| nprove Transistor Mbility by Adjusting Stress in
Shal | ow Trench |Isolation TECHN CAL FI ELD [ 0001] This
invention relates generally to sen conductor
integrated circuits, and nore specifically to the
i nprovenent of CMOS transistors by applying stress.
BACKGROUND [0002] The scaling of VLSI circuits is a
constant effort. Wth circuits beconing smal | er and
ster, delce driyving,current )rovenment becones
mprayso Fansistayfokility by éﬁhus ng| Yaess/in Shalleav Trench
gate |l ength, gate capacit dsoltiand carrier nobility.
Shortening poly-gate |length, increasing gate
CRRE! nd increasing carrier nmobility can
T?nprdgégﬁﬁﬁgﬁdeV|ce current perfornmance. Gate length
reduction is an on-going effort in order to shrink
[000F]cui tTi8s meentiomoekas igatergbtte seapandicasdttefrased alrbits, and more
been achi eved by efforts such as reducing the gate
spatifbABLH itlee itprédenessef CMOSaRMRES Kea diglectric
pgonstgzt, aﬁgjthe like. I'n order ?%I?ﬂﬁﬁ% I nprove
devi ce current, enhancing carrier nobility has al so
RReeGrRPNDr ed. [ 0003] Anpng efforts nmade to enhance
carrier nmobility, formng a stressed silicon channe
a known practice. Stress can enhance bul k el ectron
[03%1 hol &hergsiling of VLShercuieistagongtmtefiort. Wilmbsuits becoming
transi stor can be enhanced through a stressed-surface
smgihlgnane] fasterTHewce driting eureenainhrorenmet benomes cere onpvetant. Device
i nproved at a constant gate |ength, w thout adding
cucrentpis eloistly related i gaé lenfthbgatcaiphditancs, afldsirgier mpBIABA Fhortening
When silicon is placed under stress, the electron
polipRate lengthi, Scebagifp ighte @hpagitance and increasing carrier mobility can improve

the device current performance. Gate length reduction is an on-going effort in order to
shrink circuit size. Increasing gate capacitance has also been achieved by efforts such as
reducing the gate dielectric thickness, increasing the gate dielectric constant, and the like. In

order to further improve device current, enhancing carrier mobility has also been explored.

[0003] Among efforts made to enhance carrier mobility, forming a stressed silicon
channel is a known practice. Stress can enhance bulk electron and hole mobility. The
performance of a CMOS transistor can be enhanced through a stressed-surface channel.
This technique allows performance to be improved at a constant gate length, without adding

complexity to circuit fabrication or design.

[0004] When silicon is placed under stress, the electron mobility is dramatically
increased. Stress can also be applied to the channel region by forming a stress-inducing

contact etch stop layer (CESL) over the transistor. When such a contact etch stop layer is



i ncreased. Stress can also be applied to the channe
region by formng a stress-inducing contact etch stop
| ayer (CESL) over the transistor. Wien such a contact
etch stop layer is -1 deposited, due to the lattice
spaci ng m smatch between the CESL and the underlying

| ayer, a stress develops to match the lattice

spaci ng. [00051 The stress may have conponents

BB, Bhe bt Do BRI bt l%@&i@? chian fé ﬁﬁ:&g@tsgr&a'ng layer,
agﬁ?ﬁggvﬁﬁgh%Fﬁ?éﬁb%gﬁygﬁp%éﬁfPﬁ%rgvesakggfpelforngﬂce

and conpressive stress can inprove pMOS performance.

[0005r deThd Areséiaf BaR doiobaiepdrsileddto b 8hdiSoPEnnel and parallel
reduce the detrinental effects, it is desired that the

td 18O Ehd Bt Sl RBSdik 2 tibh R SEANMNE]s rLVeeQQH Byat JiCERG! ﬂhQﬂn@Lﬁes a tensile

increased for nMOS transistors, and the conpressiv
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transi s typically generate a
reﬁa%&%é%fpv@nfﬂg Fifests T g déﬁéﬂﬁé?“ﬂ%&?%ﬁnb@eph@mel length
transistor 1. This reduces the carrier nmobility and
digstier be sEraariidr EMO iewisistorp and Brervampressive stgi the channel
transistors. Attenpts are nade to reduce the

ledgth direetivmdie indreered fofpMO8 t8Higo. Figure 2 illustrates
one such attenpt. The gate structure conprlses a

“’?9@1' %?f ﬁ‘g‘if é?l%l“%?egsia?’é’g"% BIMRICS oL SRR feeh isolations (STD
. he . STI
35 SR gcpelgpornga e enios knminin! T Ly piciiseserataocompressive

npr essi ve force caused by the STl materia
stgpq qOéth@ﬂsangelgF@oy REthefignsigtgr 1. This reduces the carrier mobility and hence

degrades the device performance for nMOS transistors. Attempts are made to reduce the
detrimental effect of the STIs 4. Figure 2 illustrates one such attempt. The gate structure
comprises a dielectric 10, a gate electrode 12 and gate spacers 14. STIs 4 are recessed below the
surface of the substrate 2. The removal of the STI material at opposite ends of the device channel
16 eliminates the compressive force caused by the STI material. Silicides § are then formed.
Since recessing the STTs 4 exposes the silicon substrate 2 at the sidewall 11 of the substrate 2, a
silicide penetration 13 is formed on the sidewalls 11 of the STI recesses. The penetrations 13
cause a leakage current and therefore degrade the device performance. Typically, for CMOS
transistors with wide junctions (the distance L between STIs 4 is great), there is less of a silicide

penetration problem. When the devices are scaled down and the junctions are small, however, the



Since recessing the STIs 4 exposes the silicon
substrate 2 at the sidewall 11 of the substrate 2, a
silicide penetration 13 is forned on the sidewalls 11
of the STl recesses. The penetrations 13 cause a

| eakage current and therefore degrade the device
performance. Typically, for CMOS transistors with

wi de junctions (the distance L between STIs 4 is

reanéhatgﬁre is less of a silicide penetration

PEEBRHBRIOUARHS MO ffaGiec Bergioes: 3 dusthad i8ipeded i confeolling the stress
junctions are small, however, the -2 penetration

apigh b T withetdnaees esilitiHe pefegpdon.a met hod i s needed
for controlling the stress applied by STI w thout
incurring a silicide penetration. -3 SUMWARY OF THE
I NVENTI ON [ 0007] The preferred enbodi nents of the
present invention present a nmethod of inproving
transistor carrier nobility by adjusting stress
t hrough recessing shallow trench isolations. [0008]
I n accordance with one aspect of the present
invention, a trench is forned in a substrate. The
trench is filled with a dielectric material. A CMOS
transistor is forned next to the trench. A silicide
| ayer is fornmed on the surface of the source/drain
region. Arecess is formed by renoving portions of
the dielectric material, so that the surface of the
dielectric material is substantially |ower than the
surface of the substrate. The recess may be forned by
any renoval process, preferably by a selective etch
process or etch-back process. The recessing of the STI
renmoves the conpressive stress applied to the channe
region by STI material. A contact etch stop |ayer
(CESL) is forned over the gate el ectrode, gate
spacers, source/drain and the dielectric



material. The CESL al so applies a stress to the
channel region of the transistor. Since the renoval
of portions of the STI is perfornmed after the
formation of the silicide, there is no silicide
penetration. [0009] In accordance wth another aspect
of the present invention, the STl is etched back
first, and silicides on the source and drain regions
are then formed. Trench spacers are forned protecting
SUNBMARIYSOF 1 MVENT#DNbef ore form ng silicides so
that there is no silicide fornmed on the sidewall of

substrate in the recess. Also, a CESL is applied _
(0BT D b e PR el TR PNV EIBaR e pfbod of improving
CMOS devjce. [0010] In accordance with yet another
trapsisinrcagrer Uy B adipsting\siessi thiough feeessing shelbpvatrench isolations.
conposite structure. Thap isz it has one, and_ _
(0988 ON a#nla}‘,c%r&%ce i8] Gelbpst b HE @% &P gﬁfenﬁng-xe aVeRLeE el Cdin a
al . nFy 8?3 %stT 8s

_ [
mat'er i The extra |1 ners not provi S
th devi ce, , bu -4 al so
sk B SN0 Bleat o SHOREEhEio A RIS i B nen o
5t 14 Pl JateB B HEHS FRtace b Cersp B8 aEHT Bl fytecess i formed by

applied by the STI material is reduced or elimnated.
TeTFREINgPQItiong PhE disleqtHe makeial so thaythe Beshacg e dielewrt matprial is
stress to the channel based on the type of CMOS
subptapfillytlewer tiprethe gprthcerof theiubstraje. The rdvess@MdDe formed by any removal
transistor is inproved, thus performnce is enhanced.
protess, piréfebiyebyreseddctiag etol prcedsloe atch-backt mocessel Thedeces§ing of the STI
BRI EF DESCRI PTI ON OF THE DRAW NGS
removes the compressive stress applied to the channel region by STI material. A contact etch

stop layer (CESL) is formed over the gate electrode, gate spacers, source/drain and the dielectric
material. The CESL also applies a stress to the channel region of the transistor. Since the removal
of portions of the STI is performed after the formation of the silicide, there is no silicide

penetration.

[0009] In accordance with another aspect of the present invention, the STI is etched back
first, and silicides on the source and drain regions are then formed. Trench spacers are formed
protecting the substrate material before forming silicides so that there is no silicide formed on the
sidewall of the substrate in the recess. Also, a CESL is applied to apply a beneficial stress to the

channel of the CMOS device.

[0010] In accordance with yet another aspect of the present invention, the STI has a
composite structure. That is, it has one, and optionally two, dielectric liners under the dielectric

material. The extra liners not only provide a stress to the channel of the CMOS device, but they



[0012] For a nore conpl ete understandi ng of the
present invention, and the advantages thereof,
reference is now nmade to the foll owi ng descriptions
taken in conjunction with the acconpanying draw ngs,
in which: [0013] Figure 1 illustrates a conventiona
NnMOS transistor; [0014] Figure 2 illustrates a
conventional nMOS transistor having a silicide

enetration, 00 Figures 3 through 7 illustrate a
alyq Erg{ecbﬁﬁ‘SF@F?’éﬁF %ﬁ#g% 6‘%1%?%%? ipthe reressRtaacepTL fromw dormiemea silicide
[0016] Figures 8 through 12 illustrate a second

peseEdtony ed enbodi nent of the present invention; and
[0017] Figures 13 through 16 illustrate a third
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be enbodied in a wde variety of specific contexts.
periEnlseds Fubancednbbtisiieide pensiratiqnprablenyis alge selvgd.

illustrative of specific ways to nake and use the

invention, and do not limt the scope of the

i nvention. [00191 The preferred enbodi nents are

illustrated in Figures 3 through 16 wherein |ike

reference nunbers are used to designate |ike elenents

t hroughout the various views and illustrative

enbodi ments of the present invention.




[00201 Figures 3 through 7 illustrate a preferred

enbodi nent of the present invention. Figure 3

illustrates the formati on of shallow trench isol ations

(STI) 4 in a substrate 2. In the preferred

enbodi nent, substrate 2 is a silicon substrate. In

ot her enbodi nents, substrate 2 conprises materials

such as germani um carbon, and/or their conbinations.

STls 4 are forned in the substrate 2, preferably by
BRIENDESCRIETICNVOR BHE Mgea wngybstrate 2, then filling

the trenches through high density plasm deposition

of Si2, or HDP oxide. The trenches can also be filled
[2] 5 di@laaseic compinternderstadimgrifshenyepot pseitionpmd fhhedvantages

process is controlled so that the STl is raised above
thetvef, sefbenecaisaiof, mpdeth ehafollywatgaistcripfiohotakdrintcobR@ésionByith the

making STIs 4 with an acceptable height, the silicide
adcompagingdhivengsiasddeient steps is less likely to have

penetration formed along the edge of the STIs 4. To

i opr ove_t he perfornmance of the transistor to be

[Qlorg?]rred, 1eYrE IS}%P%'HEGS&V@“V?}F@F&%@§ UapEgEeBd such t hat

if aline is drawn between the STIs 4, the line is

(0B HNY tieurkDONAstratd codivERhAIGRICSE trtaﬁﬁst&"‘l%]{r%aat ?]iciﬁe penetration;

| attice structure. Therefore, the orientation of the

transi stor channel is along the 110 or 100 direction.
[00%5] 00 Figures §threugh 7 illugsete athes praferrddormbndiment of the pyesent invention;

stack, spacers, and source and drain regions. A gate

k@l ectii | ' . substrate

O G Bt 8 g PR e Pk RE oA AR B bR
- 10 .. The gate electrode 12 is preferably polysilicon,
mﬁ%?ﬁ%u%ﬁpit may be fornmed of netal, or a conpound

structure conprising netal, sem conductor, netal oxide
[0anT)/ or Figirks €3 deougdlOBAR istAtPaihirdprefBpat@nSodiftehtSf the present

formed along the sidewalls of the gate dielectric 1

maélicgat e



el ectrode 12. Spacers 14 serve as self-aligning masks
for a subsequent source/drain formation process. The
spacer material can be oxide, silicon nitride,
oxy-nitride or any conbinations thereof The spacers
14 may be fornmed by well-known net hods such as bl anket
depositing a dielectric |ayer over substrate 2 and
gate el ectrode 12 using thermal process, |ow pressure
chem cal vapor deposition (LPCVD) or plasma enhanced
DETANED EESIRIPOTON PEOVDUS TR2EN VEENBODINENES | Y
etching the dielectric material to renove the
gl lectric material from horizontal surfaces but not
OP18m t nehegatkdnerctsngRs tas eressally grefarred enhofngniseire diseupsed in detail
enbodi nent, the spacers 14 conprise a silicon nitride
belawydf shogidfscrpprecigiedshapeyenythat tharesent iy bntiongreidesumany applicable
the spacers 14 not only have a high-k of silicon
inpérttive dencepis dleat c7n B§ gmbortied ineywidt saridipuespiebidic enntekts €Fie specific
quality of SiQ2. Using silicon nitride in the spacers
endisbddhans disdigsedoars aleedty 11letrive bif BigeciTRssd e ke makemd Re the invention,
STls 4 are etched back. [00231 Source and drain
ankd I RN Bt 1B &obbeNtHe@hivERHon. SOUr ce and drain regions 6
can be formed by inplanting the desired dopant into
silicon substrate 2 or by recessing the source and
[081Yi n rigireeferedembodivnersy arepllvsisetedlin Figyres\di thrpugh [16 edarein like
with desired dopant. The formation of source and
reftreice numbire axs WGed teedanginhie Riko wiemients threughont the veridletvidwssand
are not repeated herein. [0024] As illustrated in
ilEstouive efdbodiments alf tisd gresehdi@véhtionr a conducti ve | ayer,
is formed on source and drain regions 6. In the

ferr e di . licide | gye |s f med by
{Oﬁifﬁ S HEpD O ey MU B rTeon St e Risel invention.
hen annealing to forma silicide 8 betmeen t he
Flagsééll'f%teﬁéheaﬁonaﬁ@q Hehallelensh igplasiopseeld) 4in 2 edstrate 2. In the

regions. The nmetal formng the silicide may
preferred embodiment, substrate 2 is a silicon substrate. In other embodiments, substrate 2

comprises materials such as germanium, carbon, and/or their combinations. STIs 4 are formed in
the substrate 2, preferably by etching shallow trenches in substrate 2, then filling the trenches
through high density plasma deposition of SiO,, or HDP oxide. The trenches can also be filled by
a dielectric material comprising polysilicon. The process is controlled so that the STI is raised
above the substrate 2, preferably about 0A to about 500A. By making STIs 4 with an acceptable
height, the silicide formed in the subsequent steps is less likely to have penetration formed along
the edge of the STIs 4. To improve the performance of the transistor to be formed, the STIs 4 are
preferably located such that if a line is drawn between the STIs 4, the line is along the 110 or 100
direction of the substrate lattice structure. Therefore, the orientation of the transistor channel is

along the 110 or 100 direction.



be a transition netal or netal conpound such as
titanium cobalt, tungsten, tantalum nickel, or the
| i ke or some other appropriate conductive naterial .
The netal can be deposited by chem cal vapor
deposition (CVD), physical vapor deposition (PVD) or
ot her alternatives. The upper portion of any
un-reacted netal is then renoved. [0025] The STls 4
ﬁ%ﬁ t hen etched back s shown in Figure 6. A highly
[082He et i Mguretchipsptesghe forpriinreata gate saaki seapwel asd sewrat and drain
the spacers 14 are substantially not affected. In the
regipey. ¢ gate dicdaeberd} his depositedipy thetsgtfadefsulshetere d gabselectrode 12 is
di scussed, the spacers 14 preferably conprise a
fogn¢d aogate dielaciritel Ahe gate clebieodsf Iarie prufieratilg palytilic@, although it may be
gases that only attack HDP oxide but not silicon
fonhéd éfteetal, oam chepasddtrudine @hphisig ritadKsedii&dnat&sr, Bret:$ oxide and/or
desired to be great enough so that the top portion on
sigp@nsi te sides of the device channel 16 is
substantially renoved and there is no STI materi al
appl yi ng conpressive stress to the channel 16.
[‘]&fﬁr ef gk 21T of spagergd 4iiy Damedalpng the sidspyaliuefthe gate diclectris 10 and gate
recessed STIs 4 be substantially | ower than channel 16
elgstrofd$ &2.Aviasers i nerive noself-aliguingopaskufol acebseglent Bairce/drain formation
recessed STIs 4 is lower than the top surface of the
preass (Tha tspac2r mitegih EtantbeyoxideNsili e 0@ Rie\eky-wefeldr Bhy Sombinations
bet ween about SCA to about 1000A. It is noted that
th&tSCEhé figac&rt 19 ooy eSohRsBS 506 1-RATWA methbBEs §ulh TRb1AR Qlpositing a
silicide 8, no silicide penetration is formed. A gap G

di@SctBORYEr bt EGHER BandRelMB&RED S haRe &Hﬁﬁﬁ%g%g&g %)Wﬁessure

recesséd STls 4 and the silicide 8 Is about

S0y Y AP SR T U g o
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two purposes: .first, it _prqQvides stress to the device
suifps BT AT Q0 B P<e eHBE PAEYA ol MO GuHATed fmsrgordsthe spacers
an etch stop |ayer to protect underlying regions from
l4sempgisey silicey Bivade lagir feraneg on an SiO; layer. With such a structure, the spacers 14

not only have a high-k of silicon nitride (about 7.5), but they also have the excellent quality of

Si0;. Using silicon nitride in the spacers 14 also makes a selective etching possible when the

STIs 4 are etched back.

[0023] Source and drain regions 6 are then formed. Source and drain regions 6 can be
formed by implanting the desired dopant into silicon substrate 2 or by recessing the source and
drain regions followed by epitaxially growing silicon with desired dopant. The formation of

source and drain regions 6 are well known in the art. The details are not repeated herein.

[0024] As illustrated in Figure 5, a metal silicide 8, or a conductive layer, is formed on

source and drain regions 6. In the preferred embodiment, silicide layer 8 is formed by first

_8-



tensile stress on channel 16 is beneficial to nMOS
transi stors and a conpressive stress is -9 benefici al
to pMOS transistors, a CESL 22 with tensile stress is
preferred for an nMOS transistor, and a CESL 22 with
conpressive stress is preferred for a pMOS transi stor.
It is desired that the nagnitude of the stress
applied by the CESL is higher than about 100MPa, and
nore preferably  higher than about 500MPa. In the case
depeeitins g Hin competetliven of wedh thes aaneslingsta foamsi sslicide 8 between the
since the original STl provides a conpressive stress
deppsitddeneal and e velsdsingfespored silitdreregiast. Thayestal Famiigg the silicide may
preferred to have a conpressive stress higher than the
baoa {rgnisitan wétalaxsngaleeimgeandyach betitliim, ceia@f &makky, tantalum, nickel, or
hi gher than about 500MPa. As known in the art, contact

thelikb oséoai: dthuteippRpriaRedadictve RaXEaR TR fefi Bard Kl &HBER by chemical
to provide enough stress. Therefore a thickness of

va?Bpﬁ’époﬁ@lBH’E(EVE?,?%H%ic&I%@MG@%W)Q}rr %P%f & éﬁatﬁgg Yhe upper

Onm for S s desired. preferre

&ﬁ%ﬁ)' . i ilicon nitride. In other
P e ogflﬁ%%lsr,e acgiéﬁln géﬁlsé?egﬁe%g,&e ION, and their

conmbi nations can also be used. 100271 Figures 8
[002F]oug HIHEZRTIE Husd thet etchedsimckynd shuved #rFigdte 6MAdGEHIRMlective etching
Figure 8 illustrates the formation of a gate

badk gteeedsrit perfdinddo #hag deap@eCid De ubl@nhAtyVRR AFFShES [fHhe preferred
STls 4 are etched back, preferably by dry etching,

eriBSRABERS £drly QLR iP PerfSARASLS didlhsseiNBieRp&LRT 146F BRI L oldprise a sili
of the régessing 30 is ab&UtsgbA foﬁabout%%%OOAﬁnghaHmeaSﬂwon

nitHde on k&S ftl%r&g{eyax?g%ht, 0P %ﬁg? {hgp&ﬁ}at@cﬁ Hrsp %Efd% bug not silicon nitride,

I'llTustrates the formatio gat e spacers

o BESRE ROBE g Ao PR e LS B b v o
SRR TN N TR R R -
ap%ﬁz&neg compressive stress to the channel 16. Therefore, it is desired that the top surfaces of the
recessed STIs 4 be substantially lower than channel 16 of the CMOS transistor. The top surface
of the recessed STIs 4 is lower than the top surface of the substrate 2. Preferably, the recessing
depth D is between about 50A to about 1000A. Tt is noted that since the STIs 4 are recessed after
the formation of silicide 8, no silicide penetration is formed. A gap G as shown in Figure 6

between the top surfaces of the recessed STIs 4 and the silicide 8 is about 50A to about 900A.

The gap G defines a portion on the sidewalls of the STIs 4 where silicide penetration may occur.

[0026] Figure 7 illustrates formation of a contact etch stop layer (CESL) 22. This layer
serves two purposes: first, it provides stress to the device and enhances carrier mobility; and
second, it acts as an etch stop layer to protect underlying regions from being over etched. Since a

tensile stress on channel 16 is beneficial to nMOS transistors and a compressive stress is



spacers 14 and trench spacers 32 are fornmed at the
sane tinme and by the sane process. Trench spacers 32
protect the substrate 2 so that it is not exposed from
the side. [0029] Figure 10 illustrates the formation
of source and drain regions 6, followed by the
deposition of a netal |ayer 34. hl the preferred
enbodi mrent, the netal |ayer 34 is blanket -10
degqs't§§d8n regi ons including electrode 12, spacers
bepghgiahtopMOS HapEePEy %pﬁSPéﬁi"b‘aﬁe@@ﬁﬁeﬁw prefprred for an nMOS transistor,
ot her enmbodi ments, the netal |ayer 34 can also be
afleoEPk dd vth aomnressive stes iy prgfeond f@ aqMQS trahGEBO]t is desired that the
Figure 11 illustrates the formation of silicide 8.
magmide afiheatiessgpphedshy the CESLEs highérohareaboubBI0MERA) atih@ore preferably
source/drain regions 6 and netal 34. At the sane tine,
highaithdncibdet SDMBa. hotherase wiekyvwbe forkltd t8atiStoLls@GMOE Sraddstor, since
and netal layer 34. It is appreciated that the netal

th@briERENETL (R6vidtd LAGHHreRALRESssIPhERds B IRSRBERIIS tht T ESL layer 22 is

gl

does not forma silicide |ayer since there is no

pidfRAeE kYhAG 2 nggsg% ks ighgg@&éthg%ygggﬁtﬁagse BBLRkq h;? the STI,

t hen renoveé% aving sili trenc

: cears..1l4 are exposed 031

pEREER gt P oA Bdpdn ¥ B REGRSRE! HeR 3PP rypeaz necds o
35, t.e spacers 14,. trenc s er 32, sjlicides 8

ha}f g oS (ORGSR viah oRen oS, Dt Siradhictam Of sl 10mm to about
22 provides either a tensile stress or a conpressive

100npe aud gty RFE?S&\PZY ghopt Py, fp Rk y2 ig dysingd In theprefersedpanbodiment,
appreciated that in the second preferred enbodi nent,

CE&Q 23 iy siligcpenigidesin oftlepr gmbodiments, siheongiio:gde SEPY, and their combinations
recessed. Although the sidewall of the substrate 2 is

caprppodedisetie to recessing, by forming trench spacers
silicide penetration is prevented. Since the

32,
nch ..spacer.s 3 e formed at the same ti.ne the .
b fia” o FBBRES ol P BpnsBle s Shabm il b iat A itusraes
the formation of a gate dielectric 10 and a gate electrode 12 between STIs 4. STIs 4 are etched

back, preferably by dry etching, therefore forming recesses 30. The preferred depth D of the

recessing 30 is about 50A to about 10004, and more preferably about 7004.

[0028] Figure 9 illustrates the formation of gate spacers 14 and trench spacers 32. Gate
spacers 14 are formed on the sidewalls of the gate dielectric 10 and gate electrode 12. Trench
spacers 32 are formed on the sidewalls of the recess 30 in the silicon substrate 2. Preferably, gate
spacers 14 and trench spacers 32 are formed at the same time and by the same process. Trench

spacers 32 protect the substrate 2 so that it is not exposed from the side,

[0029] Figure 10 illustrates the formation of source and drain regions 6, followed by the

deposition of a metal layer 34. In the preferred embodiment, the metal layer 34 is blanket

-10 -



[ 00331 Yet another preferred enbodinment is illustrated
in Figures 13 through 16. Figure 13 illustrates the
formati on of shallow trench isolations. Trenches are
formed, preferably by etching the substrate 2. A
first trench liner, also called trench |iner oxide 50
is formed in a trench. Trench |iner oxide 50 is
typically a thermal oxide having a preferred thickness
of between about 20A to about 500A. The |iner oxide
depgsitRe) sregions ineliding deqtiode f 2, shecery brand ustwrendrdaragiens 6 and STIs 4.
caused to the exposed surfaces of the trench arising
Inf qtlgnenthedisnasits, Sheapetal layen|34 can dsmbls depositddrarmhreetitaie tgsions 6 only.
so that the electrical field is |less concentrated at

cor eco r i ner
OP ormed ﬂ 1:t%hlel lﬂhl}srn[sa?e%t%@efﬁ)gﬁ% |nn°g|%ﬂ{§386 geﬂgﬁr ar}r{ea% aélhclde 8 is formed
efe red t hi.ckness of 9 bout 20A to about
1S kDB G A Iy o B iy g 35 is formed
stress so that it _applies a stress to the channe
betgeanghe gtte elgetredads andanelpldeyse 3¢ iis apprepiatsd thatghemetal 3 formed on
subsequent steps. The stress type depends on the type
trezich epAoSTst2eidiggtegipacers 14 daes not farm iastlwidei lsyeasinod/B8re is no underlying
transi stor, the second trench |iner 52 preferably has
sihcfméméjrsﬂﬁzost YUessacted@oetalds theh yemavied ldaeingeil@idea Biang 35. The trench
transistor is a pMOS transistor, the second trench

sphéddeB? bl pdne efaeer@hk rd@posedconpr essive stress. In
either case, the stress is preferably higher than
g?ﬁ 100MPa.. _The second trench liner 52 is a
[083H| e ctlfipure | dyystrgies £ KB 32 fopnerken Be sEcBaS, sitomacers 14, trench
ON, and conbinations. It can be fornmed by CVD, PCVD
SPé"?er g2 nliciflesndnetIn 4oSimijeo @383 prviohs eubellinlert OFSE 22 provides either a

material 54 is then fornmed filling the remaini ng space
tensfletshesstor e gotnpresfv e ftegsaly yyproveecatrivr mobbditel ectric 54 is
a HDP CVD oxide. A CNCS transistor 57 conprising gate

| ectyf ] at.e de 12 te.spac
[Oﬁiélﬁr ce /Ié]rsg? %QHE%F%?{‘S‘?S gfecogﬁl B%?Gr@d eg’t%pﬁ nt the silicide 8 is
formed after the STIs 4 are recessed. Although the sidewall of the substrate 2 is exposed due to
recessing, by forming trench spacers 32, silicide penetration is prevented. Since the trench

spacers 32 are formed at the same time the gate spacers 14 are formed, no extra mask is required.

[0033] Yet another preferred embodiment is illustrated in Figures 13 through 16. Figure 13
illustrates the formation of shallow trench isolations. Trenches are formed, preferably by etching
the substrate 2. A first trench liner, also called trench liner oxide 50 is formed in a trench. Trench
liner oxide 50 is typically a thermal oxide having a preferred thickness of between about 20A to
about 500A. The liner oxide 50 helps fix the defects of the trench such as damage caused to the
exposed surfaces of the trench arising from the etch step. It also rounds the trench comers so that

the electrical field is less concentrated at the corners.
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formed. The resulting structure is shown in Figure 14.
[0036] Figure 15 shows that the third dielectric 54 is
selectively etched to forma recess 56. The naterial
of the second trench liner 52 is preferably different
fromthe material of the third dielectric 54.
Therefore, when recessing the third dielectric 54, the
second trench liner 52 is not attacked. In other
enbodi nents, the first trench oxide 50 can _be onmtted
(0934 t heAseeddrenrle Heg 5215 famed on gherfirpidrongh Hest ogidedi®t Jtjas a
in the trench. [0037] Figure 16 illustrates a CESL 22
prefarred dhicknesh ef Eimsnt abanisOd torabst, 200Ae Thé sestnd reneb fhiner 52 has an
i ner 50, the second trench liner 52 and the third
inflerehesttess @ thdt it dppdics e soesd td the whinnkl wgion b2 thetMOBeransistor that will be
CESL 22 provide a conbined tensile or conpressive

fosie® BBsubedubst Cdp3I TR strefs tyheddpbhds dn tAe §ips bOCMOE trhas®st. If the
on the CMOS transistor type so that the stress applied

trhRihd18s D ANITR trARBIRNHE 3ohE treRM 1HRE SHplcRerabI K3 €hsile stress.
range. -12 [0038] In the preferred enbodi nents

ngil‘ﬁe%é?f ?ﬂh@g%ﬁg?or{nggﬁgﬁlsmf){s aﬂ%?ﬁanﬂ?ﬁ?ﬁ%ﬂe@eccﬂﬁtﬁg& tiner 52

opposite en evi ce nat es
sive force c&use

Cc e by the STI materials.. ,The
P&pD llégasée“ﬁ_mlﬁssf"ﬁrs K&t H‘cﬁ%‘i‘ﬁ‘g"ea?’t AR £§C%%{6%1P’ {PL4eY fpan about
deyi ce channel .region. .In order to_ effectiyely. . .
Nﬁpﬁlg?a-ff\% fecabtl e %g?éﬂa %‘ﬁpef‘ﬁ’éq%?f prefgrehly frmed ﬂfeglsN« $10,, SiON,
respective top surface of the recessed dielectrics 4
arghprungtiongiIheangs fgrmeby a1 BCHPeorpither known prethgdier
than the bottomof the silicide 8 by a gap G of

f er aRlqy: ; :
R5S] 1 Rl DB EER A SR TARRAEIBAIR Ao e o

{ r ce ' txi -
PRROYERRR Gk 0L SERRP PR BLERLE MBS 5F s e
di%{egfn%rlr(),egatg e e&%cﬂe ﬂt, Ecg’atg ];patcgr% 1 ’r s%%lrecrg:}draltilq ¥c§gri1c§nls nanldss’ilicides 8 is then

formed. The resulting structure is shown in Figure 14.

[0036] Figure 15 shows that the third dielectric 54 is selectively etched to form a recess 56.
The material of the second trench liner 52 is preferably different from the material of the third
dielectric 54. Therefore, when recessing the third dielectric 54, the second trench liner 52 is not
attacked. In other embodiments, the first trench oxide 50 can be omitted and the second trench

liner 52 can be formed directly in the trench.

[0037] Figure 16 illustrates a CESL 22 formed on the CMOS transistor 57, the first trench
liner 50, the second trench liner 52 and the third dielectric 54. The second trench liner 52 and the
CESL 22 provide a combined tensile or compressive stress to the channel of the CMOS transistor
57 based on the CMOS transistor type so that the stress applied to the channel region can be

adjusted in a greater range.
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maxi m zed. [0039] The test data has shown that the

stress has been significantly nodified by using'
preferred enbodi nents of the present invention. An
exenpl ary data reveals that for a conventional nMOS

transi stor, a 520MPa conpressive stress is sinulated
in the channel region. Wen the first preferred
enbodi ment of the present invention is enployed, the
detrimental conpressive stress is reduced to about

[0938l\pa . I the rrsfermeniodiaemisdsantsd @bereantamayal ofthe STI material at
present invention inprove the carrier nobility and

oppiesike ¢ndsrob e dEVIOS cherneh tlsminatep thefcomprassiee foFbecamidd g e STI materials.
penetration problemis also solved by wusing various

Thedpphed CESLd2sforthératianded Glshred dpbiedilo thd\@eviveahentel region. In order to
invention and its advantages have been described in

efftetiadlly mddify thhattsslapitictl By eteRVTIOshtdNA thd/RkpRHSe fPIRFESR of the
substitutions and alterations can be nmade herein

reWdsbandElesieiBRE bhd 94 i F’ighlteE‘ 8, BiPiddi1ls a?é‘ﬁeﬁgﬁﬁﬁ)glo%er A8 the bottom of the

i nvention as defined Dy the appended c

_ on : . : . ¢
sINER T o ol RN b EenRE SR ARPY YA R Fofeably abou
sl TR B % B0 TR B RO A B OB b e
R ik A LR RN —

t he present invention, processes, nachines,

maxiRii#edct ure, conpositions of matter, means, nethods,
or steps, presently existing or |later to be devel oped,

[0b¥Rt  Perfard.8uls lts?d;l’@r% ﬁlléé the bBRs ﬁ%eﬁ gigﬁ%gﬁlfrﬁodiﬁed by using

achi eve substantia sane result
' odi ts desckibed herein may. b
SRR RRs MRS GRCAY S e
Accor di ngl .
con%gn%ogal MAS transistor, a 520MPa compressive stress is simulated in the channel region.
When the first preferred embodiment of the present invention is employed, the detrimental

compressive stress is reduced to about 216MPa.

[0040] The preterred embodiments of the present invention improve the carrier mobility and
thus improve CMOS transistor performance. The silicide penetration problem is also solved by

using various schemes as described.

[0041] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods

and steps described in the specification. As one of ordinary skill in the art will readily appreciate

-13-



t he appended clains are intended to include within
their scope such processes, machi nes, nmanufacture,
conpositions of matter, means, nethods, or steps. -14
WHAT IS CLAIMED IS: |I. An integrated circuit structure
conprising: a substrate; a MOS device at a surface of
the substrate, the MOS device having a source/drain
region wth at |least a portion in the substrate; a

' L d adj t tp. th i
ﬁ%{é@?{%ﬁél%ﬁ%@%%rg g?etrs]&? ﬁlglefalﬁ%lh %#%%g& glacglélﬁst, %a’l\l/é?amre, compositions of
the source/drain regi

nweermr1a %%'ion of f gn IS

EXPoLEW St HragHh °LSEPH BIRAFI Y s ISHRR o aie il deyeloped, that perform

1§ie|e trjc filling a | ower portion of the trench; and

8 S%‘.‘?E@éﬁ? $Aq pehonfir aghieysSugfantipdly dn seme/reudti ag the corresponding
g

region, wherein the trench is free fromthe
engnddments gescribgibhereip maythe utilizaspcaerdihgdo thegiresest invattion eAccordingly,
of claim1l wherein the substrate conprises a nmateri al
the eprenteticléimpmare intenged tpinclods ivsthinrtheiesspakichlpryceades, machines,
silicon, germani umor conbinations thereof. 3. The
mamifagiraf @spositions bf MhttdOhene, Béthedsabinatdpswher ei n a
depth of the recess is about 50A to about 1000A. 4.
The integrated circuit structure of claim1l wherein a
top surface of the dielectric is |lower than a bottom
edge of the conductive |ayer by a gap of between about
50A and about 900A.
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5. The integrated circuit structure of claim2l1l wherein
the dielectric conprises silicon oxide. -15 6. The
integrated circuit structure of claim11 further
conprising an etch stop | ayer over the conductive
| ayer, the trench and the dielectric, wherein the etch
stop |l ayer extends into the recess. 7. The integrated
[ [ ture of claim®6 wherein the etch stop
VVHA?&@@ﬁJ@%@%@#@ES silicon nitride. 8. The integrated
circuit structure of claim®6 wherein the etch stop
| ayer conprises silicon oxynitride. 9. The integrated
circuit structure of claim1 wherein the conductive
1. | Apéntegrgtod oFrcnif struséurg ggreprisie®npri sing a netal sel ect ed
fromthe group consisting essentially of titanium
cabatistrateni ckel and conbi nations thereof. 10. The
integrated circuit structure of claim11 further
CONVIDS deviek at aguifi@ufithd sub&fatd) REEVIOR degick Revifli 8k&GEd/ 8@in region
11. The integrated circuit structure of claiml

with aMRE& QI pdrddiSiniheeRBfrdid;ner conprises silicon nitride.
12. The integrated circuit structure of claiml

\é%ﬁ“&?dhgnE%Ss&%gt%;&%%dgﬂ%éntqgﬁle%gg'd%%@g dgfheregfﬁm@@rgﬂ has a

A" an Integrated circlit structure o
claiml.further nprising:. an additi | trengh
depth,lainn Srhefein,a P?r)t/lloﬁ 8%%3 émﬁc%ﬁ%}{l region is expose%r%ﬁrough & Sia&wall of the
trench;
a dielectric filling a lower portion of the trench; and

a conductive layer directly on the source/drain region, wherein the trench is free from the

conductive layer.

2. The integrated circuit structure of claim 1 wherein the substrate comprises a material

selected from the group consisting essentially of silicon, germanium or combinations thereof.

3. The integrated circuit structure of claim 1 wherein a depth of the recess is about 504 to

about 1000A.

4, The integrated circuit structure of claim 1 wherein a top surface of the dielectric is lower

than a bottom edge of the conductive layer by a gap of between about 504 and about 900A.

5. The integrated circuit structure of claim 1 wherein the dielectric comprises silicon oxide.
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-16 14. The integrated circuit structure of claim13
wherein the additional trench |liner conprises thernal
silicon oxide. 15. The integrated circuit structure of
claim13 wherein the additional trench liner has a
t hi ckness of between about 20A and 500th. 16. An
integrated circuit structure conprising: a substrate
hayi - [ e .t ch.is.partial filled
6 W Plbed GG HOGLE) O R 11 RolmPRBE ) Bch figh hayePver he
recessed.therefore farmn recess; ,a gate dielectri
condugfve IRger i SEpch 484 e QJSiPRnE) Wit G S Sl agercgtends mto the
dielectric; a pair of gate spacers on the sidewalls of
Iecesst he gate dielectric and the gate el ectrode; a
source/drain region in the substrate, the source/drain

reg;pn bei ng adj acent the gate spacer and adjoining
t hide infegrred ClEcuilisiipetigeof chayn Srvhsrein fie csbutandapt gprprises silicon
region, wherein the silicide region is outside of the
nitrides ecess; a trench liner lining sidewalls of the trench
and at |east a portion of a sidewall of the silicide
region; and an etch stop |ayer over the source/drain
8.  r'Ep iotegeatell @xcugntiictgretod chirh 6tvwleminfheteld stopdess comprises silicon
wherein the etch stop | ayer has a bottom surface
oxynithiéwer than the top surface of the source/drain region.
17. The integrated circuit structure of claim 16
wherein the dielectric is |lower than the
9. The integrated circuit structure of claim 1 wherein the conductive layer is a silicide layer

7.

comprising a metal selected from the group consisting essentially of titanium, cobalt, nickel and

combinations thereof.

10. The integrated circuit structure of claim | further comprising:

a trench liner underlying the dielectric.

11.  The integrated circuit structure of claim 1 wherein the trench liner comprises silicon

nitride.

12.  The integrated circuit structure of claim 1 wherein the trench liner has a thickness of

between 20A and 200A.

13.  The integrated circuit structure of claim 1 further comprising:

an additional trench liner underlying the trench liner.
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bottom edge of the silicide |ayer by a gap of between
about 50A and about 900A. -17 18. The integrated
circuit structure of claim16 wherein the dielectric
conprises silicon oxide. 19. The integrated circuit
structure of claim 16 wherein the silicide |ayer
conprises a netal selected fromthe group consisting
essentially of titanium cobalt, nickel and ) )
14. CE%mtﬁ@mt@%@rcuttﬁww.of shim 14 evhierpiethe additiord] frenght liner comprises
structure of claim16 wherein the trench |iner
thermagoiponoseslesi |icon nitride. 21. The integrated circuit
structure of claim 16 wherein the trench liner has a
stress of higher than about 100MPa and wherein the
15. sThessegraedcitoansirhenstof ek il B whieeeirsthe inddifi dizd trandbd@jieohas a
is of n- type or a conpressive stress if the
thickns@Wreehraerabout 20R and 560L0f p-type. 22. The integrated
circuit structure of claim 16 wherein the trench |iner
has a thickness of between about 20A and 200A. 23.

16. TA® inBhe@n 3lredt hickid donfdrlstfgt ure of claim 16 wherein
an additional trench |liner underlying the trench

ABSstrat€ favin D] tlefOThALIE el dnEh! kst;ia_%ﬁaﬁmméa Siffa GLIBLAL and

X
23 wherein the additional trench 1 nef conprises

where}sntr}ﬁg g%lec&icl i% ‘r:eglesg?&r(r{;hg%f%ﬁ Zornél;{%e? Ihegésggr ated circuit

Fuctureé o € additional trench

g%g%§dgﬂgu%(nﬁﬂéglg§§a of between about 20A and about

a gate electrode on the gate dielectric;

a pair of gate spacers on the sidewalls of the gate dielectric and the gate electrode;

a source/drain region in the substrate, the source/drain region being adjacent the gate
spacer and adjoining the trench;

a silicide region on the source/drain region, wherein the silicide region is outside of the
recess;

a trench liner lining sidewalls of the trench and at least a portion of a sidewall of the
silicide region; and
an etch stop layer over the source/drain region and extending to a bottom of the recess, wherein

the etch stop layer has a bottom surface lower than the top surface of the source/drain region.

17.  The integrated circuit structure of claim 16 wherein the dielectric is lower than the

bottom edge of the silicide layer by a gap of between about 50A and about 900A.
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-18 26. An integrated circuit structure conprising: a
substrate; a MOS device at a surface of the substrate,
the MOS device having a source/drain region wth at

| east a portion in the substrate; a trench in the
substrate and adjacent to the MOS device, wherein a
portion of the source/drain region is exposed through

a-§l f 1 Ya: r inern_ Li.ning . .
18 STk RERea S b Rei R ARGt e e s siticon
portion of the source/drain region is exposed through
the sidewall of the trench is covered by the trench
liner; a dielectric filling a |ower portion of a
19. |r &Hrg in?elzgg%ag gjgc?q% %Cé&?@éﬁ@%l&ﬁ&{%& { gﬁ%el@t(err %Q&Brises a metal
conductive layer directly on the source/drain region,
selectoghizpiaithe g1eBp consifting pssentiady of fitsriuph eobadippigkeltang somhbipations
27. The integrated circuit structure of claim 26
thereaftherein the trench liner has a top edge higher than a
top surface of the source/drain region. 28. The
integrated circuit structure of claim26 wherein the
20. t Thaoitegratpd cirdvatsstractont dfohame dgevherane ttehelnlizer bompasas silicon
surface of the source/drain region. 29. The integrated
nitrideci rcuit structure of claim 26 further conprising: an
addi tional trench liner underlying the trench Iiner,
wherein the additional trench |iner has a top surface
21. hrpbgfedriad ciseuit@prusiifel deRimfl 6tWiRran e eRheH Rhdd hh LIRS of higher
and a bottom surface | ower

than about 100MPa and wherein the stress is a tensile stress if the source/drain region is of n-

oxide

type or a compressive stress if the source/drain region is of p-type.

22.  The integrated circuit structure of claim 16 wherein the trench liner has a thickness of

between about 20A and 200A.

23. The integrated circuit structure of claim 16 wherein

an additional trench liner underlying the trench liner.

24.  The integrated circuit structure of claim 23 wherein the additional trench liner comprises

thermal silicon oxide.

25.  The integrated circuit structure of claim 23 wherein the additional trench liner has a

thickness of between about 20A and about 500A.
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than a bottom surface of the source/drain region. -19

26.  An integrated circuit structure comprising:

a substrate;

a MOS device at a surface of the substrate, the MOS device having a source/drain region
with at least a portion in the substrate;

a trench in the substrate and adjacent to the MOS device, wherein a portion of the
source/drain region is exposed through a sidewall of the trench;

a trench liner lining sidewalls and a bottom of the trench, wherein the portion of the
source/drain region is exposed through the sidewall of the trench is covered by the trench liner;

a dielectric filling a lower portion of a remaining space of the trench filled by the trench
liner, and forming a recess in the trench;

a conductive layer directly on the source/drain region, wherein the trench is free from the

conductive layer.

27.  The integrated circuit structure of claim 26 wherein the trench liner has a top edge higher

than a top surface of the source/drain region.

28. The integrated circuit structure of claim 26 wherein the trench liner has a bottom edge

lower than a bottom surface of the source/drain region.

29.  The integrated circuit structure of claim 26 further comprising:
an additional trench liner underlying the trench liner, wherein the additional trench liner
has a top surface higher than a top surface of the source/drain region, and a bottom surface lower

than a bottom surface of the source/drain region.
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