition
equi pnent that is used. In a preferred nethod seed |ayer 114 is

pref er abl yyBaldsAtHsiyn deposited by an el ectro-|ess depogidiRhspiREESS
and thicker layer 116 is a netal |layer including at |east cobalt and

tungst en,jodns] FatrdraedhshRARE 1478t @04 ad senddVdd P GASHES iBtRtIRE efyeF neslis
the inventive nethod is not limted to these materials 30 or to an

el ect r o- 96 itad pak patiegd s ghestiated dp . Ebnbeietive layat B sansbeam dhagriibr
sel ect i ve;HeReS e nfleri? 6P HsQUGT: 185 léhs@ﬂshﬁuﬁa?ﬁ?er 1"_2(3rls Eéﬁ?emdeamdteﬂﬁed
thicker | ayers can be pure tungsten deposit sel ective

t echni quéy comngg%/mgmmepmtxmm@m o*@kvegzo rwe] th¢ fpyge emrbrzmc@m& h
one egbo manner, as

il us?ba'?}ea ElBr h%dqﬁbémﬁ e%ﬁﬁ%@rg}g{l?b%ﬁ@é@ﬂ%ﬁ&?{%sul ating layer 118.

I nsul ati ng Iayer 118, often referred to as an inner |ayer dielectric
(1LD) caf0088] fAsr illugwated an BIG, alderthofmeshadi moncesxdades de@oéhis eanblegingre
of the c S

Mnsul at  Agrgepy gt ATREEI A, bFEAEIANRS el nhl AAE: T B elgqyics
and cont aoftactpeth mgmaxansamea kyahdd otvbrmmgioutdaeegnbmmw mnbcﬁainayg'on iep

expose porti of .thicke ited con ctlve Ia 1 v

conrce ot NN apatph At e RS e gt SHate spE¥E heifden BRIk S

122 ggch pagalatittiie usnagy dempRREr o®IPMOE aysssikibe B80T Siedssddy metah @itride 130 is
conductive naterlal such as dop, ed(gy@gcrystalllne S|quon to form

cont act s PFEeraliE derasdet by delpaiosless HORProgses- Aainy e degotition %ﬂﬁ@@s

and drai Rrd fGIsRRSe ddiRR TR A6 2 SnSiSstfeied 6N AferaRdsdiative HEoRlioh bP
llayers and filling contact openings are well known to those of skil

in the ametdfnirigpdaxentlPhgpaiieried dntiaing layse 28 és raryede ddenformppion of a
descri bedqdsfie grfés?édl metA ﬁ.nﬁfqu%ep% the dodReral QFin SHURMIBS 1rhAYL6:S310dnd the

|nterlayer ctric materi additional layers of 1nterconnect
met allSi z éomtmn ahd cvmrebslkestmagpdahetol medappler ewl therupatand drdd of EMOS

achi ever fhq. pf d?’[‘:r%é@)%' SeattPAAHREE | O heClnabfdfs bIUBH BARRSH LML tum,

bei ng i npl'enen rdance rnat e e
t he net h@dhsfnroe tlieaaimmmabf tig nmysdty aamiesni the cRds1 MBS had arvilc €T30 bbsj.nlh'm thay

carrylng out ) te as.illu trate in F N

Fol 1 ow gt Wt BEIERERR JfF ope preh SF Bediie g RE afteT 15 20 ggn v,
| ayer ofrtﬂﬁuhatlng material 124 is deposited and patterned as
illustrated in FIG 11. The | ayer of 20 |nsulat|ng mat eri al can be,

for a a.layer, of. Si|| on 0 e depo a CVD process from
O rech oo TR bngdp Stgorqints, Pib Wi CRBREPHT Contin By B BeRhR flfhes ¢
convent i QIg@kra@bd @i PIGSS 9sdnd petvh&r thé Bgceplich matcshtm@yatlams seldveivelg ideposived]
insulating material is re ro nS|s 33, and

r et ai ned “BYPIRFL ﬂ‘l‘@‘dﬁlmbt ‘?QOO‘P“%JV?S l%’]‘”ﬂﬂ’s i1} ‘F‘ﬁ‘éltsgg‘fl%aiy?f e
12, this enbodi nent contlnues by the selectlve deposition of 25 a
conpr essi[ﬂiﬁﬁﬁ Ee&;&eﬂdmad:mﬂ iye aﬂ@l hél embdditele 4 alyelr stied6 Hoer et ;dego’sitecal
contact with t silici ayer on sou r
regi on 1@5IBfn ﬁ)ﬁ‘é“’{ e&ﬁé‘f@t%?‘dlééyefﬂﬁé apd efe € eF%JeﬁrgP %gtaﬁ “&‘5

be, er ¢4@8PILand 18 tHdf&BnPbadd tARIGINMO, VABAEH the) seleefdaly de;SHsntéH ﬂk@kk:r
The conductive netal nitride can be dep osited, for exanpl e

el ect r o- [ceadyicHeplaxsrtlilfns gargsidon ﬂmen@elodeiqeﬁw b7 anen ekl e'éﬁ*ﬂf’déyers
adj ust ed ?5’ ahg'@iO tif\fealdf rdlaﬁjtﬁltln %ndﬂﬁﬁéltﬁﬁ 18yer%a émff%ﬁﬁés\é@ insulatin

stressed [ayer. For exanple, eposition tenperature and reactan
conposi t interhhS®h erdgpbla plrlﬂmf @f yiresehdusticed nitdidelistdeposted y In accprsignce with

deposi t Me emb(‘;"crl mgx?tlia)ge?%@ &t én@éeﬁ TR a%gg En%te?igll i¥ %t]a)}ep bt c?c}rﬁpq‘gs%we stressed

condi ti on.
30  silicon nitride. Layer 150 is patterned to remove the compressive stressed insulating

material overlying NMOS transistor 31 and to retain the compressive stressed insulating
material overlying PMOS transistor 33 as illustrated in FIG. 15.
-12-



WO 2008/ 127643PCT/ 1JS2008/ 004692 [0028] Patterned insulating |ayer
124 is renoved and another insulating |layer 128 is deposited and
patterned as illustrated in FIG 13. Insulating |ayer 128 can be a

material s the material of insulating |ayer 1 Nshabi ng
| ayer 128 ilv?zll[))@ ﬁs%ned and etched by conventi onal phot%érélg% st

pat t er ni ngo#d ﬁ{eqhaﬁ&i {nOackSARYE WifleihlsPhRodANaR Icymn,qeé\lwpﬁlum@ﬁf B!

31 and to retain the [ayer overlying PMOS transistor 33. [él
i |1 ust r at by the Re@sitipg of phatherdayeo @f siressgdciaydptingenapriah 165 Sé%bbmmm

i ri o T30 o EETEAH e SRR ool erally 4 FORo oS SREG ST

over | yi nguisider dayerelfiZois phOdmeddnd ewhed teegimone 10Op@fiovOBict Ia;mswstlpng
33. The t le stressed nmetal. nitri o ted

10 meth EHIO GaShGE 35 At Eishr AP CHiERe el SHEDuT WO GG
met al ni tTHedRiydrs Cofi ﬁllwneh&ﬁ@dﬂ bbtld&:l@ﬂ@rdsﬁde Byeaad ahéatdsile | ®@sed, can be
deposition progess ep o condltlo ed t
deposi t t%&"ﬁ“ﬁ@eff’f %EE‘“%P?% gﬁ I3 py géé&b F%Wé"ra“aﬂr‘t‘ ‘F?ed‘g]gf”é’é ‘?“\‘/‘é‘“
deposi t i OfnRénidTeirat dBidsiiof @ohd@iMEHs, 1dBianRakddern@sht RS ah bBAdjuREe aslid 8
is renoved. The formation of a tensile stressed netal nitride Iayer

on the sotelcbnewy tardgpesibeithenpcientilgnyiess HRer3ar & FEMPIEsieS Sess Mgl o ief

s esc%&ng,?csﬁwégéés%h Hehidlor @h&f b, lnnggnra&lbﬁmﬁ 9y, Er%esaﬂ)dmg{eﬁéenth@f
ransi st or I ncrease t estran applied to the channels

t hose t r aaegipstseive longitudinal stgsh, onenirmnde’iz laad o dien¢e yncedasg e mpdtty tof

carriers in the transist T

under st arg™ %tgtcmfrheﬂ(?)lr dlél(r)d:w(l)tfc H%‘g’ osl ﬁ‘ﬁ&%%?%ﬁc‘mel‘ 4 rf}l“%ﬁ?@ﬁfﬁ% is}or
130 can sreememmdreaﬁahtf @:ﬁﬁ&]loﬂ'@mdm&l htmls omcltaood r76and demwk ttdn irclviase the
enbodi nent conti.nues.in the sane mat{riv1 as ll sttra %ﬂ i n gngS 9 and
10 with tAe Q@éﬁ‘ﬂﬁl?fﬁyf’%‘?f e 4 fat ghapnglg The pateeidpypryl SoiRrEsve
ont o et adndédsiié @teesbeamﬁmatﬂqgaamah&ﬁ dvegiiedg adhyediof @Gtlatr OWthQs talayer
metal sili CI de layer 112. [0031]. In accor dance W th alggt he&
enbodi merftf sHicgparids pprdie deyigeFar e epmpleted dythe Gure gﬂaﬁ%ﬂﬁm gpted in FIG.
deposi tedjgretal |ayer 116 and gate el ectrodes 66 and 68 as
illustrated in 25 FIGS. 15 and 16. Referring back to FIG 10, whether
the selectively deposited thicker conducti ve I a[Fer 116 is d&l pasi t ed
on thin 8033 SWVhilephlsastgnerexemplagy ehodimenl) hagitiepn geeserigrbingthe Jaregaigs

130, i nstpage@idesdteRash, it ragou':]d Q)an}f)%f‘écla%alhaﬂ LDal;tamsﬁber af vamsionfexist. It
stressed insulating material 150, referab@(}/ a |layer of stressed

sili c¥h rshewld alsoibs agpiseigied dlnt thenexgaiplryl amb W@trpr@ﬁ@n@lﬁwamh?éﬁ@eqwa@fér
150 of Stcgpgf ﬁ]p'le@S&Hd%tré 1&@5&'&'@5:{1{1%@5&% ?P%lﬂjab {BfTBf @o?ﬁl'gﬂz%uoxh of the

stressed rcon nitride. Layer 150 1Is rned to remdve
conpr essiiweensipn es:se/dw}n sRuthdri thg fonegeing détaibadedeberiptign NVIDBravideriBosstskilled 1

A0 RO 5 T A ot

exemplary embodiments. It should be understood that various changes can be made in the
25  function and arrangement of elements without departing from the scope of the invention as

set forth in the appended claims and the legal equivalents thereof.

-13-



WO 2008/ 127643PCT/ US2008/ 004692 [ 0032] The nmethod in accordance with
this enbodi ment continues, as illustrated in FIG 16 by the
deposition of another |ayer of stressed insulating material 152, this
| ayer being a layer of tensile stressed insulating material and
preferably a |l ayer of tensile stressed silicon nitride. Layer 152 is
patterned and etched to renove the portion of the |layer overlying 5
PMOS transighp iS3%h%ﬁ‘ﬂlto retain the portion of the |ayer overlying
NMOS tr ansi St 6r '3 & | ayers of silicon nitride, both conpressive
stressed and tensile stressed, can be deposited, for exanple, by
LPCVD or PECVD from reactants, including dichl orosjlane and .ammoni a,
The deposi tfoon c%r‘i’&ﬁ“iqdcfﬁ"sma?@%‘t“é}&@“aé[hﬁl F‘%gts%{ﬁ‘tzo‘fcﬂlﬁﬁ% BYFF Erunprising
adj usted, ag sén%c&ﬁi‘ul:tol‘ﬂ%{“ate Qe &%ﬁ&%’dhct&‘ {BStar@ndvaS] duprasd £r§%1_5c%n1p'1 iSfRk
or a conpressive stress iiner. The 10 conpressive stressed insul ator
| i ner over | saug aRNDBIn regivsh &Imﬁd wtesreth@é@retswarawﬂaa@dmnh@ regiprpfoemed ine
| ongi tudi n ty
of maj orit ?hg%%rﬁ%&?dtﬁ[ﬁ gl.n:%ﬂ‘gt% nﬁ%hea %gnﬁ% gIdD&[?‘thev cgg‘té ?gor[ﬁ (1:"51%9 Q% !Ie ner
overlying I\Iﬁ!@&:ddean&l_\,smg)ﬂhe BGrfzﬁzelaM(e&etcbarlanﬂ‘eg@S@f iheacmrnaddcenr substrate, the
| ongi t udi nal ress on channel 70 and hence to increase the nDblllty
of najor|tymﬁéP?F@Fp%$@%WFéﬁgs?n that channel. The patterned | ayers
of conpressive %ﬁnﬁgqe&%m e SdnhiBSRIBEkok ﬂﬁ)'-dirétél ng |l ayers can be
overlaid by a layer of insulator such as a |ayer of silicon oxide and
the devi ce can bepilevaly gioadng mstrafieindugieg searemndueiar mpterialtip Hreaecoses @ G
10. [0033] ent ed
i’ the for iy i e T RE St Rkt e el 3R MR e ploRS ot
a vast nunber ofdmamﬁmgmdn&ne&mhmdeﬁwmﬁ@rmhﬂuhduhﬁmﬂaﬁppmmpmedﬁ@$edme

t hat the exe Iar .enbodi nent or ex nts are qnl. .
exanpl es, Ui e s ST debdagte Tt e A greiogs
confi gur at l m H%Etiﬂié‘t% oy @i el 4ilciddyont@ys difdellP8lbng thb Suisemnasipy ﬂgnai
detail ed description wll provide those skilled in the art wt

conveni ent ?‘@@G@%ﬁ;ﬁhﬂf ey lﬁféncerrwmlmdw@ nesdeid Ithat |8 carsdddne e spprce and
exenpl ary egh . It should be understood that various changes
can be nade |n t e 25 function and arrangenent of el enments without
departing from tdietsdopty dhotities 4 soed idyeorongsisgetpaflatioh overltibgthe
appended cl ai s and s.t her eof L med

G N L B R s T b B A G S Yl R

devi Ce Conpérh&!dﬂgd in the source and drain regions, wherein the seed layer is in physical contact

with the thin metal silicide contacts;

electro-lessly depositing a conductive layer comprising cobalt and tungsten
overlying the seed layer;

then, without removing any of the conductive layer, depositing an insulating layer
overlying the conductive layer;

etching contact openings through the insulating layer; and

forming, in the contact openings, metallized contacts that physically contact the

conductive layer,

2. The method of claim 1 further comprising a step of depositing a layer of stressed

insulating material overlying the gate electrode.

- 14 -



a sem conductor substrate, the sem conductor substrate having a
surface and conprising source and drain regions fornmed therein that
are separated by a channel region formed in the sem conduct or
substrate, and the sem conductor device further conprising a gate

el ectrode overlying the surface and the channel region of the

sem conductor substrate, the nethod conprising the steps of: formng
recesses imthe ] : : e epl iax] OW Nng
a strain i rrlgduci r@gﬁsﬂeer?rklmgg}rqgha%g%}%g%l%ﬁtegfepiorﬁd%ﬁ?gmrnggdeesl?egsr%ﬁ)tyeesﬁgled t he
strai n i nduciulging emtecmhcangprees astteoi d&posinng hbygofstesseahd!idmaiimide.

regi ons; depositing a layer of silicide formng netal on
substantially planar surfaces of the strain inducing sem conductor
material that i gherhadded ciaint Rehesan hesedRdndlicir devibglMNFisaddPiERt | ng
to formthin nmetal silicide contacts direct|ly along the substantially
pl anar sur flEgasopgndywreran the sen HeobavrdlyLaon B8 MFsR By IndHe g SeRICOHERtoN s
enbedded i ! : (gF= U I o cili : :

deposi ti ngq%&tggdég&ﬁg@%? ﬁ{(%gt r0?§ 1}1&8@%%%: adlflﬁrsﬁhg‘\)/ne%f}y?ﬁ%&? Rgl%sl%wéses 0
subst ant i alempegpligrsdicos gefmaesn of the feiret andidmin regirmisng semni conduct or
material that is enbedded in the source and drain regions, wherein
the seed layer is in physical contact with the thin nmetal silicide
contacts; 5, Theheeicdofkras || WidepotestinGoade@rdeitd d@ngrRYEdn NMOS
conprising cohalt and tungsten overlying the seed | ayer; . t hen,
wi t hout r erdBUsIFgF %{ﬁ‘y““'%?ffe‘{l%? st geraRadlyY gaging theeshiawy hdyegn ggmiconductor

i nsul ating A% cQSideY Gt FIRIREHIG ok Hink 3iBSn cA5iBDIH e RRBGASH
openi ngs through the insulating |ayer; and formng, in the
cont act op@m’bngth,e sfiispalcirbidedn thespurce snd drain regignsi cal |y contact t he
conductive layer. 2. The nethod of claim 1 further conprising a step
of depositing a |ayer of stressed insulating material overlying the
gat e el ectrepde. The ethBdef oRirodvieteicihaistep 21 dhpkieing tHelgyes begliglie forming
deposi ting th% | ayer of stressed insulating material conprises a step
of deposi t iMRaCWBYEFS of stressed silicon nitride.

depositing the layer of silicide forming metal on the substantially planar surfaces
of the strain inducing semiconductor material that is embedded in the source and drain
regions and on a surface of the gate electrode, and heating to form the thin metal silicide
contacts directly along the substantially planar surfaces of the strain inducing
semiconductor material that is embedded in the source and drain regions and to form a

first thin metal silicide contact along the surface of the gate electrode.

7. The method of claim 6 wherein the step of depositing the insulating layer
overlying the conductive layer, comprises:

depositing the insulating layer directly overlying and directly contacting the
conductive layer and directly contacting the first thin metal silicide contact along the

surface of the gate electrode.

8. The method of claim |, wherein the step of forming, in the contact openings, the

metallized contacts that physically contact the conductive layer, comprises:

- 15 -



4. The nmethod of claim 1l wherein the sem conductor device conprises a
PMOS transistor and wherein the step of epitaxially grow ng the
strain inducing sem conductor material conprises the step of
epitaxially growing silicon germaniumin the recesses to enbed the
silicon germaniumin the source and drain regions. 5. The nethod of
claim1l wherein the sem conductor device conprises an NMOS transi stor
and wher ei n the g§t6Re Gh RRIhAX! dPehified HRW G LR ARIR: LREHE iHASLgh the
sem conductor material conprises the step of epitaxially grow ng

si | i con caribsuinghayehend delgdyeisaltycosiabiele cémalustiveleysn. car bi de in the
source and drain regions. 6. The nethod of claim1l wherein the step
of depositing the |layer of suicide formng nmetal, conprises:

deposi ting 4.he |IThygeatetiofd dicldimiidehéemnrhagepref lbn, onthbbicesubiag any ofihe y
pl anar surfaces of the strajn inducing sem conductor material that is
enbedded i rfop l&tlgﬁl?we'éd%l%&éﬁ@dﬂ%ﬂiﬁiﬂ&ﬁ@fﬂé%ﬁ‘@/ﬁl@é stdugedfyerhe gate
el ectrode, QRfikgating to formthe thin netal silicide contacts
directly along the substantially planar surfaces of the strain

i nduci ng semi coniie fadlowing @e btap of HegtrorlgssbhdrpdeiBng the comdiclwulape aadd
drain regiaqp to. for fir Nl | .SilLCi: . g

t he surfacgp@Fﬂpggugé émgkggF58&%F&a%ey%ﬁ%%ﬁ%?h%5%6%$5@§$%$%;m gﬁ in
t he step ofovddyagitd digectipeontnginkbalid cagdliaiyedayerer | yi ng t he conducti ve
| ayer, conpri ses: depositing the insulating layer directly
overlying and directly contacting the conductive |ayer and directly
contacting fighe fripesdetidil ot ch 3l whékinGhdQe S OMNi@fite AL 0Rdadi BBeriids iRGagPT
the gate electrode. 8. The nethod of claim]l1, f%ereln the step of
form ng, iriheweulatyiglaxrer epemistrgs, the netal | ized contacts that

physi cal Iy contagh,fnge g&{?%ggéréél%/n% :tlﬁ‘éz{%’ thé %@Rfﬁftnzgeltﬁ% ¢ that extend B S0

in the contact openi‘ngs, contac At extend t roudﬁ
t he i nsul atdfilg doagetivahget.hat physically contact the conductive

| ayer. 9. The method of claim1, wherein the step of then, w thout
removi ng any of the conductive |ayer, depositing the insulating |ayer

overlying tihe congigbil V& havi@icmri&@ ARIhis @fhanced semibdi@ictofl MIRWoRGriting
step of electro-lessly depositing the conductive |ayer and wi thout
renovi ng arfysemicontiectararbitatd, the spripepductis selafinatedgvingd spifacgiand cogprigyer
directly o |y i i LVEe. 0.
The. et hod o LRl e (RAFERY RIRKEL B0 R A i Frep @ Trmed
openi ngs t Hhoseghcdndectbnsbktati¢, agd thayemicoocdurpridsese further congirishigraggateche

ggp ]E gg; 8? ee?eiﬁ:gg@eoévgbg?@sléé ﬁhug@!éﬁ? z?n%lt é (I:hr;lgnflzlaré/gelcl;n (gi‘t]tﬁ;[: seem)%(?nr(]ictilct%gsu%strate, the

method comprising the steps of:

forming recesses in the semiconductor substrate;

epitaxially growing a strain inducing semiconductor material in the recesses to
embed the strain inducing semiconductor material in the source and drain regions;

depositing a layer of silicide forming metal on substantially planar surfaces of the
strain inducing semiconductor material that is embedded in the source and drain regions
and on a surface of the gate electrode, and heating to form thin metal silicide contacts
directly along the substantially planar surfaces of the strain inducing semiconductor

material that is embedded in the source and drain regions and to form a first thin metal

silicide contact along the surface of the gate electrode;
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11. A method for manufacturing a strain enhanced sem conduct or device
conprising a sem conductor substrate, the sem conductor substrate
havi ng a surface and conprising source and drain regions forned
therein that are separated by a channel region forned in the

sem conductor substrate, and the sem conductor device further
conprising a gate el ectrode overlying the surface and the channel
region of the sem.cor t S|k e
tops of form Rh-yeqau BbodHRsLLA Byl PR ERIR DAL O

epi t axi al | ysugstaialg pnat sudhees iofi theciraig is@ringoadivohductarataeriadthai 8 t he
recesses to d, the strain inducing sem conductaor materjal in the
Cour oo and W dfeomuted and R SRRl SRR S e Rl i Comact
form ng metakh 90 tswbetABlicRAL kyntdlignar surfaces of the strain inducing
sem conductor material that is enbedded in the source and drain

regi ons and on #lestipfessly dspositing appndudsive dayeeanpriging bt anddungstenor m
thin nEtal‘ﬁkh&ﬁ§6%38&pkgﬁls directly along the substantially planar
surfaces of the Straln i ndlcing seniconductor material that is
enbedded in t he teaufadiewansthe step nf elegiodassadepositng e mpaukiivestaydrhand

metal suicide contact along.the surface of the gate el ectrode;

ol ect r o- | eSETPIREIRY g g oR e SatelyaieverotemorCradt pareil et dUerivi ng
the subst anjohgabling tht st hie asd @tecti@ombdiighd MAUBINGetal silicide contact
sem conductor materjial that is enbedded in the source and drain
regions, W the susce elife palgglectrade; n physical contact with the thin
netal silicide X : =] (Y . € Lve
| ayer conpri si ﬁ%%ﬁ%ﬁ tagtnog e?‘&%ﬁdgﬁgj%rlgylel?ﬁ%% q%%g’%slaegﬂgﬁ"%gﬂ;ﬂg%ﬁth&
t hen, fol |l oweniggs hstadlizeg coftags ot exteridebwugh the powmlating pyetead pbpecadlyi ve

| ayer and wiog1 otutkeregovti ng,.any of the conductive |ayer, depositing an
i nsul ati ng VT T e et fvﬁ Toht act i ng the conductive | ayer and
directly contacting the first thin nmetal silicide contact along the
surface of the gF te el ectrode; . etching contact openings through
the insul athng |§9é}e,ih°&rﬂﬁqaawﬁn‘gber~?lﬂtherﬁée eBRsitingghsinggating layer
metal | i zed Gaptiagt s that extend through the insulating | ayer and
physi cally contact the conductive layer. 12. The method of claim 11,
wherei n the st ephesf follepdxithe sigp olhdeduiededsht depgsitisg e comivptivesleysr and

t hen, foll qQwi t st of el ectro-|essly depositing, t.he conductive
ayer and WS ERELRA Sl g SRR LIRS, aBPRES N LPE RS BREY

t he i nsul atdvadyihgyer diebctle edryctiay ed gphdgctiaa thyei drdctileyt Cantaatig Mg firhe
conductive Jayer and directly contacfing.the fiyst thin netal

si licide cohfardalsilisil %ﬂ%ﬂ%ﬂﬁfﬂ%@%%ﬁtﬂw ﬂ%‘hﬁﬁ‘?‘ée%ﬁé rode. 13. The
nmet hod of claim 12, wherein the step of etching the contact openings

through the insulating |ayer, conprises: etching the contact
openi ngs t HBougHhe hethodsdiclaim hg, Wheyen theritap o etcking thocatastiefeags diroughe

conducti ve J ayeliing layer, comprises:

etching the contact openings through the insulating layer that extend to a surface

of the conductive layer,
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